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of the auxiliary bases in liquid form. This would also eliminate the known process-engineering
disadvantages of suspensions. These are, e.g., the formation of encrustations, reduction of heat
transfer, poor mixing and stirrability, and also the formation of localized high and low
concentrations and hot spots.

35  The prior art as it relates to industrially operated processes accordingly has the following
disadvantages:

1) the addition of two auxiliary materials, the auxiliary base and also a further strong base,
and the consequent need to separate two auxiliary materials from the product of value
40 and from each other,

2) handling of suspensions

3) remaoval of the salt of the strong base as a solid.
45
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c) the salt of the auxiliary base with the product of value or the solution of the product of
value in a suitable solvent forming two immiscible liquid phases.
30
It is known to those skilled in the art that the separation of a liquid phase from a second liquid
phase is considerably easier to effect from a process-engingering point of view than a solid
separation.

35 The industrial utility of the process of the invention results from the ability to carry out the
removal of the auxiliary material by a simple liquid-liquid phase separation, so that the handling
of solids which is inconvenient from a process-engineering point of view is unnecessary.

The workup of the auxiliary materials may take place in the absence of the product of value, so
40  that the latter is subject to less stress.

The stated object is achieved by the invention described here. This is accomplished by auxiliary
bases being present in the reaction mixtures or being added subsequently, and their salts with
acids, which are released in the course of the reaction or added, i.e. not released during the

45  reaction under the reaction conditions and/or workup conditions, being liquid and forming a
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30 The solvent may be regarded as suitable when the mixture of the product of value and the
solvent is able to dissclve the salt, or the salt is able to dissolve the product of value or a
mixture of product of value and solvent, to a lesser extent than the above-stated quantities.
Examples of useful solvents include benzene, toluene, o-, m- or p-xylene, cyclohexane,
cyclopentane, pentane, hexane, heptane, octane, petroleum ether, acetone, isobutyl methyl

35 ketone, diethyl ketone, diethy! ether, teri-butyl methyl ether, fert-butyl ethyl ether,
tetrahydrofuran, dioxane, ethyl acetate, methy! acetate, dimethylformamide, dimethyl sulfoxide,
acetonitrile, chloroform, dichloromethane, methylchloroform or mixtures thereof.

The product of value is generally a nonpolar organic or inorganic compound.

40
Chemical reactions which form the basis of the invention include all reactions in which acids are
released, with the exception of phosgenations, more preferably with the exception of acylations,
i.e. reactions of acid halides and carboxylic anhydrides.
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e.g. by Dobrym n, 20 V N. et al. Bioorg. Khim 9(5), 1983, 706-10,
deprotonations, where an acidic hydrogen atom is abstracted from the auxiliary base.

Among the mentioned reaction types, preference is given to alkylations, silylations,
phosphorylations, sulfurizations, acylations with the exception of phosgenations and
eliminations, and particular preference to silylations, phosphorylations and sulfurizations.

30
According to the invention, an acid may also be removed from reaction mixtures where an acid
which was not released during the reaction was added, for example in order to adjust the pH or
to catalyze a reaction. This allows, e.g. Lewis acids, which are used as catalysts for Friedel-
Crafts alkylations or acylations, to be removed in a simple way.

35

The acids to be removed according to this invention may be Brénsted or Lewis acids. The
naming of acids as Brénsted and Lewis acids is described in Hollemann-Wiberg, Lehrbuch der
Anorganischen Chemie, 91st-100th edition, Walter de Gruyter, Berlin New York 1985, p. 235
and 239. The Lewis acids according to this invention aiso include the Lewis acids used as

40  Friedel-Crafts catalysts, which are described in George A. Olah, Friedel-Crafts and Related
Reactions, Vol. |, 191 to 197, 201 and 284-30 (1963). Examples include aluminum trichloride
(AICIs), iron(lll) chloride (FeCls), aluminum tribromide (AlBrs) and zinc chloride (ZnCly).

In general, the Lewis acids which can be removed according to the invention comprise cationic
45  forms of the metals of groups Ib, 1Ib, Hia, llib, IVa, IVb, Va, Vb, Vib, Vilb and VI of the Periodic
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inciude BeCl,, ZnBr,, Znlz, ZnS0O,, CuCly, CuCl, Cu(0sSCF;),, CoCly, Col,, Fely, FeCls,
FeCly(THF),, TiCly(THF),, TiCls, TiCls, CITi{OiPr)s, SnClz, SnCly, Sn(SQy), Sn(S0O4)z, MnClg,
MnBr,, ScCls, BPha, BCl3, BBrs, BF3*QEt;, BF3*OMe;, BF;*MeOH, BF3*CH;COOH, BF*CHACN,
B(CFsCOQ),, B(OEt);, B(OMe)s, B(OiPr);, PhB(OH),, 3-MeO-PhB(OH),, 4-MeO-PhB(OH);, 3-
35  F-PhB(OH),, 4-F-PhB(OH);, (C2Hs)sAl, (CoHs)AICI, (CoHs)AICH, (CsHi7)AICK, (CsH47) AICH, (iso-
C4Hg)2AICI, Ph,AICH, PhAICI, Al(acac)s, Ai(OiPr);, Al(OnBu)s, Al{OsecBu)s, Al(OEt)s, GaCls,
ReCls, ZrCly, NbCls, VCls, CrCly, MoCls, YCla, CdCl,, CdBr,, SbCis, SbCls, BiCls, ZrCly, UCL,,
LaCl;, CeCls, Er(OsSCF3), Yb(O,CCF3)s, SmCls, Sml,, B(CeHs}s, TaCls.
The Lewis acids may be stabilized by alkali metal or alkaline earth metal halides, for example
40  LiCl or NaCl. To this end, the alkali metal or alkaline earth metal halides are mixed with the
Lewis acid in a molar ratic of ¢ - 100 : 1.
in this context, halogen or Hal refers to fluorine (F), chlorine (Cl}, bromine (Br) or iodine {1},
preferably chiorine.



( CH3C6HASOBPF 3820Benesul fonate (C6H5SC3 ), hydroxide (OH'), anions of
aromati c acids such as benzoic acid, phthalic acid and the |ike, and
1, 3-di carbonyl conpounds. 15 Further exarpl es include carboxyl ates, and
menti on should be made in particular of formate, acetate,

trifluoroacgt @b easel ggwmaﬁ %hod?,ﬁa@gmﬁt& s@ﬂﬂza%b@tcBr}ﬁb&ﬁ&@é\@%Eﬁ‘eral@tcSWeﬁé@ and
al so oxal am:ch ﬂg&'etaf AT RREL Bury [ bf @ Fhond ok 3h PardP cPROIAGT ) L

preferably acetate, propi Snat e, yl ace

acryl ate an@ yI ate. 20 Further useful Levvl s acids include

bor ohydri des and or ganoboron conpounds of the general fornula BR'"a and
B(OR'") 35 wiusefel aaitidry Bises iascordiuzp éredeieniion itphdiecgmpoun@iwigdis- al kyl , or C2-
Cl1B- al kyl, C6-Cr2-aryl, C5-Cl2-cycloal kyl, each of which may optionally be
i nterrupt ed by QBENAL witTHE SR AR %réaelwsf&a«%mféégn.qms or more

substituted or ynsubstit ut o|

oxygen, it ogelPHRREALFS SUTND et eLalXBEt pyesar bt i aptRedaro R B s

t hem conbi ne to"qr@ﬁ"ﬁﬂ"éﬂ"ed‘ﬁ%'éﬁﬂ? 8%kd, saturated or aromatic ring which is
optionaliby interrupted by one or nore oxygen and/or sulfur atons and/or by
one or nor e cpubid dalibEtfle MuiilkayHabS Wit e pddudt BT Viue@F e R6Iutichingd tHelpeodsittal ed

radical s in eackyCane dRMbICSINSHRSsWS RiiBdioid idkinagal groups, aryl,

al kyl, aryl oxy, alkyl oxy, hal ogen, heteroatons and/or heterocycles. The R'"
radi cal s mal)é> al so be bonded to each other. 30 In addition to the

above- ci t ed Pg'eErase iggivendo sughpguxilialy Basey Whish ¢ of oy red exanpl es of Lewi s
acids ifélude Bed 2, ZnBr2, Znl2, ZnSO4, Cud 2, CuCl, Cu(03SCF3)2, Cod 2,
Col2, Fel2, afFeCHB not tBie(ha (s brgatantin @ldeddtien.2, TiCd 4, Tid 3, CTi(Q Pr)3,
SnCl 2, SnCl4, Sn(S04), Sn(S04)2, MCl2, WMBr2, Scd 3, BPh3, BCl 3, BBr3,

BF3. OEt 2, BI; , B( CF3C00) 3, B(CEt) 3,
B( O\e) 3, B( 3%%‘;”%%%?—53%%%@%%0 PhBEOH)2 é 35 (=)

F- PhB( OH) 2i 4- F- PhB(OH) 2, (C2H5) 3Al, (C2H5)2AICl, (C2H5) Al C12,

(CBHL7) APCl zﬂ) ( eBmtanepusiyiunction a8 2 nudleqsniocatalyst ipienpagtion e ANGTe3se the (acac) 3i
Al (O Pr)3, Al (Onéxglich ratalof DecerBligrazomha(eO the operatioh 3) the ResEheg of 2p @ixllian\b Cl 5,
VC13, Crd 2, M Ghée by¥dtledst 1EHmed, pretdBibR, by Sbiehst twolitdsomonmipreterably byCAnbut fivel 4,
LaCl3, CeCl3, Ertt(n@§$|g§3ﬂrefe?@ g%%ggt%n tiriEhRd espatigiiy bPGORAS Ibnty kidfek5.  The

Lewi s acids may be stabilized by alkali metal or alkaline earth met al
hal i des,_ for_ex Li Cl or To this end, the alkali petal or

a 40
al kal i n@5earufh ﬁ%”%ﬁ'@&yﬁé’sﬁq FRRPSER PRY Fantain RhogRhorus-suifur qf nirodan o,
ratio of 0 -atongpforexampla #ieastananisegen atem Jyeferably opgio tensfiteagen BloMS| MBI ne ( F)
chl ori ne ( Clpjeferbtsipamnente figddmosiqreferadly oee (olthree amt espbegiall loye ohvarfurteer PF 53208 s

In the case nafercatomid, ¥adxyseh, sUKIOSRREdPYIbES bidfs hayalolbélprsBhi. ON, conmpounds
are generally converted which have at |east one free OH, S-H or NH bond,

opti onal l y queferrencel Bl%notgasflclzhocrc])m%gunds which contain at least one five- to six-membered

heterocycle which contains at least one nitrogen atom and also optionally an oxygen or sulfur
atom, greater preference to such compounds which contain at least one five- to six-membered
heterocycle which contains one, two or three nitrogen atoms and a sulfur or oxygen atom, and
greatest preference is given to those with two nitrogen atoms.

35
Greater preference is given to such compounds which have a molecular weight below
1000 g/mol, greatest preference to below 500 g/mol and especially to below 250 g/mol.

Preference is also given to such compounds usable as bases selected from the compounds of
40  the formulae (ia) to (Ir),



auxi liary b®Fe53208Usef ul auxiliary bases according to the invention include
conpounds which b) conbine with the acid released during the reaction to
forma salt which is liquid at tenperat@es at which the product of val ue
substantially does not deconpose during the renoval of the liquid salt,
and 10 15 c) thegsalt of the auxigd ary base w th ghe product of val ue or

t he sol utionof {he oduct @f vpluesin a.SLﬁiabIe solvent fornms two

i mm scible I'l Qud ases. Pref is given't gh auxiliary bases which
a) do not takellpaLf as a reactant iy the react] h., t is further preferred
for this awlli aNy DRise to aBlitinvhal Iy 20 d)R'T ibit aReously function as a
nucl eophilic catalyst in the reaction, i.e. increase the reaction rate of
the reaction co red to the opergtion in the absgpce of an auxiliary base
by at least 1.5 tines, preferably by at |east two tinmes, nore preferably by
about five tines, nost preferably by at least ten tinmes and especially by
at least twenty tines. 25 Such conpounds which may be used as bases nay
contai n phosphorus, sulfur or njtrogen, atons, for exanple at |east one
nitrogen ato pr feﬁﬁbly one R ten trogen atonsﬁ nore preferably one
to five, nos e ably one to f and especs?al LY.one to two. Further
het er oat ons, ;EE: ygen, suI&ypN ~Whosphor us at 4/ may al so be present.
30 PreferencBTs'NT V& to such coﬁﬁgunds whi ch co ,at least one five-
to six-menbered heterocycle whichRcontains at |Bast dhe nitrogen atom and
al so optionally an oxygen or sulfur atom greater preference to such
conpounds which ggntain at |least opg five- to six-negpered heterocycle

whi ch contains one, two or three nitrogen atons and a sul fur or oxygen
atom and greatest preference is given to those with two nitrogen atons.
35 Geater preference is given to such conpounds whi ch have a nol ecul ar

wei ght bel ow 1000 g/ nol, greatest preference to bel ow 500 g/ nol and
especially to below 250 g/nol. Preference is also given to such conpounds
usabl e as bases selected fromthe conpounds of 40 the fornulae (la) to
(Ir), PF 53208 7 (a) (b) RR3




R 'NTN Rz (®F 332p8(e) (f) PF 53208 8 (g) (0) RS (m (p) a R3 (h) (k) (n)
RBNN R~ ,k R N(q) R6 (r) 5 and al so oligoners or polyners which
contain these structures, (i) (1) (0) whdte PF 53208 9 R, R2, R3, R4, RS
and R6 are each independently hydr ogen, C,-Cls-al kyl, or cz- C18- al kyl ,

C6- C12-aryl, C5-Cl2-cycloal kyl, each of which maygPoptionally be interrupted
by one or norg? n and/ or gulf At ons and_er\ ome or nore substituted
or unsubstitutedyy n groups, Qqr a/ Five- to S xXmer ered, oxygen,

ni trogen and/ or U5 at om comt het er Ewo of 5 them conbi ne
to forman unsdturat®d, saturat& or %I’OITBIIC riry whiRth is optionally

i nterrupted

)] (h) (i)

1
5R6 E ] E 2 i R
i N i \ \N’Fj 1N N._2
R R R j( aR
R3 R2 Rs R4 4R
() (k) i
R° R5R6 R* RA
RS R;;, > \( ’Z*Rl
%_{, R1..-N><N R? /\\R1
R1,_N =N Rz Rs S
e
(m) (n) ©
R1
T ) g
N N—N \
/R \ RPN
R3 0)\R1 R1A\N%R2 \

(p) () (r)
5 and also oligomers or polymers which contain these structures,

where



by one or nPFe&3@R8gen and/ or sul fur atons and/or by one or nore substituted
or unsubstituted imno groups, and the stated radicals in each case may be
substituted by functional groups, aryl, %l kyl, aryloxy, alkyloxy, hal ogen,
het er oat ons and/ or heterocycles. 10 Therein, exanples of definitions of

Cl- C18- al ky k! whi ghrt, R° aRd R%@Ebaﬁ .wéﬁdehwr%r ¥n, fcu. ta 3 cCRLOURRy, aryl,
al kyl, aryl BXYZ %a%{)wl(ﬂz Xyscloa kgl Oq%ﬁ fwl}\]&{rﬁ%f&ﬁ 8r'r|nﬁy @(m'l efrupt (?Bf(gr(b% c%ﬁ-i ?S ' nCl ude

met hyI eth

hexyl , hept 1‘V9 'Suﬁ"ép |aﬂ QAne o5My ezP”P?"i“P@&wPii@ﬁ‘tt “pso‘gﬁecyl
15 tetr adecwe- tmraerébsrﬂd opYiendutagen arldfersalfqﬁetohquoptamwg|hetezL°czci%wrrrg@ A1 but yI
1, 1, 3, 3- 5 et themadompinb td fptm an resakiydted, datpriated wh arbinglic ring whick isydpdriayly interrupted

u, a- di met hyh &wlmor@@ﬁg&m{mﬂr sulfr 0y Aty lone drridre smwieafaemshbmﬁﬁéwl
p-chl OVObe” u‘é & tg&’?d&éﬁﬂsm &cﬁ'éééé %@ﬁé’éu tﬁtﬁqur}gﬁ%agﬂ -
cyanoet hyl EF@ Y, 'ﬁ ﬁcargo gt hoxycar et hyl,
2- but oxycaf"ﬁ’bﬁ Yy B’(QP ¥{oxy. o@ﬁ%th BRI )9 '§/eé‘5trﬂ F'®S-2_ met hoxyet hyl ,

2- et hoxyet hyl, 2 20 but oxyet hyl, diethoxynethyl, diethoxyethyl,
1, 3-di o1l amh@eiquxamptss dﬁctaﬁrzﬁﬁpnswl , 2-methyl-1, 3- di oxol an- 2-yl,
4- et hyl - 1, 3-di oxol an-2-yl, 2-isopropoxyethyl, 2-butoxypropyl,

2-octyl Oxyebmdw-alkﬁ %e.n ersst.j:& %vsug tﬁlné@e;mﬁémm g.rou,!,sc Q\JypEIQﬁEJnﬂy)!y alkyloxy.
for

tri cuor onet

2. et hoxyet h§¥'°963m S PUDG: A ‘%5’%”'%? i é’ ”‘ﬂv' PRyl e 'S%gﬂpﬁh By
2,2,2- trifPu¥rEDHY Persyl, d!F '22‘“1‘19’6‘# Ardpsinyipesty ft'ﬁ‘?%)??‘ﬂﬁcl)'py ,
4- hydroﬂ?butquadecal. h@@ﬁwyh@&qﬂcw Qﬁd@mﬁmpmﬂét hy-ldmez‘-vb?myhéﬂr%ﬂ:'ftfamethylbutvl
3- am nopr opyénzyd1-phenyleliyl, gipherfyletiyl, nphdinythylbéhzyrptiengtyaryl, paaiiingthyl, 1-(p-

2-met hyl am BPpREIH-eth; @ﬁl&ﬁb@fﬂl@ﬂﬂ@ﬂ?ﬁ%ber&wn@m%b R HLathoxybenzyl, 2-
6-met hyl am QONGKKY. 2 an%l SAABAARYbn @%h&%&&é’dnﬁfé‘h OPrC’py'
3d|rrethyla ’&PWBF th a ¥2 §yl

2 hydroy. 2 WArehy 2 gﬂ@ﬁgﬁg BelsRaty thyl
phenoxyp op?PmXY&”‘Mh@ﬁ@Rwa diefho P“-Z'ZL ﬂr@t“l‘%ﬁ%@ 91’“9“‘3" -1.3-

2- met hoxypr dpydlan-ByIBGmeﬂvhb&-ypxcdmyz yl. Zlelsmnglmm&yuutoxﬁprqm Repctytoayeptyl,

2- et hoxyet hyhiorodreBlin2umEoepY ] trichforth&tay WiFLeRethyl, 4.1 &finfangy D dhgloetay, 2-

6- et hoxyhexxﬂet saﬁso%p 1§eﬁbmh \Aésut,ﬁnh.ohéwpydQ&abllh}eetnw @Jbﬁé.l@mﬁ&u@y 291 or

nore oxygen

e e
roxy28 62 ' mino

7¥hydr gxy 4 2anedinviemi gqproplll3muwbmp®pylcﬂ mtauiwu@glgutyl 6-methylaminohexyl, 2-

15- hydr oxy- dintéitlRndindethiyiapeinietrg@ajioproyl 3 dimethylaminoprapyd rydimethyarhiiebrutyk \6- 5, 10-

?xt ﬁg )r( ;al.dgc}d’met §ﬁ§ﬂ§ﬂ§%ﬁ g/ﬁé Eﬁﬁgﬁﬁ‘ gﬁgtg‘ﬂ’yfzblbﬂéibx{fetr@l , BLAERSGhYpY, 311

11- et hoxy n;;%; 6% ﬁl R.E 2meth°x )eg

9- et ho{ v, el gf twézat Phanye 19 SEBSPITBR, “4PBRPRHy 1

40 8-et hoxy4@“@2‘ﬂl“ Q&Qthyh%!‘a“ét hoxy 3, 6, 9-tri oxaundecyl ,
7- et hoxy- 4- oxaheptyl, 11 -ethoxy-4, 8- di oxaundecyl,

15- et hoxy- 4 c8.c,2alky! mmmﬁaﬁewierm&e@wmw Emmmmxdnd/er sulfde-addnhatin/iob, 10-
oxatetr adecY)l’ie or\@nﬁ‘g sib¥PleR Dt Gl sttt d hnfdoghddfs inbiD&SRnydRAl SakspentiTBl ned may
be 1,3- BEOp¥|y roxy L3, é‘ dloxaogttyyll £ H)?drox%—S 6,9-trioxaundecyl, 7-hydroxy-4-oxaheptyl, 11-hydroxy-4,8-
dioxaundecyl, 15-hydroxy-4,8,12-trioxapentadecyl, 9-hydroxy-5-oxanony!, 14-hydroxy-5,10-
oxatetradecyl, 5-methoxy-3-oxapentyl, 8-methoxy-3,6-dioxaoctyl, 11-methoxy-3,6.9-
trioxaundecyl, 7-methoxy-4-oxaheptyl, 11-methoxy-4,8-dioxaundecyl, 15-methoxy-4,8,12-
trioxapentadecyl, 9-methoxy-5-oxanonyl, 14-methoxy-5,10-oxatetradecyl, 5-ethoxy-3-oxapentyl,
40  8-ethoxy-3,6-dioxaoctyl, 11-ethoxy-3,6,9-tfrioxaundecyl, 7-ethoxy-4-oxaheptyl, 11-ethoxy-4,8-
dioxaundecyl!, 15-ethoxy-4,8,12-trioxapentadecyl, 9-ethoxy-5-oxanonyl or 14-ethoxy-5,10-
oxatetradecyl.

When two radicals form a ring, these radicals combined may be 1,3-propylene, 1,4-butylene, 2-
45  oxa-1,3-propylene, 1-oxa-1,3-propylene, 2-oxa-1,3-propylene, 1-oxa-1,3-propenylene, 1-aza-



45 oxa- 1, 3- Rfop8A08ne, 1-oxa- 1, 3-propyl ene, 2-oxa-1, 3-propyl ene,

1- oxa- 1, 3-propenyl ene, 1l-aza PF 53208 10 1, 3-propenyl ene,

1-C -C4-al kyl -1-aza- 1, 3- propenyl ene, 1, 441But a- 1, 3-di enyl ene,

1-aza-1, 4-buta- 1, 3-dienylene or 2-aza-1, 4-buta-1, 3-di enyl ene. The nunber

of the oxyger. ﬁaﬂunglené yld L, @perlylthB0 45 R4LR3- d;e%yl@ﬁht 1ldz80 4fdta- | N
|, it dical , fer abl t th
general, | :*SZ?'enryaeE'EBr %a Egﬁtg 1% &'engeﬂ% ra I ca preferably not nore an

4 and rost p nore th at |east one carbon at om
preferably at |east two, are generally | ocat ed between two heteroatons. 10
Subst i t ut ed TAadumbesgbbe pxmp@and/rmsn@rgtoamﬂgdfﬁwmfgmupwaﬁw@tedﬁé generatdt is

et hyl i m5no ,not raare thgandity themadina), prefesatily hat morecthan 4 &red thos pteferatiy mdmore than 3.

