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stronger base added in this step. In addition, the base originally used is {iberated. In

general, these two components, i.e. the salt of the stronger base and the initially

employed base (auxiliary base) which has now been liberated likewise have to be

25  separated off from the desired product. In this procedure, it is often a disadvantage that

the desired product which is present in the work-up can be decomposed by the added

stronger base itself or further substances in this base, e.g. the water in an agueous

caustic alkali.

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

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

For processes carried out in industry, the prior art accordingly has the following
40  disadvantages:
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hydrochloride with the desired product carbonyldiimidazole or the formation of a ternary

20  mixture of the imidazole hydrochloride, the desired product carbonyldiimidazole and the
chlorobenzene solvent. Although the imidazole hydrochloride should not have been
present in liquid form, this was surprisingly the case in this specific system.
Appilicability of this concept to reactions other than the phosgenation of imidazoles is
not described.

25
It is an object of the present invention to find a simplified process for separating off
acids, in which the salt formed from an added auxiliary base and an acid can be
separated off by means of a simple liquid-liquid phase separation and which can be
applied to other chemical reactions or to the removal of acids which are present in
30  mixtures but are not liberated during a chemical reaction.

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

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

¢} the salt of the auxiliary base forms two immiscible liquid phases with the desired
40 product or the solution of the desired product in 2 suitable solvent.
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adduct with the desired product or another substance present in the reaction mixture.

Lewis acids in particular tend to form complexes with substances such as ketones.

These complexes can be split by means of the auxiliary base, so that the salt of the

auxiliary base and the Lewis acid to be separated off is formed according to the

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

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

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

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

40  more and very particularly preferably 5% by weight of more. The solubility is
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Chemical reactions on which the invention can be based are all reactions in which
acids are liberated, with the exception of phosgenations, particularly preferably with the
exception of acylations, i.e. reactions of acid halides and carboxylic anhydrides.

25
Reactions to which the process of the present invention can be applied are, for
example,
- atkylations using alkyl or aralkyl halides, e.g. methyl chloride, methyl iodide,
30 benzyl chloride, 1,2-dichloroethane or 2-chloroethanol,
- acylations, i.e. reactions of acid halides and carboxylic anhydrides, of any
substrates, for example alcohols or amines,
3B - silylations, i.e. reactions with compounds containing at least one Si-Hal bond,

e.g. SiCly, (H3C),SiCl; or trimethylsilyl chloride,

- phosphorylations, i.e. reactions with compounds containing at least one P-Hal
bond, e.g. PCls, PCls, POCI3, POBr3, dichlorophenylphosphine or diphenyl-
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20
Furthermore, the process of the present invention can also be employed to separate off
an acid from a reaction mixture to which an acid which is not liberated during the
reaction has been added, for exampie to adjust the pH or to catalyze a reaction. Thus,
for example, Lewis acids which have been used as catalysts for Friedel-Crafts

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

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

30 de Gruyter, Berlin New York 1985, p. 235 or p. 239. Lewis acids for the purposes of the
present invention also include the Lewis acids used as Friedel-Crafts catalysts and
described in George A. Olah, Friedel-Crafts and Related Reactions, Vol. |, 191 to 197,
201 and 284-90 (1963). Examples which may be mentioned are aluminum trichloride
(AICl), iron(lll) chloride (FeCls), aluminum tribromide (AlBr3} and zinc chloride (ZnCi;).

35
in general, the Lewis acids which can be separated off according to the present
invention contain cationic forms of the metals of groups lb, IIb, llla, illb, IVa, Vb, Va,
Vb, Vib, VIIb and Vil of the Periodic Table of the Elements and the rare earths, for
example lanthanum, cerium, praseodymium, neodymium, samarium, europium,

40  gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium or lutetium.
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Further possibilities are borohydrides and organcboron compounds of the formuiae
BR""3; and B(OR’"})s, where the radicals R"" are each, independently of one another,
hydrogen, C,—C1g-alkyl, C.-Cig-alkyl which may be interrupted by one or more oxygen
25  and/or sulfur atoms and/or one or more substituted or unsubstituted imino groups,
Cs-Ci2-aryl, Cs-Ciz-cycloalkyl or a five- to six-membered oxygen-, nitrogen- and/or
sulfur-containing heterocycle or two of them together form an unsaturated, saturated or
aromatic ring which may be interrupted by one or more oxygen and/or sulfur atoms
and/or one or more substituted or unsubstituted imino groups, where the radicals
30 mentioned may each be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy,
halogen, heteroatoms and/or heterocycles. The radicals R™' may also be joined to one
another.

Preferred examples of Lewis acids are, in addition to the AICl;, FeCls, AlBr; and ZnCl;
35 mentioned above, BeCl,, ZnBr;, Znly, ZnSQ,, CuClz, CuCl, Cu(O;SCF;)., CoCly, Cols,
Fely, FeCly, FeCl(THF),, TiCly(THF),, TiCly, TiCls, CITi(OiPr);, SnClz, SnCls, Sn(SQOs),
Sn(SO4)2, MnCly, MnBr,, ScCliz, BPhs, BCls, BBr3, BF3*OEt;, BF;*OMe;, BF3*MeOH,
BF;*CH3COOH, BF3*CH3CN, B(CF3CO0);, B(OEt)s, B(OMe)s, B(OiPr);, PhB{OH);,
3-MeQO-PhB{OH);, 4-MeO-PhB(OH),, 3-F-PhB(OH);, 4-F-PhB(OH);, (C,Hs)3Al,
40  (CzHs)AICI, (CzHs)AICE, (CsHq7)AICI,, (CsH17):AICI, (is0-CsHs) AICI, PhAICI, PhAICI,,
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such as benzoic acid, phthalic acid and 1 | i ke and 15 1, 3-di car bonyl

conpounds. Mamacta@% m@IF&b3$AI(OﬁBﬁBdﬁ(@§ecBa§3DAKGDEEH @aCld, Relgd ZICIYINDTIS, or mat e,

t at t t t I
celate, VELRRIZSRIGL SO COR) ORabe: SHESRAL Bick bl PR RaRlS
met hacr yl at eEMBeSEEaPP-£6 Bﬁ&t%“cbc%?[at%( sHesgiaSk onat e, oxal at e,
acetyl acetonate, acrylate and nethacrylate. Further possibilities are

bor ohydr i QeSTﬁQE?\Q{s%%m%E% s‘i%df%Hgagsau& {l?\ ﬁaﬂ?é%raﬁkahﬁgé'éﬁh?ﬁ% o B(OR'") 3,

where the rad one. anof yd rogen
C.-C e- al kyl haliges dasexasg)e LiGH ok NaGhy op s mreﬁmﬂiee@!kﬁymst%%akwé agllygen
25 and/ or suhfeuaﬂ halidessare ndxeal inforthe bewistrck] ia@radlat ratiedf O 100sdbst i t ut ed

i mno groups, C5-Cl2-aryl, C5-Cl2-cycloal kyl or a five- to six-nmenbered
oxygen-, nitrogen- and/or_  sulfur-contaj n|n het.er oc or two Qf them

t oget her for ﬁ?%ttﬁelE’Hﬁpﬁsﬁ? gt b presenltext, dglogen 'F'B'rfﬁf'?%a/ %g‘,; qHANER (By be

i nterrupted bypmoime(Brj oniodiae ¢ waeferatmdétdorireul f ur atons and/ or one or nore
substituted or unsubstituted im no groups, where the radi caI s 30 nenti oned

may each be ubstlt t ed b fun t| onal al kyl | ox

Alkyl oxy,  haPBgeHndy/es 3150 BhORBEIRg of sduPateh arafl deridine » rmy
al so be joi neminpmrﬂaevhlmmweeatled@t arficcirec -1 himrébHctfonuemsmtmcafmr are, in
addition to B%ﬁoﬁhgc%b e admilidyBadeand Znd 2 35 nentioned above, BeCl2,
ZnBr2, Znl2, SO, Cud 2, cQud, ?OBSCFB)Z, Cod 2, Col2, Fel2, Fed 2,
FeClZ(Tchﬁ 2, TiCl4(THF)2i Tid4, Tid3, CTi(AQPr)3, sSnCl2, SnCl4i Sn(S04),
Sn(S04) 2, Mnés auxiMBIb2$e,$dSJpB$siIB§>h3corﬁﬁg39 thefrgserBFEedianto UBER Civksbund
BFSNECH, - BEAGRGBRUL Wil 32N ndRieH 3R iho BAAIBIG 1orR(8N inick¥( O Pr ) 3
PhB(COH) 2, 3-MeO PhB(OH)2, 4-MeO PhB(OH)2, 3-F-PhB(OH)2, 4-F-PhB(OH) 2,
(C2H5) 3AlI, 40 (C2H5)2AIC, (C2H5)AICI2, (C8HL7)AICl2, (C8HL7)2AIC,

(i so- C4H9) 2AP)C1, isHinaid attemperAjuEszat whigh lbazissredmromuqtaﬁza@)smntfmanﬂy Pr)3

Al (OnBu) 8y Al ( Csgs@mipbseddlifg tha. pr&’b@h%fsé;%‘?étﬁlgoﬁtﬁéﬁqunﬂﬂéﬂténd Va3, o d 2,
MbCl 5, YCI 3, CdC 2, Br2, SbCl 3, Sbd5 1Cl 3, zZrd 4, UC 4, LaCl3, Ced 3,

Er (O3SCF3), Yb( CJZCCFS) 3i SnCI 3, Sml2, B(C6H5)3, TaCl 5.
c) formstwo immiscible liquid phases with the desired product or the solution of the

desired product in a suitable solvent.
25 Preference is given to auxiliary base which
a} do not participate in the reaction as reactant.

Furthermore, this auxiliary base can, additionally and preferably,

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

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

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

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



S The Lew s pgigagsgan be stabilized by alkali netal halides or alkaline
earth netal halides, for exanple LiCd or Nad . For this purpose, the

al kali metal or alkaline earth netal halides are mxed into the Lewis acid
inanolar ratio of 0 - 100: 1. For the rposes of the present text,

hal ogen or Hal is fluorine (F), chlorine {Cl), 10 brom ne (Br) or iodine
(1), prefer ablomsc RLoherieterGatopsisnds as eaygeadsulfur ar glidspharus atgms may also be
phosphorylatbgﬁeﬁg sul furation are in general conpounds which have at

| east one free OH S-H or NH bond, possibly after deprotonation by the
auxiliary base. 15 As auxiliary base, it is possible according to the
present i nveRtdfenenceisigiendocompoumds contdinihg atl@astongifivl- tolsix-snemberdédoer at ed

during the rgagkdcewhidrddmansat 16astdie Ritkheh atdm Bhd Bodkibly 8 BRYGHEN LI aIf@t
whi ch the desj red Br opﬁct IS Eft Si gnl fi cant.l.x gg d[r%o o_st%d. _urln,g:% écpe
process of s@i?HP&’F I720Y PrefiabYicq PR uady ©TigiNng 2 PgptANe; itk SCT bl e

| i qui d phasebBetgrackicie frewhishionedwgrasdfree nisfogen atoses and ene siifur peoxyges iatand
product in aa@@@@éﬂtp«@pbma@larlﬁﬁrel%rr@m@&@hg@nd% IS ypk QoAtalting BVoNieFd
whi ch a) do n@tmspartlm pate in the reaction as reactant. Furthernore, this
auxiliary ba8 can, additionally and preferably, 30 d) function

si mul t anddusly as a nucl eophilic catalyst in the reaction, i.e. it

i ncr _eaz es t t Particeiagy paferfét confiountie hawms riolstulze wWeihe df less Had 1008.gfmeln t
carried ou : . as
LG oot o oy v BRE BRGS0 US4 S AT ML PR s

particularly preferably at least ten and in 35 particular at |east twenty.
Such conpounfarthvdrimore, peefelved bssed ars compesndsesglentad feorn aploag i cerspowdsfofir  or

nitrogen1§tog&¢oﬁmﬂaﬁggﬁgkﬁ’at | east one nitrogen atom preferably from one
toten nitrogen atons,” particularly preferably fromone to five nitrogen
atons, very particularly 40 preferably fromone to three nitrogen atons and
in particular one or two gitrogen PF 5423%2%-8- atons. FurtRé&r heteroatons

such as oxygen, sul fuys orl ph hor us o) mayt al so beys present.
= 1 R‘ N/,N N//I\R1

|
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Preference iﬁ %'ﬁéﬁl to conmpounds containing at |east one five- to

si x- menber ed E rocycle which contains at | east one nitrogen atom and
possi bly an oxygen or sulfur atom particularly preferably conpounds
containing at | east one five- to six-ne red heterocycle in which one,
two or three nitrogen atons and one sul fur” or oxygen atom are present,
very particularly preferably conpounds of this type cggtaining two nitrogen
atoms. 10 Particul gel yNueferred c 0 s have a mpkecujar weight of |ess
t han 1000 g/ nol, ve\rgsgﬁ icularly Qrgf q?abl y | ess RN 300, g/ ol and in
particul ar | ess than3 nmol . Fur e, pr ef gt B are conpounds

sel ected from anong R he chrrpounds of R'15 tRe for mul aer{l a) Ro (Ir), (a)
(b) (¢c) MRBRL ""NNRYI NIN ~R4 R2R3 20 (d) (e) (f ) 5 PF 54233

(9) u) (m

(9) (h) (i)

RG $1 $1 RB R5
5 N. : N, 2 —
R N R N-R I
\ 3 1. 2
R R R \K &3 R
Ra R2 Rs R4 Rr*

)] (k) n

R"NYN R? R
R2
(m) (n) )
1
R? R, R\N_N
D U« U
R
3 1 1 i 2
R~ No” R RN R f

{p} (q) (N

and also oligomers or polymers comprising these structures,

where



-9 (h) (k) (E):S% 3N R--4~1 NR2 (P) (q) and also oligonmers or polyners
conprising these structures, where R6 (i) (r) (1) (0) PF 54233 -10 R, R2,
R3, R4, R5 and R6 are each, independently of one another, hydrogen, Cl-C18-
al kyl, C2-C18 -al kyl which may be interrupgied by one or nore oxygen and/ or
sul fur atons and/or one or nore substituted or unsubstituted i m no groups,
C6-Cl2-aryl, C5-Cl2 5 cycloal kyl or a five- to six-nenbered, oxygen-,

nitrogen- an Aq{z ﬁmlﬁmhs gﬂ@?ﬁam &ﬂ:h ’?’%ﬁémw&éﬂ\ﬁn&&%&f j[%gdglngae/ d oget her

form an unsaturated,  &sat *lpt ed
by one or noAEYlotyGenalkyiafhish may beiimamiad b PesT BRI OxyHeh BRUOLHIRT PRI
or unsubst it ghdior ord asmnqnemupst;tuteﬁe:renmhatnumﬂ mﬁichraeps IQreg-anpyCs-€ach be

substituted ' aby! Yy Vi al ogen,
10 heter oit O%I%Mgﬂrgﬁ@% eng(%i?:%) Oxlyﬁé'l'( hﬁro or rru S%&éfﬂﬁrgn | kyl
whi ch may beh@lEIRSYFIE Of B¥P ?r{l 'ﬁrﬂ‘,’ﬂ ‘BH%N‘GE; PENFE, U"é?‘&'fate%lsﬁwate P{/F‘&E@?“C 15
al kyl oxy, hatingwhich myereoiatennptedrtny/ ane dren@e oxpdepsaridior subfur atamsane/or oee hy |l

ethyl, propybsm |%0§?be {ed d?tmgﬁﬁ/éhtuté@ﬁum'né tv@rféremétﬁéhrcaﬁ%é 3ne@fﬁé¥|
heptyl , octy -e ecy

Cotradecyl e M%f@ewna' qwoﬁ.%%ﬁem . siioky ety | but y1

1,1, 3, 3-tet rbetetda;drhmanydlpr tedexogyclesl- phenyl et hyl ,
In the above formulae,

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

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

20 p-chiorobenzyl, 2,4-dichlorobenzyl, p-methoxybenzyl, m-ethoxybenzyl, 2-cyanoethyl, 2-
cyanopropyl, 2-methoxycarbonylethyl, 2-ethoxycarbonylethyl, 2-butoxycarbonylpropyl,
1,2-di(methoxycarbonyl)ethyl, 2-methoxyethyl, 2-ethoxyethyl, 2-butoxyethyl,
diethoxymethyl, diethoxyethyl, 1,3-dioxolan-2-yl, 1,3-dioxan-2-yl, 2-methyl-
1,3-dioxolan-2-yl, 4-methyl-1,3-dioxolan-2-yl, 2-isopropoxyethyl, 2-butoxypropyl,

25  2-octyloxyethyl, chioromethyi, 2-chloroethyl, trichloromethyl, trifluoromethyl,
1,1-dimethyi-2-chloroethyl, 2-methoxyisopropyl, 2-ethoxyethyl, butylthiomethyl,
2-dodecylthioethyl, 2-phenylthioethyl, 2,2,2-trifluoroethyl, 2-hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 4-hydroxybutyl, 6-hydroxyhexyl, 2-aminoethyl,
2-aminopropyl, 3-aminopropyt, 4-aminobutyl, 6-aminohexyi, 2-methylaminoethyl,

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

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

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

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



phenyl et hypg qi §?dinethylbenzyl, benzhydryl, p-tolyl nmethyl,

(p- butylpheny ? hyl , 20 p-chl orobenzyl, 2, 4-dichl orobenzyl,

nmet hoxybenzyl , m et hoxybenzyl , 2-cyanoethy| 2- cyanopropyl,
-nethoxycarbonylethyl, 2- et hoxycar bonyl e 2- but oxycar bonyl propyl ,
, 2-d i (met hoxycar bonyl ) et hyl, 2-nmet hoxye 2- et hoxyet hyl ,

2-
1-

p-

2

1

2- but oxyet hylecyl,@- wdn@ayymmwnyi qlmwn@xy—anlexatel:,aae@yl B Rlsfibx 3Yd>xapentyl
1, 3-d 28 |,
2] so'p?éS[nye%ﬁhy? f‘?%%*“&r?”’h%@%@? ENioalodBhlY! m%wﬁos?ﬂo)ﬁ?ﬁ?v' "
5 Chi bt oot hyMetoRy-ArE- SRyt 18 efnasiridiid pkapentadscy. 5-methoy-

1, 1-di net hyI s-bxadﬂ:brqrt ddtrhgfthoxy25 eidratelradegyt, Gpathoxy23-ekdpenyé t8gthoxy-

t2)ut yl thio §§6ld|o qqgéﬂlgﬁ)ég Soﬁbh xauag&?f étﬁ&ap-fb%epyl 11deth

4-

3-

2-

2, 2- tr| I oX rox;)’pr opyl ,
hydr oxybut %%H?%ﬁe%w Y“‘zsé%ttﬂ‘a@&)ﬁ dec %R%b PoKgN°

am nopropyﬂ4-emoayn5n1@bmrtayétradéegdm nohexyl , 2 nmet hyI am noet hyI , 30

met hyl am nopropyl 3- et hyl am nopropyl 4- et hyl am nobut yl ,

6- met hyl am n hex 2- di met hy| am 2-di met h nopr o

S Gt ot hyl s AGHIASISAS ol diieds fgpe PR AR GRCINET broattn) BRIy |

2- hydr oxy8 2, 12,4d3ub3ﬂeriwl26:!>day1 KE pﬂanylmaok—yma-h;& propsaerpm@meyhf'}qqmypyjene 1-oxa-
3- phenoxypromlproﬁer@mﬁomé%uud roée xmeeyé:k 14 é@th@ Iene

e et Ky RS e Sl PN o agﬁﬂo%ﬁtafi% dgpene.

6- et hoxyhexyl, and C2-C18-al kyl which may be interrupted by one or nore
oxygen and/ 0Thé3h|uﬁ1b|ér @Fb&?@en AW r QLIS RoME aﬁ%ﬁmﬁﬁagﬁdubyti@@bt%stﬁawhﬁt i tuted

i M no groups_is,
A sl s i din
ydar oxy- i oxaundecy
15- hydroxy-4, 8, 12-tri oxapenta PF 54233 -11 decyl, 9-hydroxy-5-oxanonyl,

14- hydroxyBSEJTg.legmg}:ee%{ Il%ggt %Je’ca?ecﬁeétg XE!@;Q@?B?@%& 0 |s1are generally focated

8- nmet hoxy- oxaaoc I-oxXaun
7- met hoxy- 4- estyReptwe t ets@atcm hoxy- 4, 8- di oxaundecyl ,
15- et hoxty- 4, 8, 12-tri oxapent adecyl, 9-nethoxy- 5- oxanonyl

14- met hoxy y, -
L4, et oxy- Ssdalie i BRERYn e IS HORE R o BB, |,
- et hoxy- 4, 8’§ﬂ?r8RﬂlﬁTHB%-d}7P“tV|I'5F”@Pﬁ BRUYIBNING. § [ i oxapent adecyl
9- et hoxy- 5- oxanonyl or 14-ethoxy-5, 1 O-oxatetradecyl. If two radicals
forma ring,g @ﬁ; eadl cal s can together becone 1, 3-propyl ene, 10
1, 4- but y| ene, oxa- 1, 3- propyl ene, 1-oxa-1, 3- propylene
2- oxa- 1, %% propyl ene, 1 oxa-
functional groups are carboxy, carboxamide, hydroxy, di(C4-Cy4-alkyl)amino, C4-Cs-

alkyloxycarbonyl, cyano or C4-Cs-alkyloxy,

Cg-C12-aryl which may be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy,
30 halogen, heteroatoms andfor hetercycles is, for example, phenyl, tolyi, xylyl, a-
naphthyl, g-naphthyl, 4-biphenylyl, chlorophenyl, dichlorophenyl, trichlorophenyl,
difluorophenyl, methylphenyl, dimethylphenyl, trimethylphenyl, ethylphenyl,
diethylphenyl, isopropylphenyl, tert-butylphenyl, dodecylphenyl, methoxyphenyl,
dimethoxyphenyl, ethoxyphenyl, hexyloxyphenyl, methylnaphthyl, isopropylnaphthyl,
35 chloronaphthyl, ethoxynaphthyl, 2,6-dimethylphenyl, 2,4,6-trimethyiphenyl,
2,6-dimethoxyphenyl, 2,6-dichlorophenyl, 4-bromophenyl, 2- or 4-nitrophenyl, 2,4- or
2 6-dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylphenyl or
ethoxymethylphenyl,



1, 3- propenyl PEBg0i3aza- 1, 3- propenyl ene,

1-Cl-4-al kyl -1-aza- 1, 3- propenyl ene, 1,4-buta-1, 3-dienylene, 1
-aza-1,4-buta-1, 3-di enyl ene or 2-aza-1, 4-buta-1, 3-di enyl ene. The nunber of
oxygen and/or sulfur atons and/or imno gifups is not restricted. In 15
general, it is not nore than 5 in the one'fadical, preferably not nore than

4 and very |@a4C;b-cydicalky whiobfreayld yubstitutedisefuh&tiomaBgrobps, tangr A1 carylaky,| east
R el e e
exanple, im ﬁbcor?ﬁé‘ﬁfhwq PG, cyclodg ‘Blgﬂ"-’r W%'OPRDMJ ¢ HY%QHG“

E; :; E) O)tz;';n yl |e nmmnylc&cr&bwlmémethy&?clbhw ldmﬂwn lcyglobapd, taJtﬁcyh&ﬂ'h@Ny cvano
or Q- on &1 ko &'"%W@%Wy Betnblycybronsyk DuinfcRianiby, v
groups, aryl € QTCIE’)’F‘J %?Wi!l ro%c @'QCY%HR?Q%OF?@?@F%% Sﬁ'énséﬁﬂ?t@fd

het ercycl es romyclfa:systmamdheas nEineomyl, ormorbpmerwyl yl, a naphthyl, P-naphthyl,
4- bi phenyl yl , chlorophenyl dichlorophenyl tichlorophenyl,

di f1 uor oph | net h di net h t t hyl ph | | |
G et ol phomyB e BTERtA, PYYGRGr (e Sk AU heente fng elrpSyclis For ™
met hoxy pHeny examplienfentdRipphemy,| pyrek, DWQZIDMGMMI beinesxdzolyl; givelyt, dioxyl,

met hyl napht hlﬁbnminﬁ&%@P)SbﬁﬁﬁiQ&&l}/lhdlmeﬂﬁlﬁﬁHWﬁn@ﬁi?f&fuh%ﬁyi dﬂh@m& ﬁ‘flht hyl,

2 6. i ohl oF ofHaI L GGty BISEpvaav, @eﬁgﬂhmpnﬁyngroﬁyltmophenyl

2, 6-dinit ropheteyﬂ-but)dﬁmmnﬂwndm nophenyl, 4-acetyl phenyl,
nmet hoxyet hyl phenyl or et hoxynet hyl phenyl PF 54233 .12- C5-Cl12- CYd Qal kyl

Uk T e CSUDSIAL H' B b Sk S BT st PN s B on.

cycl opentyl , butykcl ohexyl , cycl ooctyl, cycl ododecyl, nethylcyclopentyl,
dinethylcyclopentyl nethylcyclohexyl dinethylcyclohexyl

di et hyl cycl oP,g rethpSt "éff"ﬁt thﬁx 3, R5 Ffmatr@%y%ﬁl oyl ?ﬁgﬁ ently of one

di met hoxycyc tycl eXy I'0C g
chl or ocycl ohéﬂ\?‘hef By dnepen.gastbyloetayly n-buty, 2 Q%Y?tﬂ)’b eGyegeetbyl, a saturated or
unsat ur agd 2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(n-butoxycarbonyl)ethyl,

dimethylamino, diethylamino and chlorine.

Particularly preferred pyridines (la) are those in which one of the radicals R' to R® is
methyl, ethyl or chlorine and all others are hydrogen, or R? is dimethylamino and all

25  others are hydrogen or all are hydrogen or R? is carboxy or carboxamide and all others
are hydrogen or R' and R? or R? and R® are 1,4-buta-1,3-dienylene and all others are
hydrogen.

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

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

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

Particularly preferred imidazoles (le) are those in which, independently of one another,
40



bicyclic syspg gh as norbonyl or norbornenyl, a five- to six-nenbered,
oxygen-, nitrogen- and/or sulfur-containing heterocycle is, for 10
exanpl e, furyl, thiophenyl, pyrryl, pyridyl, indolyl, benzoxazolyl,

di oxol yl, dioxyl, benzim dazolyl, benzthi ﬁ:fo' yl, dimethyl pyridyl,

met hyi qui nol yl, di methyl pyrryl, nethoxyf d| met hoxypyri dyl ,

di f 1 uor opyr i &ls semitéyyiromiapmirgnyéthyli stopl n{pydapiﬁnirﬂmhﬁny-lpen@r, n-octyl,

tert-butyit hbq,ggfa;%thg' %%aﬁoetﬁ@ :{ﬁl 4yl is, for exanple, methyl, ethyl,
0 ty

propyl, |sopr sec or tert- butyl. Preference is given
to R, R2, R3, R4, R5 and R6 each be| ng, independently of one another,

hydr ogen, meRAyd R4 atehadch, indepgngdienth?efroneramotier rydrogencyatinybortathyl. 20

2- (met hoxycar bonyl ) et hyl , 2- (et hoxycarbonyl)ethyl,

2- (n- but oxycar honyl ) et hyl i_met hyl am di et hy| oand r|ne

2,1 DUt oy B a) S o T Rl DA b
radicals R &aootheris nethyl, ethyl or chlorine and all others are

hydr ogen, or R3 is dinethylam no and all 25 others are hydrogen or all are

hydr ogen or S ¢ or carhoxam de,and all others are hydrogen or Rl
and R2 or R2 af?as %':ft') aﬂ’l%ﬁ?g-gﬁ?gﬁf‘d?‘smf%’ﬁgetﬁﬂu all others are
hydrogenlOParticularly preferred pyridazines (I b) are those in which one of

the radi cal SRRIRY4hd ¥ are seRQtadEtdny bmehg B drshertmathlyl. ot hers are hydrogen or
all are hydrogen 35 Particularly preferred pyrimdines (Ic) are those in

which R2 to R4 are each hydrogen or nethyl and R is hydrogen, nethyl or
ethyl, or R2Pagigulpdy a@er&twwmgﬂes lasaresthowawﬂyéh"maewenﬂx ohgmn ogen,
mat hyI or et bydtheParticularly preferred pyrazines (1d) are those in which
to R4, ﬁre al | rrethyl or all hydrogen. Particularly preferred im dazol es
(I e) are those in which, independently of one another, 40 PF 54233 -13- R
is selected Fr &ﬁ%\‘b@fﬁ@ﬁ}ﬂ"g hygragen. methylangd ethy. butyl n-pentyl, n-octyl,
2- hydroxyet hyl or 2-cyanoethyl and R2 to R4 are each, |ndependently of one

anot her, hydregenngRt 41%!sefRktedi % among hydrogen and methyi.

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

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

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

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

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

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

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

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



5 Particul arhgs%g_i,erred 1 Hpyrazoles (If) are those in which,

i ndependently of one another R is selected from anong hydrogen, nethyl
and ethyl, 10 R2, R3 and R4 are selected from anong hydrogen or nethyl.
Particularly preferred 3H pyrazoles (1Q) e those in which, independently
of one another, 15 Rl is selected from&anong hydrogen, nethyl and ethyl,
R2, R3 and R4 are selected fromanong hydrogen and nethyl. 20 Particularly

preferred 4I—hp)wﬁezggees%lécré@fr%gﬁgﬁ]ﬁg%ﬁg\(\/ﬁhgh.,euyp_dependentIy of one

another, Rl to are sel ect ydrogéen and nethyl. 25
Particularly preferred 1-pyrazolines (li) are those in which, independently
of one anot RericulBfly preférfedimidazelinest (B aretiboseanmwhichhindeperetentindf ot hyl . 30
Particul agl ygpigéerred 2-pyrazolines (1j) are those in which, independently
of one anotﬁer, R is selected fromanong hydrogen, nethyl, ethyl and
phenyl, and 35 R2 to R6 are selected from anong hydrogen and net hyl .

