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O Z. 6296 1 Method for producing organoacyl phosphites
()grg esent invention relates to a process for

. %éﬁing or ganoacyl phosphites and optionally

or ganoacyl phosphonites and organoacyl phosphinites

whi ch have an organophosphite 5 structural unit, by

condensi ng phosphorus tri halli des or organophosphorus

halides with a conpound which has a salicylic acid
M@ﬂﬁuﬂoaPﬂodamxiga&agahuaéywﬂdaﬁﬁitssonpounds bearing

hydr oxy groups 1 n the presence of polyneric basic

i on exchange resins. Omng to their broad field of

application, organophosphor conpounds have, gai ned .
THE RS HE IR IRT RS PIOSTS) Rp BreP A S-0repfRarY Lpwsplaleg and optionally
Moadyra hofes PhA t drEABREA ik et n i
O B P nFARRCA phOPIRIEE, FHERTREe Y organophosphit
strootusA | wrut, ebyi epodensing  phosphomed itditadides ion drpanophegphoaki lomhides with a
of fungicides, herbicides, insecticide nd X
coptnhithEiiiies b s AT Gy Anptioal o pfRompgpnds bearing hydroxy!
td IR : . Particularly
glmjiS)lE g??% tr&grr;%{}g t he é%{%glﬁgglﬁgé% 0 urgﬁggrrpounds is the
subst ance cl ass of organophosphites. One review of the
15 prepar.atjve thods for arganophosphites is by K ,
O%es i dh CIRah DL applicefipt., SERIACRROSPhATRY £qryiopRds have gained
- c i oty (Ha ' N
coGIRREE (AP gy gledan iy LG My (HRRD e ldiciors, tame
refald61) U¥ndalilizdviamt antiGxiddots olnagadftion, théy gamititute important intermediates

. Phosphor us ounds”, Vol une 4, John W|ey & Sons, .
m ﬁ?@ BEaAEon gh HERASS, Pibindrseinsetisiden dad Phegregialy’ Accordingly, a

. ] . Cri
g PR BRRERLLER Sl 26N ARSNGBt g i
organopkagborius compoyudssie e subbtance elbss ySorgamophbsphites.tOne review of the
sol vent a emperatures of from 150 to 200C (DE 20 28
Prwtlve@@%ﬂ%%mmmmﬁ LA SpSrandeabiedaupdsin “Methoden der
: [ [,sbi f 4 kU LS1Pr ) a
Olfggl?llg%gn o?h%]{‘%ad %ﬁ@ggges".f I@)rﬁé%l?éale(r:h%gg@]i rﬁ%@%@u@% Volume XI1/2,
Cliaptes il | Thiding tVidrlag $tutigat (1064) afl hsieg € Kdibhpofie:Onghdd Phosphorus
tenperatures are necessary. Especially at el evated
Cangppyesat uY elumerdy afbge Vi & iwasi - &5:{4@%#19 thsr Hipsatye references
co?‘ﬁﬂneﬁ rgf,ore requires the use of special materials in
e plant construction. In addition, the reaction
times are very |long, which has the consequence of a

hi gh fraction of by-products and therefore costly and
Thezeppyatianest: trigt ivhpenbetes By geacting phesrheruspiribalides with suitable phenols

succeeds in the presence of a catalyst in an inert solvent at temperatures of from 150 to 200°C
(DE 20 28 878, DE 20 07 070). The hydrogen chloride which is formed is distilled off in situ.

This process has a series of disadvantages. In order to bring about the in situ distillation of the

hydrogen chloride, high temperatures are necessary. Especially at elevated temperature,
hydrogen chloride is extremely corrosive and therefore requires the use of special materials in
the plant construction. In addition, the reaction times are very long, which has the consequence
of a high fraction of by-products and therefore costly and inconvenient purification of the crude

product.

It is therefore often industrially more advantageous to condense phosphorus trihalides,

monoaryl dichlorophosphites or halodiaryl chlorophosphites with phenols in the presence of
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30 It is therefore often industrially nore
0 dﬁgﬁtageous to condense phosphorus trihali des,
. ryl di chl orophosphites or hal odi aryl
chl orophosphites with phenols in the presence of O Z
6296 2 basic conpounds which gcavenge the hydrogen
chloride being fornmed. The bases used are usually
ni trogen conpounds, for instance trial kylam nes (DD
basif k6dpoutds @hithSsc e tHE hﬁl I\g&léﬂbndg ibBREWMhQL. "B BlRes used are
(JP 10053595, EP 511156), N, N-dial kyl anilines or
usyallyr gyjiseeenh eospouyds, efors dnttarge  pyalkdamieeg G(DD 301615, US 4,415,686,

R3O0 ey TR T TR0 D ormosen
he@Ricable @R bhas potikak %G?K@%liﬂ?)_fﬂ@b anoMo@EMéﬂ@%mgﬁ%gfs’: John Wiley &

0032202). JP 54030140 descri bes the condensat |
Sophd3HHbr ys 184) Hathed gsocesdes hemplemodlkali m¢thle apd/es eiticinef earth metal
ubst oi chi ric f am nes, a ni.um salts —
nyERRBR T Q0 Y TP desc i Hiccondralipioer phosphorus tihalides
mﬁygflé}fb?ss iR Nfe RRASRRY BESubstoi Hoﬂaﬁicdg:ﬁdﬁi?tﬁ.tof\%ﬂ%é,o%gnium salts,
descri bes the preparation of sterically hindere
catbok@icydcidshgsphiitesamilearaniidiged, saforteh end phigspsipendi ng
phenol s and phosphorus trihalide in the presence of
mer capt ot hi azol es and dit hi ocarbam c acid derivatives.
ThdRo0RA 0 88 190BA0 IRESibkL | ] i i
ha\9 Ing silyl groups as Su@gﬁrﬁﬁgﬁﬁg &%ﬁegcarﬂg?@?l?%g&lt%oml phosphites
stagtsngp o xtbp hidresporaling ghebsolngagluiphaipherus trihalide in the presence of

hosphor ys- hal pgen conpoun with a conpound having
MELEAPLEGZ ?Foangrfg%‘-?c&%@ﬂ"bc ?%ga‘ﬂ'é"aﬁf"%%ence of

triethyalnine. A review of the synthetic nethods of

or ganophosphites is given for exanple, in Houben-Wyl,
WONB{(178déh dderibey gmnpspiretiorChe ndmpoundk |Halvingpsilyll4rdups ad substituents,
frev'evvof t he t hods for .the synthesis 20 of i
re W@Jaﬁ%&ﬁd%fﬁﬁ?’i?ﬂ €5, Y gragiie isw%@éﬁsmws;ha-lcr@@p Hsggunds with a

. o . ! ¢

cofiBAu AR N S0 Pl e iy e prfepee e bntlifine |

renoval of the base and/or its reaction products or

the catalysts in the workup of the crude .
A srissnRidhe spRbstisaneipedrftorgamopbosphiies is |gien fer esapwicain Hauben-Weyl,
Ny i M I hhlkeul ty. or en :
Melnofled S5 GRETNGIE ke 31 B b oE 8 Y g i Merhods forthe symthesis
of preagsphosghiniestib @iveani olabés Wy, olv@hodeWirh OfgS@chéh Chemie”, XII/1,

base is used and/or the reaction products of the base
p-3kkir in solid formor a preci pitation of the base

and/or its reaction products is possible, a renoval

fromthe crude product may be effected by filtration
Orerdisadvantage of the known industrial processes is the removal of the base and/or its

reaction products or the catalysts in the workup of the crude organophosphorus product. A
distillative separation is often possible only with difficulty or even impossible as a consequence
of the low vapor pressures of the components involved. When a solid base is used and/or the
reaction products of the base occur in solid form or a precipitation of the base and/or its
reaction products 1s possible, a removal from the crude product may be effected by filtration or
sedimentation. On the industrial scale, especially in a continuous procedure, these separating
operations are known to be extremely costly and inconvenient in the industrial construction and
operation. They are sensitive toward changes in the operating parameters and/or type and

properties of the substances to be separated. In general, it is also necessary to use large amounts
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sedi mentation. On the industrial scale, especially in
ngé&%]l nuous procedure, these separating 30 operations
" own to be extrenmely costly and inconvenient in
the industrial construction and operation. They are
sensitive toward changes in tle operating paraneters
and/ or type and properties of the substances to be
separated. In general, it is also necessary to use

oflsalvgst, Wéﬁﬁ@l@hlord@?%wﬁslpﬁhogg%tvmaﬁ; ﬂ?rlnl 2Lk However, this

order to wash product of va romt er cake.
oftepweseerds quiy mcompletaly €08 64@6.80Dn! y i nconpl etely (US
5,710,307). Wen tertiary anmi nes, especially
triethylamne, are used, the trial kyl anmoni um hal i des
| ek . d 1 : p _ _
N o oy SRR Bipkly Bl e B M oIS aices which
precgritate pohleadl toed bhatfe prséedss .in Whel@iscbdigsef ten@idtiodNSixture and to the

Stirri ngd heat_exchange are considerably
fo g ot S eP P CoP BAT TR Soriken. pFiss and b anehiges are considerably
Rk | atvely
e P Ok ) ar e MORARER.. G| BLUNE ER 1174 831 proposcs
relativals dpnpphdianterteary taniines steh Vo atfi-Aropgyldhis®b wiydpRepyMine, tr-n-
b agg Irl-terﬁ;b tyl am ne. Neverthel ess, the fundanenta
U ATYNG o g F45R &E’i@i\{‘éﬁ fand rErteRbuftaminen e Nesgrthetess, e rthe n fundamental

dis® ' y > . e £ of the crude
D e a1 BBl soli s
known to those skilled in the art, for exanple by
fracti q&gl% crystallization, sublimation,
A 5 pPEkypi b the gnde areanenbesphop Riodwtnhmax be effeesedrby methods known
: I &L ' i £ ion. T use e
to BBSERIBFRBY 2t B biarble 89 (RleloBib chlstMiiBp, N fimdish, arocipitaion
or ¢{lgomhgraphranetadds indonte dsdsi 040 Byediedliadibn e edrfi&alon. The use of these

conpl exi ty, and expense. The document EP 0 285 136
SeP@Fag‘?‘&sm h

gt Bqlsoelégge fl}ﬂusf'ﬁlé}- pealg Hgalsemsogiajed with a high level of technical

cmglggﬁygﬂgégﬁh%ps to free them of pentaval ent

otr ganop orus conpounds which are by-produced in
the synthesis or 20 are -formed as degradati on or
hydrol ysi s products of the tertiary organophosphites.

Thq'l‘?@‘“ﬁ?%e@% 28h136 ﬁ@é@s a Precsas faymurdying Hertidiyserghnoptiosphites to free

' e with water at el eyated . .
tocp (Bt BERAREN PRARRIIECL fobl S plar B B ot nhegynthesis or
aretfosns] & degratatigaot Bydialliis pfodath O M riiarfy 59@&1&% . Th

oxi des), tertiary am ngs gnd pol ymers {;r\iﬁﬁ*cl% bear ‘am ne - Poces

eNageH R treatmes ethe ﬂiﬁ@)lg@dnﬁmpmieso@mmE)sphite with water at elevated
e A OB SO R Bk TR LV B € ohmesals (carbonates,
hydrogiaésyerides) fehtiatbBines Nl p@dh¥rs e BRY aifdeSRolR. Pe

renoved but also the tertiary organophosphites,
especi ally (organo)chl orophosphites,

However, the synthesis of the organophosphorus compounds itself is not addressed. One
disadvantage of the claimed process is in the treatment with water, Not only the impurities to
be removed but also the tertiary organophosphites, especially (organo)chlorophosphites,
themselves react under the given conditions, so that, depending on the hydrolysis stability of

the organophosphites, a portion of the product of value is lost.

DE 100 53 272 describes the preparation of diphosphites in which one phosphite unit has a
salicylic acid building block. DE 100 58 383 describes the preparation of phosphinines which
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t hensel ves react under the given conditions, so that,
odeResgi ng on the hydrolysis stability of the
organophosphites, a portion of the product of value is
| ost. 30 DE 100 53 272 describes the preparation of

di phosphites in which one phosfphite unit has a
salicylic acid building block. DE 100 58 383 descri bes
the preparation of phosphinines which O Z 6296 4 have

have af East twonghopplasphatons. BEQUE 14 863 40%kribds $6 egﬁﬁﬁ hRe3i i
EH@ pr ﬁggr atiﬁn of diq%hosphi_nes. DE il(_)l 40%6 3 a%g%%%ph%phmes'
DEg11 48 U7 22 DE RS0t drserenr shei prpastitiati phidighosiess iin which both
j Q ihfe unjts..ha licyli cid, i
obBPRG: Bl ey PSR A bR e KR, PRtk 86 Yescrives the preparation
ofpmepephatplitrs vafichramenh e8It QsidWhikin'8Mek. b §llof i
aci d. bui |.djng bl ock. DE 102 10 918 deé;cr %gﬁﬁggqgmg describes the
PreRastfinta el chiphosphiteptipsphichess leastiiecphoaphitee fikéwistidhas a salicylic acid
j Likem,se_ has a.saljgylic acid bui]ding ) )
b‘ﬁﬁmo}‘?ﬁgf" | Al 64 %%6%%‘%‘?&0%%}% Aessiibe dlg upg € tertiary amines,
espdugallysel @fethy@ihinar pyrRife"@SN-mARABFHAdiNor@ i i
triethylamne, pyridi ng or ﬁlngﬁﬁﬁ%yﬁb&gi ai trﬁlgr{%z,wufnﬁ of phosphorus
hajides widh alcplgis.of phosphorus . halides with al cohols. 10
The existing processes have one or nore of the
foll ow ng di sadvantages: a) The conpl ete renoval of

THeheistiag @rocesds haveronkt be nod 86he RIIRIHE dfsﬁﬁﬁﬁg&y and
n e

i nconvenient. Db) The salts, forned reaction,
a) of hg epmplgteasmoeal of Hedasq esgd dront thevaretrprodues isaostCaidr inconvenient.

i ] i ze distrdbution ich_conplicates the )
b 2%%@%@?{%&/‘1&1%1 FI% ﬁmgtnlea O, f tﬁ%éﬁﬁ%p%@ﬁ%ﬁg@%ﬂy palaminous or occur in a
dpaiicle dize dastibuidnteHIBES R M Brek %&e&;bﬁtﬂytﬁﬁ}%&?@ to the

high 15 exothermcity. It is therefore an object of
©) t he pradgiemancenelethe desited eactiim eerapesitnyl & difticEs S’)vﬁﬁ% to the high

p geﬂr' trival ent organophosphorus conpounds whic
d%es ﬁé?%ﬁave one or nore of these disadvantages. 20

It has been found that, surprisingly, this object can

be achieved by preparing trival ent organic phosphorus
It sowpsindanvehjet didhe patseiteimsentiometoPpovidendsiipld paRbis e preparing
tﬂ%lg{ivaleq%ﬁg osphorus conpound in which at | east one

Yl 5 g SRR RIIOSPROTY, (FQBPOLRSIS, Eieth Qs oPels havonenei oh mere of these
dised@afiges. conpound whi ch has at |east one OH group in

the presence of an ion exchange resin.

It has been found that, surprisingly, this object can be achieved by preparing trivalent organic
phosphorus compounds which have at least one P-O bond by reacting a trivalent phosphorus
compound in which at least one halogen atom is bonded to the phosphorus atom with an
organic compound which has at least one OH group in the presence of an ion exchange resin.
Even though the base is present in heterogeneous phase, sufficient scavenging of the hydrogn

halide released is surprisingly achieved.

The present invention therefore provides a process for preparing trivalent organophosphorus

compounds which has at least one structural unit S



i0

15

25 Even though the base is present in heterogeneous
O@?$§§B sufficient scavengi ng of the hydrogn halide
rel'éased is surprisingly achi eved. The present
i nvention therefore provides a process for preparing
trival ent organophosphorus cohpounds whi ch has at
| east one structural unit S OZ 6296 5 (S) where A a
di val ent substituted or unsubstituted al kyl or aryl
radical which may forma ring system as per
structural unit S, the L radical is an organic radica
bonded & phosphorus atom via an oxygen or carbon
atom ér ig a halide, 5 by condensi ng phosphorus
conpouﬁﬂéréﬁ the formula i PHalaR(3_a) (i) where Ha
is halidg selected fromchloride, brom de and i odide,
and the balides may be the sane or different, Ris an
organi c radi cal bonded to the phosphorus via a carbon
or oxygen atom and a = 2 or 3, 10 with an ogganic
compound of the formula S / OH A \COOH where“A is as
whess Pne @i adnt srstisyted er ynsubstitated akyl asirglhradicaipwhizsmay form a ring

ryi I tion i.n the presence. of at | east
sy S0 80 soubd Bk S P hadifr'id G EBET il Bpndogie the phosphorus
atqmi efaeihtoxlypteit datbonRidhy,| (1€$a Balplc0Ccess for preparing
trival ent organophosphorus conpounds whi ch have at
by |capdansigg phesphgris gpmipowndstof The( foymulatier e R1, R2, R3, and
piRfrare each independently sel ected from nonoval ent i
sUbSti tuted and O Z. 6296 6 ®

where Hal is halide selected from chloride, bromide and iodide, and the halides may be the

same or different, R is an organic radical bonded to the phosphorus via a carbon or oxygen

atom, and a=2or 3,

with an organic compound of the formula S¢

/OH

A
\COOH

(89
where A is as defined for the structural unit S,

which comprises

carrying out the reaction in the presence of at least one basic ion exchange resin.