Furt her nore, funct i onal groups include carboxyl, car boxani de, hydroxyl,

di (C -C4- aI ey Ry ! Ry BEat FecAlky! oxy, 15
exanpl es of Pone cg\%\’ﬁ%ﬁm y)%pt |ag%%9l yyt?ée ubsti t%atge&dpeby e?tﬁ‘}rf\%t I onal
gr oups, aryl aryl oxy, al kyl oxy, hal ogen, heteroatons and/or

het er ocycl es i ncI ude phenyl, tolyl, xylyl, a- naphthyl, R-naphthyl,
4- di phenrtgl yISubsiitute;mmhaﬂgﬂsﬁtuud onihagroprsanay for example, be oitee mpthylimino, iso-
di f I uor ophe rpydpylimin® inhpaty@o vt tertButmrhiby.| phenyl , tri net hyl phenyl,

et hyl phenyl, diethyl phenyl, iso- propylphenyl 20 tert- butylphenyl

e B YN e

hexyl oxyphen

et hoxynapht ﬁ%c‘ -alyylgx tri net hyl phenyl ,

2, 6- di méPhoxyphenyl, 2,6-dichl orophenyl, 4-bronophenyl, 2- or

4-nitr ophen;eb(amﬂesqef 0g#C 2+ whicti mampltlma}ly be gubdiitated by fuactions gloaps; laryl, alkyl,

4- acet yl pherwioxy, aM6ioRP RN hetb@aths aRdlotiekpacyEsd RhdalEmBIYI, toldDxyRK armpl es  of

C5- C72- cycl g brhe( My ﬁth ' .pénwﬁ r¥ réHﬂ idniord %Qnmr.cm Lé al uSIb RS
o e o B pﬁhidg@ﬂflme éx}@‘?%gg SCL?:‘) e@pg,%r @Hn@ag%éltsﬂopgpﬁen ?yc'l €s

i ncl ude cycl ?"yl g
net hyl c Y8l oferhbyfyiPhegy readpMrieR, Spethaxyrhen 'H?}F‘B‘y%'leﬁﬂe%mxypheny'

di et hyl cyc|r@km«ymnenyldeethymapytwohemsmylnamthsystbmnametwlethom@mwciyﬁel ohexyl ,
30 di met hox Waiyethyidmey | 2,4, 6-GinftHyprarsy, 2leadvastyibxyptiunyly?,6-Qichioipheniie X3 tomophenyl,

chl orocycl oBexyd-nitrofhemfd| 204- %Pﬂ@ldihhn%h{ényz mdﬁmtr@ra%%hagﬁmaxéty@m al so a

sat ur at ed or iaétﬁ’yl;fﬁ ﬁﬂaﬁ’d &M%gh%thgl}ﬁr?etnglm e. norbornyl or norbornenyl,

exanpl es of Ky n| trogen and/ or sul fur
at om corfPai ni ng 35 heterocycl e include fury/ t hi ophenyl, pyrryl, pyridyl,
i ndol yl, berexamplenelys—CcHoysiaslkylwhiciineayipnally beastitulet! Sy uottipnal grsps.ermialrol vl |
di met hyl pyr iagydxy, aigtory,Ihglogero hsteroatodis mad/ryHeteysayyiés inclidelnyaiydeantyy cyclohexyl,
di met hoxy py reyelydetyl, citiiddotasy? RigthiviByiopentpEdiMEthiiBjcRB&RNYhethjis/BBRGY | t hi opheny!
and tert- bL&Métﬁﬂyagﬁlﬁplyélethylcyclohexyl butylcyclohexyl, methoxycyciohexyl,
30 dimethoxycyclchexyl, diethoxycyclohexyl, butylthiocyclohexyl, chlorocyclohexyl,
dichlorocyclohexyl, dichlorocyclopentyl and also a saturated or unsaturated bicyclic system, e.g.
norbornyl or norbornenyl,

examples of a five- to six-membered, oxygen, nitrogen and/or sulfur atom-containing

35  heterocycle include furyl, thiophenyl, pyrryl, pyridyl, indolyl, benzoxazolyl, dioxolyl, dioxyl,
benzimidazolyl, benzothiazolyl, dimethylpyridyl, methylquinolyl, dimethylpyrryl, methoxyfuryl,
dimethoxypyridyl, diflucropyridyl, methytthiophenyl, isopropylthiophenyl and tert-butylthiophenyl
and

40 examples of C, to C,-alkyl include methyl, ethyl, propyl, isopropyl, n-butyl, sec-buty! or tert-butyl.

Preference is given to R', R?, R, R*, R’ and R°® independently being hydrogen, methyl, ethyl, n-
butyl, 2-hydroxyethyl, 2-cyanoethyl, 2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-{n-
butoxycarbonyl)ethyl, dimethylamino, diethylamino or chlorine.

45



and 40 exanpFe3208 Cl to C4-al kyl include nethyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl or tert-butyl. Preference is givento R, R2, R3, R4, R5
and R6 i ndependently being hydrogen, netfyl, ethyl, n- butyl,

2- hydr oxyet hyl , 2-cyanoet hyl, 2-(nmet hoxycarbonyl)ethyl, 2-(

et hoxycar bogydald? bRYdrence i gven¥E e Tl)ﬂ Wi d¥ie of HelFBAiIHE Rb ROis methyl,

d.' et hyl am .ngtholro ﬁﬂ el thel}ést Er a § e:!"l orgsqsa&i%rthpgrﬁf %ﬁ@ &\8 ri%slflalﬁlh\f r(r)] tn0
such pyri di Res a) where one 3;_ KEOF R cal s _E 9 RS NS HE X e?enyl or
chlorine anarﬂ" ";P 95¥dé°g%PP’ *ﬁga%@%‘,maﬁfbﬁ?"v%e A thsyatners 318 vieperie 1 est
are hydrogeR amst Rzombiped o rand R corphinasiase 1 4roufR . 3-dieapanearg all e otharsiapx ani de
and all $Shehwpdrdgens are hydrogen or Rl and R2 conbined or R2 and R3
conbined are 1, 4-buta-1, 3-dienylene and all the others are 5 hydrogen.

G eater pre i [RY} DV i n f.
radi cal spR' bféa?%sﬁférénﬁgﬁﬁéﬁ%&g% R”q%%é%wgrta oéé Paetg%gicgls ﬁy r%ldse'hg@?l al |
of them areo'iﬁ?w 8@49%“ 9% %3‘(%?995?%?"&?&?%”? BYd9998n t o such pyri mi di nes

(lIc) where R to R4 are hydrogen or nethyl and R is hydrogen, nethyl or
ethyl, 00 RBreatel pRferemce isgitenyd sucRPyiirsidingsiiic) goereitb R are bydnagen ogeathyl anet hy|

or ethyl. GCréRW§EroféneiemeINs ethiiSorR*\eaa R! SreSneityl, IR Is3wtidgen 4id®R)’ isi@rgedy to R4
are all net n?g rofiyl Nydrogen. 15 Greater preference is given to such
i m dazol es ( eWV\here i ndependently, R is selected fromnethyl, ethyl,

n- propyl, n-butyl, n-pentyl, n-octyl, 2-hydroxyeth or 2- cyanoet hyl and
0 R Y o R IRt oA B AR HET YR BT Tt 25 SRy YT g gt

preferefdte is given to such 1 Hpyrazoles (If) where, independently, 25 R

i s sel ect ed Greatsnphefeterag esgivenad iych iraidakors lig) whdr indBgeraBitlyR4 ar e each
sel ected from hydrogen and nethyl. G eater preference is given to such

ot pyrazol i GO HISRETBObl ol ok B5L 254 S 0okbaI 21 o0en

nmet hyl and e e eac ect’e n and net hyl .
35 Greater 5!{%'%@%%% is given to such 4H pyrazoles (1h) where,

i ndepend@ntly, R to R4 are each selected from hydrogen and nethyl .

Great er pr eRétodticee eachdidependentlyswdrhgeh, mpthgizokinges (1) where,

i ndependent |y,

Greater preference is given {o such 1H-pyrazoles (If) where, independently,
25 R'is selected from hydrogen, methyl and ethyl,

R?, R® and R? are each selected from hydrogen and methyl.

Greater preference is given to such 3H-pyrazoles (Ig) where, independently,
30

R' is selected from hydrogen, methyl and ethyl,

R? R® and R* are each selected from hydrogen and methyl.
35 Greater preference is given to such 4H-pyrazoles (lh) where, independently,

R’ to R* are each selected from hydrogen and methyl,

Greater preference is given to such 1-pyrazolines (li) where, independently,
40

R’ to R® are each selected from hydrogen and methyl.

Greater preference is given to such 2-pyrazolines (lj) where, independently,



40 R to RE6PES32088ch sel ected from hydrogen and nethyl. G eater preference

is given to such 2-pyrazolines (lj) where, independently, PF 53208 12 R

i.s selected from hydrogen, nethyl, ethyl1and phenyl and R2 to R6 are each

sel ected from hydrogen and nethyl. 5 Greater preference is given to such

3-pyrazol i ngsiss@g,&}dj,@n}q%&ign. ,haﬁ,q'm;ydg,mtdhgmw afl and R2 are each sel ected
etny

from hydrogen, nethyl, and phenyl and 'R3 to R6 are each selected from
hydr ogen orRsrﬁhgyl. F110 Greaterwgireference is given to such imdazolines
(11) wher e, i Rt FEHGRSH Splgctedrom, RYfirgesn 2pdmetdh sel ect ed from hydr ogen,

met hyl, ethyl, n-butyl and phenyl and 15 R3 and R are each selected from
hydr ogen$ nEtdamdr prefederet ivydivennasueb 3aychzéliGes(lie ireaidh, ebmotady.f r om hydr ogen
and nmethyl. Geater preference is given to such imdazolines (Im where,

i ndependent Ly f@@g t gen, nethyl and

et hyl and R§ ?nc? %%r%aecaggigﬁgﬁsg?ﬁg e Prs'g%%ﬁ)ﬁy Béﬁeo;mgﬁ%g%t hyl. 25 Geater
preference i g given to such imdazoli nesﬁél n) where, independently, R, R2
and R3 are Balelt &8 @ selestehimireaseAr meiBYlhyl and ethyl and R4 to R6 are
each sellécted from hydrogen and nethyl. 30 G eater preference is given to
such t hi azolestef bejer@ice @gamaltesuch (mhipdzoltee (19 wherediagspadsanty,y, R i s sel ected
from hydrogen, nethyl, ethyl and phenyl and 35 R2 and R3 are selected from
hydr ogen angd: f e i i A-triazol es
(o “aer o P B o ecthisBbihy Rk h HBEink B BekE oy Shedy B 020
methyl, ethyl and phenyl and 40 R3 is selected from hydrogen, nethyl and
phenyl . 1% eRt and Rprase iselectea frem hydiogep. raeto and ethapd i azol es (I r) where,

i ndependently, PF 53208 13 R is selected from hydrogen, nethyl and et hyl
and R2 andrRgndrarédchGbRéled r@hitrshen@naimamgl. met hyl or

Greater preference is given to such imidazeolines {Im) where, independently,
20
R' and R” are each selected from hydrogen, methyl and ethyl and
R® to R® are each selected from hydrogen and methyl.
25  Greater preference is given to such imidazolines (In) where, independently,
R', R? and R® are each selected from hydrogen, methy! and ethyl and
R* to R® are each selected from hydrogen and methyt.
30
Greater preference is given to such thiazoles (o) or oxazoles (Ip) where, independently,
R’ is selected from hydrogen, methyl, ethyl and phenyl and
35 R?and R® are selected from hydrogen and methyl.
Grealter preference is given to such 1,2 4-triazoles (lq) where, independently,
R' and R? are each selected from hydrogen, methyl, ethyl and phenyl and
40

R? is selected from hydrogen, methyl and phenyl.

Greater preference is given to such 1,2,3-triazoles (Ir) where, independently,



5 R2 and R3 RFO58208ed are 1, 4-buta-1, 3-dienylene and all others are
hydr ogen. Anbng these, preference is given to the pyridines and the
i.m dazol es. Greatest preference is giveni180 the bases 3-chl oropyridi ne,
4- di met hyl am nopyri dine, 2-ethyl-4- 10 ami nopyridine, 2-nethylpyridine

(a-picoline) ns%e%feBYrbﬂ%&rgbéheméﬁy@nﬂ@{h&l%ﬁ 4-net hyl pyridine (y-picoline),

2- ethylpyrldlne ethy net hyl pyri di ne, qui noline, isoquinoline,
1-C, -C4- alk gdazol e, -mathllmd%{nole 1, 2-di met hyl i m dazol e,
1-n-butyl i mi 52‘6 eare pelgcted frqm Pydteded) BAGMERYISr e 1, 4- di net hyl i ni dazol e,

i mdazole, 2-methylimdazole, 1-butyl-2- methylim dazole, 4-nethyl

i m dazol &, Rzlanqbaﬁtqdlhmeddazm-euta A-3didrgene b aliaiereare bydrode. oct yl i mi dazol e,
1-(2'-am noet hyl )i m dazol e, 2-ethyl-4-nmethyl imdazole, 1-vinylimdazole,
2- ethylim g Fﬁ,ﬂ%ot riazol e. Speci al
pref erence ?@@W’éﬁét"g&”‘?@w W&%a{mﬁ%%?wgt Y dazol e,

2-met hyl pyri di ne and 2- ethylpyrldlne 20 Furt her SU|tabIe bases i ncl ude
tertiary aniGieaestpreferance igiNenio thpgses RrhiRisRyde) 4-dimetiyjaynopyidinecgsethyed- R°
ar e eachoi ncerepgaitel Z-methyiogrRiingl (kpicoting, 3@zetifyBridihe (BHpicolle) @inethyigyridioe

C5- C, 2- cyclipgtdine), 2-emgipyrainedhahii-ermathypkiiiog alinglinegisdgoinelineupCed,-by one or
nore oxygen aﬁ@ﬂﬁn&’ézo@uﬁ FdbnyirRb LR, @Mrﬁ&hﬁrﬂ%aﬁe mftﬁjtyﬁM#aﬁidlé Ylaed or
unsubst] { Ut e L0 YR amEhy Bidda Y 8ol SRR IdELhe %%u%ygen ni trogen

and/ or sul fdY m conbrne to form an
unsat ur at ed, m%‘éﬂ"ﬂl"é’f%“d’?"“ﬁ’ %Wﬁf9%1qﬁg3’!}m'ﬂﬁ?q\,\g 3ﬁf¥"5\‘1’§F‘l"§r Mt errupted by
one or rﬂ@re%&W@#ﬂleaW'@W'f@ﬂWﬂﬁ"da% -eBw-Gethiinidaeleof-vimgfeazdd St i t ut ed
or unsubst i tetHytirdidazulen ¢-(2Hcganpsthyl imidazorecanddbeadotrthizoladi cal s i n each case nay be
substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen,
het er oat ons i M to_t wo of
et eroat o ¢ @Qél%ef%%c% %&V&Jdtﬁ n-GERyi |.PM(§15 tleia 'r?g?]ét?ﬁygérqldégblé E%eth ﬁﬁfg*f%2

and R toget Ve at |east 8, preferably at | east 10, m)re preferably at
| east 12%nd m)st pref erably at |east 13, carbon atons. 40 Ra, Rb and Rc
are prefer alﬁuylheiagltabIGrMQﬁen@m!twryarmmmg&@‘ thg leyula @H- C12-aryl or

C5- C12-cycl oal kyl and nore preferably Cl-Cl18-alkyl, and the stated

radi cal s in pgagbrecasgxfjpy be substituted by functional groups, aryl,

al kyl , aryloxy, alkyl'oxy, hal ogen, heteroatons and/or heterocycles.

Exarrpl es of the particular groups have al ready been |listed above. 45 PF
53208 145 Wwhere

R? R’ and R® are each independently C;~C,g-alkyl, or C;~C1s-alkyl, Cs~C1z-aryl or Cs—Cyo-
cycloalkyl, each of which may optionally be interrupted by one or more oxygen and/or sulfur
atoms andfor one or more substituted or unsubstituted imino groups, or a five- to six-membered,
30  oxygen, nitrogen and/or sulfur atom-containing heterocycle or two of them combine to form an
unsaturated, saturated or aromatic ring which is optionally interrupted by one or more oxygen
and/or sulfur atoms andfor by one or more substituted or unsubstituted imino groups, and the
stated radicals in each case may be substituted by functional groups, aryl, alkyl, aryloxy,
alkyloxy, halogen, heteroatoms and/or heterocycles,
35  with the proviso that
— at least two of the three radicals R?, R® and R® are different and
— the radicals R?, R® and R° together have at least 8, preferably at least 10, more preferably at
least 12 and most preferably at least 13, carbon atoms.

40 R® R’ and R° are preferably each independently C,~C,g-alkyl, Cs—Ci2-aryl or Cs—Ciz-cycloalky
and more preferably C,—Cs-alkyl, and the stated radicals in each case may be substituted by
functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen, heteroatoms and/or heterocycles.

Examples of the particular groups have already been listed above.
45



Preferred nPRH3208 for the Ra, Ra and R radicals include nethyl, ethyl,
n- propyl, isopropyl, n- butyl, sec-butyl, tert-butyl, n-pentyl (n-anyl),
2-pentyl (sec-anyl), 3-pentyl, 2,2-dinmettyl prop-1-yl (neopentyl) ,

n- hexyl, n-heptyl, n-octyl, isooctyl, 2-ethythexyl, 1 1 di met hyl propyl ,

; ; d?'ne”ﬁ]hlbl'é?él‘kﬁlmeaﬁiﬁ&zfﬁ} the &2, OGRY IReltamééls mglu&hﬁgﬁit I I5>rc>pyl ISO yl, n-
y n & Y.

cycl opent yl o?‘ C bfugﬁ W‘V'W“&[W% %%e"?yh%egaﬁa eﬁyl ra calspr

chain, thi s FREEHE: "PBR M&%r Rroctyl, igoqgty. ¢t retibegf. 1. 11df@etﬁ WP9¥en 10

Exarrpl es of dl‘@ﬁhylbawyb%ﬂﬂ'néﬁ“%“*t“bl'@ﬂbﬂ%t@ eRgmetiditenzi phenyl, totyl, xyiyl, a-

di et hyl - 8- busphtrefyBmephtolyl aytigpentyboricycldhgkyt! am ne, di et hyl - n- pentyl am ne,

di et hyl hexyl am ne, diethyl octyl am ne, diethyl-(2-ethyl hexyl)- am ne,

di - n- propyl Forns c ' i e D2 € L ne,

di -1 propyl Whtg%{t& a{ﬁ%n% R d{ﬂwdﬁi QQ:){AaTsIr}or?'ggé%Lnaﬁ?qﬁvl ts%éﬁf%)%,ﬁ%ﬂ.l&%ﬁweﬁ%ﬁ

di i sopropyl &P Yie, dii sopropyl - n-propyl ami ne, diisopropyl butyl am ne,

di | sopropyl pentyl am ne, diisopropyl hexyl am ne, diisopropyloctylam ne, 15

di i sopr opy| Eeammesof tdriscyamiaes ofdhe fdimute (i) include digthgim-tndylamine, diethyl-tert-

di - n-but yl - Butpla@pi) diéthyra.peftyiBmive] diéthyihexpeming| ddmytRiyiatineldibmyiyb-e@yimdgm ne,

di -n-butylo Hﬁleatmn%pyﬂhfyﬂnmét Mln ;:(rgpﬁﬁ Byt ﬁﬁlﬁé)dﬁ bRByihdyRmine, di-n-propyl-

RIEJ'I[’lylpg%'[ ;Flpl %w(a)mina.i drlln prcmyké)édp Llh%rlgn fis NC: F{hl)hamlng %Qﬁr& yl A- gropﬁamme

i et hyl cycl oH@?WBYPi’%@am'RF lqr'%ﬂprqi?y'B X3 Q%I 6‘%’8 ylhsxviinegiigopropyloctytamine,
propy! pilper difoprepy KR-EoBhexsRaring. gen-petyieieylaming-dirnoyivigi- EIQPY‘Q!F'% di-n-butyl-n-
N- sec- but y| pemgamide,nibn-bidylhexytaming, din-Rfylqityenine idirebuti 2retb@héxylgnipe N-di ne,
ﬁn but%/l lrmbptb i,rircn@me Nl}?rﬁqm " &Iﬂlﬂémfnl-ﬂﬂlfipy%ﬁdgftlﬂ nrpuw&hm@h@w llille |
n-pentyl g C exylami 94\)’ -d mhifE =di= -W yC &yBFn%y %n' i ne,
*33 o8 A P AR

N- benzyl - NI 5 {pg:re[ﬁl%ﬁ sec-butyllplpel’ldlne N-tert-butyl-

N, N-di it hy PBYP B?W'ﬁaﬁé%p"ﬂpw g
N, N- di - R0 buPippridine; Hrf\ﬁet&fvwe"elv%mplﬁﬁwe PQW%SGWUW?IP%W D83y ani ne,
di - n- but y| betsmprraninec-neieatyimyorghioliney NewenzyeN-ethylaniing; dbehphbmysrepaniine i
di - n-butyl pIﬂeermﬂoptepyléfﬁmE’rmB@fzyiednibeuyhh|afeyNM@@&yl(p%bl).udﬁ:éﬂ\l N-diethyl-p-
g: I ﬁoglrjfglyl %Mh@mmlem-m @;ﬂmh@@ia@ﬁdiﬁ?ﬂlﬂ?dn % Srop R e hd WLy amyne
ntglgF |ne E eth %L%}o%%éfhe%?lgﬁ%e Fﬂg Q-Er}-mpheﬁ%rh@é are

am nes of pe Soner s
di - n- bu@?l -n- pentyl amne and tertiary amnes of pentyl isoners. Atertiary
am ne whi ch Preferfeiditertiarg aminee Oy are diisgprapxietividming, diethyldtedt-bytdpmiget o t he
i nventi on, liidoptopylbutgarhing sii-n-botyltrigentyibamvise, NiM-tiotbuyidynlelsexiplasiing ang ertiadent | cal
radi cal s, i gmidek8f pevlyPiBdhgs. 35 Tertiary amines, preferably of the fornula
(XI), are generally preferred over het erocyclic corrpounds for exarrpl e of
the for ar auxi | |ar
2% nouti o PaEbalyerpi Y abites B ErpP e g FiHru Bnef SRR ) e
of acids wi t99M&% ch the bases may formsalts include hydroiodic acid (H),
hydr ogen

A tertiary amine which is likewise preferred and can be used according to the invention, but in

contrast to the above-listed amines has three identical radicals, is triallylamine.

35

Tertiary amines, preferably of the formula (XI), are generally preferred over heterocyclic

compounds, for example of the formula {l2) to (ir) when the basicity of the latter auxiliary bases

is insufficient for the reaction, for example for eliminations.