Parti cul ar| yRpaed Bf aexisedeqied fiom|ammrg hytdkogear methiyb sthyl, m-wityl@nd phaogpendent | y
of one another, Rl and R2 are sel ected from anong hydrogen, nethyl, ethyl

and phenyl, apd PE454233 -14 R3 to re selected fr anpng hydrogen and
ot by bar ¢ FOATARY Besalraed o AanauRdhet TRy A SEAR Wi o
i ndependéhtly of one 5 another, R and R2 are selected from anong

hydrogen, meRhyhd REbRY4eledleditbmlaniing r%ﬁj?éh,an%ém})d. R4 are selected from
d 1

anong hydrogen, nethyl and ethyl, an

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

15
R' and R? are selected from among hydrogen, methyl and ethyi, and

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

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

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

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

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

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

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

R? is selected from among hydrogen, methyl and phenyl.
40



R5 and R6 arPFﬁb?ft ed from anong hydrogen and nmethyl. Particularly
preferred i mdazolines (In) are those in which, independently of one
another, 15 R1 and R2 are sel ected from anong hydrogen, nethyl and ethyl,
and R3 to R6 are selected from anong hydrﬁen and nethyl. 20 Particularly

preferred imdazolines (In) are those in Which, independently of one

anot her, R1, PR3icatady pefare 52)3adhzgdes (1) arethossinwhicho gedepenadiilylof anel et hyl
and 25 R4 to BB gre sel ected from anmong hydrogen and methyl. Particularly
preferred thrazol'és (lo) and oxazoles (Ip) are those in which,

I ndependently of one another, 30 R is selected from anong hydrogen,

met hyl , et hyR' areleutisfpdm asong Ridregen RBethylandatimdtad f r om anmong hydr ogen
and methyd. Particularly preferred 1,2,4-triazoles (lq) are those in which,
i ndependent | y,of gme 35 anofher, R and R2 are selected from anong

hydr ogen, nmefhgnd &eﬁme?%‘ﬁ%é)%%lﬂqugmgrqgﬁ"iagdé‘@%@ef’éd from anmong hydr ogen,
nmet hyl and phenyl. 40 PF 54233 -15- Particularly preferred 1,2,3-triazoles

(I'r) are thopeahdRMigether FSHHEDEBURDT B)iHyl PR BN DD ardHydrsgere! ected from
anong hydrogen, nethyl and ethyl, and 5 R2 and R3 are sel’ected from anong

hydrogen and nethyl or R2 and R3 together form 1, 4-buta-1, 3-dienyl ene and
al | ot hel® afAmohgthesgethe pyodingdand thedmislazolee arg/preltirieds and t he i mi dazol es
are preferred. Very particularly preferred bases are 3-chl oropyridi ne,

b SRS oo B Bl AR OB M R dhe
(y- pi col i ne) 2-ethybdiapminymiridinee2-msthspyyiding-(oreicoyingly Binsgthepyriinen(Brpieaine 1 5
ilsg?g! nol Lnleqt-ni'e“n‘r}lp;l%ir%' pidoimélazatiipyficiAB ! 2¥inl 18- At Rrridine, quinoline,

’ ! rre'%s y :Jsgc‘]lﬂ%l%e,e‘l-C1-C4-alkylimidazole, 1-methylimidazole, 1,2-dimethylimidazole,
1-n-butylimidazole, 1,4,5-trimethylimidazole, 1,4-dimethylimidazole, imidazole,
2-methylimidazole, 1-butyl-2-methylimidazole, 4-methylimidazole, 1-n-pentylimidazole,
1-n-hexylimidazole, 1-n-octylimidazole, 1-(2'-aminoethyl)imidazole, 2-ethyl-
4-methylimidazole, 1-vinylimidazole, 2-ethylimidazole, 1-(2'-cyanoethyl)imidazole and

20 benzotriazole.

Special preference is given to 1-n-butylimidazole, 1-methylimidazole, 2-methylpyridine
and 2-ethylpyridine.

25  Also suitable are tertiary amines of the formula (XI),
NR?R°R® (XD,

where

30
R?, R® and R° are each, independently of one another, Ci-Csg-alkyl, C,-C1g-alkyl which
may be interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted imino groups, Ce-Cz-aryl or Cs-Ci2-cycloalkyl or a five- to
six-membered, oxygen-, nitrogen- and/or sulfur-containing heterocycle or two of them

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

40



1-n-butylim gg E 1,4,5-tnmet hyl i m dazol e, 1, 4-di net hylim dazol e,

I m dazole, 2-nethylim dazole, 1-butyl-2-nethylim dazol e,

4- et hyl i mi dazole, 1 -n-pentylim dazole, 1- n- hexyl i m dazol e,
1-n-octylimdazole, 1-(2'-am noethyl)imdgzole, 2-ethyl- 4-nethylimdazole,
1-vinylimdazole, 2-ethylimdazole, 1- (2‘?%yanoet hyl )i m dazole and 20
benzotri azol e. -Spatleatt tpnef evecthre radicals R3NRT and RNareudiffdrimt athaz ol e,

1-net hyl i m dazol e, 2-nethyl pyri d| ne and 2-ethylpyridine. 25 Al so suitable

are tertiary am nes of, t Ra 30 Ra, Rb and
R are each, iﬁdeﬁ’lﬁf r% %E R ?RQFRT@F“E l-\;?ﬁ%stgr R{‘?Fera@!at‘féswq(yl whi ch
may be interrupt edam;zuleri:epmferaiﬂyat temyig‘éharahcb’rppamudxliaﬂu pafeyally ahkkastr1Hne or
more subgtitutedcgihoHRfdstituted imno groups, C6-Cl2-aryl or

C5- C12-cycl oal kyl or a five- to six-nenbered, oxygen-, nitrogen- and/or
sul fur-containing heterocycle or two of them 35 together form an

unsat ur at ed, Peeferenae iscoiven taRSnBF ard RF sachibging: independeritiyof one poettieh 1-Cape or

nore oxygen amey e5-CsHhiyér GLo yaaéwrpaﬂaug{y prefefatif B0, é—blkﬁdwﬁére the
unsubsti t ut ed m

no rou nt, oned
Soherttut oa’ BridH Reifa m@%%ﬁ?&? o spsfifERynctRot 0SS, 2. AL prie ogen.
het er oat s aikdogy, halpsesr hplgioptoms fmdmf hewéo FHC®$i so t hat 40 PF 54233 -
- at | east tmo of the three radicals Ra, Rb and R are different and - the

radical s Ra, eRdad oot gRIe AN nale LEARY bl BLERSHBR v 2 Teast 10,

partlcularly pre era ver y preferably at
| east 13, 5 carbon atons. Preference is gi ven to Ra, Rb and Re each bei ng,

i ndependent | Predérreheadivaltt ke R afd RChbe matHyylethyCGr-ﬁaaylaswropyl n-butyl,

= L2 o RO ST ] e e

radi cal s nenti

al kyl, aryl oxy! "PGP%'“K e YL, iR -Of gk @PB lpfrethyiiexyl 1 e’Zf"é‘reHly {PEpRYS .
Exanpl es of ﬂhedumeﬂw&mtyl\tengylotbpbeﬂrmeyla2-pbad,yetbﬂemugilmethymbom.phenyl,
toiyl, xylyl, a-naphthyl, B-naphthyl, cyclopentyl and cyclohexyl.

20  If two of the radicals R?, R® and R® form a chain, this can be, for example, 1.4-butylene
or 1,5-pentylene.

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

25  (2-ethylhexyllamine, di-n-propylbutylamine, di-n-propyl-n-pentylamine, di-n-propyl-
hexylamine, di-n-propyloctylamine, di-n-propyl(2-ethylhexyl)amine, diisopropyl-
ethylamine, diisopropyl-n-propylamine, diisopropylbutylamine, diisopropylpentylamine,
diisopropylhexylamine, diisopropyloctytamine, diisopropyl{2-ethylhexyl)amine,
di-n-butylethytamine, di-n-butyl-n-propylamine, di-n-butyl-n-pentylamin, di-n-butyl-

30 hexylamine, di-n-butyloctylamine, di-n-butyl{2-ethylhexyl)amine, N-n-butylpyrrolidine,
N-sec-butylpyrrolidine, N-tert-butylpyrrolidine, N-n-pentylpyrrolidine, N,N-dimethylcyclo-
hexylamine, N,N-diethylcyclohexylamine, N,N-di-n-butylcyclohexylamine,
N-n-propylpiperidine, N-isopropylpiperidine, N-n-butylpiperidine, N-sec-butylpiperidine,
N-tert-butylpiperidine, N-n-pentylpiperidine, N-n-butylmorpholine, N-sec-butyl-

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

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



Preferred rageca E Ra, Ro and Rc are nethyl, ethyl, n-propyl, isopropyl,
n-butyl, 15 sec- u? tert-butyl, n-pentyl (n-anyl), 2-pentyl (sec-anyl),
3- pentyl 2, 2- dlnethylprop- 1-yl (neopentyl), n- hexyl, n-heptyl, n-octyl,
isooctyl, 2- et hyl hexyl , 1,1-dinethy|propy.7_ 1, 1-di et hyl butyl , benzyl,

1- phenyl et hyl, 2-phenyl ethyl, a, a-di nmethyl'benzyl, phenyl, tolyl, xylyl,
a- napht hyl, [i-naphthyl, cyclopentyl and cycl ohexyl. 20 If tmn of the

g?dilcgl ;eﬁf‘yreneﬁ&gx rYQﬁwmeg (f(g% é‘dustoB}o?‘y@?r{g‘/lé?@n? o‘?ét?g)i 'yé,é:)gt yl ene
di et hyl - n- buF'SﬁoaRFﬁm{E’u rRipRyFi-nrRytyl-n-pRRtyAminen N, N-gi- %‘PHV":}’H‘DB 3MiRARE,

di et hyi hexyl alsoltmi:alqhamlhgd derived fmommpentyliissiniers. 25 (2- et hyl hexyl )am ne,
di - n- propyl| butyI am ne, - n- propyl n- pentyl am ne, di-n-propyl - hexyl am ne,

o Bl s L P R e

di i sopropy!| pderivelddranmpentyldsdraernsr opyl hexyl am ne, dii sopropyl octyl am ne,

di i sopropyl (2- et hyl hexyl )am' ne, - n- butyI et hyl am ne,

di - n- but yl | ami ne am.n, di,n hexyl am ne,

di - n- but yl ocf‘ﬁ?'ﬁ%r?é"mﬁlww Hﬁr 'WV('%B"IGWF Ic)aﬁrheﬁlfedﬁ-cﬁorgﬁ"ﬁl)}? P@g‘?'ﬁi ne,

N- sec- butl§| pinventiandiuban chitrast to thasy meptionsid atione, has-thregddenticplyradicdlis s ne,

N, N-di et hygyab@inehexyl am ne, N, N-di et hyl cycl ohexyl ani ne,

N, N-di - n-butyl cycl ohexyl am ne, N-n-propyl pi peridi ne,

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

N-t ert - but y| berseniamines. prefarabisraryings pkihe dormala &h am.gsnens (eferrad over

ﬁ;ec blut yl B&emyamdmun&é tf@féxamaeyémdm@h bNbie fOMNRLNAMb 19, WASh e,
enzy e

N benzy! ﬁ: Es’%ypér @erltﬁJ'EFter alN' I%ﬁﬂlﬂ'ses r&t%ﬁﬁ%@hm\' h’ier}ggctlon for example for

N, N- di et hy| elnipgi Qﬂsdl ne, N N- di et hyI p-tol ui d| ne

N, N-di - n-butyl -p-toluidine, diethylbenzylam ne, - n- propyl benzyl am ne

di - n-butyl b |

i - but o1 pracs Wican G L RARKERAS o C f°"‘7*%[*ﬁ*’% BB CRE T,

PF 54233 -17h rﬂilf@sﬁé}ﬁ“&ﬂ'd?éﬁﬂ aydrogen ﬁ'@@"?%*}C'hPéﬂ%ﬁC'ﬁ §NDol Diteus eid i ne

di et hyl - per t (HNOy)| ydroteromic abid ¢HBr),waytidnid 3did(H,0€),), tiydrogbndayboeriate HTPL RN ne,

:\Isgl-rrglrsn gu}Daru u%fﬁ@& g)CH"},b ;lc?a{rgdrﬁ%m&‘ @ﬂﬁ)ﬂﬁ_‘f Hepd from pentyl

di - n- but yI - n™f g %rﬁy préq@ql grogensul te (HSO4) methylsulfuric
acid (HO(SO;)OCHa}, ethylsulfuric acnd (HO(SOz)Ocsz) phosphoric acid (HsPO,),

dihydrogenphosphate (H.PQy’), formic acid (HCOOH), acetic acid (CH3;COOH),

25 propionic acid, n-butyric acid and isobutyric acid, pivalic acid, para-toluenesulfonic
acid, benzenesulfonic acid, benzoic acid, 2,4,6-trimethylbenzoic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid and triflucromethanesulfonic acid, preferably
hydrogen chloride, acetic acid, p-toluenesulfonic acid, methanesulfonic acid, 2,4,6-
trimethylbenzoic acid and trifluoromethanesulfonic acid, particularly preferably

30 hydrogen chloride.

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

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

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



derived fronppgg&gﬁ i sonmers. Atertiary amne which is Iikew se preferred
and can be used according to the present 10 invention but, in contrast to
t hose nentioned above, has three identical radicals is triallylanm ne.
Tertiary amnes, preferably amnes of thedornmula (Xl), are generally
preferred over heterocyclic conpounds, for exanple conpounds of the
formul ae (| a2 nmicade(H and vesp partictiariyl prefiexably ldsyg tiedn 1 el%ht Haningtheiprocesy obases

i's not suffigdemldaithB8ak 88K4ki@Bhaddr €exanple for elimnations. Acids
whi ch can for rg%%sélnigs vvltht hat hesaé Ibgsaes are, for exanple, hydroiodic acid

(H'), hydrogen fluoride (HF), hydrogen chloride (HCl), nitric acid (HNOG3),
ni trous aci dTROmMEHNGDpint of/thesahsof the peitidularBpiefercert duodliacy bades areigansally

hydr ogencar b i [ ' boni c
) B 0 o R Bty st

hydr ogensul f "(HSO4"), nethylsul furic acid (HQ SO2) OCH3), ethylsulfuric
acid (HQ S02) OC2H5), phosphoric acid (H3PO4), di hydr ogenphosphat e ( H2PO4

). L or m;jC_ aC}Bﬁ'\Oﬁb‘_@GﬂTQw baséy, hé?%n%u(éavmce l&ﬁgi%rpu@: tfﬁcﬁﬂe?wﬁ’é‘éeds_alt@ hBw yric
acid and isopu [ Y | ¥ i ,
benzenesul foﬂri' E}’(ééf\éaﬁu%gf&gfl').&a}%f'gfa&?y%,gﬂ.z %ﬁcﬁﬁlé@tqﬁ%ﬁ%ﬁjzﬁgg -Q.]Cel %ﬁé%ﬁ&’& i C
acid, n#d halsesmpase of theinglarist anis sgeriher Oy £eiReichaedt in Reichardt, Christian

trif: uoromelt HelnestHifeotsiin C&gdgﬂc cpé?fmabéiyheimydm}gag?em X, '(Mﬁ;\olga@[ﬂfsb iis aci q,d
p-tol uenesu tF;TE& AP §lsho! [ , 6- trinethyl benzoic aci
and trifl uor%ﬂrgrg%rﬁa(%gégﬂ? Ohl)b acl 555325??%&%??%43 ef erably 30 hydrogen
chloride. In a preferred enbodi nent for separating off Bransted acids
(protic aci dan espevtslly pesferred bpse whieh, fof éxampldycachieves the gbjexpof thenesenf Lewi s
acids, i.e. l.an Qi G S ' S i

separ at ef of #10%2{{6? '%? nﬁﬂ&ylgrg?%zo% ?ﬁé@%g °£3in lil&aﬁ?m&%gls?gg% ?%%ﬁ%@g‘tgﬁér&ﬁ han
4:1, pref er al9F §xJrlac RE-A Fraf2 406, bubthat decymgnt fops petdpeeanizeissitibyyasiggis 7. 1,
very particuliquid.y preferably greater than 9:1 and in particul ar greater
than 20:1. Preference is given to auxiliary bases whose salts with acids

product occudditon, 1 ettylimidazolrds SRl b parucleBRRIE frebetufan FodRoTin 5
mol % h, 2&r t MacekaEypyyko Véfodd Bortuniake steterbatomPEhemizgy, 196, 226300 Chojandskier y
particul arl yet) &faReddhng thae eomparad to et dming U-nathyliMRiaBbIeGRESIefites the
phosphorylation of {-butanol by a factor of 33 and the silylation of
pentamethyldisiloxanole by a factor of 930.

25  Furthermore, it has been found that the hydrochloride of 1-methylimidazole has a
melting point of about 75°C and is essentially immiscible with nonpolar organic
products such as diethoxyphenylphosphine, triethyl phosphite, ethoxydiphenyl-
phosphine, alkyl ketene dimers, alkoxysilanes or esters, or solvents. Thus, in contrast
to the polar solvent water, 1-methylimidazole - HCI forms two immiscible phases even

30  with acetone. 1-Methylimidazole can act both as auxiliary base and nucleophilic
catalyst and can be separated from organic media as liquid hydrochloride by means of
a simple liquid-liquid phase separation.

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

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



separating opg slﬁgssalt as liquid phase. The nelting point of the salts of
the particularl’y"preferred auxiliary bases are generally 5 bel ow 160C,
particularly preferably below | OOC and very particularly preferably bel ow
80C. Anpbng auxiliary bases, very particulﬁ’rly preference is given to those
whose salts have an ET(30) value of > 35" preferably > 40, particularly
preferably >Slﬁ'z3|arI§F heis pb6SDIE ty abelell dérivatives dfamitazele athosbsaitohavel dryEABE) of s

described b t t
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for exanple ut t ocurrent oes not cognize its
utility as ionic liquid. In addltlon 1-nmethyli m dazole is effective as a
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pent anet hy| diherd.oxanol e by a factor of 930. 25 Furthernore, it has been
found that the hydrochloride of 1-net hyI i m dazole has a nelting poi nt of
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in contrast ghes Nev PekaAssq. \vent 333gy7). 1-nmethylim dazole - HC forns two
I mm sci blg phases even 30 wth acetone. 1-Methylim dazole can act both as

auxi | i ary base and nucl eophilic catalyst and can be separated from organic
media as |i qﬁﬂlﬂ'lqiiwrﬂaéma@rheéé fwdrfb%lﬁge Bydroghlesidenf2-gthyjpyriding bas aimsHage
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base and cat B¥gleaphilicatalyst ang fan P‘hSWﬁ@ﬁ Sifdomagasicprdia agligdpose at

t enper at pg eshydhostdoridediy rheamesfal simplediqaidiiznil ghse séparatioret ate and formate
of 1-methylimdazole are likewise liquid at roomtenperature. PF 54233
Similarly, it is possible to use all derivatives of pyridine whose salts have an E{(30) of
> 35, preferably > 40, particularly preferably > 42, and have a melting point at which no
significant decomposition of the desired product occurs during the process of
25 separating off the salt as a liquid phase. The polar salts of these pyridines form two
immiscible phases with relatively nonpolar organic media.

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

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

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

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

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

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



-19- Simlar by,ﬂb% is possible to use all derivatives of imdazole whose
salts have an ET( %) of > 35, preferably > 40, particularly preferably >
42, and have a nelting point at which no significant deconposition of the
deS| red product occurs during the processzoof separating off the salt as a
I'i qui d phase. The polar salts of these inmdazoles form as 5 indicated
above, two | amilEry base. El'hssaakem|t;tnssbleamlsepm§atmufnamrmuxﬂuagamasesrasdbmc A

further espegdadd by ﬁégﬁ@éﬁf“ﬁ ﬁtft'.l e, gaets the requirenments of the

present invention is 2-et The use of various pyridines as
auxiliary bases is descri bed in, for exanpl e, DE 198 50 624, but its
utility as i ome salt dfdbe dukibarpbase wbi@gml'asbden separated off filoyn iheli desired pradfictand

derivatives efn b irbstedth &hankBOMHbWRSIo MEERRMBH i the @Al rciver {he fidadnRe
skilled in the err vanced Organlc Chem stry, 3rd Edition,

John Wl ey & dS@’ﬁéa W%&fﬁ“%go% PIIE9es. 334, 347] . 15 Furthernore, it

has been found that the hydrochloride of 2-ethylpyridine has a nelting
poi nt of abomﬁisééﬁberéénmed oA S@iripleS byMtre Bt B%bﬁbfiﬁé%ﬂiilﬁrym‘a%é%ﬁ% (see

above) or ol ve I

Bxi |1 ary badEorah Sﬁu%pgﬂaﬁl*p@m??ﬁ?@@tmﬁmﬁ% NECOs Eﬁﬁ(‘?@a?&éw ofom
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erivatives e [ e >

20, part cul SpEHR Helfod 80 Tﬁ%@‘ﬁﬁ%@@@%ﬁ? bodt ineragd in Biah&) &t Y

si gni fi cant @%é@?ﬁﬁ%@fjﬂﬁdﬂt § Reeparale Rhesgasdlitis raiseiblevith the sglt ohbepr ocess

of 25 separ aitrdigepbase drahe sbiltiGtofahé saltiblthp BRSKyer base, Rahde stphiateddff frbrase
pyr i di negg f O{h@rﬁm V%b{gﬁ‘sﬁ EJUBE S R{L%%Séry"‘&mé hbérglegitdu\ﬁﬁ’laxr ﬂh%@%%h%rsto%qam ¢

medi a. The wa restricted and
can, accordi ?@Paf Qie@ frem the g3k Hf the strapger base pethesefutie obthe ssiof Kk stenger

cont i nuousl ybamattky é)&t«acm with an betradtad. Exaniilesofdatrablantsgre solvents, aicohols or
neutralized/} 8 in the presence or absence of a nucl eophilic catalyst
and in air or er a protective gas atnosphere. In the case of

heat - sensi tive deS| red products, it can be sufficient to allow the salt of
auxi | i ar 90 balf eecasdany the duxiliprydizispicaatbe veeshad sith wditerair iaqdesusigaCloe Nag@0s | on

and to melt g&aut%% & 066 uetnhﬁdwsﬁK.-glre,y%mavéu%famareawéggnm.ih ﬁ'l@%dﬁdﬁ
quantity of the ol i hi's way,

t
the product ?@eoerﬁaw'ﬁfa?ﬂ QoYL Ge A0S 3Y1es SO of Syciohbkand.

if necessary, the base can be distilled before reuse.

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

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

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



The inventiopF%uﬁiper provi des a process for separating the above-descri bed
auxiliary bases or auxiliary bases which are used as nucl eophilic

catal ysts froma reaction mxture by adm xing the reaction m xture with at
| east one nol of acid per nol of PF 54233,.,-20- auxiliary base. This nakes
't possible to separate off such auxiliary bases as ionic |iquids by neans
of aliquid-liquid separation. The salt of the auxiliary base which has

been separ at ; e \.Q a manner
known to tho@% @E?P%’ggg}‘%&ﬁhﬂggk %'ﬁ%d& ?%&B?erﬁﬁ@aﬂgﬁiu%%g?h@nﬁet he | atter
can be ret urPfelpngledifREn gt e danic liapid i r@éﬁgﬁlﬁcaaﬁ'mvel?@ls; for gxargRig S| Eresy of
treati ng thethemhdl dissotibioreafthd petgndetsauxitianhbase, ahd wnget fras and @igliil thdeithic

KOH,  Ca( @) Zjquid driy ﬁﬁerl th@ﬁesiﬁi@l " ct NaghEs, ?]é;% d 8f. SEkhReddrt is al

. o
appropriate 1n a solvepnt suc ter, t , et hano - pr.o anote or
Dy opanol , PRSBIR Sie the 5keH BRaHCIds Mok RBRIDIM B PrRSEOGRG! e dSROTRPIDEY 65
or acetone, awd@iahyi brseznd is Hecdmmasedase. The auxiliary base which has been
liberated in this way can be separated off if it forns a separate phase

r the l.ution

or, if it is,mscible wth the salt qof the straonger base.o

of "the sal t tetping el sbineEsEsd frodlnid Bl 5o R S hatPRRBRB or o

by di sti10 atfindreongditiop®urastarhjch the desiraspradieat canke (distilgd indbe presancd ofdhde
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auxi | i ary badigllipgrihe auxilian dassintthe regsenceref thgdesites meaduct ond RAFI®N  sol uti on

and subsequediétlingdhé adsired oddy. TrsR\bakticafariq AdvarRsgdousWfe@the dedifed: he ai d

of an a?se()t;{r??dc?isdﬁo?td'el:&ﬁbé%g tﬁgh@gtf&ﬁ]@%@ﬁiﬁg ol uene, xyl ene, butanol or

cycl ohexane. necessary, se ca illed before reuse. 25 A
further possible nethod of recirculation is to distill the salt of the
auxiliary b&are samepgrindple darc alsp be @nloyiel evhenl thy protérated formtofitHe augiliary
conponent s, ficB.i : ' | -0l ki-ng
component - of This L A¢ &5 PARGRENS iholfad bAPRRTLAM e IRGHBRAAIIGD
remai ns in t3% REPIRIREC agiemethaneshitoniciagid, triflugromethanasyifonic aeid, tgkener boi | er
or the Mogh dufohieracid| aceticiasidmayformioacidxtngalitevithlarbautxjliarynbabtezs ueed as ivaice can
?e b feFa;nQBQHUPMn Qg@%c%tio'rr;]@ﬁ\h QBvaritdde SrARTHCNGEhE prdtBRated 38K b38¢ forms a

- Uyt Eh%qgldeph(asg duﬁng the reaction. The catalytic effect of the protonated auxiliary base
can be stopped at any time by addition of a strong base.

25 In a further preferred embodiment, an acid catalyst is neutralized by chemical reaction
with an auxiliary base which forms a liquid salt with the acid catalyst used, so that the
catalyst which has been deactivated in this way can be separated off in a simple liquid-
liquid separation.

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

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

40



product), as f%ﬁﬁgi bed in EP-A 181 078. A preferred enbodi ment conpri ses
distilling or the desired product froma reaction 35 mxture in the
presence of the protonated formof the auxiliary base and subsequently,
after the desired product has been |argely, renoved, setting the auxiliary
base free by neans of a strong base and'isﬁubsequently distilling the free
auxi | i ary baAeurifiédkbaseasini then baredronlatedan tHecprobessat adytilneof a chemi cal
reaction or a streamfroma distillation or rectification, for exanple an
azeotropic njixture which has been adm xed w an ionic 40 |liquid as
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in the presepfferfid ;sﬂb%Pﬁé:ﬁ%tiéﬁwhieﬁ chiBe camisl louBiidinddMeradbsics tHtasasased.
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a reaction. An advdntage of this is that the proton auxiliary base
fornms a quuidqumﬁ’ge_during the reaction. The cat}I ic effect of the
protonat ed auxiltaryFRoase can be stopped at any g1 nEgby addition of a
strong base. 25 In a further preferred enbodi nent, an acid catalyst is
neutralized pbsgiigdikeakrsi=eaction w th an auxi | prasghiiaestershi ch forns a
liquid salt pHdsphititee aci d catal yst used, so that the
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cat al yst whi pp )983been deactivated in this way can be separated off in a
sinple liquid- 1rquid separation. 30 O course, the distillation of an
ionic liquid can also be carried out in the absence of the desired
product, for exanple by distilling the i géc liquid froma phase separation
or a liquid-liquid extraction. In this ¢C the ionic liquid, i.e. the
auxiliary base in PRotonated form can also contain a ppRpertion of

desi red product or p033|bly solvent, in general |ess thhaf%b96by wei ght in
each case, pre&g? Iess t han 5@6by wei ght each, BEcgartlcularly
preferably |es han B% by wei ght each. In this caseX%esi®Bd product and
residual solvent can firstly be renoved fromthe ionic liquid, for exanple
by vacuum distillation or stripping with an inert S nitrogen,

and the auxi PY%&P ’ﬂ§§§m65h subsequent |y be set freeggwﬁﬁggﬂg of a strong
base and pur PF9SBY®By distillation or rectification. 40 PF 54233 -22- A
purified base can then be recirculated to the process at any tine. It can
al so be advant ageous to use the protonated formof the auxiliary base as
solvent for organic reactions. After the reaction products have been
separated off, the auxiliary 5 base can be recovered by setting it free by
nmeans of a strong ba®R and distilling it and be reC|rcuIa z as descri bed
above. Preferred phoéphorylatlons whi ch can be carried ou nfﬁng t he
process of the prggént_ invention are reactions in mhlcth \gphorus
conpounds, for exanplexphosphlnes 10 phosphinic esters, phosphinous esters
(phosphi nites), phosphonic esters, phosphonic halides, phosphonam des,
phosphonous esters (phosphorites), phosphonous am des, phosphonous

hal i des, phosphoesphcnoes estershaligegsosphori ¢ di est erpheaphiodie sstepiatidgshori ¢ di est er
am des, phosptoaingieest er di hal i des, phosphori coreumides di am des, phosphor ous
esters (phosphites), phosphorous diester halides, phosphorous diester

am des, 15 phosphorous ester dihalides or phosphorous ester_diam des, are
formed and an acid omhich forns a salt as descri bed abovecgigﬁ t he
auxiliary base is elinmnated. OR | RAP\R'

. /P .
RO™ Ro” “x
phosphorous diester halides phOSp_horic diester halides
or amides or amides
OR
! OR 7
e P\ . | /
X X PO
X X

hosphoric ester dihalide
phosphorous ester dihalide gr digmides

5  or diamides

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

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

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

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

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

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



phosphi nous BRisA283 = phosphinites OR | ROB P\ RR IORRZ P~ RO \R
phosphonous esters = phosphonic esters phosphonites PF 54233 -23 OR , /
RO\OR g Z / RO OR phosphorous esters = phosphites OR R/ P\ X phosphoric
esters phosphonous ester halides phospho_n.‘i,é:_ ester halides or am des or
amdes OR RO XO I, Z P/ RO\X

diphosphites
(RO)R'O)P-O-Z-O-P(OR")OR"™) (formula I},
diphosphonites
(RO)R'P-0-Z-0-PR"(OR™) (formuta 11},

10  diphosphinites
(R)(R')P-O-Z-O-P(R")R™") (formula IV),
phosphite-phosphonites

15
(ROYR'O)P-0O-Z-O-P(OR")(R™) (formula V),
phosphite-phosphinites

20 (RO)R’O)P-O-Z-O-P(R")(R™) (formula V1),
phosphonite-phosphinites
(RYR'O)P-0O-Z-O-P(R"}R™"} (formula Vi),

25
Where R, R’, R"” and R"™ can be any organic radicals and Z can be any divalent bridge.

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

30 20 carbon atoms, e.g. C,-Cig-alkyl, C2-Cig-alkyl which may be interrupted by one or
more oxygen and/or sulfur atoms and/or one or more substituted or unsubstituted imino
groups, C»-Cig-alkenyl, Cg-Cqz-aryl, Cs-Ci2-cycloalkyl or a five- to six-membered,
oxygen-, nitrogen- and/or sulfur-containing heterocycle, where the radicals mentioned
may each be substituted by aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or

35 hetercycles.