In particular, the present invention provides a process for preparing trivalent organophosphorus

compounds which have at least one structural unit T

(T)

where R!, R%, R® , and R* are each independently selected from monovalent substituted and
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unsubstituted al i phatic, alicyclic, aromatic,
@ar omatic, m xed aliphatic-alicyclic, m xed
atl c-aromatic, heterocyclic, mxed
aliphatlc heterocyclic hydr ocar bon radi cal s havi ng
from 1 to 50 carbon atonms, H6F d, Br, |, -CF3,
-CH2(CF2) CF3 with j =0 - 9, -OR9, -COR9, -CO2R9,
-CO2M -SR9, -SM2R9, -SOR9, -SM3R9, -SOBM -SM2NROR1O,
unsNRAREE] ali GO RiS;clib, %ﬁfaﬁ a
dependent |y sel éeyct ed from i ;Rﬁett@rlnlg’%%o\%a%gnthﬁ }éé%ﬁg?li? fafipgljeyelic, mixed
ahaH%Flc %rﬁgﬂ@%thetmwahg|mph@amm1aandheammta leydiycdFo@aadiedls having from

f t and Mis
1 fﬁ%&%ﬁ% a0 FOBLBE Y, B ig?&”qﬁxé%m “chrtt -OR’, -COR’,
-CeRal-C®mN, -8 r.
O ek S SO 010 SNBSS s, e

wherih dt eFd e eaels ub@endmdy sl ffom H, monovalent substituted and
atic, mxed aromatic-aliphatic or

mgnﬁég@?%ﬁ@?%é? 8%‘?65?5}@8 hé(fitoﬁﬁré’fm dadigaly h%‘?é& élmn ana 26 harbon atoms,
ané WA iz UTRAl: HiéQﬂQGﬁrﬁ%aﬁ)agbl?aalnsal haaﬁrﬁ mf\ﬁR@“ Aggpontium ion or

substituents those selecte
phespheniupe o hbo radjateﬁzntbRbmonR tadﬁ:lal%etogem@" forceN (g)used substituted or
R5,

C(0 O R5, -CF3, -0 R5,
unsu&% 6§R§ﬂgﬁ T heterga{%f)tg:, Mtag JRENixed a arpmmeticedliphdtic or mixed
hetbﬂf@ﬁ@fc%hﬁtﬁdhﬁglsyﬁéﬁf Ghd'the/ S‘E}%}.{lt‘lﬂ Ly Mt ofaglbqqls may have as

carbon atons, and, “when a plura
substitents| tbo%sql@tepir ﬁeﬁn{N(RPbQYNHR9 kN:Hzt Hﬁloﬁﬁgeclﬁénﬂé bromme iodine,

f d, R4 radi cal
Ol LR, Bl o) RE T B b o Pl e R 0GR andror

Sanme or

-SiRo)st %e%ﬁ@hb‘&v@]eﬂﬂh}’dr@ca@ﬂorﬂ%ﬁ&g&% eréb?%gon aﬁagl Lo 20 carbon

or is a halide, by condensing phos

atomﬁ,earfd@ rrhgha pluphat eRfigdraarbon raddawhet & dﬁéien’t Sth{}ahl'ag ®e the same or
d%'a c;;hl rﬂ4n brom ne and i odi ne
g )}? sEfisalsrmay pe dhepame & dé‘feafmtoz[rgiahlls: an organic
ax b r via a carbon
ra Calj'bﬁﬁded Qﬂ@%ﬂ Egsgﬁgﬁlﬁpﬁgﬂtggﬂi Hﬁh xgﬁerbroéa b[&onc Gmbu?ﬁjls a halide,

oxygen at om and

by eshdersing phosphausTconQu@obt (6 foiele) the R ‘to Rd
radi cals are each as defined for the structural unit

T, which conprises carrrying out the reaction in the
PHAIEsence of at |east one basic ion exchange resin.
1%’5?6296 ®

where Hal is halide selected from chlorine, bromine and iodine, and the halides may be the
same or different, R is an organic radical bonded to the phosphorus via a carbon or oxygen
atomanda=2or3,

with an organic compound of the formula T*

1

R COOH
4
R (T
where the R' to R* radicals are each as defined for the structural unit T, which comprises

carrrying out the reaction in the presence of at least one basic ion exchange resin.
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7 The process according to the invention has the
0.¥06iew ng advant ages over the conventional processes:

a) There are no saltlike by-products which can only be

renmoved with difficulty fromthe target 5 product. b)

The base used is in solid forrhand, despite reaction

with the hydrogen halide, does not change its state

of matter and substantially retains its size. The ion

exchanger of the process according to the invention,

typicall .esent, as a packi ng or beads, can be .
The S5 oBHiRe b 5 Suerioh b e foOBYIE: asinggs e the convertional
prdegdes. for exanple by using coarse-nmesh sieves adapted

10 to the size of the ion exchanger particles. c)
a) Atltees kremociltlike e prdncts i caprontiutst remb vadibvith difficulty from the target

prevented by the size and shape of the ion exchanger

aPHH¥Ct The use of packi ngs or particles of relatively

| i- | . ’ f iQn,.
| AR R B a0 YA 558 i B oo
pehaagepitd sitte of maaseandfsubiigntially vedihs DO gike ITHRGon exchanger of the process

Therefore, it is also only necessary to use snall
AFEOINE B ftheinvasiopetypicplly Preecnh pve padkingcardeadsngar o remeved from the

' ' ' f ering product of .
USRS S NED) RS es spe
| tontheesizdhaiithe fonl escchka@ds pdrfi€led. at € constant of the

reaction | s |ower than when honmogeneous|y dissol ved

c) béﬁg@%ﬂ‘ of lgkgs @moputsof pradyrt of valye ixRisVetethPi:the ige hd shape of the
b 1 JHLNG Lhe reaction.,. .
PSS SepaERtnd 698 hepiRs S AL IR A Bt s makes

r tieesuiface/sfahointechangead snidlielaive figthaRekiine coRipafbdGad peecipitated
concentration and tenperature differences in the
r Basstal e copvsational tpe Thetefare. it iprdsomnbitrassssatido gt sigalt emounts of

. . . o o Lo hereim
L3 RS B abel St 5REte 3tk g ey AR}P g gine rocucto
t halae ofithodirfeanbbihe ofidufiRA bdgy. | ants which | i kew se

formpart of the subject matter of the present
d) | Whent iosnexhangikoseuseilethe ofte appstamael dre reacéen derdower than when

LA SETEH L P 1, S B o e

t bgyitbv@ffdl.on for preparing trival ent organophosphorus
conpounds 30 which has at |east one structural unit S
) odmingsthggeaction, no voluminous salts which, as a consequence of the rise in viscosity

that they bring about, could cause concentration and temperature differences in the reaction

mixture are formed.

The process according to the invention is described by way of example herein below without
the invention being restricted to these embodiments. Further variants which likewise form part
of the subject matter of the present invention and whose field of application is evident from the

description and the claims are evident to those skilled in the art.

In the process according to the invention for preparing trivalent organophosphorus compounds

which has at least one structural unit S
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8 APYO O(S) where A a divalent substituted or
ounguwgstituted al kyl or aryl radical which may forma
ring systemas per structural unit S, the L radical
is an organic radi cal bonded tgo t he phosphorus atom
via an oxygen or carbon atom ®or is a halide, 5 by
condensi ng phosphorus conpounds of the fornula i
PHal aR(3-a) (i) where Hal is halide selected from
chl orine, brom ne and iodine, and the halides may be
the sa or, different, Ris an organic radical bonded
to the-p b;sﬁhor us via a carbon or oxygen atom and a
=2 orAS, 10 with an organi c conmpound of the formula
S' / O\ COOH where A is as defined for the
structurfal unit S, the reaction is carried out in the
presencelof at |east one basic ion exchange resin,
preferably an ion exchange resin present in the form
of the free am nes (i.e. not present in the @ form.

15 . A dical, .t is. .
3 SO, e b LT 5 b e G
sydedh tas g& Mhﬁt&rﬂpuﬁﬂsaﬂ%nﬂ r&lﬁ&hqifis fh QFoaBtAARLEl ﬂorﬁl’ é‘rt% !tltle phosphorus

or 2,3-aryl), in such a way that the structu
atog wagnaxygmg)rlqal\bpngto@l, oveshalidephosphorus atom 2

When the divalent A
byF%\%W%E%{P gosph(grﬁg‘,P?rﬂB?'ﬂ’BﬁPfﬁ’ﬁ%l?‘é an al kyl radical,
PHal,RAgs, in the chain which 20 is joined to the @)

structural unit at both ends, preferably from1l to 3
whatsr Balpis dfabdestlgetad fonp chiogae, Bwomatecms. iodine, dudr theli teakities may be the

t.her carbon r ef from1l to 20
S“%%?ébgﬁ%f%’égﬁﬁs BT 0 ROty § (B Shesthibn it aimgion or oxygen
atosd, @A® af 2bhg chain in the case of an alkyl radical or

to the carbon atoms of the aryl radical which are not

withenweghnicocompeusd of tedomulaifit S. I n

A
\COOH

(59
where A is as defined for the structural unit S,

the reaction is carried out in the presence of at least one basic ion exchange resin, preferably an

ion exchange resin present in the form of the free amines (i.e. not present in the OH form).

When the A radical is an aryl radical, it is preferably bonded to the radical of the structural unit
S via two adjacent bonds (for example 1,2-aryl or 2,3-aryl), in such a way that the structural
unit S has a ring having 6 atoms (a phosphorus atom, 2 oxygen atoms and 3 carbon atoms).
When the divalent A radical of the structural unit S is an alkyl radical, it has, in the chain which
is joined to the structural unit at both ends, preferably from 1 to 3, more preferably 1 or 2,
carbon atoms. The A radical may have further carbon atoms, preferably from 1 to 20 carbon
atoms, which are bonded to the carbon atom or atoms of the chain in the case of an alkyl

radical or to the carbon atoms of the aryl radical which are not joined to the sturctural unit S. In
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O Z. 6296 9 addition to pure hydrocarbon radicals as
O.8ugsig tuents, the A radicals may al so have further
substituents, with the proviso that the substituents
do not influence the propert|§§ especially wth
regard to the effectiveness as a |ligand. Possible
substituents may be selected, for exanple, fromthe
hal ogens, nitro, cyano, al koxy, et her and al cohol
addjfign e . purs Bydsararhor saflicsds 8s ﬁ'd}stlbemsSﬂfeoA nadaul;smay also have further

sutls(&g&ntsp r\»ﬂgs%%@wiocﬁg%%s@@t% Qg nen grfiﬁ.ﬁgce the prope)rﬁes especially

with st @b LRl @fedtivenR RO lﬁg’éﬁd BossibR RbQARents £iaP BE SUESDE for example,
3-iodo-5- nethyl -1, 2-phenyl ene,

from Ghedialagsps. apiyd, Cyam) @H@P{yl eher, and atcohol groups Typical A radicals may be,

for3 egérgﬁltg,:]; or oCif—I 3124 ﬁ%llpégs(’iﬂgeflhh%e/ Bﬁfﬁglenf (-€sH4-), 1,2-naphthylene

(%S*Hé-“ 1, ohexyly &fé 3%»d1<1~h10ﬁ¥?bﬂﬂx@ﬂ§l¥ﬂe‘ ge &bronl‘lo-l,,?-phenylene, 3-iodo-5-
i sopropyl - hyl -1, 2- phenyl ene an simlar

mqt]ad-ﬂc;'hp]@nyrﬁha %S{dadmprapyhlslph@ﬂymna,b} 5, 6Stﬁbldﬁfced,2tpheﬁ)fl&fa 3-phenyl-

1-al kyl I phenyl ene, 1, 2-napht hyl e
1 %ﬂgn&e é/’n ap %%ﬁ%@’ﬁ Tégl en%ll era]IOB%ﬁyéldéliE)e y1 1-cycioheptyl1dene ‘
3- 1§éﬂ?§§ 116%@@yﬁﬁﬁlp%§ﬁﬁl¥xfesaﬁdh§g§%f gldic@lsp%E £ ﬂcf#}aé is preferably selected

hal ogen- -substitut erivatives
fropr ddeslkyladcbaﬂhyh gl.2pbeiderienielvhahthylanepad i203+haphithylene as divalent

table far eparing trivalent 15 organophosphorus
fadﬁ@hﬁp&inagb%%ﬂrtgfﬁ At [theseal, e Pagticnlst r baipesani er li-substituted
de,g;l'a)tweé/\here R, R2, R3, and R4 are each independently
sel ected from monoval ent substituted and
unsubstituted aliphatic, alicyclic, aromatic,

het er oaromatj.c, ed al i hat.i c- allcycllc m xed
The | Pofest ?;cca?d'e;%tt?c ShEVERERD, df i RartiGearlyy suitable "for preparing  trivalent

I Vi ng
°f%% eSS 5%%2%‘%%’8’% At 2
CF2) CF3 with j 0- 9, -0OR9, -COR9, C02R9
-SR9 -802R9 -SORQ - SBR9, -SBM - SO2NRIR10,
| EROR10, - Si ROR10R11 where R9 and R10 are
ndepEndent ly selected fromH, nonoval ent
ed and unsubstituted aliphatic and aromatic
R® hydr ocaripon radicals having from1 to 25 carbon
atomé, amd Mis an alkali nmetal ion, formally half an
al kaline earth netal ion, anmmoniumion or 25
phosphoni umion, or adjacent R to R4 radical¥)

to r for sfused substituted or unsubstituted )
whgrreglgat rge%o A Raeh @ ef&lnij‘ﬁmlé't ;e&ectqqli fram monovalent substituted and
unsb QTR Ca'l@hé@ afj bfchfar aﬂ}n)l(a%@ hb&t %ﬁ&?&mlggd %}lglgal? alhgychc mixed

ring system and 1he SUBStituted rotarbon
aliphaticlasnmtiasheterocyclic, mixed ahphatlc heterocychc hydrocarbon radicals having from

1 to 50 carbon atoms, H, F, C}, Br, I, -CF;, -CHy(CF2),CF; with j = 0 - 9, -ORQ, -COR9,
-CO;R?, -CO;M, -SR?, -SO,R’, -SOR®, -SO:R’, -SO3M, -SO,NR°R™, -NR°R*®, .-N=CRR", -

SiR’R'R! where R’ and R'° are each independently selected from H, monovalent substituted

and unsubstituted aliphatic and aromatic hydrocarbon radicals having from 1 to 25 carbon
atoms, and M is an alkali metal ion, formally half an alkaline earth metal ion, ammonium ion or
phosphonium ion, or adjacent R' to R* radicals together form a fused substituted or
unsubstituted aromatic, heteroaromatic,. aliphatic,. .mixed aromatic-aliphatic or mixed

heteroaromatic-aliphatic ring system; and the substituted hydrocarbon radicals may have as
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O Z. 6296 10 substituents those selected from-N(RS) 2,
oMNsls -NH2, fluorine, chlorine, bromne, iodine, -
H, -CN, -C(O-R5, -C(OHor -COOR5, -CF3, -ORs5,
-C(ONR5, -OC(O-R5 and/or - 1§i (R5)3, where R5 is a
nonoval ent hydrocarbon radi cal"¥preferably having from
1 to 20 carbon atons, for exanple an al kyl radical,
in particular methyl, et Igyl , propyl or tert-butyl
supgiiiieds thoge selegted depik YN(R adiNHR,, -NHaop flubiing) |catorine, bromine, iodine, -

o R et -G SrOMGahe R GRSt CAIE, VRGHORR® andior -
SIEY, WHeteyRDEs NHBHOGALR %Qdfoe%%nagiiéég ﬁ%&ﬂhg@%ﬁ% f&ﬁﬂ to 20 carbon

may be the sanme or difféerent, a
atoraglifonexanmpy ab ellyh eadieaieingrartitividrenahygl, ethpl prdpyl o1 &t-butyl radical, a
rganj c .radical .baonded to the phosphorus atomvia an
ey Sl iRt Besicrosmiiappoy Lorciar gettoalooni arl Tadical, in partcular
[ s 0 f ] 5.
P ks R MRy afo ol fofielis R i present, hey
ma;ﬂlbmb s&me or d'rf.fe;n?lt,aemd R'o glz,nlé3 arglift fah&glﬁahé)g&sthlﬁ@égn@ gr c(:jlifferent, and
the sane or. di rent is_an organic radi cal bonde
L {51 &2 6%‘{5??3&9 e % the phptars ratfgwféfeﬁl O%¥YE§Moa sarban atom, or is a
haBd®r 3, 15 with an organic conmpound of the formula T
OH' COOH (T') where the R to R4 radicals are each as
bydefdansthg fphosphoeussompotmdsalf thinfiotmilla i The process

ﬁ) ding to the invention will be described
2%@1& ¥l ow usual |y, bylhhay of 20 exanple, with

Hef [ t he, st uct ur al .
L I R
saiBe woir tdifferent; Reisi awverghnionadiedl gndebid ihet@@sptdrid@a a carbon or oxygen

structural element T. The halide Hal in the phosphorus
AR AREARALY3>i s preferably chlorine. The R and R, R2

: i.gals may in particular be
W enzogfg%g%g(sm@r{@&g% Sg%glagla to R4 radicals 25 may in

particyar be primary, secondary or tertiary alkyl

grqups (such as nethyl, ethyl, n-propyl, isopropyl,
"nROMHy pstutyl, t-butyl, amyl, sec-anyl, t-anyl,
2- et i , iso-nonyl, alicyclic groups such as
c%g 0 ggﬁhylcyclohexyl or cycl ooctyl, or
aromat ijc groups such as phenyl,

4
R - (M)

where the R! to R* radicals are each as defined for the structural unit T.