40  Examples of acids with which the bases may form salts include hydroiodic acid (HI), hydrogen
fluoride (HF), hydrogen chloride (HCI), nitric acid (HNO3), nitrous acid (HNOQ2), hydrobromic acid
(HBr), carbonic acid (H,COs), hydrogen carbonate (HCO;}, methylcarbonic acid
(HO(CO)OCH,), ethylcarbonic acid {(HO(CO)OC,Hs), n-butylcarbonic acid, sulfuric acid (H250,),
hydrogen sulfate (HSO,'), methyisulfuric acid (HO{SO,)OCHs3), ethylsulfuric acid

45  (HO(S0,)OCHs), phosphoric acid (H;PO,), dihydrogen phosphate (H,PO,), formic acid



| uori de (HPF,53@08r ogen chloride (HCl), nitric acid (HNG3), nitrous acid
HNC2) , hydrobromc acid (HBr), carbonic acid (H2CO3), hydrogen carbonate
HCO3 ), nethylcarbonic acid (HQ CO OCH$5, ethylcarbonic acid

HO( CO) OC2Hs), n-butyl carbonic acid, sulfuric acid (H2SO4), hydrogen

sul fate (HSA4co ey h&d{d bb@) idnldc ﬁm's@-)bu iChdy b Mlcladkii gara-aci d 45
10 552) O g s rﬁ? e OBy g ceac.wa?%..

formc acid

and i so- but 9??6“ angsultgRic agid. et E?SH °r]b°a?°é9 a”f’éﬁ"ti%rﬁ@ﬁ'?la‘? H'f 1"dpf‘3fe’3“°e '5
benzenesul f Bietodwdragensblosies. ecetisiaid, pztome@esvlfqnmwym@mvItpnﬁ@p'd 2.48mdel i c
aci d, ne$ hanigsetHybendoi i and trifitdramethandsolftinic aaidiadd gmredter preference to hydrogen

tri fI uor omethsiaesul foni c acid, preference is given to hydrogen chlori de,

acetic acid, p-toluenesulfonic acid, methanesulfonic acid, 2,4,6 5

tri thylb d | f d
el or oneo’ T P AmPoiitnanhfof o AR SRE Rl BRI Eaish heare @%ﬁ%ﬂéﬁf&wtng

Bronst ed aci38® ReRogiopEofdemiserids.ige) t"!fr@“?‘@ﬁﬁ@'b%f"i}ﬂqq'ﬁjﬂﬂ‘ the aipdiaryprEp Bt i ons
of Lew 40 acimdr ratio of Bromstedagids dnteewisdacids|ig gredtertthan At ipdefevatihgreater thankd:t.i ar y
base, the lthorayreferabigigieatedthaBrinsbs@retsbihsgrogted thad S1 a6d ifl Harticuldlighzate? fhah han
4:1, prefergphy greater than 5:1, nore preferably greater than 7:1, nost
preferably greater than 9:1 and in particular greater than 20:1.
Preference |s gly ven to such auxiliary bases whose salts of auxiliary bases
and aci ds h&UREETENCce {S0IYRR) 1P P4tg apligpehases FRess sakRl avdiiary Rases 9 @PSee & he
renmoval 19f Medingiempergtireaatiwhephiinithe ewsee of iy reingydl ofi thexsalt ag @digvipphdaseinen of t he
product of vighifimnidecompsgsition ef the preduct bfavalug Gceurd, %6 sk tHao ud molppefrenabl y | ess
than 5 ol YhRterdBhf 18sstha £maldm, mMofSsrefelBly 16s FRh Wrko AMbnE Rkt Relkey aRL Y | ess
than 1 nol %R, 1200l melting points of the salts of the nmore preferred
auxiliary bases are generally below 160C, nore preferably bel ow 100C and
nost preferabl y bel ow 80C. Anong the auxiliary bases, greatest reference
i s gi veROt o TER@AtipRAYS %%@'%QHF%mH'&\PéEf%’FPd alE’Pb%bB‘aS%P’Géleﬁqfa'B’bS w 160
pref er abl y oforepréferabiynbelewd PeTaand iopt pyéferablg Pelo?|§8°CET( 30) val ue is a neasure
25 of the polarity and is descri bed by C. Reichardt in Reichardt, Christian

(S(K/Lxgn§ aELfsﬁﬁlToﬁ I8 au agﬁsﬁs f@s rbtéreld (0 BRLM sudfBdseshiHose salts%hve an " hi ahl
ar anh® exdony BS i hd) ?f o mpéal\%ferg?lﬁgf S %???e Eg%d?@gﬁ %a healrd! 9N1Y

preferred ba

1- met hy??m HfafE%P?ia"W is dgperned éhc e'ﬁ%ﬁ"i’f RelFped dheistian Sl B%@éfe?% "mrent i oned,
e.g. in DE- Ar@\ic@hemnizBy Weinheirm :/Girt, 1979 yXIa@/lrmgraW@nn Mogidrg Ghemibtey ($dptISBN

menti oned t RéRe-25703Maiagy k41 dazole is additionally effective as a

nucl eophilic catal yst [Julian Chojnowski, Marek Cypryk, Wtold Fortuni ak,

Het er oat om A%Wp?éfér}/ed bl!lggqvhict% ’for%gérzaé, fulfﬁgme%mnje%{ is qjmetﬁ)ﬂHBQz&ié??ﬁ'ne
30 use of 1-methylimidazole as a base is mentioned, e.g. in DE-A 35 02 106, but its utility as an
ionic liquid is not mentioned there.

f
(
(-
(
(

1-Methylimidazcle is additionally effective as a nucleophilic catalyst [Julian Chojnowski, Marek
Cypryk, Witold Fortuniak, Heteroatom. Chemistry, 1991, 2, 63-70]. Chojnowski et al. found that

35 1-methylimidazcle in comparison with triethylamine accelerates the phosphorylation of t-butanol
by a factor of 33 and the silylation of pentamethyldisiloxanol by a factor of 330.

it was also found that the hydrochloride of 1-methylimidazole has a melting point of about 75°C
and is substantially immiscible with nonpolar crganic products of value, e.g.

40 diethoxyphenylphosphine, triethyl phosphite, ethoxydiphenylphosphine, alkylketene dimer,
alkoxysilanes or esters, or solvents. For instance, 1-methylimidazole-HCI, in contrast to the
polar solvent water, forms two immiscible phases even with acetone. 1-Methylimidazole may at
the same fime serve as an auxiliary base and a nucleophilic catalyst and is separated as a liquid
hydrochloride from organic media by liquid-liquid phase separation which is simple from a



35 1-nethyl PFia3288l e in conparison with triethylam ne accel erates the
phosphoryl ation of t-butanol by a factor of 33 and the silylation of
pent anet hyl di sil oxanol by a factor of 9%®. It was also found that the
hydrochl ori de of 1-nethylim dazole has a nelting point of about 75C and is
subst ant i al byckd¥Engitbdiing p¥ihidi viegnpol ar organi ¢ products of value, e.g. 40
di et hoxyphenyl phosphi ne, triethyl phosphite, ethoxydi phenyl phosphi ne,
al kyl ket ene, dj ner al koxysi | anes or esters, or solvents. Fqr_ instance,
it i © i iR B e TSRy Mgt B s b o) gt B b e 1 wo
i mi sci bl e pridiidazalpdsaligpeniaid @t wae temparivgy 9 thatddublieidatele maY be ysed danme
ti me ser9e asaaiiagnbhast amt gatahabier @actioas inwdich opteriais @rectandley whicta am liplgde to
separ at ed agegnipbsiiévdn abovdrésiiembb@ird. TRE &M B dForRAl & 10¥ethyifidagbld rgui d
phase separ ﬁ,{éw@g"&\(%g obrﬁte%#ﬂé@tnﬁe.from a PF 53208 16 process-engineering
poi nt of view Instead of 1-nethylim dazole, 1-butylim dazole may al so be
used. The hydrochl oride of 1- butylim dazole is already |iquid at room
t enper at ur e Equdiy.aH derivativasof inmigazels M3y Be HERP Wiwse sakig hawe a5 BxFOhyale 9f 38y base
and cat aDysprefapably efaci0i more preferably oft v 4Peand @i regltingapiat #tavhith @dthevbducse cirendvalabl e
to deconposeheyfinsalliquid phasemotshpicindietomposhtiva ofube pridect anvhide@icoms ahef 1-
net hyl i m dagghesafd 6 thdsk FRhDRs hdrf WvslinfhisditRO PR &I 1895 Wokr o bdfia astl |
deri vatlvesd&f it})éﬁ'a%?ge()l e may be used whose salts have an ET(30) val ue of >
35, 10 prefere% y of > 40, nore preferably of > 42 and a nelting point at
which in the course of renmoval of the salt as a liquid lohas_e no
si gni fi d&nt Adethenially pretsAedbaserbich agtienss therstajed ehiechis 2wthy'pyridine. Thryysgrofsal t s
of these i ndiffamol pygdihesranauwitiery bases Sideseibgheasg ds DRI198 50 82k bygdtb atilitoasgemrionic
medi a as de&hd is Pedectpnivéd thdle. A further highly preferred base which
achieves the stated object is 2-ethylpyridine. The use of different
pyridi nes as_apxi.)iar ases i s described e I n 198 50 624 t its
YTl Tty as Dy fsaPind dafiaied of tfpiaie Kpwt ainose b e i hedidoantilt | S
deri vat 28es caplyyy Hedy Marchy AdveRertPraanic (lermmistays | Fditpn; Jphp Miiley fSogg New York
nucl eophi | i 49880PEaR9| 33t 347).. ferry March, "Advanced Organic Chemistry, 3 d
Edition, John Wley & Sons, New York 1985, PP. 294, 334, 347]. It was al so
found that fiRasaKdFRGEINAL heRydPbenirigd Sreletipyiialhd1fashafieifhgBRlnt 6fBoR 851 arf
about 55C ag qmm'is%ible’Eghnéﬁswm‘? o}r'ﬁaﬁ'lé‘ H%Qgcgé’&%ugfs%@'ab&ee&% H&&tﬁ 29&%9/[@@& (see
above) 9L SO vents. Z-Et %/ Cdr he ,,maé a 5‘3 scir e..atéaﬁ e s | Me, as
an_ auxi PPar o258 Sepdiatir At gn Al iany base gt ngdeophiic Gaiashandas sepatalag | g
hydr ochl or i @@afiquidhysreshiatide frasyprganismedia Py liquid-liayid iphasstsarasation pAlca S AP ch
Is sinple froompogessewieedypomtefivieng poi nt of view Equally, all
derivatives of pyridine may be used whose salts have an ET(30) val ue of >
35, 30 pr ef eall o) Qbrivaid of BRife Ria b8 Lt whodk sdits AaveCE RofThid 19 80T Nt at
whi ch H&Othe our se oj I eroyvg . : o

preferably of > 40, more preferably of > 42 and a melting point at which in the course of removal

of the salt as a liquid phase no significant decomposition of the product of value occurs. The

polar salts of these pyridines form two immiscible phases with less polar organic media.

The operation of the reaction is not limited and, according to the invention, may be carried out
35  with scavenging of the released or added acids, optionally with nucleophilic catalysis, batchwise
or continuously and under air or a protective gas atmosphere.

For temperature-sensitive products of value, it may be sufficient to allow the salt of the auxiliary
base and acid to precipitate as a solid salt during the reaction and not to melt it until the workup

40  or following removai of the majority of the product of value in a solid-liquid separation. In this
way, the product is subjected to less thermal stress.

The invention further provides a process for removing the above-cited auxiliary bases or
auxiliary bases used as nucleophilic catalysts from a reaction mixture by admixing the reaction
45  mixture with at least one mole of acid per mole of auxiliary base. This allows the removal of



of the salt P&ksS30Bi qui d phase no significant deconposition of the product
of value occurs. The polar salts of these pyridines formtwo inmm scible
phases with | ess polar organic nedia. Th&7operation of the reaction is not
limted and, according to the invention, may be carried out 35 with
scavengi ng Qﬁcﬁéﬂ:ﬁﬂ:ér@b%§%§iloﬁi& liQsklaphnasd anfmudcr.aahls.ypavunbn nucl eophilic
catal ysis, batchw se or contlnuously and under air or a protectlve gas
atnDsphere 0 nper atur e-sen e ucts. of value, i

SUT T o et B kird P riod OB fcpoaes fagaind Bl PR g Ry o2 et (0P e ¢ ot o
as a solid Shyavedythefgetheds kﬂeﬂtwmaaﬁktﬁdn’bthe@a apgrecyqled tp fheiprocesfe wor kup 40
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et hanol , n- Ifoecessay,gheopwiialy base fay mshemwthhqmoubNa@lmoNazsicssamrohc
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Is mscible h the sal the stronger base or the solution of the sal t
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of any ter present pr |on

an a l,f

benzene #°t oPAITLPT e‘b?ﬂ"&' af)er's(? ﬁ'ﬁi%r‘?g '9'250'?? I 'ée‘§§aFr%l t he base
may be di st pHtylseidase d‘l’rE‘aFet’s Faj’afaéﬁlﬁ*schﬁ?”at'ﬂﬁ'lf ioraiMedermiscasish (ipIpradycthandriecycl i ng i s
to distill bhiglirsisdzoledbottomepreduxt).|as apscribedsio ERFA tH1 (FAuses the salt to
thermal | y deconpose to give its starting materials, i.e. the free base and
the Scayen%ﬁef&ﬁéd%hospﬁgﬁla} iNYSThich @b b&'Carie dut Q.Eh é P-IoB@ss 28kt gto HeShvehfighd
of f, Whlsbe %re such %agt%rons in whlch%hgs%rhgrlu(s) gorﬁ;%%“ n?or example phosphines, phosphinic

esters, phosphinous esters {phosphinites), phosphonic esters, phosphonic halides, phosphonic

amides, phosphonous esters (phosphonites), phosphonous amides, phosphonous halides,

phosphoric esters, phosphoric diester halides, phosphoric diester amides, phosphoric ester

dihalides, phosphoric ester diamides, phosphorous esters (phosphites), phosphorous diester

35 halides, phosphorous diester amides, phosphorous ester dihalides or phosphorous ester
diamides are formed and an acid is eliminated in the course of the reaction and forms a salt with
the auxiliary base as described above.



25 bottom pPB&3208 The free auxiliary base is either the | ow or

hi gh-boiler. In this way, e.g. 1- butylimdazole formate i s separated
distillatively to give formc acid (top t8oduct) and 1- butylim dazole
(bottom product), as described in EP-A 181 078. Preferred phosphoryl ations
whi ch can be carroed out with the process accordi ngoto the invention 30
are such reaction l'in which phosphor us conpounds, fjge=&xanpl e phosphi nes,
phosphi ni c est gr&, “ghosphi nous esters (phosphinitgB), phosphonic esters,
phosphori c hal i des, "phosphoni ¢ ani des, phosphoffous Bsters (phosphonites),
phosphonous am des, phosphonous hal i des, phosphoric esters, phosphoric

di est er hal Phesghin jeffoT i ¢ di ester ami des, phg'é‘EH'EiP'FESt%@t er dihalides,
phosphori c BsBRNiESani des, phosphorous esters (phosphites), phosphorous

di ester 35 halides, phosphorous diester am des, phosphorous ester dihalides
or phosphorous ester dianmdes are forned and an acid is elimnated in the
course of the reacgron and fornms a salt with the auxiliary base as

descri bed above. PH 53208 18 OR | R /P\R O jZ | RRRR Phosphi nous
esters = Phosphi.ni®\esters phosphinites OR | R'O Z RO1R
Phosphonous estfdts =R phosphonites OR | RO OR PMphBﬁbus esters =
phosphi t es Phosphonous ester halides

Phosphonous esters = Phosphonic esters
phosphonites

T Tz
=
. /P N . ) /P
RO OR RO \OR"

Phosphorous esters = Phosphoric esters

phosphites
CR
C;R 1/2
. /P N R'/P hY
R X X
Phosphonous ester halides Phosphonic ester halide
or amides or amide
OR
CiR | /7-
A RGN
RO \X RO X
Phosphorous diester halide PhOSPSO’iC diester halide
5  Or amide or amide
OR
# Tz
hY =
X X A
X X

. Phosphoric ester dinalide
Phosphorous ester dihalide or amide

or amide



or am des ORFF208Phosphorous diester halide 5 or am de Phosphorous ester
di halide or am de Phosphonic esters Phosphoric esters Phosphonic ester
hal i de or am de Phosphoric diester halit® or anm de Phosphoric ester

di halide or am de PF 53208 19 In these fornulae, RR, R and R' are each any

desired radinifése fofraR@, K' R ah®Rea6 RabiPdr} @88 el radidas XA X8h@ @8¢h haldgen xanpl e
G subst Lt ut EJW iihoxidle b1 MR ERODENS 88N, JOROURSEL B eBlivtea or,
SuptiCled amfiotbizs 317 & cxpaes ot s B bSudia S raieS il d ve on

nmonosubstit
or nore, foftesAM® two, three or four, preferably two or three, nore
preferabby two, phosphorus atonms. In such conpounds, the phosphorus atons

are typi cal rjede@hekptordy compbunignay Hlle breadrhds, fafexatigd ), ineigad fawpnpounds
?%\(l)l) ?gR' E)‘)"g R?%@W%r' ﬁZéénﬁ;np(g:rb‘F%f&gﬂi }vﬁi)' EM&%_SEEQ%?S'#P sucl?]com;%ounds. the
- - ) r a | phosphonites
(ROR P-O Z* Wt‘%% %Qt’é?r' wﬂ?fté"%i’%ﬁab’%e'di phosphi ni t es
(R(R)P-OZ-OP(R")(R'") (formula IV), phosph ite-phosphonites 25
10  Examples of such bridged compounds having two phosphorus atoms include:

diphosphites

(RO)R'O)P-O-Z-O-P(CR")OR™) (formula I1),
15
diphosphonites

(ROR'P-0-Z-0-PR"(OR’™) (formula NI,
20 diphosphinites
(R}R)P-0-Z-0-P(R"}(R™) {formuia IV},

phosphite-phosphonites
25
{(ROXR'O)P-0O-Z-O-P(OR™)(R™) (formula V),

phosphite-phosphinites
30 (RO}R'O)P-O-Z-0O-P(R")R™) {(formula V1),
phosphonite-phosphinites

(RYR'O)P-O-Z-O-P(R"}R™) (formula VII).

35
In these formulae, R, R, R” and R may be any desired organic radicals and Z may be any
desired bivalent bridge.

These radicals may each independently be, for example, linear or branched, substituted or

40  unsubstituted, aromatic or aliphatic radicals each having one to 20 carbon atoms, such as
C4-Cg-alkyl, or C;-Cyg-alkyl, C—C,g-alkenyl, Cs—Cz-aryl, Cs—C,z-cycloalkyl, each of which may
optionally be interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted imino groups, or a five- to six-membered, oxygen, nitrogen and/or
sulfur atom-containing heterocycle, where the stated radicals in each case may be substituted



(RO(R O P-BFB30®(OR')(R'"') (formula V), phosphite-phosphinites 30
(RO(ROP-OZ-OP(R')(R'"") (formula VI), phosphonite-phosphinites
(R(ROP-OCZ-OP(R')(R'") (formula VII)20 35 In these formulae, RR, R, R
and R'' may be any desired organic radicals and Z may be any desired

bi val ent br bglge, ailynemeodyadliyierl, heldPoat@adhdionsaeendret | y be, for exanpl e,
| i near or branched, substituted or 40 unsubstituted, aromatic or aliphatic

radi cal s ea havi ng. one .t o 20 carbon atons, such as Cl-Cl1B- , or

G- Ci5. al ky e el i Tsatents sypyroreay i Earsali by of whi ch
may optionally be interrupted by one or nore oxygen and/or sul fur atons
and/ or ofe Brxammuigseof pasphaeris camgdurls havisudret Ahosphetls iatermioclgdediogse of e famfilay e-
to six-nmenbenwd, oxygen, nitrogen and/or sul fur atom containing

het erocycl e, where the stated radicals in each case may be substituted PF
53208 20 by aryl, glkyb, 8 . ahkyl oxy, heteroatons and/or

het erocycl es. The cgﬁ%#:)r{é?m%on@gﬁxﬁy gach be symetrically or
unsymmetrically substituted. 5 Exanpl es of phosphorus conpounds having one
phosphoil®s #heren i ncl ude those of the formula (VII1) P (X1IR) (X2R$) (X3R9)
(VI11) 10 where X1, X2 and X3 are each independently oxygen, sulfur, NR1O

or a singl exbAdnd3 arEBachiiiepaitiemlbxided, SRGNNRIIELREREEBbAY | dentical or
different organic radicals. 15 Exanples of phosphorus conpounds having two

b t] ;)é g t] gt I)Jé 3 _ﬁ};?‘ﬁsgg)agg lﬁil*que@ %Qc%?ﬁqﬂ?{%}dtgntﬁ idgn%aq"élrl (ﬁﬁeg'el:n)t( rgél(r%cr:L ra |<:%Is.Rl 2- X122 20
15

Examples of phosphorus compounds having two phosphorus atoms include those of the

formula {IX)
R1 1_x1 1\ X21-R21
P-xPy-x®p (1X)
R12 x12/
) x2.R?
20
where

X" x™, X, x*', X* and X® are each independently oxygen, sulfur, NR'® or a single bond
25 R'" and R' are each independently identical or different, individual or bridged organic radicals
R?'and R* are each independently identical or different, individual or bridged organic radicals,

Y is a bridging group

30
The phosphorus compounds described are, for example, suitable as ligands for catalysts for the
hydrocyanation of butadiene to a mixture of isomeric pentenenitriles. As well as the
hydrocyanation of 1,3-butadienic hydrocarbon mixtures, the catalysts are generally suitable for
all common hydrocyanation processes. These include in particular the hydrocyanation of

35 nonactivated olefins, for example of styrene and 3-pentenenitrile. It is also conceivable to use
them for hydrogenation, hydroformylation, hydrocarboxylation, hydroamidation,
hydroesterification and aldol condensation.

Such catalysts may have one or more phosphorus compounds as ligands. In addition to the
40 phosphorus compounds as ligands, they may also have at least one further ligand selected from
cyanide, halides, amines, carboxylates, acetylacetone, aryl- or alkylsulfonates, hydride, CO,



X11l, X12, XPBE,53208, x22 and X23 are each independently oxygen, sulfur, NR14
or a single bond 25 R11 and R72 are each independently identical or
different, individual or bridged organic2tadicals R21 and R22 are each

i ndependently identical or different, individual or bridged organic
radicals, Hefirs, deddsi SloMsnra! GHRs, %Qh&ascﬁh@mtwammbmdﬁaﬂé@%%@ed are,
for exanpl ©pr S8 pl LAAAGRh e SRLANS]Re pife! %@ﬁfg%ypﬂﬁgwn of

but adi ene t neni

hydr ocyanat th?ﬁdsgﬁiseé” %ﬁli‘ﬁ‘gﬁfp%‘”%ﬁ '?%%%1?’8'691 %%EFI&'P'@%" ate Ay %%f%’i%tf’sh ar e
general l'y s [ieteh Srampley of ”a?f'r" f'éﬁ‘ﬁﬁmsﬂ’ﬁpdrsd@%é[lcluéﬁthﬁr%%@éd’homea"ChcI ude
i n partiul arospiite lipgrus descaibed previously a8 Brermineat | vat ed ol efins, for exanpl e of
styrene and 3-pentenenitrile. It is also conceivable to use themfor
hydrogenat i g, mbiyds profk4By @ira.enma BQﬁ%f@@%@n{!‘é Phbe, n%FU;&?é‘fB?ag b,

hydr oester | f I S‘E}H r%{heﬁ'ur%d allggurp orni %pa§9+s |91 20y, esnr %mgda?@%atzdﬂﬁ ntEave one or

nor e phosphorus to horus

conpounds aS3t# Ysé%ﬁﬁffg’d‘“ﬂ e fFH?““&P as used for hydrqcyanation, fie meig! ISR fransitign gepup

sel ect edO f r Whhof theAeriertic Taplg, inchagiculamiigkels, car boxyl at es, acetyl acetone, aryl -
or al kyl sul fonates, hydride, CO PF 53208 21 ol efins, dienes, cycloolefins,
nitriles, Npnhgh ﬁ|E|£HHéQ1E&§ it n@&%g‘ﬁf{dﬁe?erﬂﬂﬂe&%rsesr&ﬁéé)@rmﬂ S5or 48! Pfefonce BF3 and

al so nono-, Plpén togﬂ:gelwlaﬁd ﬁ %].9 hi@&r}atj)hosphl nite, phosphonite and

phosphite ese | i kewi se be nono-, bi- or
mul tidentate and coordinate to the rret al . Exanpl es of useful furt her
phosphoi¥is Faighste for hrrfadytations geRerapHpiEthe saalvtisaivfct e spaeies fmpihe spalvste

| i gands desordataiydt reaviomisiey insgach basepindeshydroformykiien carditibns. s pr ef erabl y of
transition group VIII of the Periodic Table, nore preferably cobalt,

rhodi umw]r UiMBRRAI U483 foPﬁls'p%ﬂioHé%r@r réi'ér&thf!:ob%& XReridin @ﬁ%.uﬂ?%élfa@ﬂmoeﬂb%h' on
State enostnt\"lum oﬁ‘?l&lﬂllnya%P p%ﬁ%ﬁl rd éoggt Iy odlu orr h’e%?utnjh_lggh)? (:ieies:r‘lél o>i|ci_?fhorl:,sta eo di c

hydr ocyanat 1 on, transition grou

Tabl e, 7% partlcul ar nickel. Wen nickel is used it may be in different
val enci es, 3Sheprepasaton Oﬁm?se@tdyﬁt&‘%@osw@'!dé'FCehteeiehsThigis\ﬁfelﬁ it partigulekkecage and
ni ckel (+2), theratasttsysternsarergrativally(dejtroyadinGat @lss bithéiousetayd trafadsrapibatto oas

general ly fe,g&natdaeaﬁ@fealayéd yaleW)tatfit ve species fromthe catalysts or
catal yst precursors used i n each case under hydrofornylation conditions.