The compounds mentioned can each be symmetrically or unsymmetrically substituted.

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



phosphor ous ﬁi:%gkgj halides or amdes OR | / P\ X X phosphorous ester
dihalide 5 or diam des phosphoric diester halides or amdes ORz \ X/
Px. phosphoric ester dihalide or diamdes In these fornulae, R, Rand R’
are any radicals, X and X are halides or,g pseudohal i des, for exanple F,
a, Br, I, CN, OCN or SCN, or unsubstituted, nonosubstituted or

di substituted am no groups and Z is oxygen, sulfur or an 10 unsubstituted
or nonosubstituted nj:t(xqg@()(zﬂsﬂmﬁ}qﬁyhegﬁ”ﬁan be phosphorus conpounds which
contain one or nore, for exanple two, three or four, preferably two or
three, particularly preferably two, phosphorus atons. In such conpounds,
t he phosphorwbergt ons are typically joined by a bridge. 15 Such bridged
conpoundss havi ng two phosphorus atons can be, for exanple: PF 54233 -24-

B S A S o

(R (R)P-OZb@dp(R)(R"') (fornula 1V),

R’, R% R R' are, independently of one another, identical or different organic radicals.

10
Phosphorus compounds having two phosphorus atoms are, for example, compounds
of the formula (IX)
11 11
R -X \ Vg
/P-X13-Y-X23-P (1X)
R12-X12 22 22
X7-R
15

where

XM, X2, X3, X?', X%, X® are each, independently of one another, oxygen, sulfur, NR'°
or a single bond,

20
R', R are, independently of one another, identical or different, individual or bridged
organic radicals,

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

Y is a bridging group.

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

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

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



phosphi t e- phpgpegstes 15 (RO(ROQP-OZ-OP(OR')(R'") (fornula V),
phosphi t e- phosphinites 20 (RO(ROP-OGZ-OP(R')(R'"") (forrmula V),
phosphoni t e- phosphinites (R(ROP-OZ-OP(R")(R"") (formula VIl), 25
Were R R, R'" and R'" can be any organ_ifs_radi cals and Z can be any
di val ent bridge. For exanple, the organic radicals can each be,

I ndependently of one another, a linear or branched, substituted or
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or a fives tgestiMcdBA®UMAsLIfonSteY SR8 alkyRuli6RAEN hyditl, 20, Dby digst ai ni ng
het er ocycl e, wher, st1tut Ef‘d by aryl,

the radicals nentioned my each be su

o kyl o A y1 o RYHOUSTRRR s, ST B DSBS Ssoa oy Ay R OB LB 0t
ment i oned casthesss RPFbend ynomodentatel bigentate anshpolystentate: Phgspbinies phesphindte,
PPOSQBO[ us gawaﬁﬁevf"ﬁ/iﬁ% ﬁigﬁg?mgm?%sugumﬁ%?@,c%%@%%@?: e, Wtc]ormognds
o e fornmula . ' ere
%5 X1, o, Rentmentath biubnkle ok ondenials R artcRRiark i Rembl FuldT o © Reao
or a singbe suitabie prosphrerusontaRingligands awe fasedampley thefphogehiagdihesphinite
i dentical or afd phesphné li§ariRHeScrhlddi sbalé as bHordRsphor us conpounds having two
phosphorus atons are, for exanple, compounds of the formula (IX) 11-X 11

The metal is preferably a metal of transition group VI, particularly preferably cobalt,

rhodium, ruthenium, paliadium or nickel in any oxidation state. If the catalysts

15  according to the present invention are used for hydrocyanation, the metal is a metal of

transition group VIII, in particular nickel.

If nickel is used, it can be present in various oxidation states, e.g. 0, +1, +2, +3.
Preference is given to nickel(0) and nickel{+2), in particular nickel(0).

20
In the case of hydroformylation catalysts, catalytically active species are generally
formed under hydroformylation conditions from the catalysts or catalyst precursors
used in each case.

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

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

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

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

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



R1 21 P-X g ¥4%33" . RL2-X12/ 15 where x- -R X22-R22 X11, X12, X13,

X21, X22, X23 are each, independently of one another, oxygen, sulfur, NR1O
or a single bond, 20 R11, R12 are, independently of one another, identical
or different, indi vidual or bridged orgapjc radicals, R21, R22 are,
i'ndependent |y of one another, identical OF different, individual or bridged
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car boxyl at eSsaiﬁsé@t@éﬂﬁ@@ﬁﬁ% caibe Somsieradiyesimpiibaal kyl sul fonates, hydri de,
CO, olefins, dienes, cycloolefines, nitrites, N containing heter ocycl es,

aronmmtics and heteroarorratlcs et hers PF3 and nonodent at e, bi dentate and
pol ydent at e @rgmpniphgwhmﬂg&poﬁ the farmula Il and catalyst systems in which such

organodiphosphonites are present are known, for example from WO 99/64155. To
15  prepare such organodiphosphonites of the formula Ill, WO 98/64155 describes the
reaction of R'PCl, with one mol of ROH and subsequent reaction of the (RO)R'PCI
obtained with half a mol, based on one mol of (RO)R'PCI, of a compound HO-Z-OH at
from 40 to about 200°C. In this reaction, the elimination of the hydrogen halide in the
first step preferably occurs purely thermally. In addition, both steps should be carried
20 outin the presence of a base.

For the purposes of the present invention, the processes known from the prior art, e.g.
that known from WO 99/64155, are carried out analogously for preparing the
abovementioned phosphorus compounds, except that, according to the present

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

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

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



phosphoni te gp@apgpsphite |igands. These further Iigands can |ikew se be
nonodent at e, b| dentate or polydentate and can coordinate to the netal.
Further 10 suitabl e phosphorus-containing |igands are, for exanple, the
phosphi ne, phosphinite and phosphite |igands described above as prior art.
The netal is preferably a netal of transition group VIII, particularly
preferably cmobatinto onbodmone of thedeestraams qrele intloduTed into ttté<rehctidm &y

oxi dat i on st gichratb burbdit i Bcllofibtndss ARaRil I0aibOpblIBI ARENNY leByent on are

used for hydr anat transition VIIT, in
par ti cul ar nRBIEIED. ok ok @iy Baseiont et e seAcia EXke PUBesS prRRparatng

oxi dati on steftthe,aced.g. 0, +1, +2, +3. Preference is given to nickel (0) and
ni ckel (+2, i n part i cul ar ni ckel (0) 20 In the case of hydrofornylation

Py of or ny! ol POAPUBHATBIAS of 8 eoMREs Capemoulineg e I mo FBFieE AR ractedys e
i n each casewitte8nd-anothér undeurgactien cqndéices emich lead tgi reactionf the stgrtiogbal t
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ot epar at | on TR AE se and My desod pRifbers St ket i Borct Bentghgt in
expensi vel tBe predestiext.particularly true since the catal yst systens are

gradual | y deconposed during use and thus have to be di scharged and
repl aced by fresh cata

aring .the phosphor us ounds
o ehed oo s g fatl Sl st S ontidb e il Byl 8P BSHSe
3,903, 120, Lmnweazwe@aerajsramsirowwcag 203"(6 whiie thspressige s a@s:nﬁqea us
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Prannl o 1§ raesphe Atiesed Tor eI a1t 7o 3k brosplenhir i 2 mbafro |
nmonoal cohol ¥ bagpantigulaiy prefergply from $0 anesr tocbartanddn eaﬁp@amﬂorﬁdﬁo tebarde| at ed
fmd{3 or purif{geabyrhenesidedde tﬁﬂ@&ﬁhef&actmmwd@,m thebreabiyr Garsbe frbmitd e, p_rlt ﬁr
0 ein re |
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are to be obod Igaser exigst, é’@dh%ﬁfeéﬁ@@ E@P“Qqﬁe d| ester can be reacted in a
single- 20

In the case of a continuous reaction at a temperature which is sufficiently high for the

reaction, preference is given to selecting a short residence time, i.e. from a few

seconds to about 2 hours, preferably from 1 second to 2 hours, particularly preferably

from 1 second to 1 hour, very particularly preferably from 1 second to 30 minutes, in
25 particular from 1 second to 15 minutes and most preferably from 1 second to

5 minutes.

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

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

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

In such an embodiment, the replacement of substituents on the phosphorus atoms is
suppressed, so that it is possible to prepare compounds having a plurality of
phosphorus atoms, for example compounds of the formula (I1X), and phosphorus



stage reacti pp @gh&? one equival ent of the diol. O herw se, one equival ent

of the diester I'S firstly reacted with one equival ent of the diol and,

after formation of the nonocondensation product, a second diol is added
and reacted further to formthe phosphor conpound. The acid liberated in
the reaction can, according to the present invention, be 10 neutralized by
meanﬁ of ﬁnec@:ﬁpémﬂsa:hoMgnﬁned sutsstituentsi Toiraxmﬁa&empbondmfrthafdrmqlai(G}‘Ill)sal t,
so that the ' 7 Lgern ' ' jtes
of the for wﬁéﬁ'ﬁp@?éarﬁ]dr ca{lgﬁy?r%%bﬁgﬁgu '?/dne$ \'Rﬁ% %hﬁiﬁgﬂk%?ggﬁgwhﬁﬁé{gﬁm tes
are present 8yRstikyestson 'IhSIphéﬁlm%‘l’%mpwmbg@ﬂ@¥§W9W§SﬁreﬁP'éB§re such

or ganodi phosphailibraten.of the forrmula 11, W 99/64155 descri bes the

reaction pf R PCI2 with one nol of ROH and subsequent reaction of the
(ROR PCl™ obtained with half a |, .based on one nol of R PCl, of a
Cormpound. HO. SOpHMAING Pt 8 SRS e HInG1 0 (aciom i oM By Siing Apumbed

el i m nati on oifculdtieniydugiystatib alixedeor mozzles. first step preferably occurs
purely thermally. In addition, both steps should be carried 20 out in the
presence of base. For the puyrposes of, the present invention,.the
processes kn eafﬁ“ﬁ[ﬁn'fﬁé’oﬁ?‘f’grmﬁ?? appargtuses known.bef\ 3% 1 ARR"SD %ﬁegﬂg-@ are
carried o0t araboemamply oheor poepcascaded steredtbukscordube waethroHwitts piternals
conmpounds, e : i i ' i i ,Hq {liary
base as desc?ﬁ@gtie% O%Lhﬁ'ﬁgg%gmgﬁgﬁ? E%@?ria%g?g{hgéﬂ gé?%w?gw g%gg?gte rom
the reacti onPHi"R¥ure by neans of the auxiliary base, with the auxiliary
base and the acid form ng, as nentioned above, a salt which is liquid at

éeﬁper at ur 6‘3 Thé‘butﬂ?ih fomitherdabes i!:t‘&fsﬁéd fcpétﬁ)_ @;bl:lyﬂafth§ irLWIﬁich? bBaddsi femmsd during

eco oS rin e roces 0] separ | 0 u . e

cal e by The HinrPreioReeB sBa8REs 1o s B AR PRlE SampIE hrsh e%;%ﬁéi%%*%ﬂ the
phosphor us csetieianpatus.He thisapparatds dhe pheseptpmpsisinguedaiRpothnanic fiawd is

sui t albl e E ol ¥giratet frofihe ][p?ﬂaf;e bdsmpmsﬁl giaab?maﬁwm uRdiedRiCliONAGJaeTat af O
exa e, e re [.e 1.0 . rel.n I . ah
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, suspensions of e
sol vent, m xeelventican beaddadthascelanate poasr8eRasHI0 o chi onetric ratios. |t
can be ugsgeful to divide the starting materials into one or nore

conposi t ' ons,l-hé aﬁxilia %3%85!? a§f[d|'e§md a%Bvé,rb%treI:mréc?ﬁSﬁ\itQ@pﬁ%%Sccrﬂrﬂ}risﬁ@ke
place prior to nrxing. The duxilrary
predominantly ionic liquid.

The desired reaction product can be isolated from the phase in which it is present

25  and/or purified by methods known per se, for example by distillation, rectification,
extraction, fractional or simple crystallization, membrane separation processes,
chromatography or combinations thereof.

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

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

35

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

40  known or can readily be deduced.



40 base whi cp%gggi_prdi ng to the present invention, fornms a liquid salt with
the acid can 54233 -28- mxed into one or nore of these streans or be
introduced into the reaction as a separate streamin addition to these
streans. It is also possible, although Ig;@s preferred, to add the
auxiliary base only after the reaction fof the purpose of separating off
the acid. 5 The starting materials or the conpositions nentioned are fed
into a react : | r ' . | 1]

wni oh 1 ead t 0% SAnDERLTA i dfhePitf SO Sl SR mdSPEd R RFP RSBy o
reaction conf dipgedirstisnersad in ﬁesoémeag Howgveni ieefl use aleipessible ieuseali r ed
product s andeasteonizddfend sdrting nhdierils a®solst nmentioned in 10 the present
text. The. reaction can be carried out continuously, sem continuously or

bat chwi se. The tenperature generally ranges from40C to 200C, while the
pressure is Hhieyare adsied with@saivent t%/%sqwtp%mm"yiwém $Ush afrRMeuH that

fs ubat nos ﬁge r the mistupeis diiia stoh exarmple as hSsolition opHispesionr TRscal eondentratorangfl e
rom 10 ar . 8 nar.ti y

pr et er ably. 1415 i Raterils5EALh the foRaufi @ cplfion o AehersBRicke FrT Y,

: R . \
bar. The resy’FehyavaighterreferatiaironJOite SA%hyveiolt particyarly igfarably &9 410 r om
a few serondlssbe weight ahe veyfpaninutsiy pnefeddlydruts 50 to 90/ byemsghton t enperature
and, generally to a |lesser extent, on the pressure applied. 20 In the case
of a continuQus reactj at te rature which is sufficiently high for
the reactio ?mB?‘é'fdér(gﬁGQaY% i@%ﬁﬁ?o sel ecting a short residence tine,
i.e. froma few seconds to about 2 hours, preferably from1l second to 2

hours, particularly preferably pf(y(qﬂg]. FRELOARSL oyour, very particularly
preferablle%/ from1l second to 30 mnutées, 1'n 25 pasticul ar from1l second to

15 m nut and nost preferably from1l second to 5 mnutes. In a
parti cul ar| yFqrteé pumpesesofitbel prasent invendioprtbe gaompownd (Ml )trhay bd o sjialer us

compounds,  Rirfddin@Rl ¥ rRIQIEROUNERIoB¥bMBouhdR ok frid! dboveiRbniRiHRBRGMUKS_at ons,
particul arly conmpounds 30 having 2 or and very particularly preferably 2

phosphorus atons, fromthe respective starting materials is carried out
cont i nuous| yAetordingtn the @resent deentiopr X, &F 2% are gachy independently of one another,

20  oxygen, sulfur, NR'™ or a single bond.

R is hydrogen or an organic radical having 1 — 10 carbon atoms, preferably hydrogen,
phenyl or C4-C,-alkyl, which for the purposes of the present text refers to methyl, ethyt,
isopropyl, n-propyl, n-butyl, isobutyl, sec-butyl| or fert-butyl.

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

If two of the groups X', X2 and X® are single bonds and one is oxygen, the compound
30 (V) is a phosphinite of the formula P(OR"}R®)(R®) or P(R"){OR®)(R®) or
P(R7)(R®)(OR®) where R, R® and R? are as defined in the present description.

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

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

40



tenperature ppayosghe melting point of the salt of the respective auxiliary
base with the acid liberated and up to 130C, at a residence tinme of |ess
than 1 hour, preferably less than 30 mnutes, particularly preferably |ess
than 15 mi nutes, very particularly 35 prg’_ie_rably from1l second to 5
mnutes, in particular from1l second to I' mnute and nost preferably from
1 to 30 secoAdsording tsthelprasentinvediione &, R, RE ares jridependsttly of oselbsdthenient s on
t he phosphor yenadLH BB dikSrend gm{ﬁ&ﬁﬁa'sso that it is possible to prepare
conpounds having a p?ur al |?‘$’ 0 phosphorus atonms, for exanple conpounds of
the formula (1X), and phosphorus PF 54233 -29- conpounds havi ng m xed

subst i t uent sR’ fRfraneb@ipbye be dngependantlyfof the ahothet lalky( Mddicals, atwantagsiofi§ler ent

radical s RV, o radidaighalifg el 1 465 B ¥ gkindi CuRpH-pbylid iy n he
substituents_on tE‘E ﬁh%sgﬂ 3r Ufy at qrrl at ons _bei g LeﬁfCh rl'ﬁedtalsl a,resu of
equi | i brat i oRUYs -eyltylyShuldl. iUk aryl grepsshel A8 #neR ’ich'E? HE P EaBT?YN, for
exanpl e by spifiuoiopheny, Hoagdyl, Zhaghihy: drdrydedeathyl adeaniageousiytydecerbyl
nozzles. As h&dasd #6f 1 tol20 GarlstsatbRs Se 501, ¥SBipRetRArMaY IkfphiHdRWN per se to a
person skilled in the 10 art, for exanple one or nore cascaded stirred
tanks or tube reactors with internal and/or external heating facilities and
pref erablly j &be goups & rBamd)R%cmbeJ@mpit@nngﬁmthgr difagthpd.e. mplonduyipthe f r om
the reactor géntRRpE&ShhbRisHIOMPPR FEféfret thatMCirolPERE R e hre wbt pfhed15 the

reacti on can_separ fr one anot her, for exanple a phase separator or a
m xer settlepﬁ%@gﬁéﬁ%gnaﬁﬁ‘t hi s apparatus, the phase conprising

predom nantly ionic liquid is separated fromthe phase conpri sing
pr leflom;C nant | jh 4 buleé_fami érﬁb‘bdilﬁ_éﬁt};] theryresoRG R® ahd ®® _nzia@fﬂlb?fadicurs%eﬁctWﬂ'dih ltl'tehe
salt o e Ve i d. necessary, sol vent
can be atélgd]eda'téébé:é@ge'%ér&gcﬁg’hghﬂb%wsﬁ’gb@%ggliéorﬁj.d_{f The auxiliary b)altse can, as
descri bed above, be recovered fromthe phase conprising predom nantly
i oni ¢ |i qui din dpartidéaily prefereaiaimbalirmentdust tmara tharetwiosss e grdups BMR*endRfase
in which it ps ﬁeﬁiﬁé}Bup@S and/or purified by nethods known per se, for

tT on

exanpl e by drsti , rectification,
20  In another preferred embodiment, not more than two of the groups R, R® and R® are o-
tolyl groups.

As particularly preferred compounds {VII1), it is possible to use compounds of the

formula

25
(o-tolyl-O-)(m-tolyl-O-),(p-tolyl-O-),(phenyl-O-),P
where w, X, y, Z are each a natural number,
wherew + x+y+z=3 and

30

w, 2 are each less than or equal to 2,

e.g. (p-tolyl-O-)(phenyl),P, (m-tolyl-O-)(phenyl).P, (o-tolyl-O-)}{phenyl).P,
(p-tolyl-O-)(phenyl)P, (m-tolyl-O-);(phenyl}P, (o-tolyl-O-)(phenyl}P,

35  {m-tolyl-O-)(p-tolyl-O-}phenyl)P, (o-tolyl-O-)}p-tolyl-O-){(phenyl)P,
(o-tolyl-O-)(m-tolyl-O-){phenyl)P, (p-tolyl-O-}sP, (m-tolyl-O-){p-tolyl-O-).P,
(o-tolyl-O-)(p-tolyl-O-),P, (m-tolyl-O-)(p-toly!-O-)P, (o-tolyi-O-)a(p-tolyl-O-)P,
(o-tolyl-O-)(m-tolyl-O-)(p-tolyl-O-)P, (m-tolyl-O-)sP,
(o-tolyl-O-)(m-tolyl-O-),P{o-tolyl-O-)(m-tolyl-O-)P or mixtures of such compounds.

40



extraction, pﬁ nal or sinple crystallization, nenbrane separation
processes, rona ography or conbi nations thereof. The solvents used in
the reaction can be the solvents |isted above. 30 The auxiliary base used
in the reaction is generally used in a stgjchionetric anount, based on the
amount of acid expected, or a slight exce¥s, for exanple from 100 to 200

nol % based oMiitives 2omprising,ffoaexathpx eetolytiO- )P g fretobOy).(p-om-00f, t 0 150 nol %

and particul gl I i erials
for prepari ngﬁ t%g%gépetﬁgpby ﬁ%ﬂ%&%@ﬁd) ?»%Enge o%{au%ﬁﬂ %ﬁaéﬁ&i{ & d“:%txgm{ah
skilled in tRYMBASNGM-EEsP! Pﬁﬁarqf?s%é" BB'E"&P AEW BPORREHA %gﬂhaaés %Fﬁamﬁﬁié‘
nment i oned, fthefmcﬂmpﬂld;stullatlmmpptroleumawlth aphosphoad trihalidecsuph @as phbsphexds The
st oi chi ongtrt(rﬁ.hfoﬁ&éos in which the starting naterials are to be reacted are
| i kewi se 40 known or can readily be deduced. PF 54233 -30. The starting
materials are preferably used as liquids or nelts, and for this purpose may
be di ssol vedSoch corspamsledVillhand ﬁmir\menaraﬁmwmémowhpeise.of course al so
possible to use at |east sone of the starting materials as solids. 5 If

they are ad xed W‘i@? soI the solvent is generally used in such an
anount t hat PW@OHT @eha\"g M2 ¢ or exanpl e as a sol ution or

di spersi 6. Typi cal concentrati ons of the starting materials based on the
total anmount of solution thperm on are from5 to 95% by wei ght,

preferably from 10 to 90% by wei ght, particulk&R?y preferably from25 to 10
90% by wei ght and very particulagly preferably from50 to 90% by weight. 15
Conpounds (M I 1) have the fornml g R ®p) (X2R8) (X3R9) (Y1 11). For the
pur poses of the present |n\£en2t)/tfn, t he col’\pound (VIT'1) may be a single
conmpound or a m xture of Rar Gus conpounds )gf tzhe abovenenti oned formul a.
According to the present invention, X1, X2, X§ are each, independently of
one anot her, 20 oxygen, sulfur, NRL or a single bond.

where

15 X", X2, X, X#', X2, X® are each, independently of one another, oxygen, sulfur, NR'
or a single bond,

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

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

25

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

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

in another preferred embodiment, X' and X' are oxygen and X'* is a singie bond or
X' and X" are oxygen and X'? is a single bond, so that the phosphorus atom
surrounded by X'!, X'? and X™ is the central atom of a phosphonite. In such a case,
X', X% and X can be oxygen or X2' and X% are oxygen and XZ is a single bond or
35 X% and X2 are oxygen and X% is a single bond or X® is oxygen and X?' and X% are



R10 is hydroggnggagaan organic radical having 1 - 10 carbon atomns,
preferably hydrogen, phenyl or Cl-C4-al kyl, which for the purposes of the
present text refers to nmethyl, ethyl, isopropyl, n-propyl, n-butyl,

I sobutyl, sec-butyl or tert-butyl. 25 If | the groups X, X2 and X3 are
singl e bonds, the conpound (VI11) is a phtSphine of the fornula P(R RS
R9), where ReéactR8 singik lRhdeorex?his atgfémarnt! XB ahbé(zbaressanh ad@rape boid omx?' | X# t wo

of the group 23 Eli?al':']iﬁlib t e
conmpound 30%$|%(/|x %@@::ﬁ;% ﬁ?rﬁj' tegltot fs ﬁ%reﬁmﬁ 3

P(R7) (OR8) ( RPN 'PRBSP&&QB' whaﬂah' "%n the
pr esent descprqienablyaﬂaﬁosphmltef the groups X, X2 and X3 is a single bond
and two age oxygen, the conpound (VIIIl) is a phosphonite of the formula

P( ORT) ( ORS 7 135F>OR7 where R7, R8 and
RO ar & o ol WaRdhen e CELDAMANLSL? I B oA Re et ePIekReB AuiE Bt
al | of the gookpds Bxygerandrkl? 23 XPareracrea singte bidndt sa that theqiospimtug Mohi ) i s
advant ageoustrréhrEi&G%?b(“ fx‘%na ke i meméhﬁaﬁ(taﬁmgﬁééérﬁﬁ@ In sOMRE] EasB! x2'R8

d RO f , PE 54
A e e, aatigld R Lot B ot 30l 5 Sk g 52 S5 238 S-5indle bend g
anot her, 10i déﬁ‘tls oaygesvandi X¥ ane X¢* are gaoh o singtti baridsor X237 XZRanca# aRe eattya be,
Irggleggrgeﬂg L}sm gle KM, S61Hab e phdkidrug a@htélrfoundsy ka RQ%H»(zslsﬁhg)régntral
ooyt oY b of pvosabffw%g@m'fey?f PrOSng i Prefafply %Pmﬁ% Maen o ohony!

o-tolyl, mtol yl, p-tolyl, p-fluorophenyl, 1-naphthyl, 2-naphthyl, or
hydrocar byl |raémm @I@Héél )énmﬁdhmwylx” Qﬁd/x%ré bach dsh |e%n@a§$>%t fHeO1Ts,

e. 1,1 bi t hol w11
Solned’ 145 onBhg E‘PH& ag&f{) niff S5 e B e St s
atom It is pYeTafFasl Jcan pe orygenrs XEn K RandhiX8 ane eaghoa sisgle bond,

directly to e@maamwsphdmsatdm eliredurdd epheYixfeard X ethaceHPa 4tfm oR8 and

o-tol vl mt BroraadF e, B%éﬂggﬁcﬁf'ﬁé’f’ycgr“; crred embodi ment, not
nore t han t vvo of the groups R7, Re and RO are phenyl groups.
20  The bridging group Y is advantageously an aryl group, preferably one having from 6 to
20 carbon atoms in the aromatic system, which may be unsubstituted or substituted, for
example by C4-C;-alkyl, halogen, such as fluorine, chlorine, bromine, halogenated
alkyl, such as trifluoromethyl, aryl, such as phenyl. Particularly preferred examples of
bridging groups Y are pyrocatechol, bis(phenol) or bis(naphthol).
25
The radicals R'" and R'? can be, independently of one another, identical or different
organic radicals. Advantageous radicals R'" and R' are aryl radicals, preferably those
having from 6 to 10 carbon atoms, which may be unsubstituted or monosubstituted or
polysubstituted, in particular by C4-Cy4-alkyl, halogen, such as fluorine, chlorine,
30 bromine, halogenated alkyl, such as trifluoromethyl, aryt, such as phenyl, or
unsubstituted aryl groups.

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

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

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



20 I'n anotheppgng rred enbodi nent, not nore than two of the groups R, R8
and RO are o- t groups. As particularly preferred conmpounds (MII1), it

i s possible to use conmpounds of the fornula 25
(o-tolyl-O)",(mtolyl-O)x(p-toiyl-0)y( enyl O),P wherew X, y, z are
each a natural nunber, where w+ x + vy + 3 and 30 w, z are each | ess

t han or equal to 2, e.g. (p-tolyl- C))(phenyI)ZP (mtolyl-0O)(phenyl) 2P,

-tolyl - tolyl - O ) 2(phenyl )P,
(001 ) GREPINACEY ariy® Bk bs RGIEBa, (1 oLyl 0 ) 2(pheny)
(o-tolyl- O)(p tolyl-0O) (phenyl)P, (o- tonI O)(mtolyl-0O)(phenyl)P,
(p-tolyl - O) IRe r4ddiedioRY/| RG. RPmm?ﬁ lcaDal B jndividual, dvy lca®bg bpidyed sihd o) 2P,

(ortol y1- 6 ) Rl afbcari pRgeaPnp thdinfs bbbt

(o-tolyl- O)(mtol yI O)2P(o-tolyl-O)2(Mtolyl-O)P or m xtures of such
conpounds. A4Uh&kllbwRig3parfitulaly prefered exnbydiments i, thé atatek sogpleare expressly

(mtolyl -0 ) BRoroMat @byl'efg?’e)'ngémﬁfﬁle?reégnlgscl &gpet ol yl - O-) (p-tolyl-O) 2P and
(p-tolyl-0O)3P can be obtained by reaction o a mxture conprising

m cresol and p-cresol, in particular in a nolar ratio of 2:1, as is
obt ai ned19n Irtmparlticmaltlv prefdrredi esobddimaentothe cbmpetindd mentjonadtimUS TG0 irus

trihalide 5U5£H|é‘§la|ptlﬁe§é’39§dﬁ§ed ) écﬂdrﬁrh‘que% to%éﬁ%&@%@%%d(uyidé ) and
their preparatio are kn (ta Conpounds (1 X) have the fornul a
R11- X' X21- RBHAMRKSS: PBMR 'gtmﬁglgera ion.!