The process according to the invention will be described hereinbelow usually, by way of
example, with reference to compounds which have the structural element T as a specific form

of the structural element S without the invention being restricted to the structural element T.

The halide Hal in the phosphorus compounds i is preferably chlorine. The R and R?, R? and
R?, or R? and R* radicals may in particular be benzofused. Nonbenzofused R! to R* radicals
may in particular be primary, secondary or tertiary alkyl groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, t-butyl, amyl, sec-amyl, t-amyl, 2-ethylhexyl, iso-nonyl, alicyclic
groups such as cyclohexyl, methylcyclohexyl or cyclooctyl, or aromatic groups such as phenyl,

naphthyl, tolyl or xylyl. The organic R or L radical may in particular be a W radical which may
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napht hyl, tolyl or xylyl. The organic R or L radical
o.7®pokn particular be a Wradical which may O Z. 6296

11 be a substituted or unsubstituted aliphatic,

alicyclic, aliphatic-alicyclig, heterocyclic,

al i phatic- heterocyclic, aro I c-aromatic or

al i phati c-aromati c hydrocarbon radi cal having from|

to 50 carbon atons, and the substituted hydrocarbon
be pgubsiantsd naynmw@meesi @@bmq eligyetis, dliphsic-slidyelit, ddterdayolio, aliphatic-
hetF@éyﬁ%:Z aroaqualc?-SaENn 1cc?rc5)11 otrlé_a%ne %glhgérlgpgrbg; @@ahgavmg from 1 to 50
carb&F&omgchlf@the sﬁﬁs@tﬁ‘é dro%cg]? raﬁﬁa e §§ FL%@lt?ﬁents those selected

where R5 is 2 nonoval ent ocar on ra
froméf(&me{RaVNﬁg ﬂmmelciﬂamm) bncambe,ruoahle,ms)H aQi, -@G@RR’, -C(0)H

or TR0y -G RSB R PPkt @ﬁ%kyjﬁﬁ@&é@ﬂﬁa tis a monovalent
hydr@é%'rb‘(ﬁi rddfcal %?Jfér@ﬁl? Igi‘%fnﬁt uns\l%r[@gb Cc%}bé)wq t %hﬁ}% Fhen a plurality of

| east one substitu stitute
hydrhmlpﬂlmadtcels Rotiopyebém, they magbotheaaik phoERrde, draéj:hrp@‘lgamc radical as

T S T L
PR Bty N, L BTGB T e o

thofseodeﬁrh:d for herWaadicalr The sulsdtuealsarérpiefdigbls ebstedt@liof thes® which have

hal ogens, for | e chlorine, bromne and
o jrgfieRce Of HlF segyen ﬂ%ﬁ?ﬁ’@m@larmre%ﬁswpbﬁmfor the organic R or L

V. I

radﬁ:tggg}ézh}i %é&@g&gﬁ(ﬁﬂw quﬁ'dgenp RS éx‘salc')n%g T{%ﬁr{ brotm111e Ui ibdine, the alkyl

radRalst foylelvenple, methpln et!uyl, ,pro}gmdaqybpﬁnldltﬂg Ec’tdﬁ.ﬁyﬂ t- blﬁt?le neopentyl, sec-
r di cal 15 for exanple phenyl napht hyl and

amg ¥W¥Eﬁ°°°Wﬁé -5 Pk A-ghyihexyl gisenanyl, lﬁ’rOéiFCBé%adrﬁmdqcal yhe aryl radicals,

h
for)%y‘:h%lk hg/lﬁ:‘n ény%ﬂllt[‘l?l“ K %l‘ltfljll l epglﬁglx 1 511 %ﬁgﬁﬁ(amglﬁ éolyl xylyl,
dinmrtailphehyl, dibydphienyl, ftﬂmeﬂiyﬁﬁﬁ'@ﬂlﬁ ﬁ%ﬂiyylbheﬂ?ldarﬂﬁﬁlaﬂdyﬁih@@'l; the aralkyl

t he aI i cycl | c, radicals, for exanple cycl opent
radicgls) i exgmplechazplordp enzrjlyﬂqyb Hb& plieschy iradignds, for example cyclopentyl

T

exadfpld aeyhoxgdictoks, prf)pdixyeXﬁ Qanaopd% >€1Ye afbxy radicals, for example
napht hoxy, -OC(O R5 or .-C(O wher e’ iS a
phepgRn wad dipph ﬂi‘?ﬂY:oé&@@)R Qg (@éR Wb‘treeRértplaenamemlbnt hydrocarbon

L I R T pe—

andnthi¢i Silg] Eddicas ERACR)9 Qv grthfe@dhy@ﬂicﬁrboﬁlorradféé@n'ﬂireexampgestnmethylsﬂyl

trimethylsilyl, triethylsil or triphenylsilyl.
trietlyilsHyk orerikamybstlies used in the process according to
the invention have am ne groups, i.e. -NH2, -N(R5)2

or -N(alkyl)2 or -NH(al kyl) or NHRS, they have to
Whin! g ¢HipARdS ulaisehe %ﬁﬁ:@ss dRbRfing/ ¢ ﬁ‘) &0 k518 MAG amine groups, ie.

s, of the ion exc |neU| I briumreactions.
-N}%@n«yp RiDger w{aiyl); or ~NH(alkyl) or —NHR they have to function as a weaker base
relative to the amine groups of the ion exchanger in equilibrium reactions. Compounds which
have amine groups and cannot fulfill this condition cannot be used (directly) as reactants in the
process according to the invention. One possibility of still using such compounds is to protect
the appropriate groups by the incorporation of protective groups in a known manner, and, after

carrying out the process according to the invention, remove the protéctive group again.
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have am ne groups and cannot fulfill this condition
O.zapnpgst be used (directly) as reactants in the process
according to the invention. One possibility of stil
usi ng such conpounds is to pr?ﬁect 30 the appropriate
groups by the incorporation of "protective groups in a
known manner, and, after carrying out the process
according to the invention, renove the protective
Thg tgvenf paganopkysphomgy ggmpourtis greparedadiyoneans of the process according to the

: 0 unds, prepar ed ans of the )
inR5 A0 BRSORERAHT L€ NS ROSRAT Rl TR apubauidy ethe ottowing
forthidsée whi ch are selected fromthe conmpounds of the

followng formulae x -RP-OQOP~ Y-00(19) 5

where X and Y are/fach substituted or unsubstituted, 0
xadq'phatic,.ali yex i Iiphatic-al!cygl\ic, fo 1

het,ﬂ'_@,_cy(gJ_|oc,.P a! | ppatd c- het erocycl ic, P—-O—%“g-—P
ngénatlc-aronﬁblc :Ilgpatlc-aronalje hydrocdr ban 2

r&di cal s havin ] 50 carbonYatbns, where XOan R
Y are the sane or Adif{erent or 10 covalently joined
t og %Qﬁj and whet'e QRPs an at |east divalent, RY RS
subStitlted or unsubstituted, aliphati€2%licyclic,

al i phatic-alicyglic, heterocyclic,

al i phati c-hetepbcycljc, aromatic, aromatic- aromatic

wr aliphati¢=arpmat/i'c hydrocarbon radical, and the
BUBSTREIRER hydyocarbon radicals nmay contain as
Ysubstituent © sefr@cted from-N(R5)z, -NHR5, -NH2,
fluorine, chlor brom ne, iodine, -0OH -CN,

-C(O-R5, -C(Q), R-J.C(O)ORS, -CF3, -OR5, -C(O N R5,

12 Og(O-R5 and/or -Si (R5)3, where R5 is a nonoval ent

hydr ocar bon radi cal preferably having from1 to 20

carbon atons, and, when a plurality of hydrocarbon

i-cal;s [ res t he e the.sa r ; ... )
KRy e R0 byl eBSob 05 Ao, gt
hetef@ydtic, ThphatidtBetioty@i! SarBm8tRERISMAD LY AIRHhfid-Glo ti%ohydrocarbon
t hose which have no influence on the reaction |tse

radpalst hasingftopn gr tof &9 cedos uttems,t wheresXnmyl Wears eéhestmee or different or

e R GRS 3 TESEAAES ) bt
alifhaBOIRYCIRY alipatRIBERIR, REGERENIRY afifhatiBSelefbSAd, Abmatic, aromatic-
aromatic or aliphatic-aromatic hydrocarbon radical, and the substituted hydrocarbon radicals
may contain as substituents those selected from -N(RS)Z, -NHR®, -NH,, fluorine, chlorine,
bromine, iodine, -OH, -CN, -C(0)-R®, -C(O)H or -C(0)O-R®, -CFs, -O-R, -C(O)N-R’, -
OC(0)-R’ and/or -Si(R’)s, where R® is a monovalent hydrocarbon radical preferably having
from 1 to 20 carbon atoms, and, when a plurality of hydrocarbon radicals R’ is present, they
may be the same or different, and where R' to R* may each be as defined above. The
substituents are preferably restricted to those which have no influence on the reaction itself.
Particularly preferred substituents may be selected from the preferred substituents specified for
Rand L.

The trivalent organophosphorus compounds prepared by the process according to the invention

may equally possibly be phosphites of the formula 10 or 11
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may equal |y possibly be phosphites of the fornmula 10
0o 6196 O. Z. 6296 13 (10) Qk where R, R2, R3, and R4
are each as defined above, Qis a k-valent substituted
or 5 unsubstituted, aliphatlg alicyclic, m xed
al i phatic-alicyclic, heterocy ?I m xed al i phatic
heterocyclic, aromatic, heteroar ormti c, m xed
_al i phatic-aromatic hydrocarbon radical having froml1l
to SOFgarbg atonpg, and aliphatic noieties of Q may
contaijn oxygen, splfur and/or nitrogen, and the

Rk : drotarbon radi cal s nay have as

sub{ : hosg sel(ﬁgt ed from -N(R5)2, -NHR5,

- NH2 i &, chlori brom ne, iodine, -OH -CN,
RO (O8+Pq 10 (O OR5, -CF3, -O RS,

-C(O N -OC(O}FR5 and/or -Si(R5)3, where R5 is a
L nonovatent hydrogarbon radi cal preferably having from
1 to 20 carbon atons, and, when a plurality of
hydrocqrbon radicall]s R5 is present, they may be the
same & different, |k is at least 2, and Rl, R2, R3
- [ e indiidual structural elenents T bonded
chﬁ;tse be defined identically or

!

bst {tllents are preferably
€ ™ hos& ahi ch have no 15 influence on the
reactilgn itself Panticularly preferred substituents
 may b&'sel ected frgmthe preferred substituents
specified for Rand L. It is equally possible by the
process according to the invention to prepare the
conmpounds described in WO 03/078444 and referred to
whese &oé’bxdp%andsR 2?@6 Badphas plifined above,h@ &t aukivileat kﬁbstlmted or

S, U TS o SRS St e i
hefEEocE}'E‘ﬁéJ k%ﬁ&hﬁt‘t’é qgte%dr@fﬂéﬁd Gnix@d 'aﬁ%ﬁiﬂccarma{irl]i(?(ﬁfjdmcarbon radical having

al i phatic-alicdyclic et érocycl
froah |1pﬂwa50 carben atamy @hi cahphamnmbmas beemgrooARid 6xygen, sulfur and/or

m xed romati ¢ hydrocarbon having from1 to
| mtweerﬂng&hg 3@6 e%alwg}i%% Ra#qigalomzy hgposs sphstiaenas these selected from

NS Lo W SO con
C(OMOKE, sSE€FgGRR’ f(OINRCREDC(O)- NHRﬁd!or N2 ), | vidtkd RE.is a monovalent
hygrrc])L:grLon radical preferably having from 1 to 20 carbon atoms, and, when a plurality of
hydrocarbon radicals R’is present, they may be the same or different, k is at least 2, and R‘, Rz,
R® and R* in the individual structural elements T bonded to Q may in each case be defined
identically or differently. The substituents are preferably restricted to those which have no
influence on the reaction itself. Particularly preferred substituents may be selected from the
preferred substituents specified for R and L.

It is equally possible by the process according to the invention to prepare the compounds

described in WO 03/078444 and referred to as phosoxophites.

Bisphosphites of the structure 19 are preferably prepared by condensing at least di-OH-
substituted hydrocarbons Q° where Q° is a substituted or unsubstituted aliphatic, alicyclic,
mixed aliphatic-alicyclic, heterocyclic, mixed aliphatic-heterocy¢lic, aromatic, heteroaromatic;

mixed aliphatic-aromatic hydrocarbon having from 1 to 50 carbon atoms, and aliphatic
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brom ne, iodine, -OH -CN, -C(O-R5, -C(OH or
0.7& 00 R3, -CF3, -OR5, -C(ONR5, - OC(O-R5 and/or
-Si (R5)3, where R5 is a nonoval ent hydrocar bon radi cal
preferably having 5 froml to,20 carbon atons, and,
when a plurality of hydrocarb% radicals R5 is
present, they nay be the sane or different, with
di or ganohal ophosphites 2 and salicylic phosphorus
mopgtias il Qameay ventpipesxygemiraitior andfotHaitrogen, tahé ther sdbstimedotiydrocarbons

n r r asi c.ion exchgnge resjj3s. JThe . .
mef Bt ol ShEPRRL” el PG S VT VB ek erine, chiorine,
brdhaivie, ideN-OFENCH, AT(ORR’T e@@H)HP By I -R®, -CF, -O-R®, - RS -
' Par t iscull arly preferr édbzsubst | t)u%g{ sé@rd%’ nCaFf b% R, -COON-R’,
OGO)-&Rtand/drr-SitROhewperef R iseal membsalentupdtaarbbf radiedi prefeeibly having

f dL XO0Y|ip-OQOP~ Y-QO0 Ol Hal -P-,.X +
frojil & P At Wi & AHEAHY o IO HiSSEAER TishcalnB® 1s present, they
t r r I .
e el iie €D dffGail, SRR e oIS Rlied # SndRARTRP phosphorus haiide

derivati@es Tuwher tlut &Ll fry dreoprasdnon of Qne Wk tniord Basic ion exchange resins. The

hal oor ganophosphoni tes 4 and salicylic phosphorus
subsHehs %%PP‘{;%I? yagsticigp do dhase whigh have phgnflugnessemihe whetion itself.

hGid s{ x .
parPafl e g Bob il B (PR, SN greaSenily the pprferpeg substituens
spepifiRddspRiahéLphosphoni t e conpounds of the structure 21

are prepared by neans of the process 20 according to

the invention preferably by condensing O

di - OH substi tuted hydrocarbons QXW'qth R R

hal-e0r ganophosphi nites 9 and sal i cyl igc—ghesphorls

hafide derivatives T where L = Hal_{fi the pres%gc 2
HalorfE\éJ}erfd-i(baQi—d)%HGnTexchange resins. O Z 629671

I

4 3

(2) (19) R™ R

+ Phosphite-phosphonite compounds of the structure 20 are prepared by means of the process

according to the invention preferably by condensing di-OH-substituted hydrocarbons Q° with
haloorganophosphonites 4 and salicylic phosphorus halide derivatives T where L = Hal in the

presence of one of more basic ion exchange resins.