Met al s for th r ef er abl I r ni um rhodi
bal | adi O BIOBRSSHR o7 PR RE R PR PR PR SE 11 Bt arS GRS 3 KO
or rut heni upgisa. fawa@gglfrp@d.l%g(p%ﬂoo\a\s 8583453, 2‘@ 584,72, 445 BATi 56, Y$ these
cat al ysts i 5680843, YS&H47.118T IV enn 4392, wmmsusm gnafeO Pe6pRdt | cul ar because
the catal yst systens are gradually destroyed in the course of their use and
therefore h%Sreﬁé}e% phosphorus compounds used in the catalysts as ligands, a
30 dihalogenphosphorus(llil) compound, for example, can be initially reacted with a monoalcohol to
give a diester. If desired, this compound may be isolated and/or purified, for example by
distillation, before further reaction. This diester is then, for example, reacted with a diol to give
the bidentate phosphonite ligand. In the case that symmetric ligands are to be obtained, two
equivalents of the diester may be reacied in a one-stage reaction with one equivalent of the diol.
35 Otherwise, one equivalent of the diester is initially reacted with one equivalent of the diol and,
after formation of the monocondensation product, a second diol is added and further reacted to
the phosphorus compound.

According to the invention, the acid released in the reaction may be scavenged with one of the
40  auxiliary bases specified to form a liquid salt, so that this synthesis may be considerably
simplified.

Organodiphosphonites of the formula ill, and also catalyst systems which comprise such
organodiphosphonites are known, for example from WO 99/64155. For the preparation of such
45  organodiphosphonites of the formula Ill, WO 99/64155 describes the reaction of R'PCl, with one



di scharged BR®3R@®I aced by new catal yst. 25 Processes for preparing the
phosphorus conpounds and the correspondi ng catal ysts are knowmn per se, for
exanmple fromUS 3,903, 120, US 5, 523, 453,24)S 5,981, 772, US 6, 127,567, US
5,693, 843, US 5,847,191, WD 01/14392, WD 99/13983 and WD 99/64155. To
prepare t hemalQsROAEAS smea%ndactuﬁ 8eknd (Rd)ﬁ‘?’d?@ﬁtﬁhéﬁl& Rl a'rﬁogﬁapgs%u oft 30
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af ter 1 or maP TN reedfe H%@’&ﬁed@h%?w ah o s s A e e SaGNE and
further reateleagedasid is RIOYPRHENT Be ieackenpislyravith Ao aid o theyawdiaryibass. A0d8si on,
t he aci 40 r ebmas.doe &uxiliptydasecarcitheparidfiaym b ealsdiches lippd altampeatgeesodt whind the40

auxi li ary bpssphospasiripbird dos ha@ sighificantigidbc8mpedetdurihé l‘bﬁ{ovéll‘rbftﬁeﬁm aftsi s may
be consi der af the sai ¥ el alkifdly b&g@n%mgﬁem%&&w& th@Soidth Bttha 11, and

o 20 S22 VSl bt SRR e ik P GO R o are nown

organodlghosphom tes of the formula I I V\D 99/ 64155 descri bes the reaction
of R PCI® wintgsnesalethpspesifieg ghaspharus eompumisimabe peappred foesrempleaastfplows.of t he
(ROR PCl obtained with half a nole, based on one nole of (ROR PCl, of a

conmpound HOrre rekittarits are hfEaRNitA ebdheotihdd |rIth@déﬁ@@ﬁonﬁﬁ:%tﬂpoﬁh@nallﬁQQ&HIvea@‘pap The
el imnati OnscNenI &%lsﬁé(rg%? g€ @u%&‘\ﬁgﬁ% H’I g‘ﬁ d. flt'nﬁ%%e%f—:ﬁs%lé&%% ter |% ﬁ, t¥> be

purely ther nal st eps

Do oY or me e merd ot ipiirRye, ool Seherate TR Sech i o et PiYeapin hosq!
process€d, 1ak? Piasehaiare mixng; Therauyiinrg bassamhinh, aqeeiding i tae verign. tf‘l’fé‘ss‘?ﬂﬁ‘é?'f i ed
phosphor us satiwitbdiredasidemay becaddedid opeor mere af hese straamsrenfedio thavesdlion he

di fference sdpatatelypfesnoing istiganistastareparateatibandnt is alfo paskible] Shyudhacss preertisicd as

described aRgYSadife siifarybBiEanirthoPHb foacfon!ts PINRE Helaei) t he reaction mixture
with the aid of the auxiliary base, and, as 10 above, the auxiliary base

and the acid forma salt which is |i Uld at te ratures at _which the
Phospho?hs. LRsrBrHRIE o Jucoiposia Fpsaiied e o aTBIS 08T aRPRYU FEMPBRoval of

the liquid S'?ﬂet reagliof censitioanwhiciyipad tedhergrition akthe teaetantsiorthe praduch Bosphor us
conpound or regtien solditiohoare depdnident uptrothe reactasts agetand itk desiradl poduelahe sol vent
formtwo i N¥fesMiédibyetné phbd b citdda® &% doédmdnd general , the specified phosphorus
conpounds nmay be prepared, for exanple, as follows:
30  The reaction may be continuous, semicontinuous or batchwise. The temperature generally
ranges from 40°C to 200°C, and the pressure is not significant according to the invention and
may be less than atmospheric, greater than atmospheric or atmospheric, for example from
10 mbar to 10 bar, preferably from 20 mbar to 5 bar, more preferably from 50 mbar to 2 bar and
in particular from 100 mbar to 1.5 bar. The residence time of the reaction mixture in the reactor
35 may be from a few seconds to a number of hours and is dependent upen the reaction
temperature and, generally to a lesser extent, upon the pressure applied.

The residence time chosen in a continuous reaction at a temperature sufficient for the reaction
is preferably short, i.e. from a few seconds to about 2 hours, preferably from 1 second to 2

40  hours, more preferably from 1 second to 1 hour, even more preferably from 1 second to 30
minutes, in particular from 1 second to 15 minutes and extremely preferably from 1 second to 5
minutes.

In a particularly preferred embodiment, the preparation of the phosphorus compounds,
45  preferably of those having more than one phosphorus atom, more preferabiy those having 2 or
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reaction is preferably short, i.e. froma few seconds to about 2 hours,

preferably {EQMrdacRRCiAbiChel Pparath® kANt thob 6B rahE s ¥e fibXadpe 8hoHd to 1

hour, even nore . .preferabl roml .second to.30 m put n tticular from
1 et ond. o sified rasuin pacloh s RSE AR gl of bbin FeaB el

m nut es20 | nTeESYORMXRAURASy pref erred enbodi ment, the preparation of the
phosphorus conmpounds, 45 preferably of those having nore than one

phosphor us ahé@actiob eflugrit @fcenduatey intd ars applasstiisigwiictothe Phases RdBed@uriBg thleos phor us

atons and nRatticAlaRf fbadted flohasen BN REexdNPRIFBSOIRSraf Y tixer-batart he

! _ . . ¢
ggéptegt |1\é8 C,apgp%%g#sal?\ttﬁlf hépat?aﬁﬁsr, b?ﬁas%‘é%pafr&fb% 'og{égygés%ér@kﬂ@ﬁd?ﬂﬂﬁﬁt@%ﬁwﬁns@& t hgom

efrera a .te rature n .nt.o
sal t of 28 nelaET G s £0ase HOIGH RIPOMEY GRS die G5 roaion BT oy g
resi dence t Fafiedyfut plestigmperatyrelat whigh thesalb piguyiiany basepdth theaeiddliqyidalit es, nore 5
pref erabl y hasssanhaoiveh®may belbdded incwrder toraaceleptesd pheabbgpafatiom 1 second to 5
mnutes, in particular from1l second to 1 mnute and extrenely preferably

froml to 3@,s568 %EESHE,E a8 BeRfRAGLER] be REBRIGSRASE $itd38 WiRh Bledominantly

substityents onist € pposphorus atons and it is thus possible to prepare
conpounds ufYS"pY Y ant Iy kinetic control having nore than one

The reaction product may be isolated and/or purified from the phase which comprises the

desired reaction product by methods known per se, for example, by distillation, rectification,

extraction, fractional or simple crystallization, membrane separating processes, chromatography
35 or combinations thereof.

The solvent used in the reaction may be one of the above-listed solvents.

The auxiliary base used in the reaction is generally used, based on the amount of acid to be

40 expected, in a stoichiometric amount or slight excess, for example from 100 to 200 mol%, based
on the amount of acid to be expected, preferably from 100 to 150 mol% and more preferably
from 105 to 125 mol%.

The reactants for preparing the desired phosphorus compounds are known to those skilled in
45  the art per se or are easily deducibie and disclosed, for example, in the prior art cited in this



10 phosphor o 582087 for exanpl e conpounds of the formula (1X), and
phosphorus conpounds having m xed substituents, for exanple conpounds of
t.he formula (VII1) having different R7, 2 and/or RO radicals wthout the
substituents being exchanged as a consequence of equilibration on the
phosphorus 3bQmeRt, adhialike stéiéwi%ﬁagtiésﬁ?orﬁﬁqﬂéaﬁ’ﬂhe QAAShtEWi £idn Bar. 0 be
ensured, for exanple by stirring or circulation by punping with static

m xers or nozzles. Useful reactors include apparatus known to those skilled
in the art PEPSERE. tiegpacianisase usedAs igyids onghelts.and i 18I epY 2 gptANAlY $¥88edPs i n
a battery haspiventprdisnersed. kigwesst ©wil §8 aprregiatedthatits pise pessitls|ty usexd leagtact i on

m Xi ng panpsomd bidhe mactbnto in sefid forwent i s conducted into an apparatus in which
t he phases formed during the reaction are separated from each other, for

exanpl e phaggof ¢y ]rg?et nﬁxe%itmaéﬁ&érﬁ,%é Lfient iégaﬁfﬁwéed il &chghgm%{?rﬂﬂ{a% S, a
phase separation. Q .% e %gas‘e i C _dpreﬂ.om n nh_éa/.ﬁiorﬁ%rl st CQ?hl onj iquid
fromthe phdW8UGf"OH PLRBRPRARE SO A Fivawon PR &IPRl=F AR IS Ea5P8 uct

i s carri edbdipd ogthegolalaprintef thesolfiongridisensian azefiom Hio SZhayIvveiah; preiasebiv t h

t he aci d0i s froindQitai90% by weigitewsrapyeferaty frarm 25 toed@%dtey verilziht and mosd prééarabiydrom

accel erate zopemebyseggitati on. The auxiliary base may, as described above,
be recovered fromthe phase which predom nantly 30 conprises ionic |iquid.
The reactio roduc i ed and/or purified fromthe phase which
conpri ses t%@gpa“é‘s?i‘é{é’ma}r‘%g@?‘%@%”g% oduct by met hods known per se, for
exanmple, by distillation, rectification, extraction, fractional or sinple
crystal lbzati on, nmefEK&EXRPEIBYI nY!Pr ocesses, chronmat ography 35 or

conbi nati ons thereof. The solvent used in the reaction may be one of the
above-|isted solvents. The auxiliary base used in the reaction is generally

used, based FBlntP'é B‘gﬁ%gg Hmwz Brfes@rﬁ’ inQerftiQn.]E%r@rgﬁ]&fggﬂﬁgg ggsgl-ﬁg?@;ﬁ@g 'oPQh\Q(Wé Sfi c

anmount or sl ght ns ﬁr gc%(a?go e ased on the
amount of afl ref'bwﬂ’é’o'éi%é’ g Vﬁ Y y from 100 to 150 nol % and nore

preferaBPy from 105 to 125 mol % The reactants for preparing the desired
phosphor us doemdingidsheineentiorowh X end Xoare earbiindependently otggen helfery NRjerase or
are easily dmgedbtd.e and di scl osed, for exanple, in the prior art cited in
this PF 53208 24 docunent, as are the stoichionmetric ratios in order to

react the r i ) her., . i bl e r ed as
| i qui ds _or (r?:rgﬁ% @f&%}eﬁ‘of%hfrﬁ%@c %ﬁ'gﬁ 3?‘3‘11431 Jtpi(?g%rﬁnyat(ﬂfggﬁe\?%y @%Foﬁ_gé g?%nt or
di sper o208, ARV Wi I fhisocimetismelbe Pk 51V SR Bl SFBPYY o use
at | east 5 seneutdend fed-buhct ants in solid form Wen they are adm xed with
a solvent, the solvent is generally used in such an anmount that the

When all of the X', X? and X° groups are single bonds, compound (VIIi) is a phosphine of the
formula P(R” R®R®) where R, R® and R are each as defined in this description.

30
When two of the X', X2 and X® groups are single bonds and one is oxygen, compound (VIIl) is a
phosphinite of the formula P(OR”)(R®)(R®) or P(RY(OR*)(R?) or P(R"){R"*)(OR®) where R”, R®
and R are each as defined in this description.

35  When one of the X', X% and X* groups is a single bond and two are oxygen, compound (Vill} is
a phosphonite of the formula P(OR)(OR®)(R®) or P(R")(OR®)(OR®) or P(OR’)}(R*)(OR®) where
R’, R® and R® are each as defined in this description.

In a preferred embodiment, all of the X', X* und X* groups should be oxygen, so that compound
40 (Vi) is a phosphite of the formula P(OR")OR®)(OR®) where R’, R® and R® are each as defined
in this description.

According to the invention, R”, R® and R® are each independently identical or different organic
radicals.



m xture is PF@3208 for exanple as a solution or dispersion. Typical

concentrations of the reactants based on the total anobunt of the solution
or dispersion are from5 to 95% by wei ghgs preferably 10 from 10 to 90% by
wei ght, nore preferably from25 to 90% by wei ght and nost preferably from

50 0. 90% bycIrgR ar GRTRRHIH rd Nodhaeli ol cdolbls kAPt Rodsty rr%vrgfraz>r 6 X2R)
(X3R9) (M1 Hé CA: Q%\ éré]%s Iguc a[s me%hyg Tethgvpﬁ P&g?ler rﬁropghﬂ\ﬁﬁ%:igurg%‘rs-tﬂ?? ql&g{gvevll ) is

a single co

for mul a. 209,&5’3?09}“8? ﬁﬁpﬂ%ﬂt%@'ﬂ TR7BHLE Aoy plucropbeny, 4-naphthayl

i ndependent hgﬂrmsbgbﬁdvagtagmslyhmm1m205:arbgnet05@mwch 5&01 r@ﬂ?y@hf’bbén or an
organi ¢ 5adbieahtiovi ng 1 - 10 carbon atons, preferably hydrogen, phenyl 25
or Cl-C4-al kyl, which in thi s docunent is nethyl, ethyl, iso-propyl,

n-propyl, r'T LERY kP aﬁél@'&bﬂ y bE(BGnc%th}rectI R)deat:ﬁ .gl)tjus\mlg at!ehﬁé?f the

Nhe “Foine, BhasheSongthe "&?‘ SieSbsiR P whonggd [oagt PR

descri ption. 30 V\hen two of the X1 X2 and X3 groups are single bonds and
one i s 0ftygéry prefermpbembbdimant, ujefilR’ 2R® apk &E ploups are ragiicalsiseleéted frerh the group
P( OR7) ( R8) ( Ehsistiig dPORBHM Oftayi (ol andif-ISK).( Re) (OR9) where R7, R8 and RO are
each as defined in this description. 35 Wen one of the X', X2 and X3

groups is a,sin ond. and two.ar ndr (WLI1)YelS @
phosphoni t ""6t? °8""'P¥)?‘ fer’e‘gﬁl‘ﬁ‘-?j“?"dg) (’F@é‘?““m °@Y§Bﬁﬁ%€8§"( @é’} gpups should

P( OR7) (R8) ( EgBYenyy#uPS.- R7, R8 and R9 are each as defined in this
descripflfon. In a preferred enbodi nent, all of the X, X2 and X3 groups
shoul d be osxyapether ;sefetréraﬂzmlmdmpmu-dnaxmﬂm(bﬂtwd df thesR'a RprasRigréwps shouldtes d-or mul a
P( OR7) ( ORe) (dijrgrover e R7, R8 and R9 are each as defined in this
description. According to the invention, Re and RO are each

i ndependent ar diffe | s. PF 53208 25 Usef ul
R7, R8 and '?“ﬂﬂ[}@éel %"egrogmp%‘ﬁ‘gf)é@?}é%ﬁdg%ﬁ tﬁ? g(rﬂ’ %Al's, advant ageously
having #Pom 1 to 10 carbon atoms, such as nethyl, ethyl, n-propyl,

i -propyl, n(CBDNW-,)wﬁm-blyt-W)g(péolﬂtﬁ-ymhenyl-&rh?l, ar yI groups such as phenyl,
o-tolyl, m twhbrglw, x,0rdnalz\eke egeh lnd@rpplatey| , 1- napht hyl, 2-napht hyl, or

hydr ocar byl , advant ageously having from1l to 20 carbon atonms, such as

1,1 -biphengl or 1, ;L'y-_._ 2 PLnapht hol .
25
w and z are less than or equal to 2,

such as (p-tolyl-O-)(phenyl);P, (m-tolyl-O-)(phenyl),P, (o-tolyl-O-)(phenyl),P, (p-tolyl-O-),
(phenyl)P, (m-tolyl-O-);(pheny)P, (o-tolyl-O-)x(phenyl)}P, {m-tolyl-C-)(p-tolyl-O-)phenyl)P, {(o-

30  tolyl-O-)p-tolyl-O-)(phenyl)P, (o-tolyl-O-)(m-tolyi-O-)(phenyl)P, (p-tolyl-0-)sP, (m-tolyl-O-){p-
tolyl-0-),P, (o-tolyl-O-){p-tolyl-O-).P, (m-tolyl-O-).(p-tolyl-0-)P, (o-tolyl-O-):Ap-toiy-O-}P, (o-tolyl-
O-)(m-tolyl-O-){p-tolyl-O-)P, (m-tolyl-O-);P, (o-tolyl-O-)(m-tolyl-O-),P (o-tolyl-O-).(m-tolyl-O-)P or
mixtures of such compounds.

35 For exampie, mixtures comprising (m-tolyl-O-);P, (m-tolyl-O-).(p-tolyi-O-)P, (m-tolyl-O-)(p-tolyl-
O-),P and {p-tolyl-O-);P are obtained by reacting a mixture comprising m-cresol and p-cresdl, in
particular in a molar ratio of 2:1, as obtained from the destillative workup of crude oil, with a
phosphorus trihalide, such as phosphorus trichloride.

40  Such compounds (VIII) and their preparation are known per se.

Compounds (IX) are of the formula



The R, R8 ®FPB3IRO8groups nmay be bonded directly to each other, i.e. not
just via the central phosphorus atom The R7, R8 and RO groups are
preferably not directly bonded to each oRBer. 10 In a preferred enbodi nent,
useful R7, R8 and R9 groups are radicals selected fromthe group

consi sting og'mienyl, o-tolyl, mtolyl and p-tolyl. 15 20 In a particularly
preferred enmbodi ent, a maxi ru¥oR two of the R7, R8 and R9 groups shoul d
be phenyl groups. ‘\n anot her/ﬁreferred enbodi ment, a nmaxi mum of two of the
R7, R8 and RO group®-xhwotdPbe o- tolyl grols. Particularly preferred
conpounds (\ﬂdwz f'ncl ude tho\e of the formula (o-tolyl-0),,,,
(mtolyl-O ), t"(p-tolyl-O) (el -O), P where w, x, y and z are each a
nat ural nunmber where w+ x +y + z = 3 and 25 wand z are |less than or
equal to 2, such as (p-tolyl-0O)(phenyl)2P, (mtolyl-0O)(phenyl) 2P,

(o-tolyl -O MPRenyl ) 2P, (p-tolyl-0O)2 (phenyl)P, (mtolyl-0)2(phenyl)P,
(o-tolyl-0O)2(phenyl)P, (mtolyl-O)(p-tolyl-0O)(phenyl)P, (o 30

tolyl - O b( pxt'okY| x'OxF( pifeny Ki*Rre éazhindeydndehtly oRyden] splfur N phesiydig bund
(p-tolyl-0)3P, (mtolyl-O)(p- tolyl-O)2P, (o-tolyl-0O)(p-tolyl-0)2P,

(mtolyl-0O 2 p-tpd yl-O-). - D-1al.y]. - 0=t - .

o) (mtolyl? Ef')‘(’tﬁat%’la ﬁ%pdﬁ)‘}eﬁ‘,(”%("hﬂ 'é‘%"fx’% %’f‘g'@%%”q'(%‘!-"{'écﬁ%ﬁ-bﬁéfeﬁn‘ﬁ%i‘:ﬁd-"@'s) op
(o-tolyi -O)%(mtozlzyl -O)P or mxtures of such conpounds. 35 For exanple,
m xt ures comMrangjRigaemashingeremientipidertisaliop Hijferen. Moiyiduai g Hridges prganic radicals,
(mtolyleO ) (p-tolyl- O)2P and (p-tolyl-0O)3P are obtained by reacting a
m Xt ure conmris gbRdhingrgedupsol and p-cresol, in particular in a nolar ratio
of 2:1, as obtained fromthe destillative workup of crude oil, with a

phosphor us i halide, such as phosphorus trichioride 40 Such conpounds
OV TT) and FReRE plspaes BHBF ptert VBB oeb T B difls chaeptit EPIRGH O,
fornul a PF Sifereat comprunds ofthg pbovedgrmulgy * R12- X, 2 P- X73- Y- X23- P
15
In a preferred embodiment, X", X", X'* X', X* and X** may each be oxygen. In such a case,

the bridging group Y is linked by phosphite groups.

In another preferred embodiment, X'" and X'? may each be oxygen and X'® is a single bond, or

20 X' and X'"® may be oxygen and X'? a single bond, so that the phosphorus atom surrounded by
X'!, X2 and X'® is the central atom of a phosphonite. In such a case, X*', XZ and X** may each
be oxygen, or X2' and X may each be oxygen and X* a single bond, or X*' and X** may each
be oxygen and X2 a single bond, or X% may be oxygen and X*' and X% each a single bond, or
X*' may be oxygen and X2 and X* each a single bond, or X*', X** and X** may each be a

25  single bond, so that the phosphorus atom surrounded by X*', X* and X is the central atom of
a phosphite, phosphonite, phosphinite or phosphine, preferably a phosphonite.

In another preferred embodiment, X' may be oxygen and X' and X'? each a single bond, or
X" may be oxygen and X' and X'* each a single bond, so that the phosphorus atom

30 surrounded by X'!, X'2 and X' is the central atom of a phosphinite. In such a case, X*', X* and
X% may each be oxygen, or X** may be oxygen and X*' and X* each a single bond, or X*' may
be oxygen and X* and X% each a single bond, or X*', X*¥ and X* may each be a single bond,
so that the phosphorus atom surrounded by X*', X* and X** may be the central atom of a
phosphite, phosphinite or phosphine, preferably a phosphinite.