In a particularly preferred embodiment, the compounds mentioned in US 6,127,567, in

15  particutar the compounds used in column 2, line 23 to column 6, line 35, in the
formulae I, II, I, 1V, V, VI, VII, VIIl and X and in examples 1 to 29, come into
consideration.

In a particularly preferred embodiment, the compounds mentioned in US 6,171,896, in

20  particular the compounds used in column 2, line 25 to column 6, line 39, in the
formulae |, 1, 1ll, IV, V, VI, VII, Vill and IX and in examples 1 to 29, come into
consideration.

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

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

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

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



R12-X12/ ; wherga¥g2- R22 15 X1', X12, X13, X21, X22, X23 are each,

i ndependent | y of one anot her, oxygen, sul fur, NRL1O or a single bond, R',

Ri g are, independently of one another, ident i cal or different, individual

or bridged organic radicals, 20 R21, R2; i ndependent | y of one

anot her, identical or different, individua or bridged organic radicals, Y
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15
In a particularly preferred embodiment, the compounds of the formulae [, II, lli, IV, V,
VI, VI, VI 1X, X, X1, X1, X1l and XIV mentioned in US 5,981,772, in particular the
compounds used there in examples 1 to 66, come intc consideration.

20 In a particularly preferred embodiment, the compounds of the formulae |, II, I, IV, V,

VI, VI, Vill, IX and X mentioned in US 6,020,516, in particular the compounds used
there in examples 1 to 33, come into consideration.

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

fn a particularly preferred embodiment, the compounds of the formutae I, Il and |l
mentioned in US 5,847,191 come into consideration.

30 In a particularly preferred embodiment, the compounds mentioned in US 5,523,453, in
particular the compounds shown there in the formulae 1,2, 3,4,5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20 and 21, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in WO 01/14392,
35 preferably the compounds shown there in the formulae V, VI, VI, VIII, IX, X, XI, XIt,
XL, X1V, XV, XVI, XViI, XXI, XXII, XXIli, come into consideration.

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



X22 and X23 oxygen or X23 is oxygen and X21 and X22 are each a
single bond or 1 21 is oxygen and X22 and X23 are each a single bond or
X21, X22 and X23 are each a single bond, so that the phosphorus atom
surrounded by X21, X22 and X23 is the cen% al atomof a phosphite,
phosphinite or phosphine, preferably a phOsphinite. In another preferred
enbodi ment, X a pAii2ulary piéféred embadifment, Hen@impobntddmetioriedan WD Q9/18583,

hosphor us at,Qu; ﬁér%‘?ﬁjp . fﬁﬁ% y r tom of a
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di f f erent!0 opgtent applicatiordPis 1003037 tcageonte qoasideration.R11 and R12 are aryl
radicals, preferably those having from6 to 10 carbon atonms, which nay be

unsubstituted or_nponosubstitufed or. olysubstituted, . in partigular by
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al kyl , such astent appligatiasié (P46026omedinioicoasidptaéian. , or unsubstituted
aryl groups. The radicals R21 and R22 can be, independently of one another,
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2 can be individual or
bridged. PF 54233 34 The radicals R21 and R22 can be individual or bridged.
The radi eal sIf¥ pafitdariyBrefarad dfalsodiraantathe domponnds/indnidnedtinthec@ermizm bri dged

and two patent application number DE 10150281.8 filed on October 12, 2001, in particular the
compounds mentioned in the submitted text on page 1, line 36 to page 5, line 45, come
into consideration.

25 In a particularly preferred embodiment, the compounds mentioned in the German
patent application number DE 10150285.0 filed on October 12, 2001, in particular the
compounds mentioned in the submitted text on page 1, line 35 to page 5, line 37, come
into consideration.

30 In a particularly preferred embodiment, the compounds mentioned in the German
patent application number DE 10150286.9 filed on October 12, 2001, in particular the
compounds mentioned in the submitted text on page 1, line 37 to page 6, line 15, come
into consideration.

35 In a particularly preferred embodiment, the compounds mentioned in the German
patent application number DE 10148712.6 filed on October 2, 2001, in particular the
compounds mentioned in the submitted text on page 1, lines 6 to 29 and page 2,
line 15 to page 4, line 24, come into caonsideration.



5 indivi dual P6r542B8 four can be bridged in the manner described. The
follow ng, particularly preferred enbodinents in the stated scope are
expressly incorporated by reference into the present disclosure: 10 In a
particularly preferred enbodi nent, the co3pounds nentioned in US 3,773, 809,

I'n parti cul r t hose described in colum 2, line 23 to col e 14
ond T the CSuiRACES 578 SERARRA Sy RO 26Roraing 18 (R BRTYegon  of er r ed
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conS|derat|oR Pﬁ a partlcularly preferred enbodi nent, the conpounds
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conme into cothe medwdt bgfitrationa particularly preferred enbodi nent, the
conpounds nentioned in US 5, 856 555, in particul ar the corrpounds used in
colum 2, line 13 to colum 5, lin or nul ae and Il and in

exanpl es 1 t GCQPrd'EBG%Gieﬁ?%ZBoQBwf@r 59'%{11 95@52‘4'5 n 3§8pﬁpﬂ3| Qﬁ’.?laé?q Re presipitated
enbodi nens, bpormatigooiaicomplas imith egridine 5 BO sdifbdiéd offpattis wayarl y t he

conpounds used I n page 3, Iine 7 to page 8, line 27, and in particul ar
those in the formulae la to and inh exa cone intaq

consi der at i oRE 3 48 %%2@'3"'0% a Prﬁcﬁsspfaf #¢ t%l#’ﬂ&éf"@ﬂ‘@ﬂ ad A MaGlent , the
compounds of the formulae I, [11, 1Vand V nentioned in US 5 723 641
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properties, €.9. lump formation, which makes any subsequent washing difficult.
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EP 838 447 describes the formation of liquid clathrates which are insoluble in the
respective Friedel-Crafts product and can be separated off, for example, by means of
25 phase separation.

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

30  chioride/aluminum(lll} chloride. However, these are permanently cationic systems
which, in contrast to, for example, the auxiliary bases (1a) to (Ir), cannot be used as
free, nonionic auxiliary bases.

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

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



exanples 1 tg 0750 Into consideration. In a particularly preferred
enbodi nent, the COnpounds of the forrmulae I, 11, IIIl, IV, V, VI, VII,
VILE, IX X X, XII, XIiIl, XIV and XV nmentioned in US 5,821, 378, in
particular the 10 conpounds used there in,gexanples 1 to 73, cone into
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20  preferably from 1.0 to 1.3 mol/mol and in particular from 1.0 to 1.25 mol/mol.

After the Lewis acid and auxiliary base have been mixed, the reaction mixture can be

immediately worked up further, but it can also continue to be stirred for from a few

minutes to a number of hours, preferably from 5 to 120 minutes, particularly preferably
25 from 10 to 60 minutes and very particularly preferably from 15 to 45 minutes.

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

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

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

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

35 product can be carried out at relatively low temperatures.

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

40  phosphorylations of aromatics.



2 In a partipglsgbhy preferred enbodi ment, the conpounds mentioned in WO

99/ 64155, particularly the conmpounds nentloned on page 4, line 1 to page
12, line 7 and in particular those in the fornulae la to Ic and exanples 1
to 4, cone into consideration. In a partlﬁflarly preferred enbodi nent, the
conpounds mentioned in the German 10 pat'ent applicati on DE 10038037 cone
into consideration. In a particularly preferred enbodi nent, the conpounds

mentioned inp Fé?%g&fé%bleé’@ﬁ%% Efl&%tdf%%rﬁﬁuc%%%a dQ?o%atlcs

consi deration pref e CO nds
menti oned i nWith 8hesANeaM a'ﬁiﬁs ple E4tly 5’9 m’r rl@lﬁ'@ﬂﬁs@ Aed on
Novenber 19, LaWiehcidsrasgatalystall ar the conpounds nentioned in the submtted
text on page 1, lines 6 to 19 and on page 2, line 21 to page 2, line 30,
come into copsiderati artlcularl { rredfﬂ) di ment, the
conpounds ne F?'Bﬂléao W'Wé "ﬁﬁt"éﬁ?a %P 'BFP"HW ' DE 10150281. 8
filed on Cctober 12, 2001, in partl cular the conpounds nentioned in the
submitted text on page 1, |II"5¢ 36 to jpage 5, i ne 46, comeRui nto

consi derati oR In a part| rI Br ef erred gab i ment , er¥onpounds
mentioned in t Rran pate catlon nu '@J $85.0 filed on
Qct ober 12, 20, n partl cul, .4 gonpounds,Atal R subnmitted

text on page E ine 35 to 6hge 5 IRne 37, come into consideration. 30 In
a particularly preferred enbodi nent, the conpounds mentioned in the Gernman
pat ent application nunber DE ;0150286 9 filed on Qctober 12, 2001, in
particular th fpounds mEhtigned in the submtted text on page 1, line
37 to page 6R it 0 consideration. 35 In a particularly
preferred enbod pounds nentioned in the German patent
application nu .6 filed on Cctober 2, 2001, in particular
the conpounds,, -%subnltted text on page 1, lines 6 to 29 and
page 2, blneRl 0 page 4, fte 24, come into consideration. PF 54233 -37-
Lew s aC|ds are separated off by conbining, according to the present
invention, auxiliary base and Lewis acid to forma conplex which, as
descri bed ab¥here s liquid at the relevant tenperatures and form a phase
which is inmscible with the desired

Z is a single bond or any divalent bridge and

15
R¥ R¥ R® R* R¥ and R* are each, independently of one another

hydrogen, C4-C,g-alkyl, C>-C1s-alkyt which may be interrupted by one or more oxygen
and/or sulfur atoms and/or one or more substituted or unsubstituted imino groups,

20  C;-Cyg-alkyloxy, C-Cis-alkyloxycarbonyt, C¢-Cio-aryl, Cs-Ciz-cycloalkyl, a five- to six-
membered, oxygen-, nitrogen- and/or sulfur-containing heterocycle or a functional
group or two of them together form an unsaturated, saturated or aromatic ring which
may be interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted imino groups, where each of the radicals mentioned may

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

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

30  -N(C,-Cs-alkyl),), carboxamide (-CONH,, -CONH(C,-C;-alkyl), -CON(C+-Cq-alkyl)z),
nitrile {-CN), thiol (-SH) or thioether functions (-S(C,-Cs-alkyl)).



product. 5 Apkmrqysqway of separating off, for exanple, alum numtrichloride
Is to add equi nolar anmounts of phosphoryl chloride (POCI3) to the product,
with the resulting C13PO Al C13 conpl ex precipitating and being able to be
separated off by, for exanple, filtrationys (W T. Dye, J. Am Chem Soc.,
1948, 70, 2595). Furthernore, it is known fromthis 10 docunent that a
preci sel y dePeferenasisainenrt thef radizasrR R R 40t aod Ritegohdshing, so as to

form the hydiabserfd | ditdr FVarsdere o, Giky e an.d _iz]ﬂgmj g,separated
of f from thé1 p‘?eo'giﬁgygg/afi traétr'lqgjn. dAC(':oerg:;:"'ngyt'o1Gé‘ft rﬁgﬁp &oshceh.

Khi m, 1958,3'%?"%5@,"3’&"@?@98% al so be precipitated 15 by formation of a
conplex with pyridine and be separated off in this way. DE 32 48 483
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separ at i t. K2-fropySsud di3-plienyeneni 4 Téoethyls, 3pbenyiene, og@men99)) ursshstituted
describes prnabRbstbstited nitfBRjeRQNI orSRIGIL@LAIRG)-PAdd $atot £Saci ds with the
aid of ionic liquids such as  1-butyl pyridiniumchloride/alumnun(lll)
chloride, 1-butyl-3-nethylimdazolium 30 chloride/alum nun(lll) chloride.
However, theéés preferplly awingla bgnd; axygenias majilents  which, in contrast to, for
exanple, the auxiliary bases (la) to (Ir), cannot be used as free,

noni oni ¢ Llg.ar - Al d I_b | ati f
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pyri di ne hyd2ééhtrisietrdyenzeneieteibananie dnethéil-Betrutbenzsiau l dhdrtaneyar at ed
f rom product bgtreha] isbpropyPbénzent, NBaisspropyibtingenk agrt-batylibeazdrieat 3 didert-
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i nvention, tR@reRyeszens shirgnes insepe durans: dimeathyanilingg lutppenzene,

20 chlorobenzene, bromobenzene, 1,2-, 1,3- or 1,4-dichlorobenzene, 1,2-, 1,3- or
1,4-diflucrobenzene, 1,1-binaphthyl, 2,2’-di(C,-Cs-alkyl}-1,1'-binaphthyl, in particular
2,2'-dimethyl-1,1'-binaphthyl, 2,2'-di(C4-C4-alkyloxy)-1,1'-binaphthyl, in particular
2,2'-dimethoxy-1,1"-binaphthyl, 3,3'-bis(C+-Cs-alkyloxycarbonyl)-1,1'-binaphthyl,
biphenyl, 3,3',5,5'-tetra(C1-Cq-alkyl)oxybiphenyl, in particular 3,3',5,5-tetramethoxy-

25 Dbiphenyl, 3,3 ,5,5'-tetra(C+-Cs-alkyl)biphenyl, in particular 3,3',5,5'-tetramethylbiphenyl,
3,3'-dimethoxy-5,5'-dimethylbiphenyl, naphthalene, 2-(C;-C,4-alkyl)naphthalene, in
particular 2-methyinaphthalene, 2-(C,-C,-alkyloxy)naphthalene, in particular
2-methoxynaphthalene, and diphenylmethane.

30 Very particularly preferred aromatics are benzene, toluene, o-, m- or p-xylene,
2,4 8-trimethylbenzene, isopropylbenzene, fert-butylbenzene, fluorobenzene,
chlorobenzene, naphthalene and binaphthyl.

Examples of desired products which can be obtained by phosphorylations or

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

40  9,10-dihydroanthracene, indane, cresol, 2,6-xylenoi, 2-sec-butylphenol, 4-tert-



acids fromrppasbey mxtures by means of an auxiliary base is carried out
using an auxiliary base which satisfies the followng conditions: 5 b) the
auxi liary base and the Lewis acid forma salt which is liquid at
tenperatures at which the desired pr odu_%I is not significantly deconposed
during the process of separating off the liquid salt and c) the salt of

t he auxi | i ar puthiwbend! osotgphiennl,inonyiplkerial,elodecyiprienph #gewl whd B, 6-didedbsatyt-ed 10
product or tﬁgnﬂﬁsl(lwér%ﬂ of the desired product in a suitable solvent. For
this purpose, the reaction with the Lewis acid to produce the product is
generally <carried out in the usual way and the auxiliary base is added to
t he react i onAotodting éo thefpresent imyentéms theoatid s sepanatest off byymeanieof d porsenpar at e

of f the Lgw ﬁe.%icﬁlarg% SipifERFaskPhd SbdvBARL AL BuklibhybdsRE oftradoRfuafdrd o

the auxili ar se. e | r t thing is tha reacti on m xtur
m xed with twriasa 73 ?‘&larp)désé}“?\?ﬂrmsﬁti Pf-ary base and Lewi s acid

generally formng a conplex. It is usual to enploy at |east one nole of

auxiliary ba@gar plefdrrdfParRbQfimbAVtbssealling QfLewRCAGIS tiRbe Uré sbparbiag dieact i on

m xture, preferably from1.0 1o 1.5 no[/nol, particularly preferably from
o Lo 1. B el stosamta iaportions 4 yhsisd A PRHF PO ke G mapr 724 81 | o
and in padti Boinatedfaoirs th Lewisoacidsib thesepandted Aff salt ot the acidwith the iadxitian
auxiliary bassﬁ]éﬁgvﬁ%%?@mah Kol prdf&rablyGRE hoRthah oL A4 £ datituRfly préteRBiyaide! v

i nutes Lo amRIFGER O sty BeHIHALPRRYSPY Pohharein bt i gertcdr ol "

particul arl ymprethan®:y. 25 from 10 to 60 m nutes and very particularly
preferably from15 to 45 mnutes. During this time, the reaction mxture

can advant ageously be kept at a.te rature at _ which th onpl ex, of
i 1 ar g5 babea Tither BrefeErag tpdtun et Bt BeRhornsd BPPo kit M REARE i ¢ on
occurs, alt hpeghrediy the prasess otihe presenbieverdion apeaminodinalopbpsihiespoi nt  of

ﬁo thg Comél S%mir@hﬁldﬁ?é%i@?ﬁfaﬂﬁﬁdﬁho&ﬁwiﬁﬁ bh@éi)h@lkﬁus@%gﬁrci]!afiﬂﬂdé.tiors a oa
ave been descri ove.. | n e .case 0O co X _of r.exanpl e,

and - ot hyl PRINRDGTARGEy dlamiiqehagpriiRn posplo Rl weRE plbive napS BRI

separ ati on, emgopbgsphingshalidepar ati on, fromthe desired 35 product can be
carried ogit at relatively |low tenperatures. The separation nmethod of the

present inveption 1S .aGl ted
Proma dest r ip Bibufiem O BB aUBE TR e lleSis W pftfnoc By GroSpiifie S EPES
acyl ati ons, pargep Rty recigsaroh-Hacid Geappuikwith Phospharusddchionderinanl ar | y
preferably iargaficianentianyé pidsemce eifanaduxiiaty e with formation of an insoluble salt.
A disadvantage of this method is that the salt subsequently has to be separated off by
25  filtration.

In Organometallics 2002, 21, 3873, van der Slot et al. describes the synthesis of
aminochiorophosphines, aminophosphines and phosphoramidites using triethylamine
as auxiliary base.

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

35

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

40



P F 54233 -SpF%agf,‘?rred exanpl es of phosphoryl ati ons of aromatics are the
reactions of aromatics wth phosphoryl halides, for exanple PCI 3, PCS,
POCI 3 or PBr3, in the presence of Lewi s acids as catalysts. 5 Exanpl es of
aromati cs which can be used are those of_gr?e formula (X), 10 15 32 where Z
i's a single bond or any dival ent bridge affd R31, R32, R33, R34 , R35 and
R36 ar e eachAnminudiitopthesphiyesof one anot her hydrogen, C, -C18-al kyl,

C2- C18-al kyl which may be interrupted by one or nore oxygen and/or sulfur
atons and/or_one or nore substituted or unsubstituted imno groups, 20

Cl- C18- al kyl B\JJV?(XCI- C19- al kyl oxycar bonyl, C6-Cl2-aryl, C5-Cl2-cycloal kyl, a
five- to six- nenbered, oxygen-, nitrogen- and/or sulfur-containing
het er ocyck e HH@}H. group or two of themtogether form an
unsaturat}éd,Bfé]('!l"iﬂrtﬁatl dggwg?sorrati c ring which nay be interrupted by one or
nore oxygen and/or sul fur atons and/or one or nore substituted or
unsubsti t ut efN]INJPXo groups, where each of the radicals nmentioned may 25 be
substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen,
het er oat ons _and/ or,_ heterocycl es. Functional groups for this purpose are,
for exanpl e, THRTINGPRO S nitroso (-NO), carboxyl (-COOH), halogen (-F,
-, -Brjo-1), amno (-NH2, -NH(Cl-C4-alkyl), 30 -N(Cl-C4-al kyl) 2),

car boxam de (N #p - CONH( C1- C4-al kyl ), -CON(Cl-C4-alkyl)2),  nitrile
(-CN), thiol (] or thioether functions (-S(Cl-C4-al kyl)). PF 54233 -40-
Preference is given to the radicals R31, R32, R33, R34, R35 and R38 each
bei ng, i ndePbasprberqup estergiamidest her, hydrogen, Cl- C4-al kyl

Cl- C4- al kyl oxy, Cl-C4- al kyl oxycarbonyl or halogen. 5 Particul ar preference
is gi ven,to E%F,r['qﬁwal s R31, R32, R33, R34, R35 and R31 each being,

Aminophosphines

R'R"P[N]
20
Diaminophosphines

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

Aminophosphine halides
30
[N]IR'PX

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

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

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



i.ndependent | *ﬁ)érqﬂge anot her, hydrogen, nethyl, tent-butyl, ethyl, nmethoxy,
fluorine or chlorine. Exanples of Z are a single bond, nethylene,
1,2-ethylene, 1,1-ethylene, 1,1-propylene, 10 2,2-propylene,

1, 2- phenyl ene, 1, 4-di net hyl -2, 3- phenyl ene,, oxygen (-0-), unsubstituted or
nmonosubstituted nitrogen (-NH or -N(Ci-tﬁ-élkyl)-) and sulfur (-S-). Zis
preferably aphbsyhoeusiatochs. Dhey gitusphorusaitdiys mrstich tompPauindscare aypicallp tieezd byesl
aronmatics ar%igggzene, toluene, o-, m or p-xylene, 2,4,6-td nethyl
benzene, ethyf nzene, 1l-ethyl -3-nethylbenzene, 1-ethyl-4-nethyl- benzene,
i sopropyl benzene, 1, 3-diisopropyl benzene, tert-butyl benzene, 1,3-di-tert-
but yl benzene Foi examplousuch-biidged byrhpeumzie haying two phosphorus atoms can be:
1-tert-bugyl -3, 5-di met hyl benzene, n-propyl benzene, styrene, indene,
fluorene, dinethyl aniline, fluorobenzene, 20 chlorobenzene, bronpbenzene,
1,2-, 1,3- ofystemsyhigh ebdglihpikpgen- ang oxyge -”%SPt”tef,%-%ﬂc&RS'PBME%ne,

1,1 -binaphthyl, 2,2'-di (Cl-C4-al kyl)-1,1"-binaphthyl, in particular
2,2'-dineththéogmﬂpb@g&ghgyhnmgs2'-di(Cl-CA-aIkyloxy)-l,l'-binaphthyl, in
particular 2,2"-di methoxy-1,1" -bi napht hyl ,

3,3 -bi s(C1- 4-al kyl oxycar bonyl ) -1, 1' - bi napht hyl ,  bi phenyl,

3, 3", 5, 5'10t e{NER'CIP-CALDEYNY(OR/bi phenyl , in particul ar

3,3 ,5,5 -tetranmet hoxy 25 bi phenyl, 3,3 ,5,5 -tetra(Cl-C4-al kyl) bi phenyl

| ticul 3,3 ,5. 5" -tet t hyl bi | _
I?:,HSP?(rji Im(;;J hg%ﬁtg["‘ﬁ"’! %ﬁ@f@%ﬁgﬁ?ﬁ#ga;B%@H%P%@,homs.
2- (Cl-C4-al kyl ) napht hal ene, in particular 2-nmethyl naphthal ene,

2- (C1- C4- al kyle¥phirely Eabedismides particul ar  2-net hoxynapht hal ene, and
di phenyl net hane. 30 Very particularly preferred aromatics are benzene,

toluene, 0-, m or p-xylene, 2,4,6-trinethylbenzene, isopropyl benzene,
tert-butyl befNENIP-OFZ-GBPBBHNZEne, chl orobenzene, napht hal ene and
bi napht hyl . Exanpl es of desired products which can be obtained by

phosphoryl ations ar 35 | furations of aromatics, Friedel-Crafts
al kyl ati ons 8P“E@@P%@F§§@" #e et hyl benzene, acet ophenone,
4- met hyl acet ophenone, 4-net hoxyacet ophenone, propi ophenone, benzophenone,

di chl or opben 1-ZNHPPIYgNt T hl or ophosphine, tosyl chloride, 1,2-,
1, 3- and 1,4¥§Fg?ﬁgfgeﬁzeﬁe, 1,2,3-, 1,2,4- and 1, 3,5-tiethyl benzene,

cunene (i sopropyl benzene), tert-butyl benzene, 1,3- and
1, 4- net hyl i s&pPYUPTRBEADEsHDstilatedsySt®M hy dr oant hr acene, i ndane, cresol,
2, 6-xylenol, 2-sec-butyl phenol, 4-tert PF 54233 -41

[N](R'0)P-0-Z-O-P(OR")}OR™)
* [N][NP-O-Z-O-P(OR")(OR™)
[NJIN'JP-O-Z-O-P[N"]{OR™)
30 systems which are both nitrogen- and carbon-substituted on each phosphorus:
{N](R")P-O-Z-O-P[N{R™)
[NJ(R)P-[N"}-Z-[N"]-P[N|(R™)

35
unsymmetrical systems:

[N)(R'O)P-O-Z-O-P[N'(R™)



butyl phenol , ppagiyysphenol , nonyl phenol , dodecyl phenol, thynol and

2, 6-di -tert-ButyI - 4-met hyi phenol. According to the present invention, the

acid is separated off by neans of a nonionic, 5 i.e. uncharged, auxiliary

base. The above-described auxiliary base_sw_f the formula (la) to (ir) are

particularly useful for this purpose. In a preferred enbodi nent for

separ at i ng olfthésayiRs RAdR dand RTieap baraay segeicaiaddalsfwhichvinay be idestibaltonnt i al

proportions gieRnhNMR} 9@'},%},@?"‘1 IO} biid H\P""}j&)e’unbutf‘stin}t&f{ R libstRited oPf 10
s.acids in the s

Bronsted aciqgs to Le . . arated off _salt qf,the acid with
The auei || ar GouBILISS ST SRR MIHA oY BF 1OSER L TN G 73 R 0. 75 1,
parti cul arl ydigalehisridgey not nore than 0.5:1, very particularly preferably
not nore §han 0.3:1 and in particular not nore than 0.2:1. 15 In a further
preferred e di nent .. further phosphorus conpounds which can be prepared
by the. br oceBLoReA ehas Aeb BT RS oif o SXBIH N e TIanEh REZF Ase!

di anm nohal optenselyebles, tri am nophosphi nes, phosphorous ester di ami des,

am nophosphi nes, di am nophosphi nes, phosphorous ester am de halides and

am nophosphi geghal.i lef i own 9 esi s
of am nochl ogbﬁhg"s ?ﬁ%_sg%%ﬁérbeégmga%r FP%%B%E%J%?%_?%%@P?%Egﬁgﬁgggk%a@%g}&
conmpound 16 t Brap sebstiduted pewsybpiiuted nargmatie phaliphatic Eﬁdglféhba\f"ﬁg freva 99edaence
of an auxil i 20 yarbas atoms, lo.d. @, 5-BIRYI, Ob-Cagalkyl whighangy balriterruptedibyp sy ant age

f thi h i . I fif: 25
O ot 5 A el 3 O SRS o 195 o OeyBRaBP B SR e mib
descri bes t h@ro¥psitGedsisdikenyl, Gl Ssspmexginnlkvber a fivg-ie SHJapmbered. and
phosphor am dokygeny sitregeh+ arel/drysuifon-containiag eterddyaley whareeacB @f FHearadisalsl ubl e

salts fo d,J-Rsi [ 4 | Ea1k fdie¥atdink Gh@bt on. VO
02/ 83695q%§sg{9ﬁ%6er{sé%t %ﬁg%/%ﬁwgggté?%\#é‘gh%@%ﬁgb@rﬁdﬂ@@gn eﬁaeér use |Pn t he
hydr of or myl aP$t8PC¥¢'€¥-er mi nal and internal ol efins. 35 The process of the
present invention enabl es phosphorus halides and chelating phosphoramdite

ligands to bgndandleRtoriiRe® SAriBY, Yor dXaRPi, DRSUDsHRtdS FRIdgRR-, (5 BN aAky!-,
C,-Cg-alkenyl-, carboxy-, carboxy-C4-Cg-alkyl-, C,-Cop-acyl-, C1-Cg-alkoxy-, Ce-Ciz-aryl-,
20  hydroxyl- or hydroxy-C,-Cs-alkyl-substituted Cs-C1z-arylene, Ci-Cyp-cycloalkylene,
C4-Cyp-alkylene or C,-Cjp-alkylene interrupted by one or more oxygen and/or sulfur
atoms and/or one or more substituted or unsubstituted imino groups and/or by one or
more -(CO)-, -O(CO)O-, -(NH)CO)O-, -O({CO)(NH)-, -O{CO}- or -(CO)O- groups.