0
;
v X, P
o p—0—0—0—R
l S 2
P~ + HO-Q-OH + T —— . o © R
X Hal
4 3
(4) (20) =R

Phosphite-phosphonite compounds of the structure 21 are prepared by means of the process
according to the invention preferably by condensing di-OH-substituted hydrocarbons Q’ with
haloorganophosphinites 9 and salicylic phosphorus halide derivatives T where L = Hal in the

presence of one or more basic ion exchange resins.
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y-'-Hal + HOQOH + T 00 (9) (2 1) In the fornulae 19
O.ros®k X and Y may each be as defined above. The
hydrocarbons @ have at |east two OH groups. The
hydrocarbons @ having two OH groups are preferably
conmpounds selected fromthe é bstituted or
unsubstituted conpounds 1, 4-di hydr oxybenzene, 1,2 5
di hydr oxybenzene, 1, 8-di hydr oxynapht hal ene,
1,1 -binaphthyl-2,2 -diol or 2,2 -binaphtyl -
di ol . The phosphorus conpound of the for
eferably at | east one conpdy _sslgfé d
cpnmpounds of the follow ng ngnu ae: }f%
AP Hal -, F~ lms P Hal"WHal 10 (O
Y ahbie {N'ffg‘%ﬁ'%gﬁim’eal as defined aboye:
9 hosphorus conmpound of the fornula i used gay igP
(%articular be a compound of the Todrmula 1 which is

In fHcq0RAAG: ' 480 R TRE 998LE ‘
n g gn’pound Wtc{gl\??én%ﬂlg?q?agg%@ %g gg H(%/h \r@g )?)t[))?\?eg ;nga gygrocarbons Q* have at
leapt tefoe@Hbgrgups. The Wdecarboish®’ paese BoE Off g@upaﬁﬂecpriiigfably compounds

.. TIh ds W_ havi I
SIFSIE G 1o P IGUE iy IBSUbELGURSS tomosmtor. - dibydroxybenzene, 1.2
i . 1 | ’ ﬁf ¢ Tad <
ATty 1 SAROLRRIRRS, O SRR 2 5 gaet - binapbo-11-

diol.sopr opanol, 1-butanol, 2-butanol, t-butanol,

2- et hyl hexanol , isononanol, isodecanol, isotridecanol,
phenol , phenol derivatives, or conpounds Q@ having

r r e sel ect from
T Sl & 88 bl PSS Ro3 G oot GHF compound seected
froth, t8e dothyaimdx yhitup islkevieg €ormbilde: - bi naphtyl -2, 2" 20 diol,
2,2 -binaphtyl-1,1" -diol, di- or polyols, for exanple
gharcol or sggé{Ys, fo alexarrple cycl odextrins, or the
colmpounds g%not ed \Elyp(or mula VII in WO 03/078444 or
edhpound i.ng Wwo Hal nore carboxylic acid groups
Halyy d%#od%%ung¥hﬂich has one or nore OH groups and nay
have one oK 1npre of(d he structural units T, and the
substituted conpounds may have substituents sel ected

where o ipan pagapic Beisalmsadefingh@beer t Tlar phaaployrhis gropped of the formula i
useal ﬂqu % 'p%ﬁg:{lﬁy RZ a compound of the formula 1 which is prepared by reacting a

compound 0 with an organic compound W’ having at least one hydrokyl group, preferably
likewise in the presence of a basic ion exchanger. The compounds W’ having at least one
hydroxyl group used may be a substituted or unsubstituted compound having an OH group, for
example selected from methanol, ethanol, n-propanol, isopropanol, 1-butanol, 2-butanol,
t-butanol, 2-ethylhexanol, isononanol, isodecanol, isotridecanol, phenol, phenol derivatives, or
compounds Q' having two or more OH groups, for example selected from
1,4-dihydroxybenzene, 1,2-dihydroxybenzene, 1,8-dihydroxynaphthalene, 1,1°-binaphtyl-2,2¢-
diol, 2,2°-binaphtyl-1,1‘-diol, di- or polyols, for example glycol or sugars, for example

cyclodextrins, or the compounds denoted by formula VII in WO 03/078444 or compounds

having two or more carboxylic acid groups or a compound which has one or more OH groups
and may have one or more of the structural units T, and the substituted compounds may have
substituents selected from primary, secondary and tertiary atkyl groups, alicyclic groups, .
aromatic groups, -N(R’)z, -NHR®, -NHj, fluorine, chlorine, bromine, iodine, -CN, -C(O)-R’,
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25 aromatic groups, -N(R5)2, -NHR5, -NH2, fluorine,
O.Ehd1si ne, bromne, iodine, -CN, -C(O-R5, O Z 6296 16
-C(OHor -COOR5, -CF3, -OR5, -C(ONR5, -0C(O-R5
and/or -Si(R)3, where R5 is a,.nonoval ent hydrocarbon
radi cal preferably having froH?l to 20 carbon atons,
and, when a plurality of hydrocarbon radicals R5 is

resent the}é be the same_or dlgferent The
'C&%%PF l'g ar@si Ry nCidat -RT,cOHO) Rt dadée SRR, where R is a

C i.ondtself icularly
m %ﬁg err ech %% l?d];% R‘ieferﬂﬁ}} %B‘émg glfoéléﬁett? %d?ﬁ?fj’?li‘l gtoms, fnd, when a
plupslédh of hedrosarbsi tidian B sNRedeht, ekbyf &rthgsﬂﬁg ok-di gfetremhe substituents
be particul arly advantageous when the conpound havin

afeatﬂ FIE'QSFFSt@ﬁ‘éd H9 cﬂ‘l@ﬁi@yw obgye ngs gdluesceaon d]mmemdomhtse]lﬂ Particularly
and

has a ou
prefstelt s %P%?/ pE3albe F'ﬁ&"s{%ﬂ }TPI@AE&Y Pf&%éfy:eﬁg‘? éthSPB‘%}B?sd for R and L.
mnth a conpound of the formula 0 and a conpound of the
10 formula T' or an aromatic conpound which has two
It mely &e eattichlady oadybntegeoupsvhen thé eorapamt iavingr dtrigast bhe hydroxyl group

usdlson EREreE BRI ROTORasy Adetsd GhimIbaropg! v asR X obtained by
reaé\ﬂ‘i’g A lé‘e[s@ ohé bﬂﬁ@s@%} ‘%Se‘mﬂll ¥ Cg) goﬂ‘ﬂib@ tﬁ%%lar f) N 2 compound of the

systen) in particu are obtal na prepare
formwtgp SLean abmatie ccﬁmpwnﬂdawﬁlph haetver eljaend 15ydghE BrouPs on the aromatic

. ch,.case to initially charging 15 the phosphorus
ring 3 s WG ot o Urigghionrsd anb ke flon stinangpounds of e
forfff! 1P it RtlichSY A
¢ havi ng1 at Iceast og(gg%ﬂbiéﬁgggﬁﬁ r{ﬂgi @pgﬁ E%n%gsm ISgStteIcl)l) in particular
arejobtainadld.y charge the conpound having an OH group
t oget her wit ion exchan er and add the

To %&W%ﬁﬁﬁgﬁﬁcﬁow@am pEsteropre) i gt‘wa ip eafiuease toinitglly charging
theaﬁﬂ(fg%ﬁéﬁ%ocﬁa%ﬂﬁ %Eﬂﬁ@% QA5 ok e asf%)co gl &clllaﬂge resins and

een oun

sutaetyentlyp gecurmgvinehe t:hmpcmm)m% EltaMhdiQ)n@'ﬂ)H rQYRS 1t & also possible to
charged_ together with one or nore basic ion

..tnitially

ini f@ﬁ&ﬁl@é thescqmpouad having ap OHheioup iresthshvithdhe morgxohangsr and add the
t jered in. 25 In the preparation of

ph bRt DRERER IR

rusconpounds -of the fornulae 10
and 11, elther the cormpound having OH groups or the

R%Qosphor us conmpound may be initially charged together
In the trenarpéiop o a@smrnaws@pfwﬁnhqm%c@nmde oﬁﬂmuﬁodnula 10, 11, 19, 20, and

2t SR Sl S0 SRS TREAR R o i ity

chaggddeo@ber with one or more basic ion cxchange resins and one or more phosphorus

compounds are subsequently metered in.

In the preparation of symmetric diphosphorus compounds of the formulae 10 and 11, either the
compound having OH groups or the phosphorus compound may be initially charged together

with the ion exchanger and the other compound accordingly metered in.

To prepare the compounds 19, 20 and 21, it may be advantageous when a compound selected

from the compounds of the following formulae
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30 fromthe conmpounds of the follow ng fornmulae O Z.
08288l 7 0 O~X X, 0 X 1 1 I | | Hal~P ~ OXy -P\Hal y
-P-, Hal vy ~P_ ~ Hal 12) (4) (7) 19) where Hal is
hal i de, Y and X are substitut efg or unsubstituted,
aliphatic, alicyclic, aliphatif¢- alicyclic,
heterocyclic, aliphatic-heterocyclic,
aromati c-aromatic or aliphatic-aromatic, 5 hydrocarbon
ragi/bfals havwi-tg framd to 50 g(arbon atons, and X and Y
may be the $ame or f di fferent jor be covalently joined
topethet, iB.reacted®Mith a ceqpound Q@ having at
Hal'eas® two’ hy#Hebxyl grodfs, Yprefigrably in the presence
of basic, ion exc er. The substituted
h)scf?)ocarb ?1 may h \a;ig)gone orsr)mre substituents
selected fromprimary, secondary and tertiary alkyl
groups, alicyclic groups, aromatic groups, -N(R5)2,
whenHRB] is- hatigle, ] at Xnee sobititutcder ububstimmddn aliphanid] alécyclic, aliphatic-
-CN -C(O-RS, -CLOQHQqr. - LO-R5, -CF3, -0 RS,
alicyClig, I\%E%‘?OCY%& o%%“c%m?f?%ﬁ lg; (qremalic-yRmpatc RoT | @lighatic-aromatic,
hyBRRAbA Silicdly HhARRTRARN 17 RUSE BlrbHR iR, Qﬁff}@ﬁﬁ&’@ﬂa&%@the same or
."1 to 20 carbon atons, and, when a plurality of ,
diffigrantor drebmvaleatdy geihed REcthsr, py eaetad withheyompyunde)t Reéving at least two
or differen The, substituents_ are in turn

ane _
hY@EDéﬂe BEBPy- PR Pl B ) TPS68% th % Refigien rigeohanger. The substituted
hylfdtABeRCRaP Ray r | It f ' .
ypr eferred ?ﬁs% gﬁetcﬁgﬁ% 9?%*1&)&&?1%”%&5@%1;?&&3@3% écfceo adaf% and tertiary
alfyi @nouphealpiyelie greps sabsttit wotms, SPNEBPL edHRAr -NRIaMthokine, chlorine,

broye PN O, S Of R e 3L GRS, -oc0) RS
an@lof %—if]ﬂ L, \WHeh: R® &%@H&%l% ih?(!l}oce[}ﬁg‘n %ﬁ%&?%le{n‘}i'ﬁv%ﬁ%ﬁéribly é‘rom 110 20

uni t specific type o e’ conmpoun
cazbiah atagns, iands whed ¢ plinalityaof byhparing @deald Bubsgeeantthyy may be the
Wi t héﬁ con‘pcﬁénd T ., Preference is given to carrying
sarpf or ghfferght The substituents pisia tum preéerphly desdetad dotesagrhich have no
o e U (ERLRRHIT P B ITERE R BB Tt Ry ¥ may be selected
frofx gerprefchehsubistniests spddfidacfor Reyrd) 1. MRl pto@uckhibich is obtained from this
Chapt ec{ 1, g 62 ff., Thieme Verl|-ag, Stuttgart (1964) _
reaghon gnd Jas akdeast apohydroxyl @rqpnis sHberghastessdicstiy ovithds tompound which

haHE@Rtrudkural Yai MRspeb R yp@BPmtlch o X Wel 928, 3P itially with 2
compound 0 and subsequently with a compound T*. Preference is given to carrying out all of

these reactions in the process according to the invention in the presence of a basic ion

‘exchanger.

According to K. Sasse in “Methoden der Organischen Chemie” (Houben-Weyl), Volume XI1/2,
Chapter 1, p.62ff, Thieme Verlag, Stuttgart (1964) and G. M. Kosolapoff,
“Organophosphorus Compounds”, chap. 7, XV, pp. 139, John Wiley, New York (1950) and the
literature references contained therein, the preparation of asymmetric organophosphites and
asymmetric phosphonites succeeds by stepwise reaction of the organophosphorus halides or
phosphorus halides used as starting substances with compounds containing hydroxyl groups in
the presence of amines. Depending on the desired target compound, the process according to

the invention may comprise one or more reaction steps, and the reaction of in each case one
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25 literature references contained therein, the
Opr gpsy ati on of asymetric organophosphites and

asynmetri c phosphonites succeeds by st epwi se reaction

of the organophosphorus halid g phosphorus hal i des

used as starting substances w'th conpounds containing

hydr oxyl groups in the presence of am nes. Dependi ng

on the desired target compound, the process according
plD@hWehaimeanr@nWﬂihyomohpim@é groep Gs of®IreadtiéACsté0 Mecordingly, the

%d th%%react .on _of in each gase one O Z. 6296
Pra“éfS%ﬁ%% B 08 e PoRtoh a1 % RaTce 195 cr Bljistage GuppeRs for preparing
s pRRCHBAGEL AR 85 AUDALY pikhon LS RACER ' Macion scps
arpeavbagsiddorut pr ﬁpapremce aby (mﬁﬂclly)daa&bgam exﬂlﬁﬁgﬂm TE&ngﬁl@ﬂilly possible
asymetric pr&gsghot?l (gg) A n which case the reaction
reagfign Steps,arg dstatRd pnihe follpvwipg reeptionseheipesence of a
(weakl y) basic ion exchanger. The generally possible
5 reaction steps are detailed in the foll ow ng
reacti on schemes: PHal sn+YWO W (0) (1) + HO X 10 (2) +
HO - Y 10 O-W Hal P'HaP (1) OW | Hal PAO X (2)

‘PHalle,lH-St ted-in the fornflae ii, iii and iv, it is

p033|ble starting f¥m a 6hosphorus trlhallde by
(pacting with one equivghent of a conpound containing
one hydroxyl group HOW to prepare an "

or ganophosphor us di hal i de, by reacting the (D

or ganophosphorus di hal jdg wwth a further equival ent
of a conpound contai nijhg one hydroxyl group HO X, to
(YrepgHdd eXa15-—-dixer gang ospgorus hal i de, and, by
reacting further wHah on@ equi val ent of a conpound
contain (2))

(iii)
W
, P
(2) + HO-Y ——— Y~ /P\ ~X
o o |
3) (iv)

-----

by reacting with one equwalent of a compound containing one hydroxyl group HO-W, to
prepare an organophosphorus dihalide, by reacting the organophosphorus dihalide with a
further equivalent of a compound containing one hydroxyl group HO-X, to prepare a
diorganophosphorus halide, and, by reacting further with one equivalent of a compound contain
one hydroxyl group HO-Y, to finally prepare an asymmetric triorganophosphite. In the
preparation of asymmetric phosphonites, an analogous procedure according to the formulae v

and vi may be employed.

™
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20

one hydroxyl group HO Y, to finally prepare an
Q.2sglogetri c triorganophosphite. In the preparation of
asynmetri c phosphonites, an anal ogous procedure

according to the fornul ae v d vi may be enpl oyed.
Hal WR, Hal +HO X (6) 20 (v)" O Z. 6296 (4') + HO Y
(5 19 In the following fornmulae vii and viii, the

i nventive stepw se preparation of a di phosphorus
conpound whi ch has agstfuctural unit S (the special

case of the structural unit Tis illustrated 5 by way
(40f + exanl e)——ﬂ-s—eho Pusi.Ag the exanple of a

bi sphosphite 10. roxyl compound 22 is reacted

wi th one eqU|vaIent a hal odi or ganophosphi t®i)2 to

gi ve the conpound 23 which is finally reacted with a
comppound 17 which has the structural unit Sor Tto
Y 0., The hal o L organg
In @i ﬁ}ll%%dg ﬁdanéﬁ% Eéﬁag 5‘3‘1‘@ t% A 1n(¥e|} Ve sg % 81‘#)";1'551? gn otf a diphosphorus
compdimﬁt which Gas asytopeafal |11ﬁ1t % gﬁﬂ”@%@@l ERg oi'ﬂ?e QRfcal N8t ’i‘(i)s illustrated
HI r\OA+HU- U - OQOHX-0(23) (23) + R
by @vagpf yxe}mpde) R shown @siog Fdleye)@r@le( df @bipphosphite 10. A d1hydroxyl compound

© 22 is reacted with one equivalent of a halodiorganophosphite 2 to give the compound 23 which

is finally reacted with a comppound 17 which has the structural unit § or T to give the
bisphosphite 10. The halodiorganophosphites mentioned may be the same or different, so that
symmetric or asymmetric bisphosphites are obtained.

vy
Y -0
P X
PNy X + HO-Q-OH _%_",X_O/P 0-Q-O-H i
(2) (22) (23)
1
R O~ _~Hal
23) ] X —Q o
\ Viii
3 0 -~ p-0-0-0-¥ (vidl)
— 2
P Y—0 0 R
(17) R4 R3

(19)

In the formulae ii to viii, X, Y and Q are each as defined above.