35
In another preferred embodiment, X', X*? and X"* may each be a single bond, so that the
phosphorus atom surrounded by X'!, X'? and X'* may be the central atom of a phosphine. In
such a case, X¥', X2 and X® may each be oxygen, or X*', X** and X** may each be a single
bond, so that the phosphorus atom surrounded by X?', X% and X** may be the central atom of a

40  phosphite or phosphine, preferably a phosphine.



X22- R22 wheP& 5&0&11, X12, X13, X21, X22 and X23 are each i ndependently
oxygen, sulfur, NRLID or a single bond R' and R12 are each i ndependently
i.dentical or different, individual or brRédged organic radicals R2Z1 and R22
are each independently identical or different, individual or bridged

organi ¢ r adiag@ntageouk®ridgih®graupdy iHELdeCsuBStRHEY, for @kantgEwiUE, RSS!, RliodelRuch

i 11 er ent ”Z%Qﬁ%““ﬁ%gﬁ@fmﬁt e horbduntiep SR St ARGl B A eles o1

X11, X12, xfggor%@iiuni%bff"a g_’ 3@9‘}‘?&? pé"&%’ﬁ&h%‘%“x%@ﬁ T'g’l“% ' g@ fRrgon.alups in the, o

bri dgi ng gr 8@Falic system, iASFICHEr RyFRS3teRial SisfnGUkor bistpagitbher preferred

enbodi neft, X11 and X72 may each be oxygen and X13 is a single bond, or 20
X" and é(lg &g;ﬂ%n%R%@%zfﬂ%@@aZh mﬁéﬂdhgérﬁlybﬁmdmticsmrftﬂfﬁaientdﬁghng'@&mrr% atoLn
surrounde d R'%hdicaid e Xdvintaged 3 oAF Rdlcal ,;ﬁéf%bg ho@el?éwgﬁ M8 b8o I N suc
a case, X21 h_.. n,. o . d X22 may each be
oxygen and aa@lﬂg‘ vﬁ%ﬁﬂﬁﬁﬁe %ggubf&ﬁg%ﬁgxﬁﬁébrﬁ{ys@ggﬁggﬁrépgﬁfﬁ"&éﬁy gh’ “X22 a
si ngl e bond 2kgrh2lessn pyah as dugyine, £oloring,er brarmine, halogenatedialkyl sychyas Elusmmethyer  x21
may be AdRygemn sustaxpiEngnel uisubstitiied agd grpuR§l e bond, or X21, X22 and X23 may
each be a 25 single bond, so that the phosphorus atom surrounded by X21,

X22 and X23Th&RY hAd REM:dids AéyERcR indegenBEHRS B idoRticalt? @FBRANIEMHic rBNQSP Ik t e
%13 oy be Sy R aadled olHRgRaRl R dtal RERER Hofd RO BID TR L
T Xah oS ey e il be UpsinSRitad S s proh Sehatiyiet, iy aarls i by
surrounded BYYXelogegychas duing, ghioripger bEipipg, ARiogarated gikvisughesstifiormmeihy. | n
such a casearyhsuth axgiensiner unx@tGtitred asbarbugse oxygen, or X23 may be oxygen and
X24 and X22 each a single bond, or X2 may be oxygen and X22 and X23 each

a singl e boRfe ROGNKR"2 radleats idRYor®Agdgbe a single bond, so that the
phosphorus at om surrounded by X24, X22 and X23 may be the central atom of a

phosphite, osphi niit.e or phosphi ne referably a phosphinite. 35 In

anot her 2§r e&g‘? ged‘"‘éhbdﬁ‘?‘ ?yr;)?l'f"?‘”‘;@g"’z’ﬁ%eﬂﬁ may each be a single bond,
so that the phosphorus atom surrounded by X', X12 and X13 may be the
central atofmeR' aRPIRFS pid Ré radicals mesay @t baindisiserl, tHa inay X@ Bridcyad an@Ronrmivideaich be

oXygen, or ¥pdifoufddaydebriogtd, iNthe ve@esdiBedd Si ngle bond, so that the
phosphorus at om surrounded by X21, X22 and X23 may be the central atom of a

40 phos BQ 't ?n tRerz c&?&? gfqll\en&bse[r“ 3&0%5&%'. ?éfe?er}%g %Selg(gﬂcﬂl? 'maﬁe'z: to%ﬁez gxé?en% Zpecified to
the following, particularly preferred embodiments:

In a particularly preferred embodiment, useful compounds are those specified in US 3,773,809,
in particular those described in column 2, line 23 to column 4, line 14 and in the examples.

30
In a particularly preferred embodiment, useful compounds are those specified in US 6,127,567,
in particular the compounds used in column 2, line 23 to column 8, line 35, in the formulae |, I,
n, v, Vv, Vi, Vi, Vlll and IX and in the Exampiles 1 to 29.

35 In a particularly preferred embodiment, useful compounds are those specified in US 6,171,996,
in particular the compounds used in column 2, line 25 to column 8, line 39, in the formulae |1, 1,
i, v, v, Vi, VI, Vill and 1X and in the Examples 1 to 29.

In a particularly preferred embodiment, useful compounds are those specified in US 6,380,421,
40  in particular the compounds used in column 2, line 58 to column 6, line 83, in the formulae |, Il
and Il and in the Examples 1 to 3.

in a particularly preferred embodiment, useful compounds are those specified in US 5,488,129,
in particular the compounds used in column 3, line 4 to column 4, line 33, in the formula | and in



Advant ageou®PFH3208i ng groups Y include substituted, for exanple with

Cl- C4-al kyl, hal ogen such as fluorine, chlorine or brom ne, hal ogenated
al kyl such as trifluoronethyl, or aryl s2&h as phenyl, or unsubstituted,
aryl groups, preferably those having from6 to 20 carbon atons in the
aromati c sygfe®¥ampiBs P&/ 49 cul ar pyrocat echol, bis(phenol) or bis(naphthol).
5 The R' and R12 radicals may each independently be identical or different
organi c radjcals. The 11 and R12 radical s are advant ageoysl r

S nta s oA ety relsa? ARG BT EOTRoRES aB b B VS AP Hay e
unsubst i t ut BPadiculapihe coreroupds uredipseiimiiZelne 3o griunen B lingB0. Bythefermaulae ardy | |
hal ogen Such aeginfthe@yampies idh#ori ne or brom ne, hal ogenated al kyl such as
trifluoronmethyl, 10 aryl such as phenyl, or unsubstituted aryl groups. The

R 2" and R2121 4 ?é#ﬁcﬁ%h? p@%ﬁ@@ﬁ%d@%ﬁ%@ﬂglﬁhb%ﬁg a:ie ik isﬁé:'iﬁe@ fnl \ﬂbfﬁﬁé@ﬂlt.

i d . : . . | .
adi cal s, a&%ﬁ%ﬁ%?ﬁﬂ‘&@?ﬁ DSre Padech e 8 odr o, 008 2 PP ST daobk iy be
Igpndip theSrpwples Utotd, in particular by Cl-C4 15 al kyl,

unsubst i t ut 8§ fgpulzs
hal ogen18uch as fluorine, chlorine or brom ne, hal ogenated al kyl such as

t ri f 1 uor ometnyparticurrly prefetred erdSodrhein s eful@ompaEdd aiel thask @ pledifiey in U5 5,0pK641The R
and R12 radhgPdishdBmdi 11 iNGi, W sHea). or bridged. 20 The R21 and R22 radicals
may be individual or bridged. The R', Rl12, R2' and R22 radicals may all be
i ndi vidual, two may be pridged and two individual or all_ four

by dged. 1 AR EtrPS SboGR. P RBRirEs arero sesqTt e SR a8Rosur .
ref erend® i 3&sitne fomulag Inth ke I\ . Viraddl; i partisyardhe qoapopnsis upekthergin the ng,
parti cul ar| ¥xgmpdsertodd. enbodi nents: 30 In a particularly preferred

enbodi ment, useful conpounds are those specified in US 3,773,809, in

parti cul ar {NpseidRAE bleldfdd bRb&RhemiTisétul dolBEueS afelnds8lsHiBitied in g 5821ld7gand i n
the exanpl egq 1o RiL!GYARLY, B 61,5 56 IRy Hoeh Ul oSoupotiads are

t hose speci fie , L2 I'n r e conpouﬁraga used In
col um £9 |P?Fép%edstl&ewe[?dﬂ“‘&'fxﬁrinﬂ'és3953,7%-n the formulae I, 11, 111, IV, V,
VI, VII, VIIl and I X and in the Exanples 1 to 29. 35 In a particularly
preferred emnghriniatly prafeerbd bmis@imeant ndefulabmpbunds eredipse ispectfied inMUSIR562,8951, 996,

in particul ghg éfii FoRMRRUNG §I1, W8 &hnk VI, GOpaMBIaLihe kbFoudBs dsed @Rtdithed, |1 ne 39,
in the for”?ké?@:ésﬂtb'ﬁz [rr, 1v, v, vi, Vil, Vill and I X and in the
Exanpl ez l1to é In a particularly preferred enbodi ment, useful conpounds
are thoé® speci fied in US 6,380,421, 40 in particular the conpounds used
in col um 2In 3 pasiiculsdy prgfergd ambodinent,usefulramppynds e these spgcified in US .98 0Lifyd | | |
and in the Bnbefpheforndulaed, IB I, M VaVip ERIVIEUK.a¢ XY Xbrgfl eng XK, epedidilardng ;| usef ul
conpounds akgmpdindsuses ekt ih @@ Bxamples 1odd8B, 129, in particul ar the conpounds
used in colum 3, line 4 to colum 4, line 33, in the formula | and in

30  Ina particularly preferred embodiment, useful compounds are those specified in US 6,020,516

and of the formulae I, II, HI, IV, ¥, VI, VII, VIII, IX and X, in particular the compounds used there

in the Examples 1 to 33.

in a particularly preferred embodiment, useful compounds are those specified in US 5,959,135
35 and the compounds used there in Examples 1 to 13.

In a particularly preferred embodiment, useful compounds are those specified in US 5,847,191
and of the formulae |, Il and IlI.

40  In a particularly preferred embodiment, useful compounds are those specified in US 5,523 453,
in particular the compounds represented there by the formulae 1, 2, 3,4, 5,6, 7,8, 8, 10, 11,
12,13, 14,15, 16, 17,18, 19, 20 and 21.

In a particularly preferred embodiment, useful compounds are those specified in WO 01/14392,
45  preferably the compounds represented in the formulae V, VI, Vil, Vill, IX, X, XI, XII, X, X1V,



PF 53208 28PFia32B8anples | to 49. In a particularly preferred enbodi nent,
useful conpounds are those specified in US 5,856,555, in particular the
conmpounds used in colum 2, line 13 to cgéum 5, line 30, in the fornul ae |
and 5 Il and in the Exanples 1 to 4. In a particularly preferred

enbodi ment, yysefkvit KBP KNSR’ € those specified in WO 99146044,
partlcularly t he’ conpounds used in page 3, line 7 to page 8, line 27, and
i'n particular those in the fornulae la to Ig and in the Exanples 1 to 6.

10 In a par in&RAUGIRYY pietered pabodimensdisAifomposes are taesmsaerfled Ve 9838
specified in US 5,723,641 and of the formulae 1, 11, Ill, IVand V. In a

parti cul ar | yn PpaficRrarie prefiro® inbRithent, uﬁethUomﬁ@Jﬁa@Uﬁdﬁos%rsﬂediﬂéeW@@@ﬂB@éaed in
US 5,512, 69 rhétﬁar@% &an&mﬁsts%c 1 b@@pégeé 'me ‘%éag 1\4 I|r¥'45\4ng%rt\ébllar thlan

partlcular s
Hg * hose specified

i e
particularly ﬁéeTSPSrpgd{jEdn%%'&l ?T‘E'HE T tgi? fﬂd LY in
US 5, 821, 378 and of the formul ae I, [, v, v, VI Vi, VII, IX X
X, X1, X Inapadicuagyprefered embcpmwrit.wefalrcomheundseredtmp@m'@d W 90164155, i n
t he Exanpl eparficulizply i compoundp apdcifiedl bapage 4pniref €16 hege i 4/ partictek the
conpounds  agém dﬁdﬁﬁ@ﬁsp@é\ﬁ‘ﬁ if lh"e%rhﬂlayﬁ B 1A i Re ExARfled] ﬁt4he formulae I, I,

[r, 1V, Van I'n particular the conpounds used there in the Exanples
1to6. 25 |n a particul arlg referred enbodi ment, useful ounds are

t hose speci fN&Rpriqylafispigiegsd '?g@m%dﬁ%fv' PRRoYNSS ﬁﬁﬁ%ﬂfpeqlfued' NF? Gefmgn v v,
VI, VI, patentapplicationydd 10088037. and XIV, in particular the conpounds used’
there insthe Exanples 1 to 66. 30 In a particularly preferred enbodi nent,

useful  conpeinsksicalaR br@féﬁ@d érﬁS&dnrﬁérﬁfdJséfUl deﬁp@.nﬁggneﬁﬂtﬁe sﬁ&fmeein th&'Befntihul ae
[, 1, Lo pét ntaph an 004 Jl, I X and X/ in particular the conpounds

usedthere Int to 33 In a particularly preferred

enbodi nent useful corrpounds are those specified in US 5,959,135 35 and
the conpount? RAsticylapy preterehemhadimens yisafukcempaunds aredhqsa specifigh iy thg Gemener r ed
enbodi méat , paigmfapplicatmmhavinglthe zeferetdecambenRiE 1 §1562D26rand$heapPicatidddate and of
the fornul ag1.19.01,In @ititulal the céApduidSspRaifidd i HedlingteR oA hegd £inaeredb arat ,

useful conpg, g3 8 £Ghd sgd in US 5,523,453, in particular the
conmpounds reg’?egent e?jé?ﬁ%?g&g %g@fornul ae 1, 2, 3, 4, 5 6, 7, 8, 9, 10,

11, 12,13, 14, 15, 16, 17, 18, 19, 20 and 21.
Ina pamcuiarly preferred embodiment, useful compounds are those specified in the German

25 patent application having the reference number DE 10150281.8 and the application date
10.12.01, in particular the compounds specified in the filing text on page 1, line 36 to page 5,
line 45.

In a particularly preferred embodiment, useful compounds are those specified in the German

30 patent application having the reference number DE 10150285.0 and the application date
10.12.01, in particular the compounds specified in the filing text on page 1, line 35 to page 5,
line 37.

In a particularly preferred embodiment, useful compounds are those specified in the German

35 patent application having the reference number DE 10150286.9 and the application date
10.12.01, in particular the compounds specified in the filing text on page 1, line 37 to page 6,
line 15.

In a particularly preferred embodiment, useful compounds are those specified in the German

40  patent application having the reference number DE 10148712.6 and the application date
10.02.01, in particular the compounds specified in the filing text on page 1, lines & to 29 and
page 2, line 15 to page 4, line 24.

To remove Lewis acids, a complex of an auxiliary base and Lewis acid is formed according to
45 the invention which is, as described above, liquid at the relevant temperatures and forms a



In a parti clRRa93208pr ef erred enbodi nent, useful compounds are those
specified in WO 01/ 14392, 45 preferably the conpounds represented in the
f.ormulae Vv, VI, VII, VI, IX X X, XIB XIIl, XIV. PF 53208 29 XV, XV,
XVIT, XXI, XXIl, XXIll. In a particularly preferred enbodi nent, useful
corrpounds arpaagehg.ﬁ\%c@wﬂhfmeegoddgt34\03@5/27054 5 1n a parti cul arI y preferred
enbodi nent, useful conpounds are those specified in WO 99/ 13983,
part|cularly the ¢ ounds specified on a%e 5 |ine 1 to page 11, line 45
and in partiQUPEMP F’hng’ reRNR AL BisRiide; | g!a nowryta @dd epiRgi@moEnts 8 | b and i n
t he Exanpl e®haspheryixhiorigde,(POGH) forthe priogict. png thefreaultiogl CaR®wWdG Ingamplex persipiiates
conpounds$ araed trag be respwed, foredarnple, BORIREHGANS 5, Dye 10 ApaChemLbdrl, 11948, e, 2595).
conpounds s p@gishrhe BocR feREGhefmork HBBoshs tHe AABHISH diaprddise cic@itdd hRodiRbf | cul ar

t he comoun%témﬁ%g}oﬁ&twbéé}? Fo%ﬁ(ﬁgh atje%félffm:#n %ﬂiohcﬂe\k dcs T eﬁ[?xk:??bel to

4. In a parti npoun ose
specified in® T%"@g@ r?g%’ @élf'létfﬁ"‘“bppl i cation DE 10038037 15 In a
particularly preferred enbodi nent, useful conpounds are those specified in
t he Germéin Asedrding todpyfter, Zlai@h:hchEhiir0,0l%m%, 1338, AICIp aiay bledibapreyipifatedibgr r ed
enbodi ment , cdspkxiforR&IEh With Pyrideand s ntReL! fied in the German 20 patent

application the application
date 11.19.01, Iﬁﬂ!&gg:&ﬁﬂ%&{sear %@E%&'H% spec?%l ed |n ‘he filing text on

page 1, lines 6 to 19 and from page 2, line 21 to page 2, line 30. In a

parti cul ar | Y §isasraaaef @ﬁfﬂﬂf’??é?ﬂs ts i!?é‘éb%ﬂe cRMRIBXRIIRsNY§TasCapifo 3%Seiteci fi ed i n
t he Gerrign c2Bplgxasaenuira pspidcguid sapdnation agd inltids sapbetienciten sbovenfavdEabk0150281. 8
and the applfitatidn popetass Sorlékample \imp fofingtiar, thizH Infked 819 sGESEREINORSshFRdré | ed i n

the filing tgdeon page 1, line 36 to page 5, line 45. In a particularly
preferred enbodi nent, useful corrpounds are those specified in the Gernman
30 patent apE[pl}j | catlon havi he reference nunber DE 10150285.0 and the
appl i cation 8 440 9gssTiopp, ”“? fﬂ"?ﬂ?‘f pidigyid Flathrates HRh I REOGIRIR e REEICHIAF ¢ he

filing t@xt F(ﬂﬁdqb&g%lsl?rodu@ﬁéd o hedgemexgd. for examplgebygshasq wpafap@(rt icularly
preferred enbodi nent, useful conpounds are those specified in the Gernman

35 patent appRi saddb@ru ORth M@k, [BbtdcBhat rssr(q:@mmhﬁecrre% prihtpied 8Pa RnR4l of he
application L@@fs%c%?wi?mt%d &r%g@ﬂ%&.&s%kﬁ g %rﬁ@%ﬁ#n hﬁ%ﬂﬁn' n the

filing text arly
pr ef e?r ed er’r‘ﬁ@ﬁ‘%ﬁgﬁf’ "'%E‘&?‘M'l m ifﬂpﬁﬁ?arg% d‘é?‘éf'“ﬂ"f ags- ﬁc’é’g"qr ﬁhﬁsﬁéreGer man
40 pat erdd apeImanapticalionicsystams wWhish.ieeestrasider %am‘ertOEbE apgliarglrasgs galde Nt he

appl i cat i on cdartogbe used as free, nonionic auxiliary bases.

EP-A1 1 142 898 describes phosphorylations for preparing biphenylphosphonites, in which
phases of eutectic pyridine-hydrochloride/pyridine-aluminum chloride mixtures of product-
30 containing solvent phases are removed.

A disadvantage is that the liquid removal of such mixtures from the product is impossible without
the formation of a eutectic.

35 According to the invention, the above-described process for removing Lewis acids from reaction
mixtures with the aid of an auxiliary base is carried out by the auxiliary base

b)  combining with the Lewis acid to form a salt which is liquid at temperatures at which the
product of value does not significantly decompose during the removal of the liquid salt,
40 and

c) the salt of the auxiliary base with the product of value or the solution of the product of
value in a suitable solvent forming two immiscible liquid phases.



10. 02. 01, i ®PF&320Bcul ar the conpounds specified in the filing text on page

1, lines 6 to 29 and page 2, line 15 to page 4, line 24. To renpbve Lew s
acids, a conplex of an auxiliary base ang1Lewis acid is formed according to
45 the invention which is, as described above, liquid at the rel evant

t enper at ur ego#slerda0fhEPesdidaiB IR WA a1 Rt rsdichb @arW;J JL}(L?E cQéthﬂéts?t of
val ue. For %ﬁ@gﬁérqh? &R rfﬁ‘l@%ﬁ%ﬂﬁ Wa\uxrm ¢ 533{9%5 % the reﬁ%tloB mlxgure to r%m%\ge t he

equi nol ar aipég&

O B it b Aoy e o omaeeeion e i o o B
exanpl e, by base. it jsdmpetant that the repgtion mixturamixegitivihe Suxliary bagd ghicligenepdligs) . The
sane doc6anemnsultsin alcempiex e alkiay basesant bewiadeld torming.For éveprmade stalewscmzlddmrl at ed

amount  of rr@trsécntwmtxtwe RbaGathdved, eﬂéréﬁrattegstfdaé Mol alidhAa8e Rfusad, UM num

Accordi no 1 8L ; DR InSY Rele %g%i %B’“'mﬂy Jopd L) 20 0
preci pi t at e’ ’ab‘b%% 5}0 PE(?H i Rarticlar frdm 18 tyheb mhiffeo irem)ved DE 32 48
483 di scl oses a process for renoving A1C13 with the aid of NaCl . A

di sadvanbag@afterfthe inxing opthe Lewis esid ared duxdiary bhses Burtbermpliepesyae efféoyegy oscopi ¢, as
solid 15 comhelifsy BieRUsH SirrmgHlyiafolb GortidustDd RivinaRutENE aiféw hdirs gwar,at i on

ahi ch makes gg@;:g;ﬁt o AR LM CEll 7 SO

the formati M46%°d cl athrates which are insoluble in the parti cul ar
20 Friedel-Crafts product and can be renoved, for exanple, by phase
separ at i16n. TKe reRctiog@tidane may ad@ntageouslytie maBitaitesich ad¢mpe6Buré $D@VGh tBSdomplex
descri bes pof auxiligry ®8secdnda.ewid oid @ liqOik, but ee\signifoahiciRcovhjdsitibhéccatsfatbughani C

li qui ds suc thagaséb@HramtdrnéeIbéhnltmamgqsmQ&atatelbmn@%hrlet.)_ chloride,
1- butyl - yl i m dazol i um chl ori de-al um nu | ori de. However, these

are 25 perrrg,B nh cationi c systens in contrast for exa Ie to t he
auxi | i ary baSe8"FL§ 'etsﬁpa(?t?i”"dea?ﬂ'?ﬂ't'mﬁeasGgﬁ‘ﬁ’yggsclr'??éjeab"ﬁ%r'ﬂ B8 ea’uﬁr liary

bases. RP- Acomplax for gxmniie SEACHaad Nimsiiptimidozcs, thereeltingpoipt is plaut B@JC. so that

bi phenyl phosremotak $or exampid by phase bepaetion fromubesrdd et of value may follow at relatively
pyri di ne- hy dhsagmpéteiu®/ pyri di ne-al um num chl oride m xtures of product- 30
cont ai ni ng sol vent phases are renoved. A di sadvantage is that the liquid

removal of ch m xture mthe r odyct 0SS

for mati on ofNe el preganc e TR tvEud Tt 5 erdim ) B et Lohls s evelBbe rf bed
process 2Por "¢eYEY oy alPé‘WP%‘ of ¥alyes Prefeshly i FtigdebRraftyplidalioasongeyidtionhe ai d of an
auxi |l i ary babesphayletans oeshifanizatidng of rematicsiahd aose foefereblip Jn phosrhiorylatignswift h t he
Lew s acid nfaitsn a salt which is liquid at tenperatures at which the

Preferred examples of phosphorylations of aromatics include the Lewis acid-catalyzed reaction
30 of aromatics with phosphoryl halides, for example PCl;, PCls, POCI; or PBr.