25 Preference is given to divalent bridges Z of the formula (X},

RN RV
RY Al RV
v
(D)c
N
R A2 RV!

and those of the formulae (Xlll.a) to (X!l.t)
30



of the solidpgagqpgs0f the auxiliary base) and enables themto be prepared
with high selectivity in a higher space-tine yield in the reaction. 40 PF
54233 -42 Am nodi hal ophosphines [N]PXX 5 Di am nohal ophosphi nes [ N[ N1PX
Triam nophosphines 10 [NN[N ]J[N']P Phosphorous ester diam des 15
(ROP[N[N] Anmnophosphines RR'P[N] 20D ani nophosphines RP[NJ[N] 25
Phosphor ous este| am dg halides (Fii@) [ Nl PXevAm nophosphigre hal i dés 30

[NNR PX In thesB\R and R' gre fany org ni g ey /e
identical or diff t, X and ke for
exanple F, d, , OCN or vibe

identical or diff ,
nonosubstituted gr di substituted am no groups which may be identical or
different. The conpewnds prepared canxii®) phosphorus conpotftfd havi ng one or
nore, for 40 exanple, two, three or four, preferably two or three and

particul arly pE{NeferagJy tF\{w, PF R5,54233 RV RY Vil
RVI
A

R RIX
[E]] Vil X
o #{Oy—r—)e
| Rt R)(II

(XIIL.d) (Xlit.€)
R" R” R" R"'
R" RV' RI R"I | v
R
R" Al R™ R R" "
R RV RV R (XllL.g) (XIil.h) (XHILi)
(X11.6)

R\ R R R" R" R"

_\<: >_- RIAZ;Z?R'V R’ R

R' RY

£XI1L1) {(XIk.m) (X11.n)
RIII RIV

{XHl.0) (XIil.p) (Xill.q}

At AT Al

(XilLr} (XliLs) (XILY)

where



- 43- phosphopgg‘@g@ms. The phosphorus atons in such conpounds are typically
i nked by a ridge. For exanple, such bridged conpounds having two
phosphorus atons can be: 5 systens which are both nitrogen- and
oxygen-substituted on each phosphorus: d_i&hosphor ous diester amdes 10

[N (ROP-OZ-OP[N](OR') systens which are nitrogen-substituted on each
phosphorus: di pibApharer each, iedépenddntyioftee anbhel N[V SIRPREB, RRS 6 CRIRTI N'' ]
bi striam nopﬁqérghi nes ] 20 [NJ[N]JP-[N']-Z-[N...]-P[N.... J[N.....
unsymmetrically substituted systems: [NN(ROP-OGZ-OP(OR')(OR"') 25
[N[N]JP-OZ-OP(OR")(ORP') [N[N]JP-OZ-OP[N'](OR'"") 30 systens which
are both ni t REgBrf-ararR™ ase bach, dbpendently df are mwmtierpasodesy, atkyl, cycloalkyl,
[N(R)P-£Z [ 1 P-[N']-Z-[N...]-P[N]J(R..) 35

unsynmet rﬁap%%%hélﬁl[%\?%%u%)% -'O Z-O-P[N](R'") PF 54233 -44- In these,
R, R, R' and R'"" can be any organic radicals which may be identical or

di f f erent . [ R ard\RY ard edidh, indeperidenfiinof neaaribtiied Hydrogene aliyis oymaalkylit ed,
monosubst i t upgdrdelclodlid UGt 6rtr1&§f# R IGrolp RIPDURBEERIE Yurbfer GARPIR® BF ther
different and Z cap be an%. di V|%1 ent brhgge. . e

group together with a further group orms an intramolecular bridging group D,

10

where A' in the formulae XlIl.a to XIli.t may also be a C,- or Cs-alkylene bridge which

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

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

15 D is adivalent bridging group selected from among the groups

R RSG
R$  Re R Re2 RS, R84  Re3 R84
e Y=
/N

R® and R® are each, independently of one another, hydrogen, alky!, cycloalkyl, aryl,
halogen, triflucromethyl, carboxyl, carboxylate or cyano or are joined to one another to
form a C5-C,-alkylene bridge,

where
20

25 R®, R*®, R® and R® are each, independently of one another, hydrogen, alkyl,
cycloalkyl, aryl, halogen, trifluoromethyi, COOH, carboxylate, cyano, alkoxy, SO3H,
sulfonate, NE'E?, alkylene-NE'E?E*'X", acy! or nitro,

c isOorf,

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

R, R" R" RY, RY, RY, RY" R R™ R* R* and R™ are each, independently of one
35 another, hydrogen, alkyl, alkoxy, cycloalkyl, heterocycloalkyl, aryl, hetaryl, halogen,
COOR®, COO™M*, SO:R®, SO73M"*, NE'E?, NE'E’E*'X", alkylene—NE'E?, alkylene—



5 OF course, ppidyehs perrrutatlons whi ch are not explicitly nmentioned here are
al so conceivabl e R' and R'' can, for exanple, each be,

i ndependent |y of one another a linear or 10 branched, substituted or
unsubstituted, aromatic or al i phatic radigal having fromone to 20 carbon
atons, e.g. Ci- C18 aI kyl , C2-C18-al kyl which nmay be interrupted by one or
nore oxygen MNEEWE XUDRT, Sfﬂs‘briﬁHRﬁ’ml-bO)dﬂf’% (BH M B REEH, CHENGE ' 13kR™,

unsubsti t ut egapoabﬁlqnﬂwr%gﬁm %oq% 8t &gyl . Cs-Cl2-aryl, C5-Cl2-cycl oal kyl
or a five- to six-nenbered oxyge nrtrogen- and/ or sulfur cont ai ni ng

het er ocycl e, where each of t he radlcals 15 nmentioned nmay be substituted by
aryl, al kyl, whesg oxy, al kyl oxy, heteroatons and/or heterocycles. The
di val ent Bridge Z can be, for exanple, unsubstituted or hal ogen-,

C1- C8- al kyl - nyl. rb ca

I C20- acyl - ReF e g1 el 8ifbran: ARG e o gfien nyarogen.

hydr oxy- Cl- Calka, Rmiodmgt‘ﬁﬂm ed Ce-Cl2-aryl ene, C3-Cl2-cycl oal kyl ene,

Cl- C20- al kyl ene or C2-C20-al kyl ene |nterrupt ed by one or nore oxygen and/or

| f t 5 tttd bstituted im
oo orbene 0, HglPeFiEs 18, st o o

or -(CO @ groups. 25 Preference S g| ven to divalent bridges Z of the
formula (XI'I M afgatétime of the formulae (XI Il.a) to (XIIl.t) 30 PF 54233
-45 (XI'll.a) Rm(Xill.d) RvI oil I "AI'l 1j, ,R Vil Rl- YRV RVv1 -'~Rvm

Xl f X,k
( ) ( X )lsananion,and

15 w  is aninteger from 1 to 120,
or

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

Preferred bridging groups Z of the formula (XIl) are ones in which the index ¢ is 0 and
the groups A" and A? are selected from among the groups O, S and CRR®, in

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

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

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

35 The substituents R' R" R" RY, RY, R, R", R""", R, R*, R and R*" are preferably
selected from among hydrogen, alkyl, alkoxy, cycloalkyl, heterocycloalkyl, aryl and
hetaryl. In a first preferred embodiment, R' R", R" RY, RY, R¥ , R¥" , R™" | R, R*, R
and R™ are each hydrogen. In a further preferred embodiment, R' and R in Xlli.p and
Xlll.g. are each, independently of one another, C;-Cs-alkyl or C;-C.-alkoxy. R' and R"



(XI11.0) (X pEsa (XI11.1) R . Rv (XIIl.p) (XII1.s) (XIIl.b) Rn

R ~Rai

(XIr.t) RR

(X1,

g)( ILm (XI1l1_c) (XIll.n) Rii RIV R~V RRwuU RW (XII1.

(XIT1.h) (XI11.9) RVI Rvn (XII1.i) where PF 54233 -46

and A2 are each, independently of one an_ogah_er, 0, S, SIiR51R52, NR53 or

CR54R55

10

15

20

25

30

35

are preferably selected from among methyl, ethyl, isopropyl, tert-butyl and methoxy. In
these compounds, R", R", RV and R" are preferably each hydrogen.

In a further preferred embodiment, R', R", R¥ and R"" in XIIl.b, Xlll.c and XII|.f are
each, independently of one another, C1-Cs-alkyl or C,-C,-alkoxy. R, R", R¥ and R""
are preferably selected from among methyl, ethyl, isopropyl, tert-butyl and methoxy. In
these compounds, R", R, RY and R" are preferably each hydrogen.

In a further preferred embodiment, R', R, RV, RY, RY and R"" in XIIL.b, Xlil.c and XIII.f
are each, independently of one another, C4-C,-alkyl or C,-C,-alkoxy. R', R", RY, RY,
RY' and RY" are preferably selected from among methyl, ethyl, isopropyl, tert-butyl and
methoxy. In these compounds, R" and R are preferably each hydrogen.

In a further preferred embodiment, R' and R*" in XIIl.d and Xlll.e are each,
independently of one another, C4-Cs-alkyt, Ci-Cs-alkoxy, C4-C,-carboalkoxy or C4-Cq-
trialkylsilyl. R' and R™ are preferably selected from among methyl, ethyl, isopropyl, tert-
butyl, methoxy, carbomethoxy and trimethylsityl. In these compounds, R", R" RV, RY,
RV, R, R™, R, R*and R are preferably each hydrogen.

When two adjacent radicals selected from among R' R", R" RY, RY, R, R , R""", R
R*, R™ and R* form a fused-on ring system, the ring system is preferably a benzene or
naphthalene unit. Fused-on benzene rings are preferably unsubstituted or bear 1, 2 or
3, in particular 1 or 2, substituents selected from among alkyl, alkoxy, halogen, SO3H,
sulfonate, NE'E?, alkylene-NE'E?, trifluoromethyl, nitro, COOR', alkoxycarbonyl, acyl
and cyano. Fused-on naphthalene units are preferably unsubstituted or have a total of
1, 2 or 3, in particular 1 or 2, of the substituents mentioned above in respect of the
fused-on benzene rings in the ring which is not fused on and/or in the fused-on ring.

Among the groups Xlil.a to XliLt, preference is given to the groups Xlll.a to Xlil.e and
particular preference is given to the groups Xlll.b and Xill.d.

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

R*' and R* are each, independently of one another, C1-C1g-alkyl, C>-Cs-alkyl which
may be interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted amino groups, C,-Cig-alkenyl, Cg-C1z-aryl, Cs-Ci2-
cycloalkyl or a five- or six-membered, oxygen-, nitrogen- and/or sulfur-containing
heterocycle, where each of the radicals mentioned may be substituted by aryl, alkyl,

Al

e)



where R51, Rpp sapd3R53 are each, independently of one another, hydrogen,

al kyl, cycl oal kyI 5 heterocycl oal kyl, aryl or hetaryl, Rya and R55 are
each, |ndependently of one anot her, hydrogen, al kyl , cycl oal kyl

het erocycl oal kyl, aryl or hetaryl or the ggoup RS54 together with a further
group R54 or the group R55 together with a further group_R55 forms an

i nt r anol ecul aryldxyi allgyloxy, eletatdns a0d/ahketerosyclesanthB* fandiRi? may tegather alsp
Xt may afsg apﬁng’?‘ C2- or C3-al kylene bridge which nay contain a double
bond and/or bear an al kyl, cycl oal kyI het erocycl oal kyl , aryl or hetaryl
substituent or be interru ted by O, , Si R3IR52 or NR53, 15 D is a dival ent
bri dgi ng gr oBpeferedgrood -NRER’ anm‘iig:l'tﬁﬁe agd RIpOTR afting ata graupsef Keiformalae R63
R64 R63 Ro4 Rp/aah®iVJ¥2 are each, independently of one another, hydrogen,
al kyl, cycl oal kyl, aryl, halogen, trifluoronethyl, carboxyl, carboxylate
or cyano or are joined to one another to forma C3-C4-al kyl ene bridge, 25
R63, R64, Rfi5 and| R66 are eagh, independently of one another, |hydrogen,

al kyl, cycl oajkyln_ awryl, halwgedoodr i hkeed 0Nkl h¥boanCOON, car | at e,
cyano, al koxy, S sul fg_z_%e, NEV, al kWi, efle- NE' E2E3+X", &cC or nitro,

c isOorl, 30 whe inthe c of ¢ being 0, the groups e not
joined to one andt¥iMer by a ¥Vhgle bond, R ,XIRe), R'', ﬁko@ 0E"IE{\/
Rv[", RX, Rx, RXx" and Rx" are each, |ndependently of one ther

hydr ogen, aIkyI allkoxy, cycl opl kyl, heterocydloalkyl aryl, Hetaryl

hal ogen, CNQ) M-, RSO3 SO 3M¢,Ro kE2E3+X— al kyl ene- NE' E2,
al kyl ene PF 54 Y/ |
Ro N
- E_%
C(=0)Alk

(XIV.e) (XIV.f) XIv.g) Rp
(XIV.h)
l I
RD N Ro N Rq
T
g COOAlk R? !
(XIV.i) (XIV.k)
where
10
Alk is a C4-Cg-alkyl group and
R° R®, R and R" are each, independently of one another, hydrogen, C;-Cs-alkyl,
C.-Cs-alkoxy, acyl, halogen, trifluoromethyl, C,-Cs-alkoxycarbony! or carboxyl.
15

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



-47- NE' EZE3pf-5429R56, SR5, (CHR57CH20) H, R56, (CH2N(E')),,,,Rs',

(CH2CH2N(E )),,,, R56, halogen, trifluoronethyl, nitro, acyl or cyano,
where 5 R56, E', E2 and E3 are identical or different radicals selected
from anong hydrogen, alkyl, cycl oal kyl ggﬁi aryl, R57 is hydrogen, nethyl

or ethyl, 10 M+ is a cation, X- is an anion, and 15 wis an integer froml

to 120, or two ajij acent radi cal s selected from anong R Rv,
Rv' , Rv" and Rv"'| 20 toget heraMth t wo adjhpce&s rbon aLO”E(;dE:L

benzene ringHhs Hshe¥s@ fdls for r| ng T2V 1, 2
or 3 further ringss Preferred dgi ng gr Zof the f Ia(XII) are
ones in which the index c is and the g{ A and AZx@f@ sel ected from
among the groups*Xty:2'5 and CRdﬁg @)y 25 pafticular fromanong 0, S, the

nmet hyl ene group (R54 = R55 = H), the dinethylnethylene group (R54 = R55 =
CH3), the diethyl nethyl ene group (R54 R55 = C2H5), the

di - n- propyl net hyl ene group (R54 = R55 ropyl) and the di rLbutyI

met hyl ene group but arErc ref erenc given to
bridgi ng gr oupsH(:’?%% HOQ\BHi S %‘i fc?oc? / ;‘98?%[‘3 and A i referably a
CRdRe group and A2 is preferably an 0 S group, pagdaaul ardgocH,
preferably an oxa group O Particularly preferred bridging groups Z are

t hus those which are (#eéé) up of a triptg;‘é‘é??é li ke or xantlre,rg,e,— i ke (A
CRdRe, A2: 0) framework. 35 The substituents R, R', RI" R, , Rvl Rv"
, Rviar , Rx, Rx, Rx1 and Rx" are preferably selecte fromarmng |

hydr ogen, al kyl, al koxy, cycloal kyl, heterocycloalkyl Naryl and h yl.

In a first preferred egpodi nent, R’, ", R, v Rvu Ry i x//Rx,
Rx' and Rx" are each\ / rogen. In ther prefé enbodi nmen and
Rv' in XIll.p and Xl I¥-4g are each, ependent | y gf—one anotheg!
Cl- C4-al kyl or @.c,6écal k@opc M ar]g PF 548:%53C 3
2 ¢ (XIV e3)
(XIV.d2) (XIV.e1) biv.ez) |
| | ’L IL HC
< o R, O
/ CH
CH 3
cH, C.H, H,C 3
(XIV.£3) (XIv.g1)
XIVA1) (XIV.£2)
| |
| \ N N
N
o A OO0
C(=0)CH, COOCH, HC H,
(XIV.i1) (XIV.k1) (XIV.k2)

(XIV.h1)



-48- are pr ei;qzr@%g sel ected from anong nmethyl, ethyl, isopropyl,
tert-butyl and nethoxy. In these conpounds, R', R'', Rv and Rv are
preferably each hydrogen. In a further preferred enbodinent, R, R", RV
and Rv'" in XlIl.b, XIll.c and XlII1I.f ar eg 5 each, independently of one
anot her, Cl-C4-alkyl or Cl-C4-alkoxy. R, "R'" Rv' and Rvl" are preferably
sel ect ed f r oifhademethyiirtdoly groep liskatolyl ogupd pf/the forerda KM filis padicatatihoxy. | n
these conpouRdgantdgecu V. Rv and Rv" are preferably each hydrogen. In a
further preferred enbodinent, R, R'", Rv, Rv, R/ and Rv"' in XI| 1.Db,
XIll.c and XI|I1.f 10 are each, independently of one another, Cl-C4-alkyl
or Cl- C4- al kthepn alRo, beRadviantageoys Ty twaygroups IN] Rnd [N oe{NST aricejNa I for ex@impde ed
from among @W«lbs ofiBYlks, BRARTOR phosiHdMls &ABftb bd HAund®S BiXinothér vidiese
conmpounds, .gndd‘fsv.'l aheaaoéef%rably each hydrogen. In a further preferred
enbodi nent, RdQEs A Y POpIKO P'®% and Xi11.e are each, 15 i ndependent |y of
one anot her, Cl-C4-al kyl, Cl-C4-al koxy, C,-C4-carboal koxy or Cl-C4-
trialkylsilyl. R and Rx" are preferably selected from anong thyl, ethyl,
i sopropyl, tert- butql, met hoxq, car bonet hoxy and t njret hyl sin’T. In these
conpounds, R', Rill. Rv Rv' Rv"

v, , , WL -, X, pedi Rx'  are
preferably each BF . Wf adj acent el RR?;I d'! fin anong
R, R, RIl, Rv | Rv' I, Rxor R, RX' Wn{ Rx" f a fused-on
ring system the rifg stemA s Nreferably a benzefe orgapht halene unit.

Fused-on benzeneRfi ngs &%t weferBBly unsubstituR®d or bear 1, 2 RF 3, in
particular 1 or 2, substituents selected from anong al kyl, al koxy, hal ogen,
SO3H, sul fonate, NE E2, al kylene-NE E2, trifluoronethyl, nitro, COORS,

al koxycarfBoniM'e&cyl 25 and cyano. Fused-on naphthal ene units are
preferably unsubstituted or have a total of 1, 2 or 3, in particular 1 or

Clnes | S hoReled HfgehoRBIO! STERTRIE KR TROATPEPh 0 of OF all idbre WHHHET ©
Lheos buossiay Mave g detplehond analts Bearca 65T, oigalt MeieroiFaRY. &S ./ 1o
X1l e and Betapdsubsiituent opbeintaramtad hsOgSVBRIRS etRTEr where R IR R4 MRS

X1l.d.  {ghe o REosbidsHefifed SBR@SHRSt I tuted or disubstituted am no groups
[N, [N], [N], (N*'], [N"] and [N'""] can each be, independently of one
anot her, an -NRA1RAZ, %9%95 where 35 R4l and R42 are each, independently of
one anot her, RE1RE, B'ARGIR™ and R °caralergh. independentief pee pRetber tpdregemyalkyhe or
nore oxygen afmgkpcyslohikyl! hétbrahcl Gk, QiryloR&tagl, haigen, SOORS, DOEM’ 050;R™,
unsubst | t ut o4 ARNREYEONREm2ESK e RS afiilefidANETRtE s xCosrdis Sl 0al k|
or a five- o s*’lgglmg ersng OXVgen- nltroq\len-1 and/ or sul fur-containi ng

20 (CHRYCH,OMR ,(CHzN()é IWR”, (CH2CHZN(E))WR™, halogen, trifluoromethyl, nitro,

acyt or cyano, where R%, E', E?, E® and X are as defined above.

The groups R”' and R and/or R”® and R can also together form a five-, six- or
seven-membered ring by together forming a chain which may be substituted by alkyt,

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

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

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

35 hydroesterification and aldo! condensation is also conceivable.



heterocycle, p gzeach of the radicals nmentioned may be substituted by
aryl, alkyl, PF 54%33 -49- aryl oxy, alkyloxy, heteroatons and/or
het erocycl es and R41 and R42 may together also forma ring. Preferred

group -NR41R42 in which R41 and R42 formg ring are groups of the fornul ae

5 XV.atoXIV.k AWN AA (XIV.a) Ro AIK | NCOAk (XIV.d) Rp
(XIV.b) (X VSagh ¢atalysts)catibare ane\bkiBOR phibshiiorsSoampeundsds\igands. (XaYitIN to

Xl V. h
(R" an d) V\gi(levteHe)%hoéﬁhokﬁs Eothpo nt s atighfds, My dah f@t@ Sﬁ\pﬁﬁéﬁﬂ leQétQMB and R,

C1- C4- al koxy? &E‘?ﬂa' Pﬁ?ﬂﬁo‘ﬁ %qrﬁ%g%?ﬁ,p@{)@éﬂ a[l%ll @1%9%& a?ﬁ' a kyI

car boxyl . Fotarbheyiates, [msb'iacetonlel arubuﬁqtateﬂﬁndsaihﬂmaf@oatﬁﬁd@@od%‘ Cﬁ)@r ¢|©1ﬁl‘t§.
groups arg | gizhes P8b&Wins, nitriles, N-containing heterocycles, aromatics and
heteroaromatics, ethers, PF3; and monodentate, bidentate and polydentate phosphine,
phosphinite, phosphonite and phosphite ligands. These further iigands can likewise be
monodentate, bidentate or polydentate and coordinate to the metal. Suitable further
phosphorus-containing ligands are, for example, the phosphine, phosphinite and
10  phosphite ligands described previously as prior art.

The metal is preferably a metal of transition group VIII, particularly preferably cobalt,

rhodium, ruthenium, palladium or nickel atoms in any oxidation state. If the catalysts

prepared according to the present invention are used for hydroformylation, the metal of
15 transition group VIl is most preferably rhodium.

In the case of hydroformylation catalysts, catalytically active species are generally
formed under hydroformylation conditions from the catalysts or catalyst precursors
used.

20
In such a case, the metal used is preferably cobalt, ruthenium, rhodium, palladium,
platinum, osmium or iridium, in particular cobalt, rhodium or ruthenium, in any oxidation
state.

25 Methods of preparing the phosphorus compounds and the corresponding catalysts are
known per se, for example from US 3,903,120, US 5,523,453, US 5,981,772,
US 6,127,567, US 5,693,843, US 5,847,191, WO 01/14392, WO 99/13983 and
WO 99/64155.

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

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

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

R,



PF 54233 -50pH3gpag CH3 1/ (XIV.al) (XIV.a2) | | COOCH3 N % UWeH5 11 11
(XIV.bl) 3 3 52 25 HO00C N COOCHHCO00 N COOCH 1/ I1 (XIV.cl) H5C2000
COOC2H5 (XI'V.d2) (XIV.f1) H3C (XIV.f2) (XIV.c2) (XIV.el) H3C (H3C)3C
(XIV.£3) (XIV.b2) H3cooc (XIV.e2) COOCH3 gaXI V. d1) H3CO (XIV.e3) (XIV.gl)

10

15

20

25

30

35

40

in a solvent. It can be useful to divide up the starting materials into one or more
compositions, i.e. separate streams, so that the reaction does not take place before
mixing. The auxiliary base which, according to the present invention, forms a liquid salt
with the acid can be mixed into one or more of these streams or be introduced into the
reaction as an individual stream separate from the other streams. It is also possible,
although less preferred, to add the auxiliary base only after the reaction in order to
separate off the acid.

The starting materials or the compositions mentioned are fed into a reactor and reacted
with one another under reaction conditions which lead to reaction of the starting
materials to form the product. Such reaction conditions depend on the starting
materials used and the desired products and are described in the prior art cited in this
text.

The reaction can be carried out continuously, semicontinuously or batchwise. The
temperature is generally in the range from 30°C to 190°C, preferably from 70 to 120°C.
The pressure is not critical according to the present invention and can be
subatmospheric, superatmospheric or atmospheric pressure, for exampie from 10 mbar
to 10 bar, preferably from 20 mbar to 5 bar, particularly 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 can be from a few seconds to a number of hours and is
dependent on the reaction temperature and, generally to a lesser extent, on the
pressure applied.

In the case of a continuous reaction at a temperature which is sufficiently high for the
reaction, for example from 30°C to 190°C, preferably from 70 to 120°C, the residence
time is preferably short, i.e. from a few seconds to about 2 hours, preferably from

1 second to 2 hours, particularly preferably from 1 second to 1 hour, very particularly
preferably from 1 second to 30 minutes, in particular from 1 second to 15 minutes and
especially preferably from 1 second to 5§ minutes.

In a particularly preferred embodiment, the preparation of the phosphorus compounds,
preferably phosphorus compounds having a plurality of phosphorus atoms, particularly
preferably compounds having 2 or 3 and very particularly preferably 2 phosphorus
atoms, from the respective starting materials is carried out continuously at from 60°C to
150°C, preferably at a temperature above the melting point of the salt of the auxiliary
base used with the acid liberated up to 130°C at a residence time of less than 1 hour,
preferably less than 30 minutes, particulariy preferably less than 15 minutes, very
particularly preferably from 1 second to 5 minutes, in particular from 1 second to

1 minute and especially preferably from 1 to 30 seconds.



(XI'V.k2)  (XpK-g9ad33 (XIV.il) (XIV.kl) PF 54233 -51- The 3-nethylindolyl
group (skatolyl group) of the formula XIV.f1 is particularly advantageous.
It can al so be advantageous for two groups [N] and [N] or [N'] and [N'"'],
for example 5 pyrroles or indoles, bounds‘{o a phosphorus atomto be bound
to one another via bridges A3 in positions 2 or 3, R76 or R72 R73 R74 R75
R72 R75 10 where A3 is a single bond, 0, S, SiR51R52, NR53, CR54R58 or a

C2- or Cl10- aH%Ucﬁ% é?ﬁtbdiﬂﬁer\lthihéheplﬁ@éfné]ﬁ\éf?s@bs@%his%rhﬁa h8ssHoRlis BB can

al kyl, cycl oal k het er ar [ sub t n [
oY Ot Eporab e RN s B o plBhAR L RSL bS5 gl
are as def i netphespherus atrmsRand phERhorRs SomRIUNdSHAIngITIIXRY subStiiests under

i ndependest | reebrrﬁrmu?mteméontmdnmme albsiituents dnkpe phosphehaadtivlor

het er ocycl oa , 56, COO-M, SO03R56, SO 3Mt,
NELE2, NE1E285FR-Pe *ﬁh@ﬁ%% %E‘Q’%I‘% Haiioratea” 2, X- OR56. SR', 20

(CHR57CH20) , , , , RSG, (CHZN( E)),,,,R56, (CH2CH2N(E1)),,RG hal ogen,
trifluoronet Gpbd mikibg has ooy énsuredcguring, thevreactorR36r, exampley stiengodbotpede as

defi ned abOVarcuTélanersﬁlﬁ%?atB?rﬁm@@%r'ﬁz @hd/or R75 and R76 can al so together
forma five- or “seven-nenbered ring by together formng a chain

whi ch may? be substltuted by al kyl, 25 al koxy, cycl oal kyl, heterocycl oal kyl,
aryl, hetaryhs madtmlsnglsrpoaﬂulehaﬂse Bpparatusesiknawn pense to densecskillad amibeiant, t he

chain, for e @Rérﬁpﬂe o?neﬁfr?rﬁﬁfé %Qé‘cadéd éﬁﬁ’éﬂ ¥ 16hE realeto'?s REVIAY IntdiRadt @xternal
preferably 1 buta s nentioned can I n each case

be symmetri CE?EI‘ {ng cﬁndﬂgfﬁ:ﬁp& } ene|eyreactors or reaCQIon miXing pumps.

15  The output from the reaction is passed to an apparatus in which phases formed during
the reaction can separate, for example phase separators or mixer-settler apparatuses.
In this apparatus, the phase comprising predominantly ionic liquid is separated from
the phase comprising predominantly the desired reaction product at a temperature at
which the salt of the auxiliary base with the acid is liquid. If necessary, solvents can be
20 added to accelerate phase separation.

The auxiliary base can be recovered from the phase comprising predominantly ionic
liquid in the manner described above.

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

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

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

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

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



30 substitutpg.sy gg phosphor us conmpounds descri bed are, for exanple,
suitable as li1gands for catalysts for the hydrofornylation of term nal and
internal olefins. Their use for hydrocyanation, hydrogenation,

hydr ocar boxyl ati on, hydroam dation, 35 hygdroesterification and al dol
condensation is al so conceivable. PF 542 -52- Such catal ysts can have one
or nore phosthegriosar citgbinrttiis texs. Thegsamisapglies talthetstachioroetric hatigshio syicbrtbs
conpounds asst%ﬁﬂ?@ﬁf{erlélg'gﬁoﬁ@ﬂet'égciéber conprise at |east one additional

| i gand sel ecte rom anong ydrl de, al kyl, cyanide, halides, am nes,

car boxyl ates, acetyl acetone, aryl sul fonates and al kyl sul fonat es, hydr| de,
CO, ol efins, The siadinganategajs atd iépossible nsed &g le:mldsmrcmitsanfnpnr@pﬁ@tteeth@wcq es,

ar fmgt i tcs? an@tss&@é@émﬁwﬁd i6 2 sofleREfos thifharpasy] HoweQee ﬂfs?lbﬁccgtul%e?ﬁm a& e and
pol ydent at e osphite |igands.
These furtheBg‘c’ls'SUrgfg aaﬁ%%?g@%ggtﬁ'ﬁ mnofgn%mn%%t%ns%blggent ate or

pol ydent at e and COOI’dI nate to the netal. Suitable further

phosphor us- cPieyidié Bgmixegavithsa sdlant,fthe selvedTid gendrilly u¥edsmbidrean posHthhati t e
and 10 phOSpIN trﬁx{u'r@%ﬁﬂﬁlddﬁ)? %&é#ﬂ&g A eé’cbﬂ'bfulo\‘ d%ﬁefﬁd Oﬁ'y@Eél cpeggnrt%ﬁ%ﬁg oI’ S

pr ef er abl Itron ticu

Dobalt 14 ho ARG mASRRLRAaSBAION 68 (| SMONTLRLINe SIUHRD PAISRRFSIOR AEFHOD S
state. |f the 959 oy weight, preferabiyefdorad 0do 0%dytweeigiite present invention are
used for hydrofornylation, the nmetal of 15 transition group VIIIl is nost

preferably rhodium In the case of hydrofor on cat al sts
catal ytical | Jheagid kerajrddp the gagt rﬁ?qcﬂ/d'gg@ratﬁ?@(ﬂ’“iﬁ?& 5“" MANoPSr nyl ati on

condi ti ons fneutrdibed wih ahy of the @uxibany dages mentaneddo fagm ajtmnh sa0 sbthatdheh a

case, thes Mebalindiieéhr e SorRicRFaHN Y.t . ruthenium rhodium palladium
plati num osmumor iridium in ‘particular cobalt, rhodiumor ruthenium in

any oxidation state. 25 Methods of preparing the phosphorus conpounds and
t he cor r espoRtfergneisaiventts the prepanatiomagesrding to the preseahipventiongth US

3,903,120, Ush ﬁ&%ué@terUﬁnﬁd%tﬂg%rmbﬁ\}\oogﬁm]ﬁfﬂwhﬁﬁ 2, [RPanBphB) arblas
5,847, 191, V\Qefo d]allgggg WO 99/ 13983 and 9/ 64155.

Particular preference is given to the preparation according to the present invention of
diphosphorous ester diamides of the formula [N][N]P-O-Z-O-P[N"}{N"], where Z, [N],
[N'], [N"] and [N"] are as defined above.