According to the formula vii, dihydroxyl compounds 22 may be reacted with
diorganophosphites 2, halodiorganophosphonites 4 or 7, haloorganophosphinites 9. In the
second reaction step viii, the compounds obtained by vii may be reacted with a compound
having the structural unit 8 or T. In two reaction steps, asymmetric diphosphorus compounds
of the formulae 19, 20 and 21 may thus be prepared. The compound 17 used in step viii
(bicyclic phosphochloridite) may be obtained by reacting (condensing) the compound S§¢ or T*

(a 2-hydroxybenzoic acid derivative) with a compound 0. By directly reacting k equivalents of

+
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In the formulae ii to viii, X Y and Q are each as
O.g@ediosed above. 15 According to the formula vii,
di hydr oxyl conpounds 22 may be reacted with
di or ganophosphites 2, halodio%@anophosphonites 4 or 7,
hal oor ganophosphinites 9. In e second reaction step
viii, the conpounds obtained by vii may be reacted
with a conpound having the structural unit Sor T. In
they eanpasiad th7owitks pep squivalgihed rrdompdiuph € pit &y pessibbntoquresise compounds

o S MRHELTHF 33 il A B0 B e, Bl RSB 7, and 1

prﬂ?hﬁ&ﬁ@ 86MbALdd 1L Ehe dFBoREd %bhﬁ’é DB I B Hups. Preference is given
. (condensing) the conpound S: or T (a
in uhipdraoyirigeat oll ceagtiomh stips iiv thieipresenas dffa basic dopeichangd@r.
By directly reacting k equivalents of O Z. 6296 20 the
compound 17 with one equival ent of a conmpound Q, it
In ithe RYSS| &l ehd QuiBk CHRZLSHRE d$ali i
e ey T i SeRE BRSO Bl R o OF B symmeni
diposphang, cotrpoupdse ferexampke speeifio wompdindstofghecfmpoked0@nd 11, may of
k of acid groups. Preference is given in

has. a nber.
oty R HICRER 119, RSORCSHERDy Silich; B deactisiyes iof thhgwo organophosphorus

seR&ed ol [ r . t ase of .
hd?%g sane 3%3§ﬁ§§§o§%ﬁ§$ﬁ§§ha 9%§§?ﬂgﬁéﬂﬁr§§§%%ﬁﬁ9%(ﬂmeﬂ“ml‘f
asyinectsly ndiphospborudi quingsyphdy wsayc tikpoige ds:, cdrdied exan@l Bne process step.
ot ecific conpoundg of the fornulae 10 and 11, may of
ﬂlf’gﬁlsgﬂeo“&é’r%‘feﬁ%%‘% st bg pEovileddesach regstionpien t he
reactivities of the two organophosphorus halides
toward di hydroxyl conmpounds 22 are sufficiently
In di fifvflaemannéthe gheepacidnsovii ahd haiiasymp@inds Gvhich bear more than two
di phosphorus conpounds may |i kew se be carried out in
phosgborgs @agﬁ’s Prepagdrbyy ipacing mpoprdscwubish dpepthiresortrore hydroxyl
i f ' step. In a simlar
gng %ﬁéﬁﬁ%gQgﬁé9$g§@%¥8%§ﬂgpﬁﬁg%d viii, conpounds which
bear nore than two phosphorus units may be prepared
by reacti ng conpounds which have three or nore
Whsp gregmpound whighstilcotaseing er wiorh hydreun eptups ploo example 2 compound
Ofﬁ@%&g%&,ZWhen a conmpound which still contains one or
nor e ygroxyl groups, for exanple a conmpound of the
structure 24 20 i@ the target of the preparation, the
reacti on sequenc{ itbe term nated at this stage
af t e~ _rgactinon Of a conpound of the fornula 17
vvitﬁlba_tdgsﬁ'p—ogd # The formula 22. Conpl ete
conversi on of & TORyl groups is not necessary.

(24)

is the target of the preparation, the reaction sequence may be terminated at this stage after the
reaction of a compound of the formula 17 with a compound of the formula 22. Complete

conversion of the hydroxyl groups is not necessary.

The reaction steps illustrated in reaction schemes i to viii may be carried out batchwise. In this
case, one coupling component is initially charged together with one or more ion exchange

resins and the second coupling component is subsequently metered in. The feed of the

components ot feed of solvent may be used in some cases to control the heat production. rate or

the temperature in the reaction mixture. In the batchwise method, it is important for a very high
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The reaction steps illustrated in reaction schenes ii
O.rosasi i may be carried out batchwise. In this 25
case, one coupling conponent is initially charged
together with one or nore ion,gxchange resins and the
second coupling conmponent is %ﬁbsequently nmetered in.
The feed of the conponents or feed of solvent may be
used in some cases to control the heat production rate

yiedt of dered ipdijchfqinitially ehaeger walcneien imibet aorect douptige component. For

i t Lt ds inportant. for a very high O Z.
BB Y0 B PISRe sl € a RGBT e TRt ardapoBkbep s compounds
of @RdoffRtigE 1i D, 3,hE 5CATd /ebrEAHR) {RSMESRG @Egztrefefé%e is given to initially
exanpl e, in the case of the selective préparation Rid

chargipantee phaspberys noppamghis. ke plorspbems halidef ortthe ofganophosghorus halide
to schemes ji Vi

t01 2, gh 4. 5 or 6 ,accordi nN% to , L
ESet &ViTh Q08| & Gloybatis 1oR| PICARTSF TeSiar idhguspguently metering in the
coBPOASRNQIUE: £OOPOMHED (Ha/dfoxyf E@n}%&ﬂﬁﬁﬁhﬁrtﬁé Aaldrd Qieckibe preparation
or ganophosphor us™ hal rde 5"together "w th one or nore
of frygineetiio dlpéwepiﬁ)ng_s:omhmg—l mdrd."&’lg%(s)ﬁ!qgﬁﬁ&é ‘lyii el aiij pl@fei)réhce is given
the . c oun avi ng a roup roxyl , conponent).
to ‘Pﬂlﬂﬂﬁe& _ %F CPITRO E%\fl%@%g@ﬁa% %’@P@ﬁr_ wigh one or more ion exchange
resA WATBEEbGuettip RRIGHBIIH he gmgﬂﬁ'%héﬁg%ﬂa{%g to schemes
IS grve 0 I Ni

vii and viii, preference ially
chargi ng the conmponent having OH groups together with

one or nore ion exchange esins and subsequently
AL P RGPS sieme U A9 ABh S ITEAetion Eh: the sTude proshuctmay be worked up
an®REOPHARRS i HE Lxt RMkioAlsRY. e Cihd QeSS
t he gr ude product x may ]k())e S%r ggté'%ﬁ% Rgllri}halar goa%%lglgre advgﬂtageous, after
thefcamplee convetsive oferne coeplitg compehert, tohfiweileadd tht nBBomponent and to
di al so h re agﬁg t@%Fo%ﬁ’ after the conplete
1SEBYV € ¢ ofer EEGHN i thY WEnTsaF: stepp lai theceaniexhdd the present
invERfon 8l reSQIBRAITEA kad\S ' Y oL Wk Ky
between the two regctlgégg?g%%?ﬁﬁﬁgpﬁ%%%%hgg&ﬁﬁépn$Hgmnxyignup
shoptdelzemrepardéd anarerreaction stepe reaction of in each case one
phosphor us- hal ogen bond with one hydroxyl group
shoul d be regarded as one reaction step. The reaction
e 4N iradi vi-dyal ' t may be the .
T b R R oL RB MRl BT e 5 o Bt T im ach case
sufficiehétly lomgdn irder do tablgieete tier degire Botfe SHidH) The Heacki6R trhSatures in the

. Jle ratyres in the 20 individual reaction steps may
mdB’é‘iT‘{gE EaghipRSteps HRY pe thentamempradiffarsnt Therbasig domexpbangesiesin or resins
: i 1S; i LndL wl dual tign steps may
useflin (EhASiauSEAL R sepEimeD S e S o BBt of
bat chwi se reaction control may be stirred tanks. The
basic ion_exchange resin or resins may be used in the
The wagiprsdpediton tptdivase Facionycontipl may be aded tanks. Thalbesic ion exchange

resiB Q7 ?és?z{s%ﬁjpbe used in the reaction mixture as freely mobile beads. It is also possible to

[ .

ex

combine the ion exchange resin or resins in the form of packages to which the convection
stream of the stirrer flows. It is likewise possible to use spinning basket stirrers. In addition, the
reactor systems used may be stirred reactors having full recycling (loop reactors). The flow to

the ton exchange resin bed may be from above or below.

In another preferred embodiment of the process according to the invention, the reaction steps

" shown in the schemes ii to viii may also be carried ‘out continuously in reaction spaces

connected in series. Such a reaction sequence is illustrated in fig. 1: The reactant A and the first
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25 conbine the ion exchange resin or resins in the
oloemef packages to which the convection stream of
the stirrer flows. It is |ikew se possible to use
spi nni ng basket stirrers. In dition, the reactor
systens used may be stirred rééactors having ful
recycling (loop reactors). The flowto the ion
exchange resin bed may be from above or below. 30 In
cogpiongh eempoershe Kileade ewhdditak htio af fikheapicc ssge BCTioY eliflagnt of the first
to. the inyention, the reaction steps shown in the
reagbinBHAgeif 15 Yib§5quentha Jiks assscens eaiping gogpenent K2 too, conducted into a
t | fy neacti d.in serigs. .
se R YRS e, . LERTANE BoRBAC iy (62 IDGE oy RN Kpentionea e
efflemts afitond\ cantinidue, &1 bbh $Durdlityd 3P GomZnoesiPlehdiérs which are optionally
conponent Kl are conducted into a first reaction stage
COPI.lechH’gmeFﬁffieﬁeh‘i- B¢ reaqEor rseduancey efthei e sudiged B iKg. 2 in parallel and
coﬁHQ%ﬁ%%S@&%%.n'ike a second coupling conponent K2 too,
conguCted info a second reaction stage Il. It is also
possi bl e that the coupling conponents K nentioned are
effluents of one continuous, or of a plurality of
In opinritp pelisve f 50t ek Yishd eh therdesipd pradatt ip the prepartioe of asymmetric
I eni.e I . - T r..seguences of the type
ey Hlemednpfiioft ol il Mor BRRARE 53 ivamtiiely YaSn cach stage by the
ratbsrofeld paticulhmfeedsdEypitAlya 6igoBr dr ¥Srdxitaly ¥diihblaPhmounts are set.
the desired product in the preparation of asymmetric
In dhe quenasationhel synweticr diphosphites vdiclf haveean eaglpbosphité smit (T) or a

r ' |y S in each sta by, the, 10 ratj os
ool RS A BLS! bl WG 895 Pt Gt Bprosmhons
haBdpEcanpount &b YihgdrekiBb@apo s st So bR Beto 1.2/10 the

preparati on of symmetric di phosphites which have an
acyl phosphite unit (T) or a structural unit S, it has

t e advant ageous when the.nolar rati f

Teg3Sianiy tg S0 BR.ERE0 BERSSRATAER! tPRyeT 835 Bnbarke te same or
diff&eteih the chbhtaiols dde, Butdnleach 2asth@iffi&ehtdG et o™ RER e the desired

the reactants in the individual reaction steps nay
coryespoin thh pasigiar stage. dibe fhasie min ¢xvhaige reon bt resins sisebidahe individual
rapgt ip each cg;e suffi%%ent in order to achieve the

GHLR PERS AN RY BESPBA OF iU par ti cul ar stage. The basic

i on exchange resin or resins used in the individual

reaction steps nmay be the sanme or different. 20 The
The eeastars ssedsteg choiinuwos réantiou somted ahayobe caninnobs stayedtienks. The basic

. continuous stirred tanks. The basic iqn exchange . )
o, BT T TE AR EF Hahin e FFE PR BBF B ARG mobilg beads. It s

alsb g:%@é_iMe 'f@@dlnhﬁinb eR03n ckihahe rRlS G RASS Lngﬂhg é’(?r%l gfﬁg&kggees to which the

t he ion exchange resin or resins int
copvgcherystscanpofnfhe sturerhtows dnis dikbivime petsiblane afe $pitning basket stirrers. In
ad%héla,gtiﬁggla ?e:ggtpgql Itlliljlh Be luiselé?\qdhsc eﬂoez??os !chtg:l ign tegch%ige feg%nngfidn%ay be from
above or below. In the continuous reactors, partial recycling of the reactor effluents may be
advantageous. In the case of the arrangement of continuous reactors in a reactor battery, the
recycled fraction of the effluent of one reaction stage may be partly or fully recycled into the
same stage, partly or fully conducted to the start of the preceding stage or partly or fully

conducted to the start of the first stage of the first reactor of the reactor battery.

Quite generally, and irréspective of whether the process is carried out continuously or

batchwise, when a plurality of reaction steps is carried out, identical or different ion exchangers
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addi tion, tubular reactors nay be used. The flow to
otrhgzdgn exchange resin bed may be from 25 above or
bel ow. In the continuous reactors, partial recycling
of the reactor effluents may 2? advant ageous. In the
case of the arrangenent of cofiti nuous reactors in a
reactor battery, the recycled fraction of the
effluent of one reaction stage may be partly or fully
myveks; vsedding the geacken steamelgaliyewhegae tplyraloy dfutdefion steps is carried out,

AT e R
thesfea@forftadel Befdeni S Subb@AGAIBS uRh tﬁé‘ﬁa&%gpﬁg?&%sﬁ%)és artPmay, within a

Quite generally, and irrespective o
sepicoeeeisrergorsabe the dame or digferémubBstempemturdatpeélaiably, increased within a

en lurality of reaction steps .is carried out
reaf i ool TS ety B i fom 20°Ed0g 5846, gagferably from
—107 usethior hhe rﬁ&%?f)fe@é?alﬁ%eﬂ&n B¢l ytOO“?.e'}\s.aglre dy described, the
plurality of reaction steps Is carried out, i SRLT c At

tergperatinfef maehe commiled dyuhe feedapnbel sfahe compdientseRds e@mlly possible to

st . The tenperature selected in the reaction )
ke 5 demprputrd ASHPARPERINE Bl wh el Pesiable saolaploteactors It s also
id¥e ToRERbAR | LA Othi
po|r eagttor S, be@rﬁzﬁgggn%&{%?wdtigg% g,rra glrr]? ?e%?ﬁgigg'zlr?pﬂi&sa‘{vﬂ’eqqagl isothermal
oppradre oé ithey eiitite peeed omiof ndividudl preast of rb@tibekieps Thpossible, which

eact | te ratures are preferably from-50C to
mal g p0sSIBIHENHATY PraGhie g Sb UiePPHRYIED AEfioRyemperature which can lead to
be@ﬁg@ﬁ&@bly from20C to 100C. As already described, the
tenperature nmay be controlled by the feed control of
the conponents. It is equally possible to keep the
eratu a certain tenperature by the use of

te re. at
Thp, BEr AePgiEdBItac FYSRliey s Proterably caprisg ous i Gietiresenes of a solvent or
j S t r r | aLi (o P
Of BRI, P e e e Selklon! GORET P dEBa U g sPlgbiiy of the
feedstodess bn alditafn, thedivlriedtiads tp be eettantiblly BRftbwadTheRSddtScks under the
possi bl g, whigh rakes possi bl e particularly exact
reaglign F%delil?mt Hée sgtyert may ealeq bemddedrire the maeliqthmixtursatp control the
o Vi : accordji.ng to the .
e Rt PPreREL A o ol einb XSRS PR RRE TP e Bnlod Sgpricrs
a solvent or 15 of a plurality of solvents. The
el ection of the solvent depends upon the solubility
Prefgrradn golyity) atco dis examplageomiabies sidheass bgnzent, dhbgobanzbre, toluene or
S Lk [ t I he f stocks under the
RS PRI e BT kB e SRR rosan & iy eaplobexane or

metHyieyriphetane opghchaib@r tefeltndihér® budhg diét&?ﬂ'&ﬁfe@,t disBpropyl ether, methyl
Preference i s given to using solvents which ma
tert Rt FORL aanisole  tstralvarefpmps 1.4 diopanst o 3-dibxolaheoensters such as cthyl

ace% ’3?%@3’%%%@?! Fe&-%tﬁlg&tgj}a‘fes, c%ll(i:ch it orgg %gtgrgeduch as ethylene carbonate,
propylene carbonate and 1,2-butylene carbonate, ketones such as acetone, 2-butanone, 3,3-
dimethyl-2-butanone, aromatic and aliphatic nitriles such as benzonitrile, propionitrile and
acetonitrile, lactones, pyrrolidones, e.g. N-methylpyrrolidone, formamides, e.g.
dimethylformamide, sulfoxides, e.g. dimethyl sulfoxide, and also N-alkylmorpholines,
pynidines, quinolines, nitrogen bases such as amines énd sulfolane. It is of course also possible

10 use mixtures of these solvents.