Examples of aromatics which can be used include those of the formula (X)

31 3
R R R* R R R R
R32 33 z R36
R33 Rsz R34 R
33 36
R R
R R*
Z
Rsz Rr¥

35



product of PBIS3@08o0es not significantly deconpose during the renpbval of the
liquid salt, 40 and c) the salt of the auxiliary base with the product of
val ue or the solution of the product of 3%alue in a suitable sol vent
formng two immiscible Iiquid phases. PF 53208 31 To this end, the reaction

with the Lewis &¢didbdng of By BebiR® thaRfttdgs 8ncar ri ed out as is customary
and, after the end of the reaction, the auxiliary base is added to the

reaction m xturg 1.9 the Lewis acid. It will be appreciated that the
reaction m %t ufe fm a 03”55 ZaBeehinsepAdenin | iary base. It is inportant
that the reaction m xture mxes with the auxiliary base which generally 5

results $n bydoogep| GHCpalkeL GG -3k, €C 3 alkyld@ VT SC 2tk odtydatiionyl NCL-C Faryl,ever y
nol e of Lewgscahdodinyl, ehdheor WhRE iaf Bptisha %%térf‘?}fp@@b BROYSRbre BRABH arl.d;af at
| east one ”Bltiﬁrﬁ Hﬁi{;}r oﬁt% 4r m&%gbﬂsﬁtu%§% unsu%ﬂﬁ:tﬁ%r 9! érJuhD'a' iﬁf e-‘t%snxl

nmol / mol , mor e era

from1.0 to™ e’ﬁ%l"f‘)ﬁ%‘ njfeger ﬁ"@lﬁ%nsy'i i GIOSIASHTE et 45599 Ol Hiop o
After the nM@qu@eﬁ'fWN’?@e tefpme amensgtusife. satspied aF romaticaing mhich isecaptionetkup nay
be eff et edintermpted byaored of ke dnygeghardior sulfunajom@gndidr b obeeorcoté subsatdtelior a f ew

m nutes to ansuBtiédimtho gldupé, %h@bie)étatédrema'is |h‘éaér2&séfhlylb@§ubsﬂ@té& b§U| arl y
parti cul ar |y, EfAmald) gg,,@od..e;}r B akbkyTRdgeR! HateR ﬁ%&’andfo? er?:'t'_,’yc

m nutes. 15 The reac I'on 'm xture may” a vant ageous al ne at a
terrperature at which the conplex of auxili Mzébase and Lewis acid is

liquid, but W%ﬁ%ﬁfwt@aﬂtgr%wﬁfﬁ&mwd&m“@d nitrgse HNQY RerPexy! (feOH) so be
mai nt ai hed bridasn Fh€lnBl. t). aginodMbler-BH(G: e atkyd. hl (G dlajplkgik), cathexapideses are
separ at ed uROONHECOONH{CHIS-akg!), 3 DREGPC, ARSILS, inedl (-ehp ol (-BR) ériodtimse of a 20
conpl ex, forun@;@agrpg@;1 cQ-falk C13 and N-nethylimdazole, the nelting poi nt is

about 60C, H1ads2 e r mthe
product of VE E( aé Rbh g@%}‘gkfe Qq ls 3§1§ #efab&ye[agpﬁéfpa ﬁér%g ﬁydﬁ?& mj'val
accordin ¥'II§' ‘M L LAy Chai] %‘H OrialEsN case where Lewi s acids have
to be @‘g r SR eRT.RonRa. Br eadR reicalscare prefefbbieaeibrgpendently hysteden anetiyl.s

al kyl at i onstegrbuiyt; gihglt methexy, filvaspbrahiphied.i ons or sul furizations of aromatics
and nore preferably in phosphorylations of aromatics. Preferred exanpl es

Of  Phosphor At 7 Hot 2T ib%bﬂﬁ% thfe!hg@ﬁéﬂ%g%,jg@t g?r@&ﬁ' agegact! on

30 of |
B 3. SS%?E@@#&?&% Bﬁeﬂﬁh% RTINS & AL OMETE 48 BRAOTRIE £ or o
(X) 35 @k er Bopgsubstituted nitrogen (-NH- or -N(C4-C,-alkyl)-) or sulfur (-S-).

Z is preferably a single bond, oxygen or methylene.

Particularly preferred aromatics are benzene, toluene, o-, m- or p-xylene, 2,4,6-

30 trimethylbenzene, ethylbenzene, 1-ethyl-3-methylbenzene, 1-ethyl-4-methylbenzene, iso-
propylbenzene, 1,3-di-iso-propyibenzene, teri-butylbenzene, 1,3-di-tert-butylbenzene, 1-terf-
butyl-3-methylbenzene, 1-tert-butyl-3,5-dimethylbenzene, n-propylbenzene, styrene, indene,
fluorene, dimethylaniline, fluorobenzene, chlorobenzene, bromobenzene, 1,2-, 1,3-or 1,4-
dichlorobenzene, 1,2-, 1,3- or 1,4-difluorobenzene, 1,1'-binaphthy, 2,2"-di(C4-C4-alkyl)-1,1'-

35  binaphthyl, particularly 2,2-dimethyl-1,1"-binaphthyl, 2,2-di{C,-C,-alkyloxy)-1,1'-binaphthyl,
particularly 2,2’-dimethoxy-1,1°-binaphthyl, 3,3'-bis(C4-C,4-alkyloxycarbonyl)-1,1"-binaphthyl,
biphenyl, 3,3",5,5'-tetra(C,-C,-alkyl}oxybiphenyl, particularly 3,3',5,5-tetramethoxybiphenyl,
3,3',5,5"-tetra(C,-C,-alkyl)biphenyl, particularly 3,3',5,5-tetramethylbiphenyl, 3,3"-dimethoxy-
5,5-dimethylbiphenyl, naphthalene, 2-(C,-C,-alkyl)naphthalene, particularly 2-

40  methylnaphthalene, 2-(C,-C,-alkyloxy)naphthalene, particularly 2-methoxynaphthalene or
diphenylmethane.

Very particularly preferred aromatics are benzene, toluene, o-, m- or p-xylene, 2,4,6-
trimethylbenzene, iso-propylbenzene, tert-butylbenzene, fluorobenzene, chlorobenzene,



32 Zis a PF53R88bond or any desired bivalent bridge and R31, R32, R33,
R34, R35 and R36 are each independently 5 hydrogen, Cl-C18-al kyl, or

Cz- C18-al kyl, Ci1-C18-al kyl oxy, Cl1-C8-al kgxycarbonyl, C6-C, 2-aryl,

C5- C12-cycl oal kyl , each of which may optionally be interrupted by one or

mor e oxygennﬁmqgghea§y$ﬁ#ﬁﬂ@¢ons and/ or one or nore substituted or
unsubsti t ut I mno groups, or a five- to six- nenbered, oxygen, nitrogen

and/ or sul fur atom.containin erocycle or functional group or  twy of

et
Ehem conbi nEXEHRA Y ROA YA PECG May b PRIPRSLEY RDPSRPOIRRTRLY FUGEATAR | s
optional | y 20makgseFriadpt@raftpsikvntionsmr anmtenwyg@ﬁﬂmmmmnewmrogmenan@ﬁs and/ or
by one 05 nokthyacdhsitebariepdimathoxyabaoihehorielprepiophzhsie, gerebghencr@nd t he st at ed
radi cal s |ndi@ﬁ%p%§fhd§§ﬂ‘n@%npﬁ&%l&dﬁh@éﬁhh¥ todyHMohON 3., 105-QHPS4- aryl ,
alkyl . ary! gigh .bgrlsz Q5. 2L ﬂﬁ&ﬁg@&g{@cm%%f&@ e;e%zxrfe ) 351
car ggxsls ?_ nzeneﬁ_ d0 tgweihylpso-gr@ylbenﬁne 9. -dlhmz-ﬁgﬂ’ em_,@dane cresgl
- NH( C1- C4- aPRy¥ nolrﬁ\ﬁe@imtm amqkﬁrtyfzpuwlé%ﬂnsbszmmeo!(nmol dodecylphenol,
CO\IH(C19C4%tainbwr)26-di-@@tt(l@1-4-®’btwiphyﬁo) 2), nitrile (-CN), thiol (-SH) or
t hi oether functions (-SP-C4- aIkyI)) The R31, R32, R33, R34, e and e

radi cal s arg, &Fcﬁﬁeqf)ﬁlﬂve Nink 368 RGBASELY QBﬂgﬁpg%(ﬁ#ﬁ gﬁgaﬁj& baicéz33
R

o o piaRe @F?X%vr%%ﬁs?sv Rhieses ol e P e IRy 56 ROk

methyl, tefY@PBtyl, ethyl, nethoxy, quorlne or chlorine. Exanples of Z
I ncl udeia single bond, nethylene, 1, 2-ethyl ene, 1,1-ethyl ene,

1, 1-pr Opyl enfa prefdrréd @hisidhednr reinoding DEY b&diSthede dre einivedWlthodt Feddiamnt ene,
oxygen (- ropbHIGHAR? Bffﬁhbﬂe@gcn&r (profic AR HDRE nblt @fo HHEréRBAMRCKSs NtewR acids

- N(C1- CA- aI E re)no%d ﬁsaﬂ [v) ME Ta&d %tﬁ the%uxﬂ?atrfgagg?s n%P %rXatgr tﬁan ‘9# ??lrel-?gra Y n&xygﬁ{] or

nmet hyl ene. or
p- xyl ene, 29’2?’"“@r '5'3'8” I7 P- ?f?lpf?é?ﬁ%@t 9teelsy, B%ﬂzsén%"e"i"%? ﬁ’f?ﬂe’@'—vr?é‘cq{%tﬂenzene
1- et hyl 20.- rrﬁtah9I3b1e¢F£‘efhléaqu!$6f'°‘[§fQ§'§9yFﬂ@éﬁi@ne 1, 3-di -i so- propyl benzene,

tert-butyl benzene, 1,3-di-tent butyl benzene, 1-terf- butyl-3-nethyl benzene,

1-tert-butyhneg ;'i}nQ:hd@éé)‘llag@%l@(%ﬂﬁote&h%ﬂpé‘flenbﬁrﬁlé@s%enﬁéé@tﬁg@ to pétekABRes

quorene d uorobenzene chl or obenzene, bronbbenzene,
1, 2-, bfﬁ%e%iﬁgrahggro%enzene 1,2-, 1,3- or 1,4-difluorobenzene,

1,1 blnaphthyl 2,2'-di (Cl-C4-al kyl ) -1, 1 35 blnaphthyl particularly
2. 2' - di RBt hfEKaMples _ bi napht hyl , 2, 2' - di ( Cl- C4- al kyl oxy) -1, 1' - bi napht hyl ,
part|cularly 2,2 -di net hoxy-1, 1" -binaphthyl

3, 3" - bi s( Clc@%pabhbéleaéﬁ’yiﬂaﬂh’&@p‘alrétroﬂtnﬁdl&thd»@ﬁ\‘i&ﬂ?lbhﬂsphmé)@m|
3,3,5 5 -tetra(Cl 4- alkyl)oxyblphenyl partlcularly

3,3,5,5 tr t.ho enpyl ,

part | cul | S S daL IRl e wot smply pieChadthin e DAL R U

5 - di mehy| BihAMLRE 9 Oﬁéyﬂﬁ?ﬁﬁaﬁ %??e g oft '@awmn%?mefwam%ai éﬂe’? g B3P b¥cul arly
2 40 net hyl Aigpbrohkenginbosping @are@dde degriviseyth Hugrnixiued avaethe peurse of 40 minuies,

2- met hoxynaphérleagoaracoFiess, easily stirable suspension was formed. The reaction temperature was

held at 50°C by cooling. After complste addition of the dichlorophenylphosphine, the mixture
was stirred for a further 60 minutes at 75-80°C and then the precipitated hydrochloride was
35 filtered off with suction and washed with cold xylene. The filtrate and washing xylene were
united (total 859.9 g) and investigated by GC with an internal standard. The xylenic solution
contained 11.8% of diethoxyphenylphosphine which correspends to a yield of 51%.

Comparative example 2: Preparation of diethoxyphenylphosphine (DEOPP)
40
An Np-inertized 1000 ml reactor with an impeller stirrer was initialty charged with 90.9 g of
ethanol and 382.2 g of tributylamine and heated to 70°C. 162.7 g of 98.6%
dichlorophenylphosphine were added dropwise to this mixture over the course of 40 minutes,
whereupon a colorless solution formed which was liquid when heated and after cooling to room
45  temperature solidified to a colorless crystalline solid. The reaction temperature was held at 50°C
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by cooling. After conplete addition of the dichl orophenyl phosphine, the

m xture was stjrred for a further 60 m nutes at 75-80C and then the

preci pi t at e™ASIYP EAMRT £ de was 35 filtered off with suction and washed with
cold xylzéne The filtrate and washing xylene were wunited (total 859.9 Q)
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An Nz -inertized 1000 ml reactor with a pitched blade stirrer was initially charged with 425 g of 1-
methylimidazole and 228.1 g of ethanol. Within 190 min, 206 g of phosphorus trichloride were
30 added dropwise with ice cooling at an internal temperature of 23-33°C. The reaction was
exothermic so that cooling was required to maintain this temperature. After about half of the
quantity had been added, the reaction mixture became cloudy and two liquid phases were
formed. The upper phase according to GC contained 90.0% of triethyl phosphite, the lower the
hydrechloride of 1-methylimidazole. Before the phase separation, the mixture was heated to
35  78°C. 231.4 g of a colorless upper phase and 611.9 g of a clear lower phase were obtained.
The upper phase was distilled under reduced pressure through a 30 cm glass column with a
Sulzer DX packing. 177 g of friethyl phosphite with a purity of 99% were obtained. In the first
and final phases, a further 28.3 g of triethyl phosphite were present. The total yield was 82.4%.

40  Inventive example 3
Preparation of diethoxyphenylphosphine (DEOPP)

A 250 ml glass flask with a Teflon blade stirrer was initially charged with 85.7 g of 2-
45  methylpyridine and 40.5 g of ethanol. 71.6 g of dichlorophenylphosphine (98.6%) were added



cont ai ned 1PF&3208 di et hoxyphenyl phosphi ne which corresponds to a yield of
51 % Conparative exanple 2: Preparation of diethoxyphenyl phosphi ne ( DEOPP)
40 An N2-inertized 1000 mM reactor with 3 inpeller stirrer was initially

charged with 90.9 g of ethanol and 382.2 g of tributylamne and heated to
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this neteri m xture was allowed to warmto 60C, which took 6
m n, and th@g?r{ehon%%%ag@beye) was then held by cooling during the further

addi tion at_60C. After the end of the addition, the mxture was still
liquid, butPeEpgrationqlethardishenyipbpsrhiog GRPTRYg t he subsequent stirring time of
45 min. 1After heating to 80C the reaction mxture was again conpletely
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cont ai ned a %’%e‘b ter distillation was
95.9% | nveh o=>'¢:! ‘ t@ﬁ? ﬁs tr| ethyl phosphite (TEP) An

N2-i ner 8% zed 1000 reactor wth a pi tched bl ade stirrer was initially
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cooling at afndidlif d aknek 84TB G oPhAGEVE addda drfira cBAPsdiBBF WaddbtdiRey. After
addition of 450 g of n-propanol, sodium chloride again precipitated which, after further addition
30 of 69.8 g of water, was again dissolved. Two liquid phases were obtained, and the 739.3 g
upper phase contained 19.99% of water and 16.7% of 1-methylimidazole. This comprises
94 9% of the quantity of 1-methylimidazole used in the synthesis. As well as sodium chloride,
the 304.2 g lower phase contained 70.6% of water and 2.2% of 1-methylimidazole. By repeated
extraction with n-propanol, the content of 1-methylimidazole in the aqueous phase could be
35 reduced to 0.4%. 1-Methylimidazole was recovered by separating the mixture of propanol and
water from the upper phase of the first extraction.

Inventive example 5

40  Continuous preparation of ethoxydiphenylphosphine (EQDPP)
A nitrogen-inertized reactor with a three-part pitched blade stirrer was continuously charged at
80°C with the following feedstocks: 1) a mixture of 110.7 g of ethanol and 205.8 g of 1-

methylimidazole 2) chlorodiphenylphosphine (99.4%). Stream 1) was added at 330 mi/h and
45  stream 2) at 380 ml/h. Both feeds were below the surface. The reactor was fitted with an
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ECDPP by5 acU-6830°kahuht her purification, the upper phase was distilled under
reduced pressure through a glass colum containing Raschig rings, which
gave 292.5 gweitivOexadhileEODPP. Together with the EODPP in the first
fraction, the total yield was 92. 2%
Continuous preparation of ethoxydiphenylphosphine (EODPP)
30
A reaction mixing pump was used to continuously mix the following feed streams: 1) a mixture
of 156.7 g of 1-methylimidazole and 84.1 g of ethanol 2) 370.0 g of chlorodiphenylphosphine
(99.1%). From stream 1), 167.5 g/h were added, from stream 2) 257 .4 g/h. The capacity of the
mixing chamber was 3.3 ml. The head of the reaction mixing pump was held at 80°C
35 thermostatically. The system was brought to equilibrium over 80 min. The output was then
coliected for 87 min, in order to obtain a mass balance. During the mass balance run, the
quantity of feedstocks was determined by weighing of the initial charges. 370.0 g of
chlorodiphenylphosphine were added. The output consisted of two liquid phases. Over 87 min,
389.3 g of upper phase and 219.2 g of lower phase were collected. 96.8% of the upper phase
40 was EODPP, so that the gas chromatographically determined yield was 98.5%. The residence
time of the reactants in the mixing chamber was 30 s.
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balance run, 227.0 g of upper phase and 300.6 g of lower phase were collected. 95.2% of the

upper phase was DEOPP, so that the yield was 97 2%. The residence time of the reactants in

the mixing chamber was 2.5 s. This gives a space-time yield of 0.36-10° kgm™h™".
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35
Inventive example 10

Regeneration of 1-methylimidazole hydrochloride

40  Inventive example 1 was repeated, except that DEOPP was prepared from 181.5 g of
dichlorophenylphosphine, 101.4 g of ethanol and 189 g of 1-methylimidazole, which gave
202.2 g of upper phase having a DEOPP content of 93.9% and 265.5 g of lower phase. The
upper phase additionally contained 3.7 g of 1-methylimidazole. The lower phase was mixed with
169.6 g of paraffin oil. 168 g of 50% sodium hydroxide solution were added dropwise to this

45  mixture, which gave an easily stirrable suspension. After the addition of 12.9 g of xylene and
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thernostatically. 10 The system was brought to equilibriumover 30 mn. The
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at 40°C by cooling with an ice bath. After cooling, the acetic acid in the form of the formed ionic
liquid which is immiscible with cyclohexane was aimaost completely removed from the solvent by
a liquid-liquid phase separation.
30
Inventive example 12

Continuous preparation of the following chelate phosphonite:

28

35

o5

O Qv



15 chronmat opF&phogal |y determined yield was 95.5% The residence tine of
the reactants in the mxing chanber was 20 s. Inventive exanple 9 20

Conti nuous preparation of diethoxyphenylzghosphi ne (DEOPP) A reaction m xi ng
punp was used to continuously mx the followng feed streans: 1) a m xture
of 212.0 g gf;, 1.7 g of

di chl oropheﬁyl ospE1 g%ﬂﬁ@%?@f]ﬁgﬁ%ﬂéﬁgﬁaﬂrgw%eg%g?d‘l{%h%.%%%%ﬁgtI on out put .
From stream 1), 1543.5 g/h were added, from 25 stream 2) 955.9 % from
stream 3) 2977 ﬁP'l"H°5't’PHe’“'6‘élf?eﬂfﬂi?%FH‘W&‘WH"Q?%‘?@ thaaBke biphesokand 3510 of The
head of the reatdteomamd xi ng punp was held at 80C thernostatically. The
systemwas brought to equilibriumover 5 mn. The output was then

col | ect ed f@;r 1§orﬁﬂud%|tloh ramgnr@%faépgeﬂtz%rnb@wpﬂ%@)che O%H@rﬁrlphgyfhln@gnd he mass
bal ance run, %a%ub@ggbl f eedSt ocks was determ ned wei ghi ng of the
initial char ges ') g of di chl or ophenyl phosphi ne were added The out put
30 consisted of two |liquid phases, which were separated in a continuously
oper at ed phbree streamdi. &8 bmlih Rerp@‘rrettérwnoandtfrtw siippo2), ghtselwdbe capagitylobthet o t he
pr ocess 10 Duimiximg chdrebel ¥asB.3 miEkhe heldbdfamcreadtion mixdig puthpgvaeheldpptao’@hase and
300.6 g of ih@&ﬁfstaﬂ&wqh%fs@erﬁ%é g6ldddio Qaiisiirdvet Rin. ARPRApUPRESReas DECPP,

SO that th‘;%éﬁbcﬁécpfo}"’?ﬁm 9710?:% ol b & HabeilicL. 'T'ﬁEte‘PJ eF A eBﬁﬁ&I Q%ﬁ gﬁglumt he

m Xi ng cha pad

kgm 3h-" . 38 Hegalat i%séeaém'reg e L TP i oS v

hydr ochl or i Weichygerp golieatef inea ¥egsgipnethen spparatadpBeingdhe EXEEASS PAARCCIHITOPP was

pr epar etb f r 238.9.84f. Uppegr pbase ahddI0qr of fuinenptiast oeeltoliested 1THE. upper pbbseawdsanol and
189 g of 1- jsRiehiy kool 37 Bk Geackdi pedtiugVand tR)dwet pBasdf waspRetydRRS®ieltYi Ng a
gggafl gggf leﬁ'nEthQ rr;rtmg%olg fﬁ:ﬂgcgﬁé 3s &n Bfuc h b g@ﬁ?@ Tt@?‘elecﬂﬂ?@f thepgaﬁé'd

mixed w th SPEEE Ms:g e . “"393"?58 ehlgelfi§ Phpfonicnies ST IR FILNERR, i on
were added #r3pW Spceﬁ""’l fjweas 28, 8|‘h'&f"ﬁ?repf‘Wé'ﬁteﬁa?/‘@h%mteeﬁ?l°P9"’e§°t'9“r"'r'aébI e
suspens?®n. covflede. t he addition of 12.9 g of xylene and PF 53208 38 78.4 g
of recycled xylene froma previous experinment which also contained 3.8 g of
1- nmethyli mndgfﬁ,pégxan;ptéelg,water was distilled off wwth the aid of xylene. A
total of 132.7 g of water was distilled off. When no nore water was
separated off, the Xél ene was dl;ipllled out of the reaction mxture at

30-85 nmbar AMFYEPEYDP! Ot hirgagre seawedmEScREE R8PEm, whi ch
5 gave 83. 4d§cmeddméqnimweaﬁve WW@N%&%@@B%%&@@G@ wereofaried. e Read githgazol e.
The di sti | | eeactionasxingueecvasi thertnheatteehit suek parannaribat ie end epplesduras/dfdhee so
that the 1- paatioyimixtid aZHb exiCstMeuRPEpbdiiediin 18 SableoWa 6 obtatldE: IThe rdsOitst dhe

process. Affer 1Ngq ?ﬁXr'\e%ﬁ‘omﬁrig%&é:' ation, the 1-nethylim dazole was distilled

30
Composition | Composition Feed Feed Reactor exit Selectivity for chelate
stream 1 stream 2 stream 1 | stream 2 temperature | phosphonite relative to
monodentate
phosphionites
33.3gMIA | 106.0 g TBCP | 1603 mi‘h | 1367 mlith 105.5°C 96.6%
32.8gBP 454 g Tol
98.0 g Tol
373gMIA [ 118.7 g TBCP | 18603 mith | 1367 mith 90.5°C 97.3%
36.7gBP 50.9 g Tol
109,7 g Tol
413gMIA | 130.9g TBCP | 1603 ml/h | 1367 mi/h 76.8°C 98.6%
40.7 gBP 56.1 g Tol
121.6 g Tol
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| i qui d- | BquiTBCPIr2dersmpyiprenoxyichioBPhenyipbnsphine exanpl e 12 Conti nuous

preparation of the follow ng chel ate phosphonite:

35 PF 5

3208 5 39

reaction m XingQoMEi¥on ,,m,qhg pgr,laﬁm”ggcg,ﬁ,ﬁgest reans were m xed continuously:

In a

content of the distilled
10 The di sti4bl ati on bottom product was then

nase

e

1) Conposition: mxture of 9 g of 1-nethylimdazole, 11.8 g of
o- bi phenol and 35.1 g of toluene and 2) Conposition: mxture of 38.4 g of
(2-tert-butymﬁﬂﬁﬁd%??ﬂﬁﬂﬁrophenylphosphlne and 153.5 g of tol uene. From

stream 1P, 681 mMfh were netered in,

and from stream 2),

2373 m/h. The

capaci ty of Cohtnuolprapacatiog ocﬂnarduamngva&ia% ghosphonildie head of the reaction
m xi ng punp was held at 120C thernostatically. The system was brought to

equi libriumover 3 mn. The outp%t:j;ixé?es f i::

15

20

25

1)

p
I

?
P
|

S

In a reaction mixing pump, the following feed streams were mixed continuously:

biphenol and 116.4 g of toluene and

2)

of toluene,

Composition: mixture of 28.0 g of 1-methylimidazole, 36.1 g of 2,2',4,4"-tetramethyl-o-

Composition: mixture of 88.4 g of (2-tert-butylphenoxy)chlorophenylphosphine and 37.9 g

From stream 1), 1817 ml/h were metered in, and from stream 2), 1153 ml/h. The capacity of the
mixing chamber was 3.3 ml. The system was brought to equilibrium over 2 min. The output was
then collected for 5 min, in order to obtain a mass balance. The temperature of the reaction



collected fdF 53208n, in order to obtain a mass bal ance. The tenperature of

the reaction nmedium at the exit of the reaction m xing punp was 100C. The

out put consisted of two |iquid phases wadch were collected in a vessel and
then separated. During the 7 mn mass bal ance run, 15 233.9 g of upper

phase and 14ndiuth &fthd QWBT th® RASRNRLifg %%d W% MR oURBEnARES & NG Rqu

tol ueni ¢ solyutd Q0,0 w%{kﬁcop&?e%tﬁ 30edlt nH?i{?ﬁ ’se&’Pﬁe&@%nJ\ ORES R 32& baRRcd e
hydr ochl ori &e 2 - e I dazOT B VhE CK oo LT Fed A BR > MOh ey g qui'd above
75C. The selWb£P4? 89" et phiasgiend 40¢ke ofipnar ghase werroatientac EQNADRT RRES WiRidsi r ed
nonodent at e 'QURRigHLHOT & Shajgactigr predurits enld e tawet phase vgs the hydsachirinpml spect r a.
It was 93. 8%athylimndaznle wiich dveurcduiedsaih donjigeip bovet76°C. The salestivigrat iherlesies 20
conpl ete. | RUERE ipHEpRIABRVE tHelunibsres Hidhbkhiate (HosiHoRites Rk ALRMARQSRIAAR 48

from | nvent ioYE}FﬁﬁraHEPé‘ctr%%t WESoLH, Inl i6fdr Btthe BRlat gﬁ%ﬁi‘é&. gﬁ&'%%(lgrﬁiﬁn lv?é’ entive
H

exanple 12. Dfferen aranmeters were vari ed. e reaction

m xi ng punp Cﬁﬂg'e%ehﬁ}er{%‘g?r F‘[’S@&'Op'ﬁ "%“lﬁci)ﬁo'?;{a'ﬂ%fﬁma PR LRFPENer at ures of
the reacti GROTPIRUEFYIMRANERtRe exit of the punp specified in the table could
be obtail@ed. The results are summarized in the follow ng table: 30

Conposi ti onGhemesickardnéesdFeedReact or exitSel ectivity for chel ate stream
lstream 2stream 1stream 2t enper at ur ephosphonite rel ati ve to nonodent ate

phosphoni t es. 33. 3 g M A106. BCP1603.m ./ h1367 n / h105. 5C96. 6% 32. 8 g
BP45. 4 g Tof°°a§106“%w%%ﬁf3*§?_°§‘h8f "’ﬂiq_gfe%tegphf’ﬁégﬂ%B m /h1367 nl/h90. 5C97. 3%
36. 7gBP50. 9gTot 109, 7 Tot 41.3 g M A130.9 g TBCP1603 m /h1367

m / h76. 80C98. 6% 40.7 g BP56.1 g T# 6 § Aoy Rk 53208 40.
Conposi ti onConpositi onFeedFeedRe exi t -(Q> vity for chelate stream

1stream 2stream 1stream 2t enper at urephosphoni t el ative to nonodent ate

phosphoni t es /@_g 7 O
P
F c') E

|
0

(Y

15
tn a reaction mixing pump, the following feed streams were mixed continuously:
1) Composition: mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2*,4,4'-tetramethyl-o-
biphenol and 807 .4 g of toluene and
20

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

From stream 1), 1781 mifh were metered in, and from stream 2), 1189 ml/h. The capacity of the

25 mixing chamber was 3.3 ml. The system was brought to equilibrium over 2 min. The output was
then collected for 275 min, in order to obtain a mass balance. The temperature of the reaction
medium at the exit of the reaction mixing pump was 69.8°C. The output consisted of two liquid
phases which were collected in a vessel and then separated. During the 275 min mass balance
run, 789.6 g of upper phase and 98.9 g of lower phase were collected. The upper phase was a

30 toluenic solution of the reaction products, and the lower phase was the hydrochioride of 1-
methylimidazole which occurred as an ionic liquid above 75°C. The yield of isolated product of
value was 302.9 g (93.4% of theory).

Inventive example 16
35
Continuous preparation of the following chelate phosphonite:



41.3 g M A1BF.58328TBCP1603 nml / h1367 nl | h76.8C98.6% 40.7 g BP56.1 g Tol

121,6 Tol 21.2 g MA71.2 g TBCP1270 m /h1156 m /h76.3C99. 3% 20.9 g BP30.5 g
Tol 62.5 Tol MA =1 -nethylimdazole B®#2= o-biphenol Tol = toluene 5 TBCP
= (2-tert-butyl phenoxy) chl or ophenyl phosphi ne 10 The conversion in all the
variants was conplete. Inventive exanple 14 Continuous preparation of the

foll owi ng chel ate phosphonite: 15 reactio 1 Xi ng punp, the foll ow ng
feed streans were mixed continuo on: mxture of 28.0 g of
4 - |

1- et hyl i m dazole, 36.1 g of 2,2 etfa -0- biphenol and 116.4 g
of toluene and 20 2) Cbnp05|t|on gture of & 0

(2-tert-butyl phenoxy) chl orophe._gphl ne ang of toluene. From
stream 1), 1817 mh were neter n,yand froMs am 2), 1153 m/h. The
capacity of the mxing chanber was Q. 3 nml. Fhe $System was brought to
equilibriumover 2 mn. The output W 25 thew collected for 5 mn, in
order to obtain a mass bal ance. The A arux e of the reaction PF 53208 41
medium at the exit of the reaction w was 76.3C. The out put
consisted of two liquid phases whigh were collected in a vessel and then
separated. During the 5 mn mass bal ance run, 264.3 g of upper phase and
40.1 g of lower phase were collected. The upper phase was a toluenic

sol uti on of |id@attRaeditingbupipPtil €diswing fedd BiRgansvRd mkB@EchtiM@Bsiy:he
hydrochl gride of 1 5 nethyllnldazole whi ch occurred as an |on|c l'iquid

above 75C Iect f t de e hel at e S over the
undesi r ed rr;mod ’fturfg os%?c"u)f %}@Q"\F\% 'ﬁg{'gﬁﬁ."ﬁgé ‘b\}) tﬁfi aFrﬁBw Y&t E’i'pheé‘P 239 p VR
spectra. It was 885485 F Her& of the chel ate phosphonite. The conversion
was conplete. The | ower phase (ionic liquid) contained only about 300 ppm
of secondaryg) pGoespésitiobsmizinrgadBes)t § of (2Aert-but@Btreatityipheadkp)cRiorbphenylphosphine

10 and 298.3 g of toluene.

From stream 1), 1730 ml/h were metered in, and from stream 2), 1238 ml/n. The capacity of the
mixing chamber was 3.3 ml. The system was brought to equilibrium over 2 min. The output was
then collected for 275 min, in order to obtain a mass balance. The temperature of the reaction
15  medium at the exit of the reaction mixing pump was 69.5°C. The output consisted of two liquid
phases which were collected in a vessel and then separated. During the 275 min mass balance
run, 798.1 g of upper phase and 93.3 g of lower phase were collected. The upper phase was a
toluenic solution of the reaction products, and the lower phase was the hydrochloride of 1-
methylimidazole which occurred as an ionic liquid above 75°C. The yield of isolated product of
20  value was 298.3 g (95.2% of theory).

Inventive example 17

Continuous preparation of the following chelate phosphite:

3 P
Qe

25



Conti nuous PF&320&ti on of the foll ow ng chel ate phosphonite: 15 In a
reaction m xing punp, the followi ng feed streans were m xed conti nuously:

1) Conposition: mxture of 188.9 g of 1-4®thylim dazole, 249.1 g of
2,2',4,4 -tetramet hyl -o- bi phenol and 807.4 g of toluene and 20 2)
Conposition: mxture of 664.7 g of

(2-tert-butyl 0 h|ne .9 g of

tol uene. Fr }é‘rﬁo Jsa' &géﬁxi@ pUWB&f Prﬂn%ﬂxé\%r%%n% m'x?d CO%QQ'P stream 2),
1189 m/h. The capacity of the 25 mxin chanber was 3.3 m. The system
was brought 1 o é@ﬁwfﬁpbﬁat?rﬂ Qf\ieﬁetwli!’f'iqél?dqigié&étob&ﬁ',%'éet&aﬁ‘émlc%bip@@@*@ﬂdfor
275 mn,5i n ordeo7.4gobbuanenaral mass bal ance. The tenperature of the reaction
medium at the exit of the reaction m xing punp was 69.8C. The out put

consi sted of, t L oL t hen
separ at ed. %Lr ;Agmlnk(%%g% pnl%ﬁj?ﬁ%dg;b Enfjgﬁérgsy?)%ér{gﬁggﬂ dg”anﬁ 2Fﬁ§§etro @ ase and
98.9 g of | ower phase were coll ected. The upper phase was a 30 tol uen| C

sol ution of Fiomestieanddi1éee pltowere meterethis. addromaiieam gh A3 mids Theeapacity of the

hydr ochli®r i thixingfchdmbermiak 313imh Thezsgstemwias biought taiequéditiriuers oxgen 2 momiToe butpuimads above
75C. The yi glefl cOlectes Rk a6®6inPih @feElo obfain /Ahdsdbalnte. IR tethpraluPs3erdié hctibhieor y) .

Inventive exaiphey ﬂ1§ e%?of%b&lUﬁ’Hﬁmﬁrp%%%k'79'%°c9frhé b& Jt%}n\s‘%‘{!a’}ﬁwﬁmhlﬂt e
phosphonit e; F'n

streams wer B har%eivev@ ?{F cﬂl e(c)teg rnrae\?eggél% (Mﬂ en sa;pg aqunﬁggtgé Ggfmln masgbalance

1- et hyl i m H@z‘?ﬂo@g‘ﬂ’gqu pﬁaﬁﬁanﬂ 698 a0f Jpweg @PP%W@FW?'FGCEdb HERYIPhasevasgn7. 4 g
of tol uéme tohugni2 polTimmebihietr¢ashon mdductsr anddie Ie®e phage wis the hydrochloride of 1-

(2-tert - but yethiinmiedzolelvhivkwooyea s er ppio dayd adves PSACNThe yidld aifishiR&Bor3dugt off

t ol uene. Fr ganeshiaBlely 03.0%Hmebh) were netered in, and fromstream 2),
1238 m/h. The capacity of the mxing chanber was 3.3 nl. The system was
brought to UI libriumaver 2 mn. The output was then collected for 275
mn, in orddVeit¥e SIS, nass bal ance. The tenmperature of the reaction 15
medi um &2 the exit of the reaction mixi ng punp was 69.5C. The out put

consi st ed ofonmtinoousi prepacatiopbidiseefollomtingodhelaterpbospbiniteéct ed i n a vessel and then
separated. During the 275 m n mass bal ance run, 798.1 g of upper phase and
93.3 g of | ower phase were collec The upper phase was a toluenic
solution of the reaction productd hd t he | phase was the

hydr ochl ori de of 1-
O O
o b

25  In areaction mixing pump, the following feed streams were mixed continuously:

1) Mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2" 4,4'-tetramethyl-o-biphenol and
807 4 g of toluene and

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

From stream 1), 1891 mi/h were metered in, and from stream 2}, 906 mifh. The capacity of the

mixing chamber was 3.3 ml. The system was brought to equilibrium over 2 min. The output was

then collected for 218 min, in order to obtain a mass balance. The temperature of the reaction
35 medium at the exit of the reaction mixing pump was 70.1°C. The output consisted of two liquid



met hyl i m daP& ¥B288i ch occurred as an ionic |liquid above 75C. The yield of

i sol ated product of 20 value was 298.3 g (95.2% of theory). Inventive
exanpl e 17 Conti nuous preparation of thed4f#ol|l owi ng chel ate phosphite: 25 PF
53208 43 In a reaction m xing punp, the following feed streans were m xed

conti nuous! Yhaskd wilck wkfe@ofdcteli®Ba Yesdel2hd %eﬁ’@éﬂ'&)’étéd"bq &21 8214@ rﬁlasg b&nce

2,2',4,4" -t |
Corrp05| ti onflI %awu@?e@gg §§93 d’wgr&%ze&;};&fﬁceg +h?u ?%rp (?3283 1
of tol uene. CHBI‘?\ 8 }“@a%t reacfigrppyogyc sha'WetP% OME é‘%lw?*ﬁth 2l q‘l"&?ﬁ%’tream 2),
1176 m/h. m@vtva'sa@ietw@focm@d as @n jriniciliAyd abrYRBETC. he vigld 9f inglated predupyeft em
was brou§ht vaioe watii 92130y (A dPoofdrecd).m n. The out put was then collected for
160 mn, in order to obtain a mass bal ance. The tenperature of the reaction
medi um at t reaction mxing punp was 70.1 C. The out put

consi sted o?}ﬁeﬂ%hxaﬁflg ing?phases whi ch were collected in a vessel and then
separated. During the 160 min mass bal ance run, 470.8 g of upper phase and
60.8 g of | &RBINUBISRIeParatios ofihe fobewiagchetpfephopplieiteshase was a 15 tol ueni ¢

sol ution0of the reaction products, and the |ower phase was the

hydrochl oride of 1- nethylimidazole which occurred as an ionic liquid above
75C. The yield of isolated prod val ue 6. 6° g (93.0% of theory).
| nventive exanple 18 20 Contlnuo Rr }par at o the foll owi ng chel ate
phosphinite: 25 In a reaction m N R lowi ng feed streanms were
m xed continuously: 1) M xture of met hyl i m dazole, 249.1 g of

2,2",4,4" -tetranet hyl - o- bi pheng ndJ 807 4 QI uene and 30 2)
Conposition: mxture of 445.8 (ﬁ F phenyl clpsphl ne and 191.1 g of
toluene. Fromstream 1), 1991 re met e‘ged =s/ and from stream 2), 906

m/h. The capacity of the mxing c 3.3 m. The system was
brought to equilibriumover 2 mn. was then collected for 218
mn, in order to obtain a nmass bal af pnperature of the reaction 35
msdl umat the exit of the reaction tHp was 70.1 C. The out put
consisted of two liquid PF 53208 44/ phases whtch were collected in a vessel
and then separated. During the 218 m n mass bal ance run, 641.8 g of upper

phase and 93, g Qlich Qe RINES e Wibwing el SELAL weld GidRBShinRLE5S Vas a

15 1) Mixture of 188.9 g of 1-methylimidazole, 248.1 g of 2,2 4,4 -tetramethyl-o-biphenol and
807.4 g of toluene and

2) Composition: mixture of 828.1 g of (2,4-diisoamyiphenoxy)chlorophenylphosphine and
354.9 g of toluene.

20
From stream 1), 1532 mi/h were metered in, and from stream 2}, 1395 mi/h. The capacity of the
mixing chamber was 3.3 ml. The system was brought to equilibrium over 2 min. The output was
then collected for 275 min, in order to obtain a mass balance. The temperature of the reaction
medium at the exit of the reaction mixing pump was 63°C. The output consisted of two liquid

25 phases which were collected in a vessel and then separated. During the 275 min mass balance
run, 787.9 g of upper phase and 85.3 g of lower phase were collected. The upper phase was a
toluenic solution of the reaction products, and the lower phase was the hydrochloride of 1-
methyfimidazole which occurred as an ionic liquid above 75°C. The yield of isolated product of
value was 304 g {89.6% of theory).

30
Inventive example 20

Continuous preparation of the following chelate phosphonite:



t ol ueni ¢ solRR53288of the reaction products, and the | ower phase was the
hydr ochl ori de of 1- nethyli m dazol e which occurred as an ionic |iquid above
75C. The yield of isolated product of 548alue was 152.3 g (67. 4% of
theory). Inventive exanple 19 Continuous preparation of the follow ng
chel at e phosphorite: 10 In a regagtion m xi ng punp, the foll owi ng feed
streans were m xed conti nuousl|_ y» ,
1-nmet hyl i m dazole, 249.1 g of 2, 24 - t etYfany | - o- bi phenol and 807.4 g
of toluene and 2) Conposition:

(2, 4-di i soanyl phenoxy) chl or opheny¥posphi ne any 54.9 g of toluene. 20
From stream 1), 1532 mfh were ne ?d in, angl fromstream?2), 1395 m/h.
The capacity of the m xing cwas 3.3 i system was brought to
equilibriumover 2 mn. The oul\pg s thenco ed for 275 mn, in

order to obtain a mass bal ance. The nperatgr,e of the reaction nedium at
the exit of the reaction m xing pu ! The out put consisted of two

| i quid 25 phases which were coll ect ¢d ysel and then separat ed.
During the 275 mn mass bal ance ru /87. of upper phase and 85.3 g of

| ower phase were coll ected. The uppgr phase was a toluenic solution of the
reaction products, and the | ower phase was the hydrochloride of 1-

met hyi i m dazol e which occurred as an ionic |iquid above 75C. The yield of

i sol at ed pr ddaisactph mixied prenpatie f0Wing feed Stré&osorere meed gontindislynvent i ve
exanpl e 20 Continuous preparation of the follow ng chelate phosphonite: PF
53208 455l n 1@ I ageilileQR 188 54 BOI rHls'tFI%mu&&é\efﬂbH%VHfQ@ i@QQraﬂeﬁrﬁ«mBH\%'bSang xed

continuously: 5 188.9 g of 1- yl'i'm dazol e
2,2, 4, 4'-tetra§%% ‘%hM%ﬁe%%%ol and 807. 4 g of tol uene and 2)

Cbnp05|t|on m xt ure of 738 3 gof (2,4-di-tert-butyl phenoxy)ch |orop hen
yl p hosph 2} ne Camgositpngmistuge %f738.3 0 9bRe-dH-at-tinhesoyshirfophenyipg@phing Atd wer e
netered in, and3fgépgobioluesen 2), 1308 nml/h. The capacity of the m xing
chanber1mas 3.3 m. The systemwas brought to equilibriumover 2 nmn. The

out put was et el gm eﬁs%?%ﬁ Qbredreterdd I ardd ot SREmLS, 1968 Al 1Re ERSSIR AN Ce-

The tenperature
al mlfxmg er was%a3 mlI ‘?he system was brought to equilibrium over 2 min. The output was

then collected for 233 min, in order to obtain a mass balance. The temperature of the reaction
medium at the exit of the reaction mixing pump was 75.8°C. The output consisted of two liquid
156  phases which were collected in a vessel and then separated. During the 233 min mass balance
run, 663.9 g of upper phase and 79.8 g of lower phase were collected. The upper phase was a
toluenic selution of the reaction products, and the lower phase was the hydrochloride of 1-
methylimidazole which occurred as an ionic liquid above 75°C. The vield of isolated product of
value was 267 g (94.7% of theory).
20
Inventive example 21

A 1| flask equipped with a thermostated jacket, mechanical stirring, thermometer and refiux
condenser was initially charged under an argon atmosphere with a mixture of 1.7 mol of PCl;
25  and 0.6 mol of AICI; (98% purity) at 73°C. 0.4 mol of fluorobenzene was then added within
30 min, while a weak argon stream was passed through the reaction flask. The reaction mixture
was stirred for 3 hours and cooled to 60°C, and 0.62 mol of N-methylimidazole was added
slowly within 45 min. The reaction was exothermic and mist formed. Stirring was then continued
at 80°C for a further 30 min, When the stirring was switched off, two phases separated. The
30 lower phase was removed and the upper phase extracted twice at 60°C with 80 ml of PCl; each
time.
The lower phase and the combined PCl; extracts were distilled to obtain 55 g of p-
fluorophenyldichlorophosphine in a yield of 70% of theory and a purity of 96% (determined by
*'P NMR).
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10

except that the AICI; of a higher purity (> 99%) was used.

Comparative example 3

15

In Inventive example 23, a reaction procedure similar to Inventive example 21 was selected,

A 11flask equipped with a thermostated jacket, mechanical stirring, thermometer and reflux

condenser was initially charged under an argon atmosphere with a mixture of 3.4 mol of PCl,
angd 1.2 mol of AICI; (98% purity) at 73°C. 0.8 mol of fluorobenzene was then added within

30 min, while a weak argon stream was passed through the reaction flask. The reaction mixture
was stirred for 3 hours and cooled to 60°C, and 1.25 mol of pyridine were added slowly within

20

further 30 min. An irregular, large-lumped solid precipitated which could not be removed via a
suction filter, but only by filtration. The residue which was filtered off was washed with petroleum
ether. The filtrate and washing liquid were combined and distilled to obtain 73.3 g of p-

fluorophenyldichiorophosphine in a yield of 47% of theory.

25

Inventive example 28 — Acetylation of pyrrolidine

45 min. The reaction was exothermic and mist formed. Stirring was then continued at 60°C for a

A solution of 5.88 g (75.0 mmoi) of acetyl chloride in 10 ml of MTBE (terf-butylmethyi ether) was
added dropwise at from 10 to 15°C to a solution of 5.33 g (75.0 mmol) of pyrrolidine in 20 ml of

30

MTBE, and the temperature was maintained. The resulting suspension was admixed under ice-

cooling with 6.76 g (82.5 mmol) of 1-methylimidazole and heated to 20°C which converted the
suspension to a liquid biphasic mixture. Stirring was continued for 1 h and the phases were
separated. The upper phase was freed of solvent on a rotary evaporator which gave 6.28 g
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Inventive example 31 — Acetylation of isobutanol (2-methylpropan-1-ol)

25  6.47 g (82.5 mmol) of acetyl chloride were added dropwise with stirring at 20°C to a solution of
5.55 g (75.0 mmol) of isobutanol and 6.76 g (82.5 mmol) of 1-methylimidazole. The reaction
mixture was stirred for a further 30 min and then heated to 75°C. The suspension which had
formed in the meantime was converted to a liquid biphasic mixture. Removal of the upper phase
gave 7.01 g (theary: 8.68 g) of isobutyl acetate as a colorless oil having a purity of 99% (GC).