25 Especial preference is given to the preparation according to the present invention of
the following compounds:



30 To prepar pgtgagzphosphorus conpounds used as ligands in the catalysts, it
is possible, for exanple, to react phosphorus trichloride with two
equi val ents of a pyrrole-type conpound, form ng a di am nochl or ophosphi ne.
To synthesize di phosphoranidites, the dig nochl orophosphine prepared
according to the present invention (or else conventionally) can be reacted
with a diol to/give\g bidepgpate ligand. If unsymetrical 35 |igands are to
be prepared, o RgU | vaTe of the, fa ng di am nochl or ophosphi ne is
firstly reacted di ol, and ¢ . ar€oypl ing conponent (e.g. an
aryl di chl or ophosphi n®) s subseque added. arting materials are

m xed with oEi;adbther fn unts e$pondi Yy he 40 desired

stoi chionetry, Wfedesir igﬂgsolved\oﬂ*disperﬁé@, i.e. suspended or

emul sified, PF 54233 -£|nasolve AN cgrﬂjiuseful to divide up the
starting materi i nt ne or nore 0si 4.0 i.e. separate streans,
so that the reaction does not take e before i Xxing. The auxiliary base
whi ch, according to the present invention, forns a liquid salt wth the
acid can be mxed into one or nore of these streams or be introduced into
the 5 reaction as~gn jndi/vi dua 80t her streans. |t
is al so possible, ' preferred, avxiliary base only
after the reaction inzorgde separ ate of The starting
material s OrE%Q? conpgsi tiogs mentjoned are eactor and reacted
10 with one ano Hz:bunder r gacts=pn conditi o0 reaction of the
starting materia o form th oduct .

itions depend on
the starting®°faterials usellyand EAEFtdesire

£rs A eT-(
eg intola

w

d are described in
the prior art cited t hi text. 15 The rea be carried out

conti nuously, sem contiroouskgomr batchwi se. The tenperature is generally
in the range fromx®8C toot90C, preferably from70 to 120C. The pressure is
not critical according to the present invention and can be subatnospheric,
super at nospheric or atnospheric pressure, for gexanple from 10 nbar to 10
bar, preferably from?20 nbar to 5 bar, particyllarly preferably from 50 nbar
to 20 2 bar and in p cular from 100 nbar t@ 1.5 bar. The residence tine
of the reaction | L6 firam a few seconds to a
nunber of hour i depengent on rature and,
generally to 4
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pressure apprpqu335 In the case of a continuous reaction at a tenperature
which is sufficiently high for the reaction, for exanple from 30C to 190C,
preferably from70 to 120C, the residence tine is preferably short, i.e.
froma few seconds to about 2 hours, prejﬁfgbly from1l second to 2 hours,
particularly preferably from1l second to hour, very particularly
preferably from1l secbnd tp 30 mnutes, in particu
mnutes and 30 especT preferably from1 secontd

ar from| second to 15
M nutes. In a
3._phosphor us

conpounds, prefe ao phgosphor us conpounds havi\ng
phosphorus at I CONg :
particul arly pge erngy 2 osp s 35 at oWg pt he oe
materials is ca &d out con g-Aloysly at @c to 1503,\ preflerably at a

tenper ature dboye Afhe nel tingupofnt of the salt t he aUXILI- base used
with the acid erdted up tip at a resi¢ge 1!” ime of (e han 1 hour,
preferably |es an~30 m nuyte articul arl eferably | an 15

m nutes, very particularly preferably froml second to 5 mnutes, in
particular from1l second to 40 1 m nute and especially preferably from1 to
30 seconds. P F 54233 54 Iin such an enbodi ment, th® repfacenment of
substituents on the us atonms can be supo'= gg~and it thus

beconmes possible to Il conpounds havi ng a\p phosphor us
atons and phor S ving m xed subSti hder 5
predoni nant | y Fret i @ contq ol hout the s tlpu%nts t he_phosphorus
atom or at ons Lhel it exchaﬁg@ s a result equi librati <§50d m Xi ng
has to be ensur, ing t reaction, for exa e by stlrM|n or punped
circul ation usi tic or nozzl es. reactoryg,/it is possible
to use apparatu known per~s€ to those skllled in the art for exanple

one or nore cascaded stirred or tube reactors having internal or external
heating and preferably jet nozzle reactors or reaction mXxing punps. 15 The
out put fromthe re on |n whi ch phases forned
during the reag hhase separators or

m xer-settler app phase conpri sing

predom nantly ia o—




the phase copprssssfg predom nantly the desired reaction product at a
tenperature at Ich the salt of the auxiliary base with the acid is
liquid. If necessary, solvents can be 20 added to accel erate phase
separation. The auxiliary base can be recgvered fromthe phase conprising
predoninantly ionic liquid in the manner” described above. 25 The reaction
product can be isol at edud romgae phase conprising the desired reaction
product and/or be purified using nethods known per se, for exanple by
distillation, rectif extraction, fractional or sinple
crystalllzatlon s\0ze #aftron processes, chronatography or
conbi nati ons thereot. ent used in the reaction can be one of the
sol vents nentlon%d_abdve The‘a Liary base enployed in the reaction is
L

general |y useg Pt0|ch|omstr|c gount or slight excess, based on the

id, for e £ ih an anount of from 100 to 200 nol %
based on the eXp ed anount of,s« d preferably 35 from 100 to 150 nol %
and particul arl y\pre 5to 125 mol % If the auxiliary base
added serves as solubilizer, it I'S also possible to use |arger anmounts of
auxiliary base, for exanple up to 1000 nol % or nore. The starting
materials for prepat desi red phosphorus conpounds are known per se
to those skilled ip ) or can easily be found and are reported, for
exanmple, in PF 542 e prior art cited in this text. The sane

i i ¢hi rigrratios in which the starting materials
The sta@ting materials are if possible used as Iiquids
|ate, thy axe 5 dissolved or dispersed in a solvent
. wever, of course al so possible to use at | east
sonme of the sta t' nater'— as solids. If they are adm xed wth a
sol vent, the sol is ge ally used in such an anpbunt that the m xture
is liquid, for exanple as a solution or dispersion. Typical concentrations
of 10 the starting materials based on the total anpbunt of the solution or
di spersion are from5 to 95%by weight, preferably from10 to 90% by

wei ght. The aC| d Ilbera the reaction can, according to the present

shoul d be reacteo.
or nelts; if
for this pur-

i nvention, neut aI| of the aUX|I|ary bases nentioned to
forma I|qU|d salt, nt eS|s can be considerably
simplified.

@‘f L

The following, particularly preferred embodiments in the stated scope are expressly
incorporated by reference into the present disclosure:

10
In a particularly preferred embodiment, the compounds mentioned in US 4,668,651, in
particular the compounds described in column 9, line 25 to column 16, line 53 and in
examples 1 to 11, and also ligands A to Q, come into consideration.

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



Preference ippgiy$ to the preparation according to the present invention
of phosphorous ester diam des of the fornula (ROP[N[N], where R [N
and [N] are as defined above. 20 Particular preference is given to the
preparation according to the present inyggtion of di phosphorous ester
diam des of the formula [NJ[N]P-O-Z-O-P[N'][N'""], where Z, [N, [N],

[N'] and [ N'In]a particuerlycderéierred eatbodiment3h&spropouridspnertioned el 4, 708, tho t he

preparation P@a@ﬁ&né}itnacé;ﬁpém5me§aﬂﬂvd ih BYIBRN D MIn@B7 td Bsuhr1BONNe ! &eimpounds:
O01 I N- P—NIe PF 54233 0 |

I S ONO) NP P-N. L] NN
N-P P-N oo E¥ lesH ilq ”N_apy |a'5°r§96£% :{\,{? B Feipe &Pt(afgﬁlderahon.
5 In a particularly preferred embodiment, the compounds mentioned in US 4,885,401, in

particular the compounds described in column 12, line 43 to column 30 inclusive and in
examples 1 to 14, and also ligands 1 to 8, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in US 5,235,113, in
10  particular the compounds described in column 7 to column 40, line 11 and in
examples 1 to 22, come into consideration.

In a particulariy preferred embodiment, the compounds mentioned in US 5,391,801, in
particular the compounds described in column 7 to column 40, line 38 and in
15 examples 1 to 22, come into consideration.

In a particularly preferred embodiment, the compounds mentioned in US 5,663,403, in
particular the compounds described in column 5, line 23 to column 26, line 33 and in
examples 1 to 13, come into consideration.

20
In a particularly preferred embodiment, the compounds mentioned in US 5,728,861, in
particular the compounds described in column 5, line 23 to column 26, line 23 and in
examples 1 to 13, and also ligands 1 to 11, come into consideration.

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

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

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

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

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

101.4 g of ethanol, 543 g of xylene and 232.7 g of triethylamine were placed in a
40 1000 ml reactor which was fitted with an impeller stirrer and had been made inert with
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Owve P F 54233 - 5 The followi ng, particularly preferred enbodi nents in
the stated scope are expressly incorporated by reference into the present
disclosure: 10 In a particularly prefer r_%g_enbodi ment, the conpounds
mentioned in US 4,668,651, in particular the congounds described in colum
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ligands 1 to I nto consi deration
g 10 51%.

Comparative example 2: Preparation of diethoxyphenylphosphine (DEOPP)

90.9 g of ethanol and 382.2 g of tributylamine were placed in a 1000 mi reactor which

15  was fitted with an impeller stirrer and had been made inert with N2, and the mixture was
heated to 70°C. 162.7 g of 98.6% strength dichlorophenylphopshine was added
dropwise to this mixture over a period of 40 minutes, resulting in formation of a
colorless solution which was liquid when hot and solidified after cooling to room
temperature to give a colorless, crystalline solid. The reaction temperature was

20 maintained at 50°C by cooling. After all the dichlorophenylphosphine had been added,
the mixture was stirred at 75-80°C for another 60 minutes. According to GC using an
internal standard, the 625.8 g of reaction product contained 23.7% of
diethoxyphenylphosphine, corresponding to a vield of 82.7%.

25 Example 1: Preparation of diethoxyphenylphosphine (DEOPP}

188.9 g (2.3 mol) of 1-methylimidazole and 101.4 g (2.2 mol) of ethanol were placed in
a 1000 ml reactor which was fitted with an inclined-blade stirrer and had been made
inert with N2. 181.5 g (1.0 mol) of 98.6% strength dichlorophenylphosphine were then

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

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



Ln a partic%gg&%ﬁoreferred enbodi nent, the conpounds nentioned in US
5,235,113, in particul ar the conpounds described in colum 7 to colum

40, line 11 and in exanples 1 to 22, cone into consideration. In a
particularly preferred enbodi ment, the cegpounds mentioned in US 5,391, 801,
I'n particular the conpounds described in colum 7 to colum 40, |ine 38

and in 15 exEnglpper phase Was distiled undeoreduces] pressire via. a 4hcm qobunn pevigedy
preferred enpads mRRasth§ ifGSTA e8I § BNE6lehs) chidr@ssHfts: fidbtion (BC:
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particul & thHEoPPTERHME islgRdTaskerhe DEOPPYBN Afterl disiatish was 99B%m 26, |ine
23 and in exanples 1 to 13, and also ligands 1 to 11, cone into

consideration. 25 In a particularly preferred enbodi nent, the conpounds
menti oned i nEXa®me 272, 267, in particul ar the conmpounds described in col um
11 to colum 40, line 48 and in exanples 1 and 2, and also ligands 1 to

11, come int | ! icularly preferred enbodi nment, the
conpounds rrelﬁrteﬁ%lr%gé'qﬁﬁﬁgg‘ggwsﬁg%ﬁéo come into consideration. ppm
figures Hhd percentages used in the present text are by weight unless

id_ndi ﬁ at edh 042%ag of t-metiBfimideaoiel el 228rmMpg obethamol sveserplaced.in &1 @(Kambteactor of |
I et hox eny: —h : , : an
239.7 g of t¥ '!"g‘?%ng%gép%%m%g%d'?'ﬁae gﬁng%%gg goeshinduchor Wik G, -
fitted with WHTe ﬁ%@ﬁ"ﬂé’? ice, 795.¢p @?ﬁph%si’éfé‘%’f 'ﬁﬁd‘@’%taa‘\ﬂﬁgﬁr‘rpﬁ"%eﬁﬁ - 60-
N2, and the infexal temparstuneat 2H33°C B@Ca pedod 6f HPLMinuEssFhe reastign proceeded
%Cm gL fﬁ;e@whﬂﬁ?@%ﬂgmﬁ% tf@lcw' egﬁglalgﬁdetbirﬁaimaeﬁthrsQempsefat@enmdrod of
Suspensi on. 0t a8t GrofiniRis AP ten iy hE dphenp kUi Ame
After all t Hertsd dndhwolignichehases wsseabtaimed atheerner 95@%?0@1'@8%5&@%@‘ was
stirred at THeB(pHaRphitedeioRfing ROGO] and @8 6wt phiase poraprigidttak égdrochloride of
hydrochl ori d‘ﬁm"é’?ﬁyliﬁ]li' a%%%gﬁgolré( pﬂééetseerrﬁpati%,fthe mixture was heated to 78°C. 2314 g
20 of a coloriess upper phase and 611.9 g of a clear lower phase were obtained. The
upper phase was distilled under reduced pressure via a 30 cm glass column containing
Sulzer DX packing. This gave 177 g of triethyl phosphite having a purity of 99%. A
further 28.3 g of triethyl phosphite were present in the first fraction and the third
fraction. The total yield was 82.4%.
25
Exampie 3

Preparation of diethoxyphenylphosphine (DEOPP)

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

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



w th suction ,argg shed with cold xylene. Filtrate and xyl ene washings were
conbi ned (tot al: 859 9 g) and analyzed by means of GC using an internal
standard. The xylene solution contained 11.8% of diethoxyphenyl phosphi ne,
corresponding to a yield of 10 51% Oorrpasrzatlve exanple 2: Preparation of
di et hoxyphenyl phosphi ne (DEOPP) 90.9 g of “et hanol and 382.2 g of

tri butyl am n&heeitfe: lolvac poaserwas i€0@lizdd wideaqueousisodibm HyBroxide ddlytiopda twa-h an
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after coojing to room tenperature to give a colorless, crystalline solid.
The reactiong% ﬁﬂ@g yature was 20 mai nt ai ned at 50C by cool | ng. After all the

di chl or ophen phi ne had been added, the m xture was stirred at 75-80C
for another 60 m nutes. According to GC using an internal standard, the

625.8 g of reaRphiation pf eMogydighenyiphoshindECDRE) di et hoxyphenyl phosphi ne,
corresponding to a yield of 82. 7% 25 Exarrpl e 1 Pr epar ation of

di et hoxy hen¥4£hosph| ne (DEOPP) 188. of 1-nmethylim dazole and
101.4 g { ¢ obfl-reethyligidazoie éanT%te&PfleH‘a”8| ‘I@'G(P'?ﬁedr"éac P miregtornas
fitted with which nakiegeippbd adth aatindlined-badd shimer dredmadtzata madeeinert with IN2N2.
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colorless up

1-methylim dgigl/esq%ﬁﬁ{heéﬁg% ]}'g/é)é?@%d‘; 't@@%%?% PR tRe owerr8 a?shee t?tal %reld

li qui d")20 PFwa%923%.61- The upper phase was d| stl I | ed under reduced
pressure via a 40 cmcolum provided wth 5 mm Raschig rings. This gave

15.8 g of a flllrffi’:(ver Bﬁ’es%r lrv’ﬁﬁ:ﬁ JoHp?iEeé fh@qfqhﬂrhyﬁgt}hloride of 1-methylimidazole, was
admixed with 244.1 g of 25% strength aqueous sodium hydroxide solution. To dissolve
the precipitated sodium chloride completely, a further 94.3 g of water were added until

25 a clear solution was obtained. After addition of 450 g of n-propanol, further sodium
chloride precipitated and this was brought back into solution by a further addition of
69.8 g of water. The result was two liquid phases, with the 739.3 g of upper phase
containing 19.99% of water and 16.7% of 1-methylimidazole. This corresponds to
94.9% of the amount of 1-methylimidazole used in the synthesis. The 304.2 g of lower

30 phase contained the sodium chloride together with 70.6% of water and 2.2% of 1-
methylimidazote. The 1-methylimidazole content of the aqueous phase could be
reduced to 0.4% by extracting it again with n-propanol. 1-Methylimidazole could then
be recovered by the mixture of propanol and water being distilled off from the upper
phase of the first extraction.



DEOPP cont enpes43839% and 177.5 g of a colorless nmain fraction (GC. DECPP
content = 99.4%. Only 4.3 g of bottons which according to GC still
contained 11.1% of 5 DEOPP remained in the flask. The DEOPP yield after
distillation was 95.9% Exanple 2 Preparggjon of triethyl phosphite (TEP)
10 425 g of 1-nethylim dazole and 228.1 g of ethanol were placed in a 1000
m reactor fkaropleas equi pped with an inclined-blade stirrer and had been
made inert with N2. Wile cooling in ice, 206 g of phosphorus trichloride
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phase corzlé ai ne i'eld was 77.7%

Example 6
Continuous preparation of ethoxydiphenylphosphine (EODPP)

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

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

35 collected. The upper phase comprised 96.5% of EODPP, so that the yield determined
by gas chromatography was 98.2%. The residence time of the reactants in the mixing
chamber was 4 s, so that the space-time yield was 0.69 x 10°kgm~h"'.



PF 54233 - 62pp¥he4n t he [ ovwer phase was neutralized with aqueous sodium
hydr oxi de solution, a two- phase systemwas refornmed, with the | ower phase
consi sting of an aqueous sodium chloride solution and the upper phase
conprising the free 2-nethyl pyridi ne vvhi_%la_coul d in this way be
recirculated via a sinple liquid-liquid phase separation. 5 Exanple 4
Prepar ati on Efangil@@xydi phenyl phosphi ne (ECDPP) 10 141.7 g of
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1- et hyl i mi oeheorber weed0isa t he synthesis. The 304.2 g of |ower 30 phase

cont ai ned the sodium chloride together with 70.6% of water and 2.2% of 1-

met hyl i m dazltgiag%m%?e 1- et hyl i m dazol e content of the aqueous phase coul d

be reduced TO U 4% by extracting it again with n-propanol.

1- Met hyl #vi dazol e could then be recovered by the nixture of propanol and

wat er bei ng Cénstinublie drephfatibn efdiethexyireyiphosphine (DEOPP)

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

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

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

35 chamber was 20 s.



phase of thepfiggggzextraction. PF 54233 -63. Exanple 5 Continuous
preparation of e oxyd| phenyl phosphi ne (EODPP) 5 The follow ng starting
materials were fed continuously at 80C into a reactor which was equi pped
with a three-stage inclined-blade stirrer nd had been nade inert with
nitrogen: 1) mxture of 110.7 g of ethan'? and 205.8 g of 1-nethylinidazole
and 2) chl oEsaihpleéhyl| phosphi ne (99.4% strength). Stream 1) was added at
330 mM/h and stream 2) was added at 380 m/h. Both streans were introduced
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Example 10
Regeneration of 1-methylimidazole hydrochioride

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

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

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

40  were recovered. The water content of the distilled 1-methylimidazole was 0.06%.



During the 1pgm, gy@ 392.2 g of upper phase and 218.3 g of | ower phase
were 35 coIIecte The upper phase conprised 96.5% of EODPP, so that the
yield determ ned by gas chromatography was 98.2% The residence tine of
the reactants in the ﬁlXIng chanmber was S, SO that the space-tine yield
was 0.69 x 106 kgm 3h"' PF 54233 64 Exanpl e 7 Continuous preparation of
ethoxydlphenylphosphlne (EOCDPP) 5 The following feed streans were m xed
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e vas ChBEEE ad Red Sugittsion H KR Blan 3 REE 48 A raefuiPBRtdi8 1 0
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Phase wel® 196%)of e Larisfiwidasplemesn able e SREPGYSEd- 96. 8% of ECDPP, S0 ¢ hat
the yield determned by gas chromatography was 98.5% The residence tine
of the reactg#g Rqthe mxing chanmber was 30 s. Exanple 8 20 Conti nuous
preparation o oPet hoxyphenyl phosphi ne (DEOPP) The follow ng feed streans

were m xed continuously in a reaction mxing punp: 1) mxture of 237.1 g
of 1-nethyl i datatadicacul id@e.dissgivell iret 20a8 glof ayalotBxa@e T dBreqrove tikbacid

di chl or opheny, 9da"iW(B®F§U 6f 1 ﬂeﬁmmd&ol‘éﬁ%ré@%é’d ﬁthé%@tuﬁor%@s inkdARmbR) was
added at 23
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liquid formed which is immiscible with cyclohexane from the solvent by means of a
liquid-liqiud phase separation.

Example 12

25
Continuous preparation of the following chelating phosphonite:

0
0

O

—10—-

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

1)  composition: mixture of 11.9 g of 1-methylimidazole, 11.8 g of o-biphenol and
35.1 g of toluene and



di chl or ophenp#gﬁgﬁfhi ne were added. The output consisted of two |iquid
phases. During the 58 mnutes, 249.0 g of upper phase and 335.6 g of | ower
phase were collected. The upper phase conprised 95.4% of DEOPP, so that
the yield determ ned by gas chronmat ogr ap_ty, was 95.5% The residence time of
the reactants in the mxing 35 chanber was 20 s. PF 54233 -65 Exanple 9
Conti nuous preparation of diethoxyphenyl phosphine (DEOPP) 5 The foll ow ng

feed streans r i > i 1y ¢ g heRo¥AeH ' indn xXture
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g of a |l ower phase. The upper phase further conprised 3.7 g of

l-mthylim%ﬁm he | ower phase was mxed with 169.6 g of paraffin oil.
168 ¢ of2050005 rength agueous sodi um

The synthesis of the chelating phosphonite of example 12 was carried out as described

in example 12. Various parameters were varied. The top of the reaction mixing pump

was thermostated so that the final temperatures of the reaction mixture at the outlet of

the pump indicated in the table could be obtained. The results are summarized in the
25 following tabie.
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(2-tert-butylphenoxy)chlorophenylphosphine



Exanpl e 12 2pg Ggp44 nuous preparation of the follow ng chelating
phosphoni te: 30 The follow ng feed streans were m xed continuously in a
reaction m xing punp: 1) conposition: mxture of 11.9 g of

1-met hylim dazole, 11.8 g of o-biphenol ggd 35.1 g of toluene and PF 54233
-67. 2) conposition: mxture of 38.4 g of

(2-t ert - but yTheheornorisjarwvag ayanditajive lodlptarimets. and 153.5 g of toluene. 5
Stream 1) was added at 681 nml/h and stream 2) was added at 2373 ni/h. The
vol ume of t%&ﬁﬁg |ng chanber was 3.3 nl. The top of the reaction m xing
punp was ted at 120C. The system was brought to equilibrium over
a period of 3 mnutes. The output was subsequently collected for 7 m nutes
in order 40 Ceitinviogsipreparatios sf thalfallbwing dHetatingppesstionite: of the reaction
medium at the outlet of the reaction 10 m cing punp was 100C. The out put
consisted of two |liquid phases which were collected in a vessel and

subsequent|ly separated. Over the Rat a of 7 mnutes, 233.9 g of
upper phase and 14.0 g of | ower @ Wer e ed. The upper phase was
a toluene solution of the reactionp oducts e the | ower phase was the

hydrochl ori de of 1-nethylim daz W ch was tglhed as an ionic liquid at
@h

15 above 75C. The selectivity t rdesired g phosphonite conpared
to the wundesired nonodentate p Qpites was de m ned by neans of 31
P-N MR spectra. It was 93.8%in favo O chel ati ng phosphorite. The
conversion was quantitative. Exanple)i3 the€ synthesis of the chel ating
phosphonite of exanple 12 was carri eg scribed in exanple 12.

Vari ous paraneters were varied. The h&p reaction m xi ng punp was
thernostated so that the final tenperatures of\the reaction mxture at the
outlet of the punp indicated in the table could be obtained. The results

are summarized in the 25 followng table. PF 54233 -68
The following feed streams were mixed continuously in a reaction mixing pump:

10
1)  composition: mixture of 28.0 g of 1-methylimidazole, 36.1 g of 2,2",4,4'-
tetramethyl-o-biphenal and 116.4 g of toluene, and
2)  composition: mixture of 88.4 g of (2-tert-butylphenoxy)chlorophenylphosphine
15 and 37.9 g of toluene.

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

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

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

30 secondary components.




Conposi ti onCpppgsssi on of FeedFeedTenperatureSel ectivity to of stream
lstream 2stream 1stream 2at the reactorchel ati ng outl et phosphonite over
nonodent at e phosphonites 33.3 g of M A106.0 g of TBCP16031367105. 5C96. 6%
mlhmlh 32.8 g of BP45.4 g of Tol 98.0_%ép_f Tot 37.3 g of MA118.7 g of
TBCP1603136790. 5C97. 3% m | hm | h 36. 7gof BP50. 9gof Tol 109.7 g of Tot 41.3 ¢
of M A130.9 Exahpl@BEP1603136776.8C98.6% m | hm /h 40.7 g of BP56.1 g of Tol

121.6 g of Tot 41.3 g of M A130.9 g of TBCP1603136776.8C98.6% m /hm /h 40.7

g of BP56.1 of Tol 121.6q0fTol 21. 2 of MAT71. .Of
TacP12701 15658585 BEPRRR A fheBlesinge iy MpsPnadi®h2 5 g of Tot M A =
1-methylimdazole 5 BP = o-biphenol Tol = toluene TBCP =

(2-tert-butyl phenoxy) chl orophenyl@p_&kne :1Oi PT4233

?
P
|

O-1v-0

0

5
The following feed streams were mixed continuously in a reaction mixing pump:
1)  composition: mixture of 188.9 g of 1-methylimidazole, 249.1 g of 2,2 ,4,4’-
10 tetramethyl-o-biphenol and 807 .4 g toluene, and

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

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

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



-69- The conpekgspp Was quantitative in all variants. Exanple 14 5

Conti nuous preparation of the follow ng chel ati ng phosphonite: The
following feed streanms were m xed continuously in a reaction m xi ng punp:
10 1) conposition: mxture of 28.0 g of lgnethylim dazole, 36.1 g of
2,2',4,4 - tetranethyl -o-bi phenol and 116.4 g of toluene, and 2)
conposi ti on:Exanqileté of 88.4 g of
(2-tert-butyl phenoxy)chl orophenyl phosphine 15 and 37.9 g of tol uene.

St 1 dded at 1817 mi/h and.st 2 ded at 1153 m/h. Th
vol ure of rreanng cenzep eSS BRE D ougnt 10

equi libriumover a period of 2 mnutes. The out put was subsequently
collected for 5 mnutes in order to- 20, C a mass bal ance. The
tenperature of the reaction nmedi uf ' { the reaction mxing
punp was 76.3C. The output consis phases which were
collected in a vessel and subsequently ~d. Over the mass bal ance run
of 5 mnutes, 264.3 g of upper% and 40. ower phase were

col l ected. The upper phase was yoliuene sol gfTon of the reaction
products, while the | ower phase 25 t he hygrochroride of

1-nmet hyl i m dazol e whi ch was obt ai ned\as an i 6nt'c liquid at above 75C. The
selectivity to the desired chel ati ng e conpared to the undesired
nonodent at e phosphoni tes was determ #hs of 31 P-NWR spectra. It
was 95.6% in favor of the chel ating phosphoni The conversion was
quantitatdve. The |ower phase (ionic |liquid) contained only about 300 ppm
of phosphorus-containing 30 secondary conponents. PF 54233 -70 Exanple 15
Conti nuous pﬂﬁaot%né\kihgm‘?eébf stheafsl vodrb AiketicdiRLISE SHeQSRIMRixiR: pumpl Ne
follow ng feed strealis were mer continuously in a reaction m xing punp:
1) conposition: mxture of 188.9 g of 1-nethylimdazole, 249.1 g of
2,2',4,4" - 10 t eniximeohy$8.8 ghof pFreetbylirsidaizcdd 244.1g ofd?, 2'ehé stetazriethyl-o-

10 biphenol and 807.4 g of toluene, and

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

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

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



2) conpositlgﬁ yture of 664.7 g of (2-tert-butyl phenoxy)-p-

fl uor ophenyl ¢ Iorophosphlne and 284.9 g of toluene. 15 Stream 1) was added
at 1781 m/h and stream 2) was added at 1189 mi/h. The volune of the

m xi ng chanber was 3.3 m. The systen1mesﬁ€rought to equilibriumover a
period of 2 minutes. The output was subsetfuently collected for 275 m nutes
in order to Egample 10ut a nass bal ance. The tenperature of the reaction
medi um at the outl et of the reaction m xi ng punp was 69.8C. The out put
consi sted of .two |iquid h 20 were c ected in a vessel and
subsequent | y “OBI4e é'gé’ﬁ‘?p I%e Hﬁ%‘%'"%&!‘%’ﬁw ‘ﬂ'lfﬁpﬁ* © 275 minutes, 799.6 g
of upper phase and 98.9 ¢ of Iomer phase were col |l ected. The upper phase
was a toluene solution of the reactjon products,_while the | ower phase was
t he hydrochl oride of 1-nethyli rri e which w @ ained as an ionic
liquid at above 75C. The yield & sol ated desiN.ed product was 302.9 g
(93.4% of theory). PF 54233 -71 Exa@ple 16 Conii nuous preparation of the
fol l ow ng chel ati ng phosphonite: follomn feed streans were m xed
continuously in a reaction

1) nlx g.of 8.9 g of
1-net hyl i m dazole, 249.1 g . -tetra —ﬁyl blphenol and
807.4 g of toluene, and 2) co

: nixtur of 6

(2-tert-butyl-6- methyl phenoxy)chl or ophienyl phegphi ne and 298 3 g of
toluene. 15 Stream 1) was added at 17 m/h/apfl stream 2) was added at
1238 m /h. The volume of the m xing ywas 3.3 ml. The system was
brought to equilibriumover a period At es. The out put was
subsequent|ly collected for 275 m nute to carry out a mass

bal ance. Fhe tenperature of the reaction nediumat the outlet of the
reaction m xing punp was 69.5C. The output consisted of two |iquid phases

whi ch 20 We”?h&fﬁllb?ﬁ'ltggged &ré’arﬂ@@é@m&@&'c&h&%@%?m R BHH fggpurﬁ%!er the

mass bal ance run o m nut es, of upper
| ower phase were coll ected. The upper phase was a toI uene sol ution of t he
reaction prodlct syxtuikidf 488 Rey ofowmethylimidezolecd % he ohg 2h.béhlebrmedybo-

1- met hyl ygn dazol giphbndt And@97 Ay éftoREnéangn 1onic |iquid at above 75C. The
yield of isolated deS| red product was 298.3 g (95.2% of theory).
2) composition: mixture of 660.5 g of (di-o-cresyl)chlorophosphine and 283.1 g of
toluene.