A particularly preferred embodiment of the process according to the invention is carried out in
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xyl enes, open-chain or cyclic al kanes such as pentane,
O.B- meane, n- heptane, cycl ohexane or
nmet hyl cycl ohexane, open-chain or cyclic ethers such as
di et hyl ether, diisopropyl etgﬁr, met hyl tert-butyl
et her, anisole, tetrahydrofuran, 1, 4-dioxane,
1, 3-di oxol ane, esters such as ethyl acetate, isobutyl
acetate, tert-butyl acetate, cyclic carbonic esters
thes piepengs of ahoBRaTRNsFEN Athech BSprpfecyblyt present dm homapeneandform in the

rea%gié‘{xj ?x%%%% %? égagﬁgxg E%ﬁﬂ?ﬁ%oge cgﬁ %Eﬁlg*s’fgrgqrg ﬁlge{qoglgglp& bases which are
weakdrbagds! tharhe WeaRY Havie HoRexMERZLN ITHE inkSon Hﬁlga?%r%f.& hilddl £e preferably

and acetonitrile, |actones, pyrrolidones,
thage wempgusisrwirh, do redditioortarhe fiestior aga proton transferrer, may also assume

di- et hyl £ or mam de, .sul f oxi deg, e.g. dinethyl )
thest%“F‘%?ﬁ 8@?‘1‘%\%03%’ eé’l%s%u %ﬂ%@ﬂ%@? }S‘P%'Igt?en g%r eXaiii¢, diweashylpyrrolidone or
ilinaAZORS THel sk QEEN aman L .
megﬁll Tolane. It is o?i %‘%ﬁ‘?‘ggﬁs@rg’g"é@% g&n‘%g?%usﬂrs%lsmbmed in the

reagiion wixtyreohay newesesibl weattion rale.pinckithaiteaction ippefmste@by the reactants
according to the invention

gibodi ment . of the process. .
no fefiegh bk o Sgpne Wt opiacs iseetamith thé e sxsheascss b ather only with the
welRkQHate WhRRSE,ahéwh, W6 edesudt BiseiablinREE S8 ol r(r:rlltnlmérﬁ The proton

honogeneous formin t he™ reaction mXxture or rea
tragsf¢ruri then refipie fprthromith denishexckmgen batlsdrnes ey Basasansferrer. In the
hi ch.are weaker .bases than the weakl basi c ion
reaghor St_heFFhlg Pﬁfﬁ?@ﬁ ampolatratip of protorsiEansterist to the free base provided

by BHeQbRERhNper bPRSH CORNOLRIS| ,V&Eﬁﬁb#{ﬁorg%ﬂotl 1199 0 the

function as a proton transferrer, I'So "assune 5
the function of the solvent. Such conmpounds may be,

p f.or exanpl e I\I-rrer{glrﬁgl rrolidone or nethylimdazole.
refTEnE B eI Ip g oY PEASE aFCORHPL 19 the Thshirbindbe pregence of one

dhSkr hdY gg,i & ti n)m[']gﬁ r y lncrease t
O‘I react Fo#nr at e?ws%}ﬁ, eBt e lpga%t i or#éi sesgr%bné{%rc?%g’y%taﬁegle on styrene-
divimyffenzees copdythengen frdei g t@vequee e 19deest delide formed in the
]%%r ectly vvipt h the Iﬁél exchanger, but rather only with
corglfpsatioR ok #howherss iHPalides or orgroapkesphesme dalidss usitly organic compounds
beating vk oS . | I xture. The proton 10 .
o SR E ol PP Bhorndl B fo (el bE¥hatite rsing based on
styrere-damgdbenzénst copelyngss eviligh BearaNN-aRBHRIKIBE ordups! fR example N,N-
LT agtl_on mxture, there is preferably a nolar ratio of
dmﬁﬁs' BRDP SEHPP et FPossible teeuse raasrergieulasrion iexelangdhyesin@r those of the

kAR, BXR . 1.1 to 1.1, preferably from
el (13 RAACRRAGS Red AR B Wb bt o P R reeibne
process according to the invention in the presence of

one, 15 or nore polyneric, (weakly) basic ion exchange
Veryewiitable f9F wpe im ey Piggess cesprdingy foethe igverition] dre mpemercially available

(e R BT o Pl Wi S S B Pt Ty M or Amberys

A2Dbr organophosphorus halides with organi c conpounds

Preference is given to using the ion exchanger in the form of particles, preferably having an
average particle size of from 10 um to 2 mm, more preferably from 0.1 to 1.5 mm, or in the
form of a fixed package. In this way, it is ensured that the jon exchanger can be very simply

removed from the reaction mixture or separated from it.

In the process according to the invention, at least sufficient (weakly) basic ion exchanger is
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beari ng hydroxyl groups. Particular preference is
given to using ion exchange resins based on
Zy428he- di vi nyl benzene copol yners whi ch bear

N, N-di al kyl am ne groups, for exanple N, N 20

di methyl am no groups. It is pogsible to use
macroreticul ar i on exchange resins or those of the

gel type. Particular preference is given to using _
croreticul ar, i gn_exchange resins. Very suitable for X
uir et 5t Raehgdled ec TR s ensrd inbe FRrBRRIng fompagion or formations,
1OERS HoR bY Y BadeA Rl Kailk |3k iBASL G €is gi ;
resins, for exanple Le\%}gﬁ?’?%‘%@ﬁ%ﬁ%{h%ﬁ%}@@& 15 given o using
sufifibient wﬁtexaﬁ_ﬁlgéﬂﬁlath Fhesrhﬁm efi ?mléﬁotgic}i/cefbshlﬂngfioﬁgg"{ef‘release to moles of
i op exchanger in the formof particles, preferably
fige ot eled By diciga ShelpRTintigin sl &1 34 plcrlirdrom 21:ig 2:1
nore preferably fromO0.1 to 1.5 mm or in the form of
a fixed package. In this way, it is ensured that the
Befome #ichsdge theprocdss av@iding itd1iHelinvefioh Si® Y@ redchaige thign is preferably
t%ﬁg}tyl n mxtyre or separated fromit. In the process
dgj d deshmiuesy £t pxsmpletbyl beast restméntcimder reduced pressure (G.

L€ 1 -exeha 1S O.Z. 6296 2 e h

AR PRRUS MO TR RATRAR g i dueBRRe LSS 20 T07 - 110, ¢
Boterpoitn K. fSonsntH oWiddeck@r Ing i Readtive ﬂ’&ﬁrﬁ&rs,ol'b% PRdh8ngers, Sorbents

f_fr base is_avail abl e on pﬁe_ i on exchanger.
(188Th cti@hcdTt s §0efr 1t amongpics distilleiamwithosuitsbbn angemping agents
«y@qimy@g%ratio of noles of acid resulting fromthe

release to noles of free base released by the ion

exchanger is from1l:1 to 3:1, preferably from1.1:1 to

2:1. 5 Before it is uysed in the process according to
Te Ty PRt PEISCsSt InEORRIoBR Oh avasEcoinunus moge,at tnastitivg parallel reactors

Iy . ni for exanple b eat
o PR et b RER T 34e 58 B BT g B tuchyp way that when the
ioRreagiednger M exichirped) fRelab@BE Ariad h VROBY ALK EdR7 M reaction can be
ééz), 107 - 110, C. Buttersack, K Struss, H
copfigprsliRdhe gthenaeasior. Reactive Pol yners, |on Exchangers,
Sorbents 10 (1987), 5(2), 171 - 180) or by azeotropic
distillation with suitable azeotropi ng agents (GCB

Inbl2R48 Be ket tiRAI0EY 0B tHe drli@sPIoAE BT apftom 1 MOUR the ion exchange
quasi -continuous node, at |east two parallel Teactors

regip dadep yiftleregsn halide(to brngsit o de ipsodess) stlepusaid ar e
connected in such a way that when the 15 ion exchanger
i s exchanged, regenerated or dried in one of the

Wegds bayié iont dxehdrzeklarOR o ERRatEL typfAll WiHASSHIOH LIS o, RENAOH. Precise

reactor.
1nstructions on this subject are provided by manufacturer’s technical information sheets (for

~example Lewatit-Selective ion exchangers, Instructions for laboratory trials with Lewatit

selective ion exchange resins, Technical Information, Bayer; Dow Liquid Separations, Dowex
Marathon WBA, Ion Exchange Resin, Engineering Information, The Dow Chemical Company;
Dowex Jon Exchange Resins, Properties, Impurities and Concentrations of Regenerant

Chemicals).

Further information on the regeneration of ion exchangers can be found, for example, in:
Regeneration of Anion Exchange Resins with Regular-Grade Diaphragm-Cell Caustic Soda: A
Five-Year Plant Trial IWC Proceedings, 10(88, S.D. Coker, M.P. Murphy); Petrochemical
Company Anion Exchange Resin Regeneration Trial (Dow Report, 8/89, Michael A. Smith)
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In order to the keep the costs of the process low, it
O7seappropriate to regenerate the i on exchange resin
| aden with hydrogen halide (to bring it into the basic
form and reuse it. 20 Weakly_basic ion exchangers are
regenerated typically wth NHA , Na2CO3 or NaCH
Precise instructions on this subject are provided by
manufacturer's technical information sheets (for
ang {aavstie Spépder lonJexahengey Besio Ragrohaiige (darkbtisd ResdakdNReport, 4/86,

r.laboratory trials with Lewatit selective ion

Rﬂﬁeg(%c‘ﬁaﬁﬁcé’n?esi ns, Technical Information, Bayer; Dow
Li qui d Separations, Dowex 25 Marathon WBA, 1on
Exchange Resin, Engineering Information, The Dow

ThenpascoblinCotipany jllusDetadxin| demiExdthargeeiResionte figures fig. 1 and fig. 2

Properties, . |nmpurities and Concentrations of o
W@@@E r HNPRUB SFROSR 1SE9Re ﬁfﬂﬁﬁm’é?ﬁﬂ%fwwﬁ%moﬁm@ﬁh@ Iflgscription and the

121188 R EAL R0 hoR s can be found, for
caéxgrrplég?éin:e éb Reé%ﬁggg?%g% of Ani on Exchange Resins

W th Regul ar- G ade Di aphragm Cel|l Caustic Soda: A
Fi Fi.ve- Year Pl %ﬂh Trial (1WC Proceedings, 10(88, S.D.
ignd )& WS OB POFFLALH RgAynectin ploadrisdar 2 coptinvany made.ohhe process of fig. 1

. i Lo ' (BPow, Report . 8/.89 . c. .
Y emE R T
fed oo Exedvaogle whechi ltns Recien exehdnger. (Muigoabht K1 RESERALCH first compound

Report, 4/86, Ralph A Bacon). The present invention
hayiag jap | QM grannbi ilrevae metersd ko i scasiorcThoambentfifgongwnent K1 is
' i 5w t e,lpventiqn,.,whose
prefofily sup i dhre o aomblak 291k 219 B B30 ToE HhdRompnophosphorus

dichivtidt lobtairetiai it pro¢icd B dfabé fikst t@@tidPstb  &ransferred to the reactor II of
enbodi nents. Fig. 1 shows one possible connection of
thenextreaciionssigp whigh Hkewiso hes angn exatheger Albeswetatd fritg this reactor is the

eact | . he fi ,
corShehlKISRIERE 4 Sofh S0l il Ot BO56 Ficproong of component
K2riggséfefably #hiuelsRAShathbRMs @XMBBRIRT0 of BMBIRERF 2 on entry into the

which is a first conpound having an OH group is
reagtok ehkie skorgaophesphpmis shiohids obaet as thehredwmolusitth©$econd reaction step

1t BAFFERERN AS e Rpacht TP 3F ol nSHl GresPg B Haepise has a basic fon
exchhedel OAisH Emableal iﬁﬁ)dt}fi’ssreta?tgr Ry gg;‘%otn? @t kEewI;xlclﬁ ?SE &sthird compound

r_eactlon Step Il is trans rre e reactor_
havitgeam O grompcfor erammple cumipmiund iof ehd SemhRS24 The Gnount of component
15

exch . S tered into this reactor is the
K3 S RROR sush it TR 6o & 180 G Co A o diInery prigy o Che reactor. The
prodhQUYP obthiied AR MacR IFPIERANE bresent case a phosphite which has a structrual

unit T.

Fig. 2 shows another possible connection of reactors in which one process variant of the
process according to the invention which has a plurality of reaction steps can be carried out
continuously. Thus, the reactant A,, for example a halodiorganophosphite of the formula 2, is
fed together with the component K1, for example a dihydroxyl compound of the formula 22, in
a ratio of 1:1, into reactor I; which has an ion exchanger. The reaction product By obtained is a
product of the formula 23. The reactant A,, for example a compound of the formula O, is fed
together with the component K2, for example a 2-hydroxybenzoic acid derivative T* in a ratio

of 1:1, into reactor I which likewise has an ion exchanger. The reaction product B, obtained is
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K2 is preferably in turn such that there is a nol ar
oragjgy of Bto K2 of 2:1 on entry into the reactor
The di or ganophosphorus chl ori de obtai ned as the
product C of the second react%gn step Il is
transferred to the reactor IlF/of the next reaction
step which |ikewi se has a basic ion exchanger. Also
netered into this reactor is the conponent K3 which is
a rodit rodf tho frpowtd] 2 (T Heapbderta B, Ghtl @, G corddutte@ ¥agathe®, preferably in a
ﬁfq?oun? qf.th fornuLﬁ 24. The anpunt_ of conponent _
mqkaf fafio of 1t eI‘IEBI%%F sader Hixich Hkewise Basa bagiq nskelmnger. kathis reactor,
' n 1L O r The dugt .D. .
thSroRucts B0 pRT I Yed ol oS8 8 hedSpu AR MB L Brigation of hydrogen
chipidsphi te which has a structrual wunit T. 25 Fig. 2
shows anot her possi bl e connection of reactors in which
one process variant of the process according to the

' ' ' rality. of .reactio teps.c .
T RS Sl MBSyl € B LBt ot s
its bespef application halchds evidanerblasPély R ndhe UBR bAEIMEAME claims.

is fed together with the conmponent KI, for exanple a

di hydr oxyl conpound of the fornmula 22, in a ratio of

: lsi,nto reactor |l which has an ion exchanger. The

feact: on product Bl obtained is a 30 product of the
AIF prepathitord3werd ofrrie@ a0t 8ifler lotedtive gﬁ%ﬁﬂﬁ% StaRd:r@ SBRILAE teRfiniques. The

the fornula O, is fed together wth the conponent K2,
solvents avermiad beforeripe oysn pitableidssiaednts. dbe ioratichangr usad, Aewatit MP-

ratd v [ reactor 12 .ch i kewi se has an . .
62; @hd Qopfacd i ekt % LEBSI Sl il sserci e og of ffdtopically in a
Defh-BtarbaParatus.a product of the formula 17. The products

Bl and B2 are conducted together, preferably in a

molar ratio of 1:1, into the reactor Il which |ikew se

sic i.on ngey.. l.n this reactor, he
exRBIE L ERaE A & FPRREE 2t 8 logelice besiagebichet-one or 2-chloro-
4HLRapRthe{122d B12- EbkAPHRHhS¥in Q- oa¥ Yk a&%rmﬁrﬂ pride. 5
The exanpl es whi ch fol low are intended exc usively to
illustrate the invention but not restrict its scope
of; application which is evident exclusively fromthe
dexcription and the clains. Exanples: 10 Al
prgbapations were carried out under protective gas
usi ng $t=amdard Schl enk techni ques. The sol vents were
ece(bef ore use over suitable desiccants. The ion
ger used, Lewatit MP- 62, was suspended in
# to remove water and the water was renoved

I

Example 1.1: inventive, using an ion exchanger

A mixture of 9.5 g (0.05 mol) of 1-hydroxy-2-naphthoic acid and 58 g (approx. 0.1 mol) of
Lewatit MP 62 ion exchanger and 250 ml of toluene is stirred vigorously for 30 min, in the
course of which the acid is gradually dissolved. Subsequently, a solution of 4.4ml = 6.9 g
(0.05 mol) of phosphorus trichloride in 30 ml of toluene was added dropwise at room
temperature, in the course of which gentle heat evolution took place. For workup, the solution
was decanted from the ion exchanger, the residue was washed twice with approx. 80 ml of
dried toluene and the solvent (toluene) was removed in an oil-pump vacuum. The product

obtained was a colozless solid. The yield is 75% of theory.
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Dean- St ark apparatus. 15 Exanple 1: Preparation of
0.8-62bkor o- 2, 4- di oxa- 3- phospha- phenant hren-1-one or

2-chl or o-

4H napht ho[ 1, 2-d] - 1, 3, 2- dIOXQﬂPOSphOTIne 4-one of the

formula I | 20 Exanple 1.1: i'hiventive, using an ion

exchanger A m xture of 9.5 g (0.05 nol) of

1- hydr oxy- 2- napht hoic acid and 58 g (approx. 0.1 nol)

of Lewatit MP 62 ion exchanger and 250 nl of tol uene

LSnid 3 th f.
ExiieR Lo Eombn N Spital e o e B s L BB R Ry
To9®husiension of 18.82 %f(b l-rnﬁ? 8f S-hyd@xPimphiolc Lid RITPORNPHLHRNe was slowly
trichloride in of tol uene was added dropw se at

added ghopgise ehPes atsohwioni of 1B wb(3G? 2oD. 3\/\mot)mfgelnﬂllykamme and 8.8 ml