30
Inventive example 32 — Acetylation of neopentyl alcohol (2,2-dimethyl-1-propanol)

6.47 g (82.5 mmol) of acetyl chloride were added dropwise with stirring at 20°C to a solution of
6.61 g (75.0 mmol) of necpentyl alcohol {2,2-dimethyl-1-propanol) and 6.76 g (82.5 mmol) of 1-

35 methylimidazole. The reaction mixture was stirred for a further 30 min and then heated to 75°C.
The suspension which had formed in the meantime was converted to a liquid biphasic mixture.
Removal of the upper phase gave 8.40 g (theory: 9.76 g) of neopentyl acetate as a colorless ol
having a purity of 98% (GC).

40  Inventive example 33 — Benzoyiation of n-butanol
11.9 g {82.5 mmol) of benzoyl chloride were added dropwise with stirring at 10°C to a solution of

5.55 g (75.0 mmol) of 1-butancl and 6.76 g (82.5 mmol) of 1-methylimidazole. The reaction
mixture was stirred for a further 30 min and then heated to 75°C. The suspension which had
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phase chloride (400 m!). The reaction mixture is stirred overnight and the solvent removed under

30 reduced pressure. The residue is taken up twice in methyl tert-butyl ether (MTBE) and the
phases in each case separated. The organic upper phase is concentrated under reduced
pressure. The ester is obtained as a coloriess oil containing residues of MIA. The mixture is
taken up twice in toluene and the solvent removed each time under reduced pressure. 45.83 g
of a yellowish oil having an MIA content of 17% (NMR) are obtained.

35
Inventive example 37 — Silylation of n-butanol

4.40 g (40.5 mmal) of chlorotrimethylsilane were added dropwise while stirring at 0°C to a
solution of 3.00 g (40.5 mmol) of 1-butanol and 11.1 g {135 mmol) of 1-methylimidazole. The

40  reaction mixture was stirred at from 0 to 5°C for a further 15 min and at 20°C for 15 min to form
a liquid biphasic mixture. Removal of the upper phase gave 5.30 g (theory: 5.93 g) of 1-
trimethylisilyloxybutane as a colorless oil having a purity of 90% {GC).
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98.9 g, 1.21 mol) in heptane {400 ml). The reaction mixture is stirred overnight and the phases

30 are separated. 142.9 g of MIA hydrochloride are obtained as a colorless solid (theory: 141.9 g of

MIA+MIA-HCI). The organic phase is cautiously concentrated, in order to keep losses of volatile

product low, 48.1 g of tetraethoxysilane {thecry: 61.3 g) are obtained as a slightly cloudy,

colorless oil having a purity of 91.1% (GC).

35 Inventive example 42 — Silylation of acetylacetone

5.97 g (55.0 mmol) of chiorotrimethylsilane were added dropwise while stirring at 0°C to a
solution of 5.00 g (49.9 mmol) of acetylacetone and 4.50 g (55.0 mmol) of 1-methylimidazole.
The reaction mixture was stirred at 0°C for a further 1 h and at 80°C for 5 min to form a liquid
40  biphasic mixture. Removal of the upper phase gave 7.00 g (theory: 8.60 g) of 4-
trimethylsilyloxypent-3-en-2-one as a bright yellow, cloudy oil having a purity of 84% (GC).

Inventive example 43 — Elimination of hydrogen bromide from 3-bromocyclohexene
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exanpl e 39 sepsrqtﬁsﬂl adithsiower Phé?ﬁ)tﬂﬂef!faféﬁ% G0 rl f wpmtmﬁgﬁnqntapea@'m@l) 10
6. 50 g (56. wemmoinpined actthepottaneweas lislilkd o ne awatarg esdabdetbr 20501 0e- 30N inbar).
stirring at 3@86gledty 499 ghéfiatBioRéssPediflieFerhdifed wHBHDAdcoRIingMEGR & Rfolatodtapy) Ol
(2, 2- di met hybisilrRHARBAMNaM 9’3jc}%%e?aénén%2 mol ) of 1-nethylim dazole. The

reaction m xture S stlr or a further 2 h and at 20C for 2.5 h.
Renoval of the upper phase gave 7.80 g (theory: 9.09 g) of 2,2-dinethyl-

15 trimethyl silyl oxypropane as a colorless oil having a purity of 96% (GO .
I nventive exanple 40 - Silylation of benzyt al cohol 5.50 g (51.0 mmmol) of
chl orotrimet hyl silane were added dropwi se while stirring at 0OCto a 20
solution of 5.00 g (46.0 mol) of benzyl al cohol and 4.20 g (51.0 mol ) of
1-net hyli m dazole. The reaction mxture was stirred at 0OC for a further 30
mn and at 80C for 5 mn to forma |liquid biphasic m xture. Renoval of the
upper phase gave 7.30 g (theory: 8.29 g) of benzyltrinethylsilyl ether as
a colorless oil having a purity of 99% (GC). 25 Inventive exanple 41 -
Reaction of ethanol with silicon tetrachloride SiCl4 (50.0 g, 0.294 nol) is
slowy added with icebath cooling and under an N2 at nosphere at a
tenperature of 10-15C to a solution of ethanol (54.3 g, 1.17 nol) and

1-met hylimdazole (MA, 98.9 g, 1.21 nol) in heptane (400 m ). The
reaction mxture is stirred overnight and the phases 30 are separat ed.
142.9 g of M A hydrochloride are obtained as a colorless solid (theory:
141.9 g of MA+M AHCI ). The organic phase is cautiously concentrated, in
order to keep losses of volatile product low 48.1 g of tetraethoxysilane
(theory: 61.3 g) are obtained as a slightly cloudy, colorless oil having a
purity of 91.1 % (GC). 35 Inventive exanple 42 - Silylation of
acetylacetone 5.97 g (55.0 mml) of chlorotrinethylsilane were added
dropwi se while stirring at OCto a solution of 5.00 g (49.9 mmol) of

acetyl acetone and 4.50 g (55.0 mmmol ) of 1-nethylim dazole. The reaction

m xture was stirred at OC for a further 1 h and at 80C for 5 min to forma
|l iquid 40 bi phasic m xture. Renoval of the upper phase gave 7.00 g (theory:
8.60 g) of 4-



tri met hyl si PpIs32p®ent - 3-en-2-one as a bright yellow, cloudy oil having a
purity of 84% (GC). Inventive exanple 43 - Elimnation of hydrogen brom de
f-r om 3- bronocycl ohexene PF 53208 50 A solution of 10.0 g (62.1 nmol) of

3- bronocycl ohexane and 12.4 g (62.2 nmol 34 of N, N di butyl pentyl am ne was
stirred at 120C for 1 h, cooled to 25C and adm xed with 30 ml of n-

pent ane. ThWerdakture was heated to 30C to forma |iquid biphasic mxture.
The phases were separated and the | ower phase was extracted with 30 m of
n-pentane. fhe R@HcARSoMEA aRiddRHR e rﬂﬁgxr&rlglnb Qﬁa@@iﬁw&@e Warndi stilled
off on a rot aryooqﬁ/ ertﬁégujﬁ% 400 - 500 nbar) 0 g (theory 4.97 Q)
of a colorless re ue rema V\/m ch, accordi ng to GC chr omat ogr aphy,

consi st ey pr edom nantl of 1, 3-cycl ohexadi ene. PF 53208 51 W claim 1. A
process for rendvi n@)"&mlwlmr{mq@a&rm@rﬁammISé*QUI@stltﬂgP%#U@aﬂi\Mllférlbe base,
whi ch conpri ses t hgroduekoflvialae yodsamesignifithnty@etuniposgduking khetriraovaCofdhe liguiior m a
salt which is |iquighiasngt enperatures at which the product of val ue does
not significantly deconpose during the reanaI of the liquid salt, and 10
c) the It of the auxi se wth ct of val ue or_the solution
of the Hoduct or DarnberHeaREEY patswin b o G s he s ok e

| i quid phases. 2. A° ﬁ?@%é‘sass“&%b'%%‘ieﬁﬁfﬂ”‘?“i‘ﬂ ‘UP&FWQP'EMMEPP% he acid is

rel eased in the course of a phosphorylation, silylation, sulfurization,
acylation wpth Ab&c%%@tainﬁh’a i Elaif 1 HB6rRMltheatT is reldaséd ih Heltalils@ b HT

substitution. dd%r%}?éi.&% %ltﬁﬁloﬁlsﬁ#&%mh rbcgi!a@nmltﬂr el ex r?tlx\‘h&r ﬁbs%;eﬁ %ns

auleaEé/ base gadi |onraS éé/tg si mul t aneo y functions as a eophi |
catal ys 20 4SMMIERASYRSUION | 5 red i n any of clainms 1 to 3, wherein the

salt of the auxiliary base has a nelting point below 160C. 5. A process as
clai med in 3ny &progessiasglaimeddn daimyherr2ewhereih ¢hesmkitiarpbase ladditnalyl | ary base has
an 25 ET(30 ) value of greater than 35. 6. A process as clained in any of

claims 1 to 5, Wyﬁ-ﬁlﬁianeguggﬂpaﬁﬁsgpgh@d@a,gh,ﬁgcalta%@ﬁt one nitrogen atom 30 7.
A proceﬁl? as clainmed in any of clains 6, wherein a base is used which
ed

is selecC . . .
A process as claimed in any of claims 1 to 3, wherein the salt of the auxiliary base has a

melting point below 160°C.

5. A process as claimed in any of claims 1 to 4, wherein the salt of the auxiliary base has an
25 E+(30) value of greater than 35.

6. A process as claimed in any of claims 1 to 5, wherein the base contains at least one
nitrogen atom.

30 7. A process as claimed in any of claims 1 to 6, wherein a base is used which is selected
from the group consisting of the formulae (la) to (Ir),

35

40



35 40 PF 53208 52
(e) R6 (g) (h)

fromthe grpE®32O®Si sting of the fornulae (la) to (Ir),
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(q) (r) wherRFS3R8, R2, R3, R4, R5 and R6 are each independently hydrogen,
Cl- C18-al kyl, or C2-C18-al kyl, C5-Cl2-aryl, C5-Cl2-cycloal kyl, each of
whi ch may optionally be interrupted by one or nore oxygen and/or sulfur
atonms and/or one or nore substituted or uwRsubstituted imno groups, or a
five- to six-menbered, oxygen, nitrogen and/or sulfur atom containing

het er ocycl e, ere the stated rgdicals in each cBse may be substituted by

functional 10 g oups, aryl, aIkyFN_gryloxy, al kyl o ﬁkhalogen, het er oat ons

and/ or heterocygieg. 8. A procesy as clained ins claims | to 7,
wher ei n t he Rl 6§*waase isle%§NQ%tRFinidazgie, “met hyl i mi dazol e,
2-met hyl pyridine or 2-ethyl pyridine. 15 9. A proces®’as clained in any of
claims 1 to 8 wherein the acid is hydrochloric acid, acetic acid,

p-tol uenesul foni ¢ acid, methanesulfonic acid or trifluoromethanesul fonic
acid. 10. A procggs as clainmed in@ny of the preceging clainms, wherein the
nolar ratio of BrOnsted acids to Lewis acids in the renoved salt of the
acid with the auxiliary base is greater than 20 4:1. 11. A process as
clained in any @ ains 1 to 10, wherein the salt of the auxiliary base is
| ess than 20% by wei ght soluble in the product of value or in the solution
of the pmoduct of, Ryl @ R°rana RS brieteatt indepehdeathf hyd@per, 2.~(e-BIkP.@R Es-Gasalil, ai med
in any of clainmglcohndcla,)dyiodRRlbMofditon@tdydpihaiyHlintbRlpRADT dne SUT | NT
the r .eaCt L on. .1:?noré6‘o Qrggﬁf?org‘afupétg}nggﬁidlér%nggﬁmgrg SL&%tU%%%??%UQ&HU?éO%#‘I‘I%’
wher ei n phosphi nes, i) I Ni.C esters, phosphinous_esters

(Phosphi ni tos) . SEBSRBANE LRX BPTDerRt LIReEIEoIRA I U RETARBIRINESar des,
phosphonous est deterqcyii Mifieihe Batyd radigals pieepberse Mdy de substitsied Sy hupetisns

hal i des,10phospharadups,esy,@ikyl, anglhns plkpaxy chathigers theterdatimsciad/pr iEtweqybles.i ¢ di est er
am des, phosphoric ester dihalides, phosphoric ester di am des, phosphorous

esters  (phgsphig &g %Q?HQRQQE%E AUE3E o ﬁ%kr@ﬁﬁhe QRfﬂgr%Bere%‘?-nﬂi ester

i des, phosph ; di-nal h di ami d
SRR s pat s ek R

respective reactants as clained in claim13, wherein the preparation is
carri ed 1dut %ontA process by clained intapypediams i & & WwheéneipriheRicidoS BIBochlorica®, aeetit 50C
and a resi dence geidnitoRiendsulidnit’ acid]l methdfeSulith s@ld oatriplishdthatRsulphio sgti ni C
ester, phosphi nous ester (phosphinites), phosphonic
10. A process as claimed in any of the preceding claims, wherein the molar ratio of Brénsted
acids to Lewis acids in the removed salt of the acid with the auxiliary base is greater than
20 4:1.

11. A process as claimed in any of claims 1 to 10, wherein the salt of the auxiliary base is less
than 20% by weight soluble in the product of value or in the solution of the product of
value in a suitable solvent.

25

12. A process as claimed in any of claims 1 or 3 to 11, wherein the acid was not released

during the reaction.

13. A process as claimed in any of the preceding claims, wherein phosphines, phosphinic
30 esters, phosphinous esters (phosphinites), phosphonic esters, phosphonic halides,
phosphonic amides, phosphonous esters (phosphonites), phosphonous amides,
phosphonous halides, phosphoric esters, phosphoric diester halides, phosphoric diester
amides, phosphoric ester dihalides, phosphoric ester diamides, phosphorous esters
{phosphites), phosphorous diester halides, phosphorous diester amides, phosphorous
35 ester dihalides or phosphorous ester diamides are prepared.

14. A process for preparing phosphorus compounds from the respective reactants as claimed
in claim 13, wherein the preparation is carried out continuously at a temperature of from



ester, phosrFosgd208hal i de, phosphoni c am de, phosphonous ester
(phosphonites), 5 phosphonous am de, phosphonous hali de, phosphoric ester,
phosphoric diester halide, phosphoric diester am de, phosphoric ester

di hal i de, phosphoric ester diam de, phoggphorous ester (phosphites),
phosphorous diester halide, phosphorous diester am de, phosphorous ester
di hal i de or pho§BTﬁ>‘Pdﬁ%Cﬁ‘ﬂérfesﬂeammme@fbtw-lhabl e by a process as clained
inclaim13 or 14 as a ligand for catalysts. 10 16. The use of a ligand as

claimed in qbai mhd s a%nbép%ecbntawhm%c&g@r tpméptﬂmgas%&er(;%&ﬁ.mﬁ phoBi¥ohiadi um
platinum osm urggf} 'bh bmﬂﬁé n&l 5#0%5'1&%3% %eshﬁcvs H‘ono?s &?ergpﬁ'n%s C}gn%s?at al'yst as
&

clainmed in cl ai
hydr of or Ryt ati oR' °5f§°"°)'is i Q“WQF‘W&%WP [1585§" 1Phofplpie figsterhalice.
auxiliary base iPBOsREY Ci'eﬁtehé'ﬁldemhésﬁhéf*t‘rﬁﬂelg'hawepﬁfﬁéﬂmsc eslerciamiideed in any of

clains 1 to 9 ophdsphérouslebier (ghesmhites)dhesmioiods digster Habde, shaaphadous ditSte? fmidé)

process as cl ai pRébphétosd e%nermﬂqa;dewhsﬁc@,pﬁbrada%s@m@ﬁ.dé asth.ﬁam\e,f by $lb&dseds aci ds

to Lews acidsg, J{lhr‘? éﬁ]rr,%vo(?ql‘;g Egag fotrngtalgg h the auxiliary base is
% d i n cI a

not greatoer t han rocess as c im19, wherein the
reaction”"m xture stens f_roma Friedel - 25 Crafts al kylation or acyl ation,
phosphor yl at!Pon Tg usaAf plisandeeicimesrin grignptasadigantfor abgk Brodive, mthepibmi ned i n
claim 21, wher eipaladmaplelirem, esreimi itidurh or mekebcagadistsi s used 30 where 32 35 Z
is a single bond or any desired bival ent bridge and PF 53208 55 R31, R12 ,

R33, R34, a r . U or
S et gyt TR Rl R R
C5- C72-cycl oal ky which may optionally be interrupted by one or

nore 5 oxygen and/ or sulfur atons and/or one or nore substituted or
unsubst i t ut 48 i Aipfesegs agRimMed piclain f.iwherein the gifliarydabreis ased ioRgienic fommi.t r ogen
and/ or sul fur atomcontaining heterocycle or functional group or two of

t hem combi nQgt 0 AfREdEESEs NHEd Mian} Sbiaidsld 1/drad tdfa, ﬁﬁ&@ﬁttﬂe%mdrlé ROewibh&Gd) 1S
optional)jy interrupted by one or nore oxygen and/or sulfur atons and/or by
one or nore _substituted unsu i an t he stated

radi cal s |n2§a ?feé%l%seé??'r'a dﬁgag%%ﬂﬂemnéﬁérg ?’6‘1 ‘5%%6‘??56 GREt9S WS v |

al kyl , aryl oxy, aﬂP%VltW?mOYﬂﬂlsé@Efﬁ“e a%‘b"@rtb%@%ﬂ'ﬁryéﬁw ‘éf‘Otiﬂéﬁaéqr@@pdﬂes

21. Aprocess as claimed in claim 18, wherein the reaction mixture stems from a Friedel-
25 Crafts alkylation or acylation, phosphorylation or sulfurization of aromatics.

22. A process as claimed in claim 21, wherein an aromatic of the formula (X} is used

31 3 KF )
R R R* R R h R*
32
Rsa Raz R34 R

13 38
R31 R R R34
Z
R32 R35

where

30

35 Z is a single bond or any desired bivalent bridge and



23. A proce®F 53208 ai med in claim2l1l, wherein the product is ethyibenzene,
acet ophenone, 4- nethyl acet ophenone, 4-net hoxyacet ophenone, propi ophenone,
benzophenone, 15 di chl orophenyl phosphi ne, di phenyl chl orophosphi ne, tosyl
chloride, 1,2-, 1,3- or 1,4- diethylbenzgge, 1,2,3-, 1,2,4- or

1, 3, 5- tlethylbenzene cunene_(isopropyl benzene), tert- butyl benzene, 1, 3-or
1, 4- et hyl i soprdbyIRf)eRzelﬁe- R%anleagarGieHanndﬂﬂé)Cene, i ndane, cresol,

i 6- xyl enol , 2-sec-butyl phenol, 4-tert-butyl phenol, octyl phenol,

ggnyiAphreggLSS d yénpbﬁcgla;kyut &mnd:w@rkyﬁo%,@am%rytc etmoxecam%hyéyla ggl 20
. |

base |g tertlzsi‘a é—éﬁ-gyc'lo'%ﬁ aCRFf cﬂ 2 “z gg%’%re R; Rb

and R a%e each YYHFE FBHASHTY' Br%ﬂ Orejubgiitec) 9f ulp "mteﬁﬁ“"@l@"éﬂsyl or

C5- C12-cycl oal kyrafi ‘eeaéqﬁvsme redh omyndwtqgemaml@v syir pAMeIOP|Bing dreNgIPCYRoTor
nore oxygen 30 durdfigral grobd artwadfdvesn comthirerto e ao unsabiraied; saistaledior edmatic

unsubstituted i Hng@anigh Rlopfona®fintdrruptddiyoné Br @br&oﬂ@@bsﬁ&& sulf¥ W@eR andYbit gyogen
and/or sul fur atoﬂ@hﬂﬂ&te%gsyn%d*B?Bﬁsfuf}&méo%m s, 2Rk mEQ%'Equ%UéHmﬁe%éﬂ form

d d
o st e, ok A P e i o i, e o, o

oxygen and/or st t%’?ﬂ"’hﬁ‘ﬂﬂ?rﬁﬁ‘*"'&ﬁe or nore substituted or unsubstituted

i mno groups, 35 and the stated radicals in each case may be substituted by
functional @3pupsprodsy bs cléimiy In,clairf Ry, whesin thé Kot i ethyBbgRs) acdteirendal 45
andfor hetR or 0%%&3@%&%&&@4%% feetbbithore, E&Jplbﬁ@'ﬁbn% BehaBBnehi, L Iir €€

t oget herSI have at r°§P r@(pﬁos gm ed’e{’%gé%&%gj@hﬁh %tgsﬁpéh%"de 1%3 1I :J';?’Frg in claim
24, wherein Ra, YOREPERR T4 bof el P '('?tﬁﬂ?‘??é?’}?y?”meé?I(f§‘?p'°p5"|'?e'ﬁt96‘ﬂy‘f’”'

i sopropyl, n- butbyMbE%?Gee Bt 91 1.4-mettylisgpropyibenzengehGydinydroapthracene. mdanent v
(sec-anyl), 3- pesbyp6-xderidl,disee-bhtylpianop4-terytutypheag aotyphgnol, Netygpkihal,

n-heptyl, n-oct odedypRae, )Hymot?crﬁfﬁhi{té&%}tﬂ-4-meﬁw$héﬂoﬂ9t hyl propyl,

1, 1-di hbeutyI benzyl phenylethyl 2-phenyl ethyl, a,a PF 53208 56

di et h hen toI ht h
Cyctopentyl Zn eﬁeaﬁaw?'me genx St s B & SPae rabdiay BR i ity aryie
wherein the tertfte 9‘“5.‘#'? )is selected fromd iiso- propylethylanine,
diethyl-tert- butylam ne, d isopropyl butylam ne, di-n-butyl-n-pentyl anm ne,
NR?R°R° (Xn,
25
where

R®, R® and R® are each independently C;—Cs-alkyl, or C,—Cs-alkyl, Ce~C-aryl or
Cs-Cqz-cycloalkyl, each of which may optionally be interrupted by one or more oxygen
30 and/or sulfur atoms and/or one or more substituted or unsubstituted imino groups, or a
five- to six-membered, oxygen, nitrogen and/or suifur atom-containing heterocycle or two
of them combine to form an unsaturated, saturated or aromatic ring which is optiocnally
interrupted by one or more oxygen and/or sulfur atoms and/or by one or more more
oxygen and/or sulfur atoms and/or one or more substituted or unsubstituted imino groups,
35 and the stated radicals in each case may be substituted by functional groups, aryl, alkyl,
aryloxy, alkyloxy, halogen, heteroatoms and/or heterocycles,
with the proviso that
— at least two of the three radicals R?, R” and R® are different and
— the radicals R?, R” and R® together have at least 8 carbon atoms.
40
25. A process as claimed in claim 24, wherein Ra, Rb and Re are selected from methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl (n-amyl), 2-pentyl (sec-amyl), 3-
pentyl, 2,2-dimethylprop-1-y! {(neopentyl}, n-hexyl, n-heptyl, n-octyl, isooctyl, 2-ethylhexyl,
1,1-dimethylpropyl, 1,1-dimethylbutyl, benzyl, 1-phenylethyl, 2-phenylethyl, a,a-



5 N, N-di - n- p#t58208cl ohexyl am ne and tertiary am nes of pentyl isoners and
triallylam ne.

56
dimethylbenzyl, phenyl, tolyl, xylyl, a-naphthyl, B-naphthyl, cyclopentyl and cyclohexyl.
26. A process as claimed in claim 24 or 25, wherein the tertiary amine is selected from diiso-

propylethylamine, diethyl-tert-butylamine, diisopropyibutylamine, di-n-butyl-n-pentylamine,
5 N,N-di-n-butylcyclohexylamine and tertiary amines of pentyl isomers and triallylamine.