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

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



PF 54233 -72PE§5?&E 17 Continuous preparation of the foll ow ng chelating
phosphite: 5 The Tollowng feed streans were m xed continuously in a
reaction mxing punp: 1) mxture of 188.9 g of 1-nethylim dazole, 249.1 g
of 2,2',4,4" -tetranethyl -o- 10 bi phenol apd 807.4 g of toluene, and 2)
conposition: m xture of 660.5 g of (di-o-cresyl)chlorophosphine and 283.1 g
of toluene. Etdmplerdam 1) was added at 1793 ml/h and stream 2) was added at
1176 m/h. The volume of the m xing chanber was 3.3 ml. The system was

brought to equilibriumover a, perjod of m nyt es.. The out put was
subsequent | y“€8 m@yg@&e%ﬁ\tlo%:@trfﬁfﬁhq\qgggphégy%rﬁhqsghm Srry out a nass

bal ance. The tenperature of the reaction nediumat the outlet of the
reaction m xing punp was 70.1 C. The-output consisted of two |iquid phases
whi ch 20 were collected in a vesse yd subseqfent!ly separated. Over the
mass bal ance run of 160 m nut es, phase and 60.8 g of

| oner phase were collected. The
reaction products, while the Io t he rochl ori de of
1- met hyl i mi dazol e which was obtgingd 195 an ioi d at above 75C. The
yield of isolated desired product was |166.6 g |(93. 5% of theory). PF 54233
-73 Exanpl e 18 Continuous preparation @f the fpllow ng chel ating
phosphinite: 5 The follow ng feed str&aNs m xed continuously in a
reaction mxing punp: 1) mxture of 18 -met hyli m dazole, 249.1 g
of 2,2',4,4" -tetramethyl-o- 10 bi phen /4 g of toluene, and 2)
conposition: mxture of 445.8 g of diphenyl chidrophosphine and 191.1 g of
toluene. 45 Stream 1) was added at 1991 ml/h and stream 2) was added at 906
m /h. The volunme of the m xing chanber was 3.3 nl. The system was brought

to equilibri ‘r‘ﬁ%— ?o\flg\rrvinag feed streams were mixed continuously in a reaction mixing pump:

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

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

15  Stream 1) was added at 1991 ml/h and stream 2) was added at 906 ml/h. The volume
of the mixing chamber was 3.3 ml. The system was brought to equilibrium over a
period of 2 minutes. The output was subsequently collected for 218 minutes in order to
carry out a mass balance. The temperature of the reaction medium at the outlet of the
reaction mixing pump was 70.1°C. The output consisted of two liquid phases which

20 were collected in a vessel and subsequently separated. Over the mass balance run of
218 minutes, 641.8 g of upper phase and 93 g of lower phase were collected. The
upper phase was a toluene solution of the reaction products, while the lower phase
was the hydrochloride of 1-methylimidazole which was obtained as an ionic liquid at
above 75°C. The yield of isolated desired product was 152.3 g (67 .4% of theory).



period of 2 pgmubes. The output was subsequently collected for 218 m nutes
in order to carry out a nmass bal ance. The tenperature of the reaction
medium at the outlet of the reaction mxing punp was 70.1 C. The out put
consisted of two liquid phases which 20 re collected in a vessel and
subsequent|y separated. Over the mass bal'ance run of 218 nminutes, 641.8 g
of upper phaEsarapld 193 g of | ower phase were collected. The upper phase was
a toluene solution of the reaction products, while the |ower phase was the

hyd hl ori dg_of | d
above 75¢. TRanRiPlPsBh 4R GiitoethRbe RSB eE 5"y (67 avar

theory). PF 54233 -74 Exanple 19 Conti nuous preparation of the fol |l ow ng
chel ating phosphorite: 5 The fol)Jowi ng feed streang were mixed continuously
in a reaction mxing punp: 1 \ t hyl i m dazol e,
249.1 g of 2,2',4,4" -tetranmet hyl -p £ d 807.4 g of toluene, and
2) conposition: mxture of 828.1 ‘
(2, 4-di i soanyl phenoxy) chl or ophenyMgHosphi ne 54.9 g of toluene. 15
Stream 1) was added at 1532 rri/té:jndostream 29|3 as _added at 1395 m/h. The
Theg

volume of the m xi ng chamber : n was brought to

equi libriumover a period of nukps The putc was subsequently
collected for 275 mnutes in order t0 t a mass bal ance. The
tenperature of the reaction nmediuma et of the reaction mxing
punp was 69C. The out put consisted i d phases which were 20
collected in a vessel and subsequent fed. Over the mass bal ance run
of 275 minutes, 787.9 g of upper plkase and 85.3 g of | ower phase were
col l ected The upper phase was a toluene solution of the reaction
products, while the | ower phase was the hydrochloride of 1-nethylim dazole
whi ch was obTle foliowiag feed stoeams wergumideditontiabowsty inECGeadtion mixilgpundp:i sol at ed
desired product was 304 g (89.6% of theory). PF 54233 -75 Exanple 20

Continuous py,eparal’ o ?és bt 1 eV indasals b Pof59°PR  Gathyl-o-
10 biphenol and 807.4 g of toluene, and

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

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

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



5 The fol |l owpprggbged streans were m xed continuously in a reaction mxing
punp: 1} mxture of 188.9 g of 1-nethylim dazole, 249.1 g of

2,2",4,4" -tetramethyl -o- 10 bi phenol and 807.4 g of toluene, and 2)
conp05|t|on m xture of 738.3 g of (2,4-digtert-

but yl phenoxy) chl or ophenyl phosphi ne and 316;4 g of toluene. 15 Stream 1) was
added at 166kxample 28nd stream 2) was added at 1308 nmi/h. The volume of the
m xi ng chanmber was 3.3 m. The systen1mas brought to equilibriumover a
period of 2 bse entl ected for 233 m nutes
in order to &éﬁﬁﬁas E&%r%@?ft @Hgﬁegth é*?‘tﬂ"& of the reaction
medi um at the outlet of the reaction m xing punp was 75.8C. The out put
consisted of two liquid phases which 20 were collegted in a vessel and

subsequent|ly separated. Over the | ang 233 mnutes, 663.9 g
of upper phase and 79.8 g of | owep pase we ected. The upper phase
was a toluene solution of the re prodyc ile the | ower phase was

bt ai ned as an ionic
liquid at above 75C. The yield, a ired product was 267 g

(94. 7% of theory). 25 Exanple m ',3<ture of 11. ] of PCI3 and 0.6 nol
of AICI3 (98% pure) was placed r lan argon atknogphere in a 1 1 flask
whi ch was provided with a thernostat oY j ackete, 30 nechani cal stirring,

t hermoneter and reflux condenser at %3& 0.4 gol of fluorobenzene was
subsequent|y added over a period of ] % Wth a gentle PF 54233 -76-
stream of argon bei ng passed through 1on flask. The reaction

m xture was stirred for 3 hours, cagoled to 60C and 0.62 nol of

N- net hyl i%ri dazol e was sl ow y added over a period of 45 mnutes. The
reaction was exothermc and m st was formed. The m xture was subsequently
stirred for pmofollewing@esd strdabss véretRiked Winubdsy Bitd feaetiorbmix@)y sump:ched of f,
2 phases separ at ed. The Iovver phase was separated off and the upper phase
was extracted twice wt each time of PC13 at_ 60C. The | ower phase
and the conbihedmpéyre oéi% ﬁélt‘%f 1V!E¢'BY|HF'§§¥Q|¢ 4918 of 14 55-tgtramethyl-o-

p-f 1 uor ophenyl di iphenod phd 8pN# eofitslueneyiaald of 70% of theory and a purity of
96%

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

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

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

25
Example 21

A mixture of 1.7 mol of PCl; and 0.6 mol of AICI; {98% pure) was placed under an
argon atmosphere in a 1 | flask which was provided with a thermostated jacket,
30 mechanical stirring, thermometer and reflux condenser at 73°C. 0.4 mol of

fluorobenzene was subsequently added over a period of 30 minutes, with a gentle




10 (determ npd siy3plP NVR). Exanples 22 - 27 The procedure of exanple 21

was repeated using the ratios of fluorobenzene, AIC13 , 15 PC 3 and

N-net hyl i m dazole indicated in the table. Ex. Mlar ratio of Mlar ratio of

Reaction Yield Purity Al C13:fluorobenzenefy et hyli m dazol e: Al C13ti ne

[h][AA[9%9 211.5137096 221.5166596 231.5138091 241135496 2510.5316n. d.

261. 50. 5319nstecean?3barggo Peing passedibiougbthe reankian fagki Theseantidremix@ire was

L _eaﬁt i on \Natsmrrfardrfbﬁglhews. ¢dbléd mmeganarmadmgm N-Mefhyfii aQolglﬂasQ:kﬁwlyN C13 of
i gher puri > . -7 l.ye ex

mttar e of | sapegerp dfBaBE RS mptles TAE fodclfn 58 FRABINN Bnd AT b

an argon at hegsphdyre was subsequently stirechioe anather 30 Biutaset BTG Whenthengtisteht ed

j a|Cke1E , ?? meghsBwitcHedsiff, 2 phages Sd'perat@drﬂmno\eércbhaséWassepmd&amsdff 3%|a1 thé3C. 0.8

nmol o uo ,ﬁ%&@&eﬁw ki I m nut es,

with a gentl%%g?ﬁg%renwé\gaargon el ng'k%%@@ggg%@yﬁﬁgﬂpﬁﬁgkggggtion flask. The

reaction mxture was stirred for 3 hours, cooled to 60C and 1.25 nol of

pyri di ne wer Eheloswet phastcad the eomainepd &0 1pektattsAderaidistiied givilge55 ga€t i on was

exot herm ¢ apd, Hosh |¥oPRSESphihasn &1 £70b H@fﬂ?’ bygsd,irred for
anot her 30 ﬂﬁ%@qﬁ%ﬁé‘}%@ ngn;tfﬁi ?gll)ar%l#sjgl i (ﬁioﬁﬁ‘t%ﬁ formof | a%e | unps
preci pi t 3¢ ed,de ineq; by oh’l ot be separated off via a suction filter

Examples 22 - 27

The procedure of example 21 was repeated using the ratios of fluorobenzene, AlCl;,
15 PCl; and N-methylimidazole indicated in the table.

Ex. Molar ratio of Molar ratio of Reaction |Yield |Purity
AlCl;:fluorobenzene |N-methylimidazole:AICI; |time [h] (%] %]

21 1.5 1 3 70 96
22 1.5 1 6 65 96
23 1.5 1 3 80 91
24 1 1 3 54 96
25 1 0.5 3 16 n.d.
26 1.5 0.5 3 19 n.d.
27 2 1 3 79 73

n.d.: not determined

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




but only by py gaé?éion. The filtration resi due was washed with petrol eum
ether. The filtrate and the washings were conbined and distilled, giving
73.3 g of p-fluorophenyl dichl orophosphine in a yield of 47% of theory. 15
Exanpl e 28 - Acetyl ation of pyrrolidi ne_%, solution of 5.88 g (75.0 mmol) of
dcetyl chloride in 10 m of MIBE was adde& dropwi se at 10 - 15Cto a

sol ution of Gordpamgtiye/éxanpiedl ) of pyrrolidine in 20 M of 20 MIBE (tent
butyl methyl ether), with the tenperature being mai ntained. The suspension

formed was adm.xed with 6,7 82, I f 1-methylim | e whil
cooling i ?\ i @'%tHWoontan‘E"Wl Q&ﬁégﬁgi%fm%%“?%@? ngégyﬁﬁ%f allnnet he
suspensi on bagoyatrospbetedd a 1 task svhidhqwasiprovidep vitB @ thenrtastated jenket, mi xture
was stirrged hegnamnel Sffing, théttontish dridaelBO@TRENIR € 73NV §kfof The upper
B o Kf‘icfe{ffn%ﬁeﬁ%na?ﬁ%%ﬁ%%uﬁ’%aﬁ?%@é%déﬂ%&% Sofi a2 phBseiraseafe
product t ogestteam ofi argon being passedihwagn the negeticndlastsr Thereagtinn mixiuse weRase was
extracted tstinea fod 3 Routs CddosaroBoP@aAd 1@ShEIGS pRfidies waekslbwyradabd vadred
anot her 1.70. g ak Y I | di X -
Acetyl ati on %%%oé?qgﬁ% gﬁ)?tgé‘.w%g%@g.@s%me%}é eaa't.'(gjﬁ 'sﬁgﬁwéﬁfégt r\‘/\%rpgtuéﬁded
dr opwi sel o Wassghsenentiyrstimed for@nothes 39 migiies atf0 %%@Pﬁ%fﬂr@rﬁ@"@!weg (82.5
nol ) of 1- nfetrhyf iargeiampls praipitateds bhd thisigouldinot beosBpargged off viaea actisn iltera
rate that t h(?'uttogg%ﬁffﬁﬁ'é{foﬁ. ?ﬁ@ﬁlﬁ?fiorﬁ?gﬁﬁg whSGwashb& wiR Ip@ﬁ@l%&hcﬁ?héﬂ FhififraliRs

0 Jtormng a |rqu e e

t hen heat ed orm qui Wo- phase, m_xtu upper ase
was separ at e'Ohe %B'“ﬂ/‘éé’;"e?%ﬁ‘?{ﬂb'ﬂ%d E'E'ﬁs]g'ﬁ%‘[)edog“’ﬁ'gfézbgf’%?.5% o?pl- bgtyl
acet at e contafluemphergididiiatoplypspbinana b yisldofd7 %6f thebyut 1 % of

1- met hyl jgn dazol e. The |ower phase solidified on cooling to 20C. PF 54233
. 78. Exanple_30 - Agetylation of 2-butanol 6.47 82.5 Mol ) of acetyl
chlori de wer&3Rie4 G%B&j‘?’é’gnf’gpﬁr@a\"ﬁtion of 5. gS(g (75.0 n’?ml) of Y
2-butanol and 12.3 g (150 mol ) of 1-methylim dazole while stirring and 5
cooling in ig8otiorstCA88 gl(P8.0 niridl} of dtRtyl eRBAdINUITEMIGIIMTEE wexeraed 10C. The

2t 200 o rPRERRBLIOT 15° fle seuililiess §lre i) oahnBlRdRar il 0V 25

into a |#Qui MTBRdtesHEY mgthyl @ther), with the temperature being maintained. The suspension
formed was admixed with 6.75 g (82.5 mmol) of 1-methylimidazole while cooling in ice
and the mixture was then warmed to 20°C, resulting in the suspension being converted
into a liquid two-phase mixture. This mixture was stirred for another 1 hour and the
phases were separated. The upper phase was freed of solvent on a rotary evaporator

25 to give 6.28 g (74.1%) of N-acetylpyrrolidine. The lower phase comprised further target

product together with 1-methylimidazole hydrochloride. The lower phase was extracted
twice with dichloromethane, giving, after addition of water, another 1.70 g (20.1%) of

N-acetylpyrrolidine.

30 Example 29 - Acetylation of 1-butanol

6.47 g (82.5 mmol) of acetyl chloride were added dropwise to a solution of 5.55 ¢
(75.0 mmol) of 1-butanol and 6.67 g (82.5 mmol} of 1-methylimidazole while stirring
and cooling in ice at such a rate that the temperature did not exceed 10°C. The

35 reaction mixture was then heated to 75°C, forming a liquid two-phase mixture. The
upper phase was separated off and was found to consist of 6.73 g (77.5%) of 1-butyl
acetate containing, according to analysis by GC, about 1% of 1-methylimidazole. The
lower phase solidified on cooling to 20°C.




upper phase ppggsgparated off to give 7.90 g (theory: 8.68 g) of 2-butyl
acetate as a colorless oil having a purity of 85% (GC). 10 Exanple 31 -
Acetyl ation of isobutanol (2-methylpropan-1-ol) 6.47 g (82.5 nmol) of
acetyl chloride were added dropwi se to a pl ution of 5.55 g (75.0 mol) of
iI'sobut anol and 6.76 g (82.5 nmmol) of 1-nethylim dazole while stirring at
15 20C. The Exampled@d -rAcetyationohg-tstanoted for a further 30 ninutes and
subsequently heated to 75C. This resulted in the suspension initially

f d bei int i aui -ph ' T h
was separ at o oeg ol oFadey @hé#@fe%@é@o@%ﬂ’%ﬁ A 5glio0 PPEBR e o as a
Eoopent 15 o) 6ol { A 8 Ao e et WetORP oIl A G 0TOR The MW GAhSS
5 in ice Baperatur n e alixt
hl ori d i . | 750 ,

reopent 5 SO TSR ol ol Bt 200 MRy g
-met hyl i nmi dath§Istspgnsien isitially foFged being eon d/irtg @liagid tesahgse mikeres e r ed
for a furtheoppth ph8serwas sesarated offitb gaeredl § thbast 88 ghof7BButylitetate @asal t ed

in the suspepsbidssdiiHavink!s), hng converted into a |liquid two-phase
m xt ure. The&tﬁJ%pers ;‘)hasebwapsur{t)gggrd%@ﬂoff to give 8.40 g (theory: 9.76 Q)

of neopeﬂ}QyI acetate as a colorless oil having a purity of 98% (GC). 30
Exanpl e 33 - EBampleydlatAcetylationrof sobataodl (24néghypropan3-olol ) of benzoyl
chloride were added dropwi se to a solution of 5.55 g (75.0 nmol) of

1- but anol an T 82.5 I f. 1-nethylimdazol e whi stjreing at

Ton " The.  eanél aiad heh AR o Riiad wegs ddad froRERe Sod dohiR bt &7h 80
subsequent | y(755 megl ) isabutemal anpf.46 gd82i6tnerdol) af t-methwligyazsleomilersitiringl gty
formed bes P%@"@?Wﬂ?ﬁ@é&tibﬁhﬂx@r& wagIstirebdifdPa ﬁimgéesmriwmué@andTmsua@ﬁmyphase
was separate o : . eorv. . as a
col orl gss oi ﬁeﬂé‘gﬁnﬁf’ g:" g_ﬁlrs ?F%ﬁtgg urgg-&)s%&jnséﬁn@a%fg%%b%ﬁéé%v@?@ﬁ?ﬁ&Pa

Pal mi t oyl at i igvibiwqphasg mixtuse | Theuppeophase vasgeparater affia give 7 Ol g (thaonyi|
chlori de (Cl8p8ig)oflRobilityiicetatd HeB@olvass ailitkathgd ponty 9£99% (6CJ0ol ution of

6.46 g (75.0 mmol ) of prenol (3-nethyl but-2-en-1-0l) 5 and 6.76 g (82.5

mml ) of 1-nethylimdazole in 40 mM of toluene while stirring at 20 - 36C.
The reac®? onEXdRRIASE ~figetyiation ot gerpntyd ajcghel{22-digeiyhinPEPa8R subsequent 1y

6.47 g (82.5 mmol) of acetyl chloride were added dropwise to a solution of 6.61 g
(75.0 mmol) of neopentyl alcohol (2,2-dimethyi-1-propanol} and 6.76 g (82.5 mmol) of
1-methylimidazole while stirring at 20°C. The reaction mixture was stirred for a further

25 30 minutes and subsequently heated to 75°C. This resulted in the suspension initially
formed being converted into a liquid two-phase mixture. The upper phase was
separated off to give 8.40 g (theory: 9.76 g) of neopentyi acetate as a colorless oil
having a purity of 98% (GC).

30 Example 33 - Benzoylation of n-butanol

11.9 g (82.5 mmol) of benzoyl chioride were added dropwise to a solution of 5.55 ¢
(75.0 mmol) of 1-butanoi and 6.76 g (82.5 mmol} of 1-methylimidazole while stirring at
10°C. The reaction mixture was stirred for a further 30 minutes and subsequently

35 heated to 75°C. This resulted in the suspension initially formed being converted into a
liquid two-phase mixture. The upper phase was separated off to give 9.90 g (theory:
13.3 g) of 1-butyl benzoate as a colorless oil having a purity of 99% (GC).




heated to 80pf 5‘5%? resulted in the suspension initially fornmed being
converted into a I qui d two-phase m xture. The upper phase was separated
of f and evaporated on a rotary evaporator to give 23.6 g (theory: 24.3 @)
of prenyl palmtate as a solid-liquid 10_.mass having a purity of 95% (GC).
Exanple 35 - Palnmitoylation of all-trans-retinol (vitamn-A alcohol, VAA)
| n t he absenEeraraplel3dgtRalmitaylatitnlaf pesal i ng, pal mtoyl chloride (170.0 g,
0.618 nmol) (Cl16) 15 was added dropwi se to a 29% strength sol ution of

all-trans-retinpl in t 608.5 0.616 nol d 1-nmethylim dazol e

(50.8 g, 0.6 ﬁ?&t'?"%gﬁ?-géa@gﬂ(’ﬂﬁ‘°81°fg@m@ﬂ&g&mﬁﬁ?@ '“iPi"? ﬂ%g';‘.’e"?h‘éas

reacti on tenpddest dropwise e atsolulisrCof G A gty 5.0 ummsohabprensd!{BmethybutdBendiml) es

at 2 - 5G; apRd shey qeg.rs rARolfioR YIrGSth Amid S8 ihATRAN GHitsliene WHR Srfig/ae20/as

heated to 93@'5 %lﬁsu tit.n i.g t WO Iit ui hases in tf or d.b The &ases

vere. separ at 8070 T8 o ol e St IpP R Biie BE PP SR s 5 2706

of retinol aheatedt®88°6: Thigiresyited imtheauspenaian ipitiPMCPrmenk beipg sore@rtedpatplaat i on

of elt hXJ hexgnqw Mtbbl@éded’ﬁixﬂﬁe.a‘ﬁtdmbh@(a’s@%ﬂsfﬁhbmédj@ﬁ aRd elaribrated b8& nol )

is slowy a : . . L

4% (hydr ox m&%’wg?’iﬁ%?kw §28v8 208 ¢ ety 24 3 ) of greypamitpte 25 2 soliciquid

- met hyl it¥i dHREP BaVIRQ/A RUNY(P 821373 nol) in nmethylene chloride (400 )
e i yf §5% (GE)

1

under a nitrogen atnosphere and while cooling in ice. The reaction m xture

is stirred o ' P I 1 eahS. ; e d pressure.
The residue Fg&@gggﬁ up iE&Wn%tt%‘rﬂ]ﬁ‘f%tﬂ‘grraﬁBﬂ{n&{@é@ﬂg?ﬂggb?%ﬁéﬂﬁ?t vmpce and the

phases are separated in each case. The organi c upper phase is evaporated
under reducebh the absence.of Tightsangiwhile cohlings palenitogischioridel (970.8 9s0.6i18 nudn(CABhi ng

b each (asonad B0ddh Bophte (6.2 2988 sHU RUR KT AR IANS FAIRNG AepfarkAEyEBla, | S

Vol Lo sh-or PEtEalband meyiGiHEZRE (56 8% BleR el oves nerirsf 25 3uss whie

Si |yl ati on ostirringtre@reactipn4empenatioe soserto[1p°Gf Thelmigtune waastitigd fir Bameinvies e
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o 0 3 l. . |

m xture was é?ibr ?%S ! n&r'%@ﬁﬁdﬁp@%&ﬁ\%ﬁﬁp&;ﬂg@aﬂ E pé%‘%ﬁ”de %%?P%%@Zﬁg - 80-

for 15 nPhut vePeipPhasrecomprisads apayt fremitivaeselventel-26% obfetinol andl9%42%@5- phase

m xture. Thevitamin A palmitate (HPLC).

Example 36 — Acylation of ethylhexanoyl chioride

25  2-Ethylhexanoyl chioride (30.0 g, 0.186 mol) is slowly added at 10 - 15°C to a solution
of 4-(hydroxymethyl)-1,3-dioxolan-2-one (20.0 g, 0.169 mol) and 1-methylimidazole
(MIA, 30.6 g, 0.373 mol} in methylene chloride (400 ml) under a nitrogen atmosphere
and while cooling in ice. The reaction mixture is stirred overnight and the solvent is
removed under reduced pressure. The residue is taken up in methy! tert-butyl ether

30 (MTBE) twice and the phases are separated in each case. The organic upper phase is
evaporated under reduced pressure. This gives the ester as a colorless oil containing
residual MIA. The mixture is taken up in toluene twice and the solvent is in each case
removed under reduced pressure. This gives 45.83 g of a yellowish oil having a MIA
content of 17% (NMR).

35
Example 37 - Silylation of n-butanol

4.40 g (40.5 mmol) of chlorotrimethyisilane were added dropwise to a solution of 3.00 g
(40.5 mmol) of 1-butanol and 11.1 g (135 mmol) of 1-methylimidazole while stirring at
40  0°C. The reaction mixture was stirred for another 15 minutes at 0 - 5°C and for




upper phase paggzyparated off to give 5.30 g (theory: 5.93 g) of
1-trimethylsilyl oxybutane as a colorless oil having a purity of 90% (GC). 5
Exanple 38 - Silylation of 2-butanol 8.06 g (74.2 mmol ) of
chlorotrimethylsilane were added dropw sggto a solution of 5.00 g (67.5
mmol ) of 2-butanol and 6.10 g (74.2 mmol) of 1- met hyl i m dazol e while
stirring at facCi5 mhmteseacamﬁﬂeaulkmjmhmnmhom oedncﬂm tvecrphdsermigfuren Thet es at

0C and for Pér dggtv@agﬁpa% gjsg‘l,é 519 d f%l on of a liquid

t wo- phase m ase S. arate ive 8.50 ¢
(theory: 9.88"gi WS"Q'OWLLF@@%% F?@”WMWQ aa@mtyao @bs slightly
turbid oil having a purity of 96% (GC). Exanple 39 - Sllylatlon of

neopentyls alm@hple $§&- Byttt glsUtaddi opanol ) 15 6.50 g (56.7 mol ) of
chl orotrimet hyl silane were added dropwi se to a solution of 5.00 g (56.7

mmol ) of neopentyl al cohol (2,2-dinmethyl-I-propanol) and 11.6 g (142 mol )
of 1-met hyl i%R%a L2 mmel) ef Cé‘dqretrlmﬁ%@hyitﬁllaWefﬁmidedatopmsetua<saztumnmfs stirred

for a furth@rocﬂ? 5&1@&)&@ BitEndiend%. f0 § ol)’-&q-m‘éh@nﬂdma%emmée was
separ at ed 280

7
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nmo
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m nut es at OC and for 5 mnutes at 80C, resulting in the formation of a

l'iquid two- [HxamplendXt Siltatiohlt neoptyl aRoBRSIE2 \FadimetiyRl ptapangf)f to give 7.30 g
(theory:58.29 g) of benzyl tr| rret hyl silyl 30 ether as a colorless oil

havi ng a purlt f 990/ ') nple 41 - Reaction of ethanol with silicon
tetrachl ori &5(@ gfh'%OtE@‘@”Mﬂ“?”Q wekg asiged dseRrydse o soldianafi on of

et hanol (54.530g (Sﬁlﬁhmmjj()fmden@&lmwwaimatmzlqirepz(ri\zﬂl)/hndQﬂ Hgg, 1.21

mol ) in hept Wm Q:)fri1 thelf{firhi8 f&@%ﬂgsﬂr{ﬂngﬁ%‘ﬁaqﬁg?gfcrtloﬁr?nlﬁare%é@ﬁ?g re.

The reactio |S Stir are separa
This gives ?91'23 é"'té Rh"'ﬁ\ %9%‘? 'EY 80%[‘3‘ ah2Q’G. thPé‘QQersFH'ﬁsﬂ WW@B?V‘E"Ml 9
g of M ReM AFCh biveTh80 g(theaoryc. p9@$ef 2.2-dimetblyl -trimethggitytoxyerdpame &eap | osses

of volatil %o'aﬁggg.l&;hé\m? gmtgoggms( .1 g of tetraethoxysilane (theory:
61.3 g) as a slightly O turbid, colo Iess oil having a purity of 91.1%

(C0). o
Example 40 - Silylation of benzy| alcohol

25 5.50 g (51.0 mmol) of chlorotrimethylsilane were added dropwise to a solution of
2.00 g {46.0 mmol) of benzyl alcohol and 4.20 g (51.0 mmol) of 1-methylimidazole
while stirring at 0°C. The reaction mixture was stirred for a further 30 minutes at 0°C
and for 5 minutes at 80°C, resulting in the formation of a liquid two-phase mixture. The
upper phase was separated off to give 7.30 g (theory: 8.29 g) of benzyl trimethylsilyl
30 ether as a colorless oil having a purity of 99% (GC).

Example 41 - Reaction of ethanol with silicon tetrachloride

SiCl, (50.0 g, 0.294 mol) is slowly added to a solution of ethanol (54.3 g, 1.17 mol) and
35 1-methylimidazole (MIA, 98.9 g, 1.21 mol) in heptane (400 ml) while cooling in ice and

under an N, atmosphere. The reaction mixture is stirred overnight and the phases are

separated. This gives 142.9 g of MIA hydrochloride as a colorless solid (theory:

141.9 g of MIA+MIA-HCI). The organic phase is carefully evaporated to keep losses of

volatile product low. This gives 48.1 g of tetraethoxysilane (theory: 61.3 g) as a slightly
40  turbid, colorless oil having a purity of 31.1% (GC).