(13“96% SRt PORRERE RifionBhihomnt o ofisir b v mixture was

t o SE# ENr&E AMVe1Br1 &R Yr &K pitR0 (dﬁun@hydrgéﬁl&qdet) GhHEREWRRA complicated

vent (toluene) was renoved in an oil-punp
thevsictmgrandr isebspqusdtly tmadsbit amlpesklblasEWaencaﬂdmdmeﬁ 18®i &f dried toluene

Id|s75°/ofth 6296 2 nple 1.2:
corld ftipdhe e Suspaain st badh SohociHEhly saRegopmiinee was warmed
fobhelehpbAfird @nd T3t
© 1- hyd?%)xynaphltlhm c%a%ﬁtrzﬁﬁﬁﬁz%ﬂ ] [Qﬁe%ﬁﬁ%‘gcc&g@ss rEglvﬁi “Bg filtered off
andp sdetebd 2 (Xpmthewﬁtmloti’f toleameul h@mesmftlncﬂcléarrﬁoh(tﬁﬁ \YJasg freed of volatile

cor e R b DU AL 12208 B 2 G223 e et

disﬁﬂ{?’edtdgﬁlﬂ‘ih%l%& \Aﬁd;t& %’a%%h a% lot‘rl%?écjf Wﬁ‘léjﬁll)s%f\leﬁsﬁfter repeated
precipitate (am ne or| or me
filteganp i8cag etia quhéesstsolnct am@mebdsHhﬁadue’iﬁ% y made it
I mpossi bl e. Even addition of 100 m of dried toluene
coul d not nake the suspension stirrabl e again.
Foﬁ%@%@xﬂé‘?@d Vthe bfb%eé’sea%%ﬂdﬁg 131t%d Mv@nﬁ\ﬁﬁaﬂ%%%plfcgt i Hbval of the
tenperatfure and left to réact overni f 5
bast He hpodilspdnseds vaibl il addisiof tlieepredss.faﬁcol'ﬂhngrtd theshesdtidn Xucceeds in
mﬁthtiog of tolﬁene The resul cl ear sol ution
eI LS g Eiseo‘}“a%ﬁaﬂ Yolyeo g trasse §1° s hish) copléhghsrupt subsequent
Emagﬁggﬂgrgggtan oi ly residue was obtained. The crude
product di ssol ved again in toluene, and the
preC|p|tat|on of a colorless solid is observed. After
repeated filtration 18.6 of a colorless solid are
EX%‘BP'&ia%i g’deparrﬂ‘&lp'ao f 3£hlprgs2 ,%réquaﬂ-pmspbam%ﬁh@hm-qméormula II
cl. process according to the invention allows conplicated
enoval of the base to be dispensed with. In
ﬁd’ tion, the process according to the invention
OsucgE€ls in

II

Example 2.1: inventive, using an ion exchanger

To a mixture of 1.38 g (0.01 mol) of salicylic acid and 11.7 g of MP62 Lewatit in 20 ml of
toluene are added dropwise at room temperature 1.375 g (0.01 mol) of phosphorus trichloride.
The reaction mixture is stirred for 15 min. A GC-MS investigation of the reaction solution
shows complete convgrsion of the salicylic acid, an_d the desired product is formed with 100%

selectivity.
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removi ng the base quantitatively, so that no traces of
Othe2dmse which coul d di srupt subsequent reactions are

present. 20 Exanple 2: Preparation of

2-chl oro- 2, 3- di oxa- 2- phosphanﬁght hal i n- 4-one fornul a

Il ci P-OOIIl Exanple 2.1: fnventive, using an ion

exchanger To a m xture of 1.38 g (0.01 nol) of

salicylic acid and 11.7 g of MP62 Lewatit in 20 m of

25 tol uene are added dropmﬁse at room tenperature

] harus.trichloride. The

éaniﬁ?lz%h Qérﬁ')n':“'%‘{ﬁr v "|e§a'§,’PF Vit f“c’)tw‘yhf’smhf n A GC VB

I t

n latoaphtagat eQperdhent Beorda §¥d Shinid v g'@vhﬁe 0,02 gg? r?etﬂ%(lamme was

conversion of the salicylic acid,
usest gstpad dfsion sakangel aha0eonke Bé%t produgt. fohtion6d86 0BRrved in the

arative. exa wth triethylamne In
redg R R 2o SRR R RS R i on. sk doghes ppocierormhich were ot
mc%‘lpfehm %rqaedﬁ@iedcﬁeré forbflyl am ne_was used instead of

i on exchanger as a base, only 37% product formation

was observed in the 5 reaction under roomtenperature
prQng L tions. In addition, three further products which

W ot nore precisely identified were forned Prior

In Hehet:dlf'&u%ﬁ%@f bPﬁhd&bHﬁH&%&Bﬁ&D&%ﬁ&MﬁXh a(é\{%, eJ A.; Gerrard, W.

with salicylic acid,
Chepiétryst dydiiry 18541402, ﬂﬁﬁﬁepaﬂﬁﬁn dff2echisropai-a3i Zlﬁelﬁ.ﬁdloxaphosphonn-

2 chl,or o: enz, aphosphorl n- 4-one with a
G P BI04 $¥ea Gt D Y ok Sk Umelch TP Glal | 8P POicylic acid and
lnaolr@Eyll‘Hm@ﬁidl k/l&hé’ca'tdlﬁm 1 nol of pyridine in
y C.

di et et her a I'n "An exani nation of the
reacti on between phosphorus trichloride and salicylic

I %ﬁ’e 15 Youog R chard W, Journal of the Anerican
1 A friaminatip t9“31@52“0117befwmzplsosmsBmgtrmhlmade ca}alm slicylic acid.

Yo Richnd . %0.H el b

algérefq;lé}x for 3 @%%ﬁygﬁ;’%&gﬁ% ﬁ’é”ca é% %’8{39%2 9 ?&2'3 138 g of

saln;yhxsxqugelr‘jﬂl g/doﬁ lfith)lviﬂﬁ Iﬁl@lggfof k@ aiHeade PHIRISH rr@ﬂlﬁpﬁi)r%r}? the toluene and
esi is distille

PC{3 are subsequently removed under rec?uced pressure and the residue is distilled. 120 g of

2-chloro-5,6-benzo-1,3,2-dioxaphosphorin-4-one were obtained, which corresponds to a yield

of 59%.

It can casily be seen that the use of the weakly basic ion exchanger as a base enables a

selectivity of 100%, which is enabled by none of the other processes.

Example 3: Phosphite of the formula III, prepared from 2,2¢-bis(6-tert-butyl-1-hydroxy-
4-methoxyphenyl) and phosphorus trichloride



10

15

20

25

2-chl oro-5, 6-benzo-1, 3, 2- di oxaphosphori n-4-one were
Qgbtsadged, -whi ch corresponds to a yield of 59% 20 It
can easily be seen that the use of the weakly basic

i on exchanger as a base enabl a selectivity of
100% which is enabled by none of the other processes.
Exanpl e 3: Phosphite of the forrmula Ill, prepared from

2,2'-bis(6-tert-bu
and phospho [

K"l -1 - hydroxy- 25 4- met hoxyphenyl )
gMforide O Z. 6296 30 W Ove W OH

1l Exanple ntive To a mxture of 26.5 ¢

(0.045 nol Lewatit MP-62 ion exchanger and

1.3 m tH; i ) of phosphorus trichloride

in 200 nil tolu, e mas added dropwi se with vigorous

stirtying at/roomtenperature a solution of 12.3 g

(0. 05T Rof 2,2 -bis(6-tert-butyl-I-hydroxy-

4- xyph@ny]) in 100 nil of toluene. Subsequently,
ol L O PRt ure was heated to 60C for 2 h and

ght. For workup, the ion exchanger was

by neans of a glass frit and washed 4
times w 50 m of toluene. The solution was freed of
vol atile 10 constituents at room tenperature ¥k an
oi | - punp vacuum and the product was dried under
reduced pressure. Yield: 11.8 g, corresponding to 93%

EX@ﬁllﬂhé-drinveEtimpl e 3.2: Prior Art according to EP 1201

T"ga? it a?’ég @Qﬁﬂnolﬂ ﬁ&lg rog%fwﬂlhéfﬁhé%yﬁh ergpReqrEndd 3 ml 2 g;
0. UIB%&I) af ghosﬁﬁorlis @ricHlortle RYX00dhNGr t'{)fhgﬁ% gﬁk lad@Jdp%'_Ewisg with vigorous

dropw se at 0C a solution o
stn(r@g'ﬂ’é (G410 Ite)mpemam@ andolationTddH.2. 308 (®03 stoll)rtﬁﬂ Y -bik(626£- Hugl-1-hydroxy-

A tg g 2@2ﬁis renoved under. reduced pressure.
~TREthOX YD, 8{&1 1 ofdpluapeetgﬁpﬁquqqﬁlgr theﬂ'q:a,cp@n i['f]qgtungjas heated to 60°C

ForCORCRA Bl ! I
Spectr 0SCOp el ﬁ{’ﬁ%ﬁ@g%’gﬁg@%ﬁ hraggesr ‘6%§§ er8 ot means of a
glaBs rit bnd (Wash&t ¥- times with 50 ml of toluene. The solution was freed of volatile
constituents at room temperature in an -oil-pump vacuum, and the product was dried under

reduced pressure. Yield: 11.8 g, corresponding to 93% of theory.

Example 3.2: Prior Art according to EP 1 201 675

To a solution of 2.42 g of 2,2°-bis(6-tert-butyl-1-hydroxy-4-methoxyphenyl) (6.75 mmol) and
1.6 ml of pyridine in 22 ml of THF is added dropwise at 0°C a solution of 0.93 g of PCl;
(6.75 mmol) in 10 ml of THF. After stirring at 25°C for 4 h, the solvent is removed under
reduced pressure. After adding 40 ml of diethyl ether, filtering and concentrating under reduced
pressure, 2.8 g (98%) and spectroscopically pure chlorophosphorous ester of 2,2°-bis(6-tert-
butyl-1-hydroxy-4-methoxyphenyl) are obtained. 2.8 g of this chloroester {(6.62 mmol) in 20 ml
of THF are added at room temperature to a monolithium phenoxide solution, obtained at -20°C,
from 2.37 g of 2,2°-bis(6-tert-butyl-1-hydroxy-4-methoxyphenyl) (6.62 mmol) in 30 ml of THF
and 20.7 ml of 0.32 M hexane solution of n-butyllithium (6.62 mmol). After 24 h, the mixture
is concentrated under reduced pressure. Addition of 40 m! of methylene chloride, filtration and
removal of the solvent under reduced pressure give 4.6 g (9'3%) of highly viscous product.

Use of triethylamine as described in the prior art (EP 0 213 639).



10

15

20

25

but yl - 1- hydr oxy- 4- net hoxyphenyl ) are obtained. 2.8 g

0 2feddgi s chloroester (6.62 nmml) in 20 nil 20 of THE
are added at roomtenperature to a nonolithium
phenoxi de sol uti on, obtai ned it -20C, from2.37 g of
2,2 -bis(6-tert-butyl-I-hydro 1y-4- met hoxyphenyl ) (6.62
mol) in 30 M of THE and 20.7 m of 0.32 M hexane
solution of n-butyllithium (6.62 muol). After 24 h,

Apphx. AV @ @.5 m@l)dﬁl’ﬁ;fé‘lﬁﬂlh‘ﬁhexy BB tel-t-besils st dpiedlssdy 1 -biphenyl-diol
aa%g& on of ngtgd thyéene chloride, filtration
PO &f tedpspenPuifipigat tofusae ¥ thenaerseived azeotropically in
o)
orcﬁk & rﬁn@/egtréc%g B¢ 1stlgﬁeg hllhé dh blstt%gu%lsl% %{)@1?1813:}3{&5%%;1 6004161% to 80°C and

triet am ne as escribe

apja3e) 1680? £.(162 96013 bf Apghflxmink /Yeré 4dEQ: ApPRIX) 68.7 ¢ (0.5 mol) of PCl;
of 2, 2" -di hydroxy-3,3 -di-t-butyl-5,5 -di methoxy %
Werepadéﬁ«}/ma(? 1 of U@Gdﬁ@jﬂns)scﬂmmmwas 45100 drdpvadse a'tolm@lthm 1 hand

40 ﬁﬁf f 'cﬁ({loo gﬁ%gg)“eie{f?rgﬁ@é cglngf:)/rg(\jvag- glgtfflg ﬁﬁé ?eg{glgy@ﬁlé‘g for a further
30 SﬁhUSh@ﬁ:qMﬁﬁ g'f RN s 100 Gral %ll§\9§i %%f@pﬁr m ge%e%é&? within 2 h.

(1.67 nol) of triethylamne were a pr ox
Sulsequengy.] theOEpCRm PO wae fdtesmded rdn@ov20lie r‘the‘(hf;lamme hydrochlonde

e E5 1P b e e ) S T s

wastERGor er® 8drHbined ¢
further 30 mn. Su sglggggtglaéff% %nsogq%lﬁ lg)tﬁbjﬁ V\(/g) cfﬂ%hdﬁe intermediate
intgluedived to warmto roomtenperature within 2 h.

Subsequently, the reaction m xture was filtered to

renove the triethylam ne hydrochloride precipitate
Appad. tI7e PreFcirpichert ¢ 4 q%w flebi i

p?gl uene. goThe filtrat gﬂglnd tEe}”’d3 Ll St%udgfr?lgi\:}\le%%q I"-biphenyl-diol

wer@@#ﬁt?dw@oﬁqoanboﬁﬁehma Sibgequinttso 4811 mof wikthyleaine were added. The 717.5

hoochl or i e inte Late in toluene. r OX.
g og% %} MEN{Igne rp osphorocm(cjllte toluene solution were aﬁggd to th15 solution at

T00RY t%mlpgﬂatﬁ»fg WRMY 35 ;aﬁ'gggl“c}qet teﬁé%%ltuﬁ? V\g]s I?cr?‘éé(ﬂgxé/o% f]('Jr one Rour and 45

henylf-diol were
nmﬁitdssmqhd’(mﬂ 10 948C Ifog Dotk @ﬁlbsélga&iﬂjﬁ therRixafeaghs Ibifed to room
15 g of the abovenentione
temBFF@BﬁS?w of\BEWIxoWQimll el digtillechwatsp werd adiodee éleadmmntrmxture in order to

s SO it POIRIOREY A b0 o s
the phasat edichnidribd weteoscPatell orh@ach@uﬁas?ha%a 8 %ﬂ@é&é&mw@]ﬂl 250 ml

E} xt ur Z]Fwas ¢cool ed to room tenperature. Approx.
of tpjucey. The Orpanicphasaeed thoepdragi deate tcgmbh‘@d rgdcltied nver dry magnesium

sulfﬁ? 3&% ('E:)ﬁ? O?zllrg @qﬁ%ﬁ@\&tly? esss%l(ljvﬁzin]t \2'%5 g ¥ Icg%uihp hz?tg%i fpgder reduced

pregsnreaetgmea s8d tdseiughThe Sesidttie Gliasf &Eﬁ@ﬁlli&%& %nﬁle&%{o%ﬁ% and 242.5 ¢
he aqueous phase was extracted twce with

(65 f‘df’ getheoryrpEth diptmmephespbide ware abivaineskt r act s vver e

conbi ned and dried over dry magnesi um

As can be clearly seen with reference to the inventive example, the same yield can be obtained

as in the prior art process, but the process control is distinctly simpler.

Example 4: Preparation of a biphosphite of the formula 1V
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sul fate for one hour. Subsequently, the solution was
O b2 ed and concentrated under reduced pressure to
give a solid residue. The residue was recrystallized
with acetonitrile and 242.5 g44(65.4 % of theory) of
t he di organophosphite were obtained. 25 As can be
clearly seen with reference to the inventive exanple,
the sanpg,Vyielg,can be obtained as in the prior art
ut fthe process control is distinctly
ampl.e 4: Preparation of a bi phosphite of
O Z 6296 32 M W U W W |V Exanpl e
v& Tga m xture of 32.4 g (0.055 nol) of
anger aqd 18.6 g (0.025 nol) of

- \ Bu

but yl 45, 5°di det hoxy- 1, 1" - bi phenyl -2, 2" -di yl ) p
3 e)-2‘-i{ i ™ - di met hoxy- 1, 1'-bi phenyl
yma I11)a.n Q of tol uene was added dropw se

ol u@ on of 6 g (w3 nol) of
2-chl or o- 4Hk jenzodi oxaphosphori n-4-one in 50 n
of tol uene. tly, the reaction mxture was
stirred at 60C for §M% For W¥rkup, the ion exchanger
was filtered off, toluene renoved under reduced
pressure and the residue recrystallized from 10

Exaaff10Bi1t idvefitivdhe yield was 61%at a purity of greater
than 98% Example 5.2: Prior art acording to EP 1201

Togmixtyedp 32 4t G6fmel) ebMPotihipnekchanger axdnisléag (0.025TaoR of 2-[(3,3¢-
, i f. 242 f.. o o | o

i FBGPE G Sath, frviphony i g eheshis Baidgry-35 digrethory-
1, MIBpBendindForhfuld 16) Th 200 By 6f Hﬂlﬁlﬁle'@a%ddég dg§pv§§'1?§'s%1uﬁon of 6.09 g

added dropwi se at 0C a solution of 0.93
(0.0 mmd) nool §-chivra-gHal,3 BfbeliElioxaiphesphetindromeg iat 6Cml ofof  toluene.
the solvent is renoved under reduced pressure.