PF 54233 -8lppsappse 42 - Silylation of acetylacetone 5.97 g (55.0 mvol) of
chlorotrlnethyIS| ane were added dropwise to a solution of 5.00 g 5 (49.9
nmol ) of acetylacetone and 4.50 g (55.0 mol) of 1-nethylimdazole while
stirring at 0OC. The reaction mxture was gtirred for another 1 hour at 0C
and for 5 mnutes at 80C, resulting in the formation of a |iquid two-phase
m xture. The upper phase was separated off to give 7.00 g (theory: 8.60 Q)

of 4-trinet hEk&hbM'&ngfﬂloﬁnﬁ&etﬂa%eﬁS a light-yellow, turbid oil having
a purity of 84% ( GO le 43 - Elimnation of hydrogen brom de from

3- bronocycl ohexene A solution conprising 10.0 g (62.1 mmol ) of
3- br onocycl oASTaNESomel). OﬁCQO(C@HT\chWﬁﬂﬂnP wire Rodedidrepwisee gt spludion 9& SWAD
stirred ag 1 ﬁmoi)loﬂa@utwace@ﬁb%ddu%o?@(ss dmnncbfadabtegkmidatdie 3higl  of
n-pent ane. Etﬁn e %#?Sﬁﬁﬂ thd WS stinfedTH 4 1’110&J? to*fcoérﬁ@%d on of a
liquid two-p géﬁf ng xg Vet e s?’e ararlorﬂ%r % rphase
was extract efl Mipytas 903971(3 &Suﬁmﬁé'hfr&rf@"“aﬂ?é %éﬂiﬂﬁ'ﬁéwﬁ'lﬁaé&”\%ﬂré E'@ﬁrﬁﬁ’?ﬂid and
';rtr;e ;)e n]t ane Me%ugjq $élda§ﬂ§)@bff t@glx:;irmgznalggcﬁy% g} ofr4- ﬁlﬁﬁﬁ)ylséwﬂxmenﬁg&n-

ar ) , eavi Q&e s él gpglyrbld d v 4@[ resi aue I ch,

om nant 1,3 cycl

accordin con pre ohexadi ene. Exanpl e
44 (conp 9| son) Synthesis of bis(N 3-net hyI I ndol yI ) chl or ophosphi ne (=

bi sskat yl chl Brapplesidhi Elimind&ion2s hdrggér h@midefrdmd-brdmoeytighdxedel e (skat ol e)
together with about 50 ml of dried toluene were placed in a vessel and the

solvent was distilled off u ﬁ%r (%%uced 33 essure.to reno araces of
wat er by azeft¥ PECBWQ’E'?'WQ FhiOZ7HNIOR éBD(ﬁ?ngC ex?'?eep%'écilﬁ% &nce nore.
The resi due (B2 su)kefibNtdigutylntrtplamine was7stiored at JR0WF fasd houplcgeled to 2B
argon angs Coah@ﬁdﬁ\&edﬁﬁtﬁsolfm& npdntdie. TR Imixtaffe w4d Fedted icmwct Fasuttifg ¢h the396

nol ) of tri en _sl.o t xture
was ) br ought ?0["5' %Ejeﬁéot @?ae“e({(}'éﬂ”'% @grp%gagso‘f’er%égﬁgr 1 éa'ﬁog&%ﬁﬁerm
refl uxed for ptweh\@)ﬁﬁ gxtraptedsyit3) mpof meWtN\RTd\eé@@iﬂf@rPhﬁﬁ% Weee copaingd andg =
102. Purity grosmntideovadistiiedNiffdna mitaylev&tbrator (20°C, 400 — 500 mbar), leaving

3.50 g (theory: 4.97 g) of a colorless residue which, according to GC, consisted
20  predominantly of 1,3-cyclohexadiene.

Example 44 (comparison)

Synthesis of bis(N-3-methylindolyl)chlorophosphine (= bisskatylchlorophosphine)
25

N—P—CI
S |
N

O

28.5 g (218 mmol) of 3-methylindole (skatole) together with about 50 mi of dried
toluene were placed in a vessel and the solvent was distilled off under reduced

30 pressure to remove traces of water by azeotropic distillation. This procedure was
repeated once more. The residue was subsequently taken up in 700 ml of dried
toluene under argon and cooled to -65°C. 14.9 g (109 mmol) of PCl; followed by 40 g
(396 mmol) of triethylamine were then slowly added at -65°C. The reaction mixture was
brought to room temperature over a period of 16 hours and then refluxed for 16 hours.



95% Exanplepf§u gonparison): Synthesis of ligand A5 Ligand A 28.5 g (218
nmmol ) of 3-nethylindole (skatole) together with about 50 ml of dried
toluene were placed in a vessel and the solvent was distilled off under
reduced 10 pressure to renove traces of er by azeotropic distillation.
This procedure was repeated once nore. " resi due was subsequently taken
up in 700 ni *'BINMRI(mgictidromirure, 2080€): Sar tN2 Parity acooddag to 3'P BHIR = d4o0@ 99- ( 109
mol ) of PClggdol | owed by 40 g (396 mmol) of triethylam ne were then
slowy added at -65C. The reaction m xture was brought to roomtenperature
over a period of 16 hours and then refluxed for 16 hours. 15 19.3 g (58
mmol ) of 4, SEsarhpldrddxXgerBparisdn):tSynthebistof ligddA di net hyl xant hene in 300 ml of
dried tolgene were added to the reaction mxture, and the m xture was then
refluxed for 16 hours, cooled to roomtenperatyre and the colorless solid
whi ch had precipitated (triethyls 1r l-de) was filtered off with
suction, the solvent was distilleq Of1 8si due was recrystallized
twice fromhot ethanol. Drying under
of theory) of a colorless solid,
Cont i nuous synthesis of bis(3- Iinpolyl)c | o
nol ) of 3-nethylindole (skatole) {werg-gi ssol vednin|22 g (0.27 nol) of
1- et hyl i mi dazol e and 69 g of dgi taiuene (fol ¥ 1). In addition, 8.2
e m

g (0.06 nol) of phosphorus trichl wer g My e with 67 g of dried
toluene (solution Il). The two s 1 gns (| @ were m xed
continuously at 90C in a reaction I ng> punp. Stream | was fed in at a

rate of 1735 nml/h, and stream 11 was feq__ingt a rate of 30 1235 nm/h. The
vol ume of the mixing chanber was 3.3 m "9 syst em was brought to
equilibriumfor 3 mnutes, and the output was subsequently collected. The

out put PF 54333 Ig(]%ifa i AO$ bE3-RdtHRAInd N (dkiafit) dodiRst St dboals0VR1 Bf SRPAr at ed by
decant at |_on. ]?)1 VR gar&u e sol u&o 29@ Q: 5 i:‘ﬁe7'o(§$1urdl.et %Céardl ng to
31P NVR = ablsiHenSauEre Blacf .2 Y9ssebai M palfentyag istied ofunde taicsd s
10  pressure to remove traces of water by azeotropic distillation. This procedure was
repeated once more. The residue was subsequently taken up in 700 ml of dried
toluene under argon and cooled to -65°C. 14.9 g (109 mmol} of PCl; followed by 40 g
{396 mmol) of triethylamine were then slowly added at -65°C. The reaction mixture was
brought to room temperature over a period of 16 hours and then refluxed for 16 hours.
15 19.3 g (58 mmol) of 4,5-dihydroxy-2,7-di-tert-butyl-9,9-dimethylxanthene in 300 mi of
dried toluene were added to the reaction mixture, and the mixture was then refluxed for
16 hours, cooled to room temperature and the colorless solid which had precipitated
(triethylamine hydrochioride) was filtered off with suction, the solvent was distilled off
and the residue was recrystallized twice from hot ethanol. Drying under reduced
20 pressure gave 36.3 g (71% of theory) of a colorless solid. 3P NMR (298K):
5 =105.

Example 46: Continuous synthesis of bis(3-methylindolyl)chlorophosphine

25 15.9 g (0.12 mol) of 3-methylindole (skatole) were dissolved in 22 g (0.27 mol) of
1-methylimidazole and 69 g of dried toluene (solution 1}. in addition, 8.2 g (0.06 mol) of
phosphorus trichloride were mixed with 67 g of dried toluene (solution ). The two
solutions (I and I1) were mixed continuously at 90°C in a reaction mixing pump.
Stream | was fed in at a rate of 1735 ml/h, and stream |l was fed in at a rate of

30 1235 ml/h. The volume of the mixing chamber was 3.3 ml. The system was brought to
equilibrium for 3 minutes, and the output was subsequently collected. The output



Procedure 25p¢ g5288. 071 nol ) of
4,5-di hydroxy-2, 7-di -tert-butyl -9, 9-di net hyl xant hene were dissolved in 84
g of toluene with addition of 84.2 g (1.03 nol) of 1-nethylim dazole 10
(solution 1). 48.7 g of bis(N3-nethylindgiyl)chlorophosphine in 84.3 of
t'ol uene were prepared in accordance with nmethod 5.1, with the ammoni um
salt formed congisted obtwe liguis phases whichoyese sepatated dwrdepantatiart. i \ReNNs(chudeneans
of a frit (sebutierR?9BIK): 5 Te. bty as6driinh 'S P(NMRROaBdu o¥&! e i xed
continuously at 90C in a reaction mxing punp. Stream| was fed in at a
rate of 1767 m/h, and streamlIl was fed in at a rate of 15 1203 m/h. The
vol une of thExampierty: Seatimmusgyrthesig ofigandf t he residence time was
accordi nggky about 4 s. The system was brought to equilibriumfor 3 m nutes,
and the out Bic ﬁ;ﬁ’% subsequent|ly col |l ected. The output consisted of two
i quid phases F met hyl i m dazol i um chl ori de and sol vent/product). The
upper phase, which conprised the product, was decanted off and evaporated
under r educe@s Breesifriemol) bb4, 3QityesixgB7-diiertriefy @B dimathybtamthede vward t he
clear, yello ' 0 1 : ,Ng 1IN
}ﬂés§§abéﬁ In! o&g@“@ﬂ%ﬁﬁOE Bf é&’.@;&}m VR\}P{FE&%@% Pﬁ%ﬁhﬁ.ﬁﬁdé'zt enBl‘e

recipitation of a saqli S red o ) u washed
Wi th ot hafol oo ibeBd.e e IO SRPPPRNSe LS4 4B s averd 3 g
(41 % of t hepreparasfinaccoidandeagith sethod.5. B MithNVRa(nBROLET s2DBikned ¢ the106. 25
Fine purificgjitRsis béing 5854 atedlunterBrotetlivd b 408 PhBahd b A8 (RIUHBR 1§ AtHal e S,
they can be r ved“b shi ng. §cs lutign éuhhe Ilga%nd I.n._an organic

sol vent  wi t hSGApers (1 3¢ ifwerejrixed eaninugysly QTR 7 eRRon guIRES RYMRe

di ssol ved i nSgeamiwasffed incatiafatecofg67 amidh, ang steam diwasifedwsatd e oD Nl each
tine OL agtuna@muaqrm?urﬁ@@fw@mihmgrcagmasmbmatrm, 56Y thiel reSiderdetinf®@wes i on
was subsequen ) r : . er e
organic pﬂasSaﬁgtﬂ@iggsgﬁé\%qu@s%ﬂégP%J%'gg{lggteﬁp 'ﬁ'grr'éﬁ]s ?%g 'F\/\]/g‘\rﬁgésr 3%E/hré%d
under r educe@uiprbwas pebsgauentlycofeaed Jhequtputsersisted ot iwvodowidphases et hanol .
Dryi ng under (M-eshitiogichiduzo 8 ichlogidy and Sollert/ppdduzt)c The upsiss phase,ivthickB1P NVR

(coa 3, 298K):6m9ris:ed1tﬂg prcﬂﬁcﬁ,%@%a&gﬁed off and evaporated under reduced pressure. The
20 residue was refluxed in ethanol and the clear, yellow solution was then cooled to room
temperature, resulting in precipitation of a solid which was filtered off with suction, then
washed with ethanol and subsequently dried at reduced pressure. This gave 27.3 g
(41% of theory) of a colorless solid. *'P NMR {CDCl;, 298K):

5 = 106.
25
Fine purification:
If traces of N-methylimidazole influence the catalysis, they can be removed by washing
a solution of the ligand in an organic solvent with water.
30

56.8 g of the colorless solid (ligand A) were dissolved in 500 ml of diethyl ether and
washed six times with 20 ml each time of saturated aqueous sodium
hydrogencarbonate solution. The solution was subsequently washed twice more with
15 ml each time of water, the organic phase was separated off, volatile constituents

35 were removed under reduced pressure and the residue was washed with 300 ml of
ethanol. Drying under reduced pressure gave 48.1 g of a colorless solid. >'P NMR
{CDCl;, 298K): & = 106.



Exampl e 48: gpaybgyious synthesis of Iigand A Procedure: 5 25.3 g (0.07 nol)
of 4,5-di hydroxy-2,7-di-tert-butyl-9,9-d inethyl xanthene were dissolved in
84 g of toluene with addition of 84 g (1.03 nol) of 1-nethylim dazol e
(solution 1). 48.5 g (0.14 nol) of bIS(Né% et hyl i ndol yl') chl or ophosphi ne in
84 g of toluene were prepared in accordance with method 5.1, with the
amoni um sal Exdropledd: Comlinubes synihdedsofdighed Ag separ at ed under protective gas
by neans of a frit (solution Il1). 10 The two solutions (I and Il) were

m xed continHousI at 90C in a reaction mxing punp. Stream| was fed in
at a rate of ih, and stream |l was fed in at a rate of 401 ni/h. The
vol une of the m Xi ng chanber was 3.3 m, and the residence tine was
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in preC|p|ta i on

washed wi@ h Erenbsosolutions Slansddhnane mixes gasginuqusiy §0ed ipa Eaagtien mixpg BUPave
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106. Exanpl |
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actetyl acet ) nd > each
di ssol ved i ns@sgqmﬂntly@bllmmm Time oaitpuh nohsistedoEdodiqid p_‘[ﬁsear of synt hesi s

gas (CO R = Nln@hgﬁﬁho%gguﬁﬁ&ﬁaﬁ&é Xt éd?@nt!pi‘gdu 'ﬂhélﬂﬂfer pﬁ% Wﬁf&lc' ave was

depressuri zed | ock

Corar ” pr s aumegiseging propit yaS ﬁeantwﬂe%g%mo@%vﬂ@eg. *edied pressife The . 1)
and hydr of onfegidgeiwas refuxeddmethiaad andithe clear yalayy 80lulionogas theo Soplpehte foorh;
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(proportion of n product)
Example 49 (comparison): Hydroformylation of 1-butene from a conventional synthesis
(exampie 45)
25
5.5 mg of Rh{CO).acac (acac = actetylacetonate) and 200 mg of ligand A were
weighed out separately, each dissolved in 5 g of toluene, mixed and treated with 10 bar
of synthesis gas (CO:H; = 1:1) at 90°C (preactivation). After 1 hour, the autoclave was
depressurized. 9.9 g of 1-butene were then added via a pressure lock, a total pressure
30 of 17 bar was set by means of synthesis gas (CO:H; = 1:1) and hydroformylation was
carried out for 2 hours at 90°C (109 ppm of Rh; ligand A:Rh = 10:1). After the reaction
time indicated, the autoclave was cooled, carefully depressurized via a cold trap and
both reaction product mixtures (reactor and cold trap) were analyzed by means of gas
chromatography. The conversion was 99%, the yield of valeraldehyde was 92% and
35 the linearity (proportion of n product) was 98.5%. The linearity (proportion of n product)
is defined as the amount of n-valeraidehyde divided by the total amount of n-
valeraldehyde and i-valeraldehyde multiplied by 100.
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20 depressurized. 12.5 g of 1-butene were then added via a pressure lock, and a total

pressure of 17 bar was set by means of synthesis gas (CO:H; = 1:1) and

hydroformylation was carried out at 90°C for 2 hours (88 ppm of Rh; ligand A:Rh =

11:1). After the reaction time indicated, the autoclave was cooled, carefully

depressurized via a cold trap and both reaction product mixtures (reactor and cold trap)

25 were analyzed by means of gas chromatography. The conversion was 99%, the yield
of valeraldehyde was 98% and the linearity (proportion of n product) was 96.3%.

Example 52: Hydroformylation of 2-butene using ligand A from a reaction mixing pump
{example 47)

30
5.0 mg of Rh(CO),acac (acac = actetylacetonate) and 118 mg of ligand A were
weighed out separately, each dissolved in 5 g of toluene, mixed and treated with 10 bar
of synthesis gas (CO:H; = 1:2) at 90°C (preactivation). After 1 hour, the autoclave was
depressurized. 11.8 g of 2-butene were then added via a pressure lock, and a total

35 pressure of 17 bar was set by means of synthesis gas (CO:H; = 1:2). The gas
introduced was then changed over to synthesis gas (CO:H; = 1:1). Hydroformylation
was subsequently carried out at 90°C for 4 hours (91 ppm of Rh; ligand A:Rh = 7:1).
The conversion was 29%, the yield of valeraldehyde was 26% and the linearity
(proportion of n product) was 93.8%.
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di am nohal ophosphi nes, triam nophosphi nes, phosphorous ester dlanldes,

am nophosphi nes, 5 di am nophosphi nes, phosphorous ester am de halides and
am nophosphine halides with elimnation of an acid in the presence of an
auxi liary base, wherein b) the auxiliary base and the acid forma salt
which is liquid at tenperatures at which the desired product is not
significantly deconposed during the 10 process of separating off the |liquid
salt and c) the salt of the auxiliary base forns two inmmscible liquid
phases with the desired product or the solution of the desired product in
a suitable solvent.



15 2) A propessgegs clainmed in claiml1, wherein the salt of the auxiliary
base has a nelting point below 160G 3) A process as clained in any of the
preceding claims, wherein the salt of th& auxiliary base has an ET(30) of
nore than 35. 20 4) A process as clained in any of the preceding clains,
wher ei n t heyhagsgingontains at |east one nitrogen atom 5) A process as
claimed in any of the preceding clains, wherein the base used is 25

sel ected from anong conmpounds of the formulae (la) to (Ir), (a) (b) (c) (d)

(e) (f) PF 331238 macesg)yorhrepanng(qinodihaloptospBinks, MiarRinohalbphiedpbigps,R (1)
where R, R2, [RamiféphoSpnings! pREspHoPolRster didiHIRBE HMGAGARGsPhingd1e anot her,
hydrogen, 5 C1- 6-.§?bl%l C2- 82@‘%{ kall V\/?ircr‘].nlax be inét ers,u:;gthéd bX one or
or e oxy@en (k) iBminop sphines, phosphorous ester amide halides and aminophosphire

halides with elimination of an acid in the presence of an auxiliary base, wherein

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

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

15 2) A process as claimed in claim 1, wherein the salt of the auxiliary base has a
melting point below 160°C.

3) A process as claimed in any of the preceding claims, wherein the salt of the
auxiliary base has an E;(30) of more than 35.

20
4)  Aprocess as claimed in any of the preceding claims, wherein the base contains
at least one nitrogen atom.
5) A process as claimed in any of the preceding claims, wherein the base used is
25 selected from among compounds of the formulae (la) to (Ir),
R3 RZ Rz
4 2 3 1 3
R I N R RIS/R Rf\N
< -,
R N7 "R RN R N//kR1
(a) (b) (c)
4 3 1
RA_N. R R R )
X Y.
N. 2N
- 1~
R N7 TR R \C , b ,
R R R

(d) (e) (f)



(i) (0) (1) pPRisgzR354233 89 and/or sul fur atons and/or one or nore
substituted or unsubstltut ed imno groups, C6-Cl2-aryl, CS-Cl2-cycl oal kyl
or a five- to six-nmenbered, oxygen-, nit 8- gen- and/or sul fur-containing
het er ocycl e, where each of the abovenentioned radicals may be substituted
by functional groups, aryl, alkyl, aryloxy, alkyloxy, 5 halogen,

het er oat ons and/ or het erocycl es. 6) A process as cl ai ned i.{‘ any of the
preceding cl ai ns, vvher n the auxiliary b@ is 1 -n-butllim dazol e,

1- net hyl i m dazol eR 2 | pyridine R tQyl pyridi negsl Ry A process as
claimed in any of cla\ms R1O 4, whergj auxiliary base i®

di - n-butyl - n-pentyl agineNo 15d|aﬁ cyc o[ 4.3.0] - N. 8 A
process as claimed Rn anyRof the precdding dtains, vvhereR:h theRSalt of the
auxiliary base is soluble to an extent of |ess than 20% by weight in the
desired 15 product or in the solution of the desired product in a suitable
solvent. 9) A process as clained in any of the preceding clains, wherein
di phosphorous diester {gmdes ([NN(ROP-OGR-OP[N](OR")), (idi phosphorous
ester diam des ([N][N ]P—OZ OP[N'][N"]), 20 bi striam nophosphi nes
(INJ[N]P-[N']-Z-[N"]- P[N "I[N'"""]} or systens of the fornula
[N(ROP-OZ-OPOR") CR ), [NI[N]P-OZ-OP(ER')(OR"') orgt

R
N[N ]P-OZ-O P[N'] (RR' 25 or systens whigh ar! bot.h nltrogé?-_a.cld
a Nphosphorus  and Mﬁz&%r mul a

r bon- substi t ut ed S
P' Z- ! 1.7
) Hﬂ(R)P¢}N] [ NI1(R"R &\ﬁ&§h&m

Corh
[N (R)P-O z- OP[I% R''
of the formula 30 N]& R@Z-OP[ (R'"} R

5

) (k) ()

RS ¢
R® ) RS j R RA
RS RRS \ / N
4>"<L RN AN L D
R:,N YN R2><R3 S
RZ
(m) (n) ()
1
R R\ “p-
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where
R', R?, R®, R*, R? and R® are each, independently of one another, hydrogen,
5 C,-Cys-alkyl, C,—Cys-alky! which may be interrupted by one or more oxygen



are prepareprsghgse R R, R and R'' can be any organic radicals \/\hi ch may
be identical or different, [N, [N], [N], [N"'], [N'"] and [N'""] are

unsubstituted, nonosubstituted or disubStituted am no groups which may be
identical or different and Z can be 35 any divalent bridge. 10) A process

f-or preparing p&ﬂﬁ@hﬂﬂﬂusa@ﬁmﬁw %ntero?mdraéu@&wﬁﬁ&w@ﬁs%b%te{eh'uﬂﬂm material s
as set forth in_an ﬂéﬁr celn f% glpegaratlonls
carried out congrloHé% §12a? ﬂ@b@f'&%cfoz?"?'@gfn e OMIRE My om
40 1 second to gemcamdlorlsulftﬂmmlmmg met)erﬁpbldemtmerefeaah df the@bphementondd est er
ami de ([N (R O Rrfesté Ray bdlslibtseRiod by fafcmﬁmbetweaﬁ(ﬁraﬁ}lo%mi@yloxy,

1
RI]I]%N] [N]- -%’ﬂ?’] {“%’%@“’TF@“"’S bét%%?"' ngxgtlenmeof the formul a
N(ROP-OZ-OP(OR')(OR"'), [N[NLP-O-Z-OP(OR')(COR'") or
gl]r Lon] :J bOS {g{ tOu ,IR[d?bde@QE'gghlrﬁQd war@ STYISd SHELEMIAG Blainss, w.terblmtﬁerawmary tad
N (R ) P-O z- O B{KF-PLRIT) g fﬁ]@ﬂ*waﬁr{f’e} Efqt&)'«]pyr]d qg[%%tﬂylpyrdmeor .

system of the forrrula 15 [N(ROP-OGZ-OP[N](R") where RR, R, R' and R"
can be amy By gaAipPodedsiag @laimedincdhyoixidifs i 462! WeérkinQhe ad:kun‘érs%baﬁ is [N,

[N], [N], [N 1 | e bstltuted or
di subst i t ut ed aannBLtg{r o% Q@HLA%OJS%E) ggéf&?t@aqﬁ%q g(?l E?@rgg' it and Z can be
any dival ent bridge, 20 obt ai nabl e by a process as clainmed in claim9 or 10
as |ligand f8y CcAtpedoessas cladhedimeanyf tiwe pracédinpoldings wheteid thetdaltionthel ai m 11

as |igand for C&B&\la‘ry baéeDQ‘ébHB?e to ah‘é&{éﬂPbHH%s trBR 2080y Weighth Hd §4ied

osmum, _iridium dg
i5 product or in the solution of the esired product in a suitable solvent.

9) A process as claimed in any of the preceding claims, wherein
diphosphorous diester amides ([NJ(R'O)P-O-Z-O-P[N'](OR")),
diphosphorous ester diamides ([NJ[N1P-O-Z-O-P[N")[N"™]),
20 bistriaminophosphines {[N][N']P-[N"]-Z-[N""]-P[N""J[N"“]),
or systems of the formula
[N}(R'O)P-O-Z-O-P(OR")(OR™),
[N][N]P-O-Z-O-P(OR")(OR™) or
[NJIN'IP-O-Z-O-P[N"]|(OR™)
25 or systems which are both nitrogen- and carbon-substituted on each phosphorus
and have the formula
[INKRP-O-Z-O-P[NKR™) or
[N)(R)P-{N"]-Z-[N"]-P[N](R™)
or systems of the formula
30 [N](R'O)P-O-Z-O-P[N'|(R™)
are prepared,
where R, R’, R” and R™ can be any organic radicals which may be identical or
different, [N], [N'], [N"], [N"™], [N""] and [N""'] are unsubstituted, monosubstituted
or disubstituted amino groups which may be identical or different and Z can be
35 any divalent bridge.

10} A process for preparing phosphorus compounds from the appropriate starting
materials as set forth in any of the preceding claims, wherein the preparation is
carried out continuously at from 30°C to 190°C and a residence time of from

40 1 second to 1 hour.



cat al ysts. PF g§4d33The use of a catalyst as set forth in claiml12 in a

hydr ocyanati on, hydrogenation or hydrofg nyl ati on. 14) A process for
separating acids fromreaction m xtures 9 nmeans of an auxiliary 30 base,
wherein b) the auxiliary base and the acid forma salt which is liquid at
t'enperatures at which the desired product is not significantly deconposed
during the qqgc-Th 8} egiaseparati ng off the liquid salt and 35 ¢) the salt
of the auxiliary baseé T1orms two inmscible |iquid phases with the desired
product or the &hgsphsiowsdiester apisier BN (RBRRIGT-O-RINI(GR"Y.abl e sol vent, and

Eﬂe desired prOdlmbsﬁr‘ioré(!slrg@dtérydiéi-hmbi([N][#S]P@fz-btw{mr'ﬁrhg),][ eactiog [n'hxture I n
e regence of.; : | Qe No o) falot-Y orm an e
auxi | Par§ base &5‘%&'&#@83@@[‘&@@%&&&9%&qgﬁhaﬁ@tﬁ

ng base and the free
auxi liary base Psappstsadtheformulgsequent!y distilled. 15) A process for
separating aci dN{ROPBEIQFYORM(®RU},es by neans of an auxiliary base,
wherein 5 b) th A R s he acid forma salt which is liquid at
t enperatures at ﬂqmg?gpggim(g@%p&rroduct is not significantly deconposed
during the prolBENIRP-ZEHBINKORYof f the liquid salt and 10 ¢) the salt of
t he auxilDi ary basea sistempatiitivisiboth sirbbée dndqarsbnpiudsetated dnfedch@hosistfori£d
product or the %ﬂbHEéﬂ*&fQﬁm}lQe desired product in a suitable solvent, and
the auxiliary base |s Iirstly set free by means of a strong base and the
free auxiliary Hﬂé%)ﬁ"?'gi%gﬂ‘é]@nl%/ distilled in the presence of the
desired produc{NjeRP{Ng-ZdelsT-PENI(R"pduct is then distilled. 15 16) A nethod

of stopping aci grggyﬂgaﬁ;&%éﬁ%ﬁhpns, whi ch conprises neutralizing the
acid catlgl yst i EN]?R'B)S—%—%%-P&IS‘?(&‘"BOn with an auxiliary base, wherein
where R, R, R” and R™ can be any organic radicals which may be identical or
different, [N], [N'], [N"], [N"], [N""] and [N""] are unsubstituted, monosubstituted
or disubstituted amino groups which may be identical or different and Z can be
any divalent bridge,
20 obtainable by a process as claimed in claim 9 or 10 as ligand for catalysts.

12) The use of a ligand as set forth in claim 11 as ligand for cobalt-, rhodium-,
ruthenium-, palladium-, platinum-, osmium-, iridium- or nickel-containing
catalysts.

25

13) The use of a catalyst as set forth in claim 12 in a hydrocyanation, hydrogenation

or hydroformylation.

14) A process for separating acids from reaction mixtures by means of an auxiliary
30 base, wherein

b) the auxiliary base and the acid form a salt which is liquid at temperatures at
which the desired product is not significantly decomposed during the proc-
ess of separating off the liquid salt and

35

c) the salt of the auxiliary base forms two immiscible liquid phases with the
desired product or the solution of the desired product in a suitable solvent,
and the desired product is firstly distilled off from the reaction mixture in the
presence of the auxiliary base in the protonated form and the auxiliary base

40 is then set free by means of a strong base and the free auxiliary base is




h) the auxi Ipipw;sgase and the acid forma salt which is liquid at

t enperat ures at 0 which the desired prgﬂuct Is not significantly
deconposed during the process of separatFhg off the liquid salt and c) the
salt of the auxiliary base fornms two inmm scible |liquid phases with the

desired product or these3abmly fgtingh the desired product in a suitable
sol vent . '

15) A process for separating acids from reaction mixtures by means of an auxiliary
base, wherein

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

10 ¢) the salt of the auxiliary base forms two immiscible liquid phases with the
desired product or the solution of the desired product in a suitable solvent,
and the auxiliary base is firstly set free by means of a strong base and the
free auxiliary base is subsequently distilied in the presence of the desired
product and the desired product is then distilled.

15

16) A method of stopping acid-catalyzed reactions, which comprises neutralizing the
acid catalyst in a chemical reaction with an auxiliary base, wherein

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

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

o RN - o