4 h
Sulgeapgn dg}eﬁﬁa‘ﬁ’@nr’ﬂxmé? W@s stisA ateh(Serfor 8 iy Far wagkunnte ion exchanger
wa$ QIMeft 62! loNRnt RAREveIEHIEL duced pressure and the residue recrystallized from

acetonitrile. The yield was 61% at a purity of greater than 98%.

Example 5.2: Prior art acording to EP 1 201 675
Preparation of a compound of the formula T11

To a solution of 2.42 g of 2,2"-bis(6-terr-butyl-1-hydroxy-4-methoxyphenyl) (6.75 mmol) and

1.6 ml of pyridine in 22 m! of THF is added dropwise at 0°C a solution of 0.93 g of PCly

(6.75 mmol) in 10 ml of THF. After stirring at 25°C for 4 h, the solvent is removed under
reduced pressure. After adding 40 ml of diethy! ether, filtering and concentrating under reduced
pressure, 2.8 g (98%) of spectroscopically pure chlorophosphorous ester of 2,2"-bis(6-tert-
butyl-1-hydroxy-4-methoxyphenyl) were obtained; *'P NMR (CD,Cl) 6 172.7 ppm. 2.8 g of
this chloroester (6.62 mmol) in 20 ml of THF are added at room temperature to monolithium
phenoxide solution, obtained at -20°C, from 2.37 g of 2,2’-bis(6-tert-butyl-1-hydroxy-4-
methoxyphenyl) (6.62 mmol) in 30 ml of THF and 20.7 ml of a 0.32 M hexane solution of
n-butyllithium (6.62 mmol). After 24 h, the mixture is concentrated under reduced pressure.

Addition of 40 ml of methylene chloride, ﬂltrz-xtion and removal of the solvent under reduced
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pressure, 2.8 g (98% of spectroscopically pure
O.2hd26ophosphorous ester of 2,2'-bis(6-tert-

but yl - 1- hydr oxy- 4- net hoxyphenyl ) were obtai ned; 31P

NMR (CD2C1l2) S 172.7 ppm 2.834 of 20 this chloroester

(6.62 mol) in 20 M of THF are added at room

tenperature to nonolithium phenoxide sol ution,

P“%g%gégﬁg% éﬂ%ﬁgf%ﬁ%éﬁgkéhééﬂg%gkﬂ- met hoxyphenyl )
Araly<RXCRIDIok CRHSRM - Al D ;@ ) ﬁﬂ?‘f%f” éﬁ@%m?gﬂf % gD *'P NMR

hexane sol uti or11 of
(CRACI) 3 47 ppxt UHNMR (CDICBNS! BLB s, Yrihen s6qduchyl 1.63 (s, 9 H); 1.67 (s,
ressure. _Addition of 40 nil of nethylene chloride,

9 Hy i dgi DA bt 0%6s, 8 AB; 84RaritHumdkr7.5 éuug 80 ppm. FAB MS:

) . of 0 i ghl
mTE ST TR B 3o P Pl o phenyt). IR
(CEELMNmS T35 (0709540 d7. 86 (7.71). 31P NMR

(CD2CI2) 5 140.7 ppm 1H NVR (CD2CI2) S 1.43 (s, 9 H);
1.56 (s, 9 H; 1.63 (s, ; 1.67 (s, 9 H; 4.01 (s,

9 H;
3 4.0 s, 6 4.0 S, ; 5.42 (s, 1 X
P "‘3’."‘;%‘?‘9“79. h%ﬁ?mgo;-gd %WF?@&B'FW%VF% Ve 745((37% H)M ):
To 38143038 2.0 1 of the compound of the formula ITE 9.196%03)) in 725 ml of THF

2,2 -bis(6-tert-butyl hydr oxy- 4- nmet hoxyph
weeCHOE @ drdhwliseran -QAF2 With\stifrkd) withidSUPmbN2 8.7 nfPro€ Ray, Bt indMr solution of

of ,the ¢ nd of the fornmula IV To a sol uti on of
B33 £ DR BRI gl raBRAnEHHE Tpm AUTBery IS, 18 it icially stirred
[ ¢ : L.Se Aat, 120C wWith .
or 0 iy B kAo ARGy W88 3 3PSl Bon o2

chlew+ LB +dinxas2-phosihanyphthaleh-roRe3(3004 HERL) (FoMdle 1T pRpifeddccording to
to roomtenperature, the mxture is initially stirred
example Fpinyd HF. Bhgjrepetionmaixtire wag stidred atr25°Cdor hbnthe ddlventtvgas removed

0 | ar..solution of. 2- .
undlf peulta BlsorCtrife SRBERKS RASTE s il it 60 30lpf hwagie)for 2 h. The
miXther wad flred RheRRERA BEEOHEhMTOm! of h@ﬁ%&&%}’éﬁ the filRrchkE was extracted
The reaction m xture was stirred at 25C for 4 h, the

with ot benangard pithseshyl eshenndBer reduciog theparesisi o€ saliwenttth@ne third and
Syrupsl i ke. resi due.was Lrred wwth 60 m_ of  hexane .
sutipieGi SC55el S SSIFGER S04 e kst o Hiiambin & ag Bovield. P NMR
it . ) e dd . ted .
(U T1e Bl berengy 1309 GUEL0 | P SMEROBART R 20 o
3.67 e7 bt 661B..2.89 (ENH). tFA M thierdd 14000%sMa3 £Ten 84y, 387 (13%).

storing the solution at -20C, the product is obtained
in ab4%yield. 31P NVMR (CD2Cl12): 119.2 (n); 119.8

; : . : . 6 . .
s B S bR, G AL i 08 menin
achfeass diStinatlyde8drlyi¢ld00% M), 744 (18%, 387 (13%. As

can be seen clearly with reference to exanple 4, the
process according to the invention



achieves distinctly better yields. OZ 6296 34 \Wat
Olrsemgi med is: 1. A process for preparing trival ent

or ganophosphor us conpounds whi ch has at | east one
structural unit S5 (S wherg A a dival ent
substituted or unsubstituted fkyl or aryl radica
which may forma ring systemas per structural unit

S, the L radical is an organic radical bonded to the

iszat om vi a an oxygen or carbon atom or is a

hal i de, by condensi ng phosphorus conpounds of the
formula i 10 PHal aR(3_a) (i) where Fbl IS halide

1. s&l lﬁ%&g bt %Epﬁmlé) i $ient klﬁgﬁﬂgﬁlg?%r on E{f;%lm%n hig gglﬁxs at least one

hali des may be th same o 'S an

r fidictmi] ungtrfed t o the phosphorus via a carbon or
oxygen atom and a = 2 or 3, wth an organi c conpound
of the formula S / OH A \COCH 15 where Ais as

def i ned 6or [he structural unit S, which conprises
carryi ? the reaction in the presence of at |east
one ba |c Hon exchange resin. 20 2. The process of
claim1, mhereln for the preparation of trival ent

or ganophlosphor us conmpounds whi ch have at | east one
structural unit T OZ 6296 35

5 | (8)
where A a divalent substituted or unsubstituted alkyl or aryl radical which may form a ring
system as per structural unit S, the L radical is an organic radical bonded to the phosphorus

atom via an oxygen or carbon atom, or is a halide,
by condensing phosphorus compounds of the formula i
10 PHal,R(3 5 (i)
where Hal is halide selected from chlorine, bromine and iodine, and the halides may be the

same or different, R is an organic radical bonded to the phosphorus via a carbon or oxygen .

atom, and a=2 or 3,

with an organic compound of the formula S¢

A/OH
\COOH
15 (89
where A is as defined for the structural unit S,
which comprises

carrying out the reaction in the presence of at least one basic ion exchange resin.

20 2. The process of claim 1,
wherein

for the preparation of trivalent organophosphorus compounds which have at least one

structural unit T
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(T) where R, R2, R3, and R4 are each independently

0%ekesg ed from nonoval ent substituted and

unsubstituted aliphatic, alicyclic, aromatic,

het eroaromatic, m xed al i phati S alicyclic, mxed

al i phatic-aromati c, heterocycp c, m xed

al i phati c-heterocyclic, hydrocarbon radi cal s 5 havi ng
froml to 50 carbon atons, H F, d, Br, |, -CF3,

- CH2( CF3 with j =0- 9, -0R9, -COR9, -C02R9,

- - SO2R9, -SCR9, -SCBR9, -SBM -SO2NRIR10,
- NRORZ O : 0, where RO and R 0 are each
i ndepg tly Isel ected fromH, nonoval ent substituted

agg @ ed aliphatic and aromatic hydr ocar bon
gving from1 to 25 carbon atons, and Mis
an al k&% netal ion, formally half an alkallne 10
earth nmetal ion, armoni um i on or phosphoni um i on, or
adj acent R to R4 radicals together form gT§ used

{ ted,o b t t t t
SL\JJ\%S e': {{u CE? u > I egplilc[yﬁga Felég(gq:cp ﬁp&éggnro%glaen’lt S?ubsmuted and

h Qﬁl@ﬁﬁ@ﬁﬁﬁﬁﬂﬂtahﬁheﬁic' Qﬂh@%dlfé rdrBgady Sﬁ&@%aﬁﬁﬁtﬂ: Nehixed aliphatic-alicyclic,
substi tuted ydr ocarbon radi cal's may

suzed aliphatie-ardmantis, betbmocydid, fraixah ali}sih&tﬁ;)—]i’etero@dﬂiﬁ hydid2ibon radicals

fl chl b
e%%%'g m 1 %'ne romn <. %9#31 Qf3,1§I|I¥$CF2)JCF3 with j =0 - 9,

- CORPN-RER - @Eﬁz@)‘; Ei@oamd/ 9Rr’- d,RS) Zohelsy.Ro '550;34 -SO,NR’R",
nonoyal ent hy carbon radlcal preferably Ravi
1 NB R0, chi‘:@anRat omre 2Rid andvhﬁw arepbatﬂlaindbyerﬂénﬂy selected from H,

IO RN TN AT
b‘hahhg fro8@ Mo 05 caibbh afoRiy ancf‘ﬂ&j istar AkANmRLIYN. ‘forﬁﬁﬁ#r%ﬁif an alkaline

bonded to the phosphorus atomvia an oxygen or
atath metal jan, amnmh tn:cmkemnlzcﬂ plhvspdmnﬂmnl R?gnqr ﬁml) pmlr R I_ll'g?hcals together
c ou e rnu a i a a ere

" SRE A Bied bt dop el iiieRe o, bt batormase: waphatic, mixed

aﬁﬂnﬁeﬁ@ a'ﬁﬁhétg:e or 'fﬁﬁ(eép ?e*&&%ﬁ%'%dglﬁg# Lﬁsr?p{/ g%&eén 'C g}rlcg {4 substituted

organi ¢ radi cal bonded to t
ohydryayeen radiceln maaydheave as Bubﬂtltl&,nts.?tﬁow khc&ﬂ g aN(ES)z -NHR’, -NH,,
AR hlind. Bombie bafhe, -0 TN, 220)-B8 0N or-C(0YO-R, -CFs, -O-
R®, -C(O)N-R’, -OC(0)-R® and/or -Si(R%)3, where R’ is a monovalent hydrocarbon radical
preferably having from 1 to 20 carbon atoms, and, when a plurality of hydrocarbon radicals
R’ is present, they may be the same or different, and R', R?, R® and R? radicals may be the
same or different, and L is an organic radical bonded to the phosphorus atom via an
oxygen or carbon atom, or is a halide,
by condensing phosphorus compounds of the formula i
PHaliR3.0) )
where Hal is halide selected from chlorine, bromine and jodine, and the halides may be the
same or different, R is an organic radical bonded to the phosphorus via a carbon or oxygen

atomanda=2or3,

with an organic compound of the formula T*
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(T°) where the R to R4 radicals are each as defined

of0krdde structural unit T. 3. The process of clainms 1

or 2, 5 wherein the trival ent organophosphorus

conmpound prepared is at |east gne conmpound sel ect ed

from the conpounds of the f oP owing formulae Ra (1

9) .. (2 0) 10 where X and Y are substituted or

unsubstituted, aliphatic, alicyclic,

al i phatgic-alicyclic, heterocyclic,

al_i-phatJ c- heterocyclic, aromatic-aromatic or

aﬁ?pra' \ Bratic hydr ocarbon radicals having from1l

bon atons, and X and Y are the sane or

okoofoval ently joined together, and where Q
t | east divalent, substituted or unsubstituted

15 aliﬂﬁatic, alicyclic, aliphati ?Iicyclic,

het erocyclic, aliphatic-heterocycli’c, aromatic,

arvatrend ihe Rl o RAtddicaly ara biqbhatdefindy fofHeisGubbiehl QgRTooN

radi cal, and the substituted hydrocarbon radicals nmay

have as substituents those selected from-NR5) 2,

: ] . bne, chlorine, bronmne, iodine,
ot AT G O T R s TS
-G RS, -OC(O) -R5 and/or -Si(R5)3i where RS is a

mpnoval ent hydrocarbon radi cal 20 preferably having
f tnitivalent organoppeBhors samposnhbprenechisat [sastrankicoypotnd selected from

%%%%ﬁogﬁ&&ﬂﬂé%ﬂﬁd%é?@ﬁﬁg 37 R5 is present, they

the same or di and where R to R4 are

each as defined for @¢he structural unit T. 4. The 0
prpcess of at Iea)g gne oft claims 1 tg 3, 5 wherejn 1
as ?ﬁS}L i val ent_‘or gapophosphorus conpeunds are
phospHi t 8s Df °t Ha fo 10, or 11 (10)P I8 O~R
Y—0 o) R? Y-0 0 R?
4 3 4 3
(19) R™ R (20) R* R

. 1
X P
/P 0—Q—0 P\ ,
Y 0] R

4 3
(21) R R

where X and Y are substituted or unsubstituted, aliphatic, alicyclic, aliphatic-aticyclic,
heterocyclic, aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic hydrocarbon
radicals having from 1 to 50 carbon atoms, and X and Y are the same or different or
covalently joined together, and where Q is an at least divalent, substituted or unsubstituted
aliphatic, alicyclic; altphatic-alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic,
aromatic-aromatic or aliphatic-aromatic hydrocarbon radical, and the substituted
hydrocarbon radicals may have as substituents those selected from -N(R®),, -NHR’, -NH,,
fluorine, chlorine, bromine, iodine, -OH, -CN, -C(0)-R’, -C(O)H or -C(0)O-R’, -CF;, -O-
R’, -C(O)N-R’, -OC(0)-R® and/or -Si(R®);, where R® is a monovalent hydrocarbon radical

preferably having from 1 to 20 carbon atoms, and, when a plurality of hydrocarbon radicals
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20

Qk where R, R2, R3, and R4 are each as defined for

Ofhé2%iructural unit T, Qis a k-valent substituted or

unsubstituted aliphatic, alicyclic, mxed

al i phatic-alicyclic, het er ocyghic, m xed

al i phatic-heter ocycl ic, aromatic, heteroaromatic,

m xed al i phatic-aromatic, hydrocarbon radical having

ml to.5 carbnatorrs al i phatijc ieties of Q
m;g 15 Breseity ey may aéhﬁe sage) q:rgile erpl/ g where gg@:hR“ afgceach as defined for

V\h@éﬁnjch@alwsf.ltut ed hydrocarbon radicals may have

as substituents those selected from-NRS)2, -NHR5,

-NH2, fluorine, chlorine, bromne, iodine, -OH -CN,
OOR;5 -CF3, -OR5, -C(ONR5,

. f@f@fﬂﬁz@fsﬁa S&Pneﬁﬁ( w53, todhere R5 is a monoval ent

hydl-agar bon radi cal preferably having from1 to 20
carbon atons, and, when a plurality of hydrocarbon

r asl ﬁma*nsalamt@rge&loplsosgaome e6@pbunds EféthggMuféﬁ of 118 (S Ba 96 or 11
different, k is at least 2, and R R3 and R4 in

the individual structural elements T bonded to Q may
each have the sane [or diffaren defilnitions. 5. The

process of at |east] one o ms 1 tjo 4, O Z. 6296 38
wherein the phospl®® Ad of tihe fornmula i used
is at | east one comnpoung frgmthe, conpounds
of the follow ng fdrnul JWHgl 1 O p-~ Hal

'~ P~ Hal Hal ~p-1 3 —6g) where Wis
an organic radical. 6. The,process off claimS5,
wherein 10 the phosphor usRcorrpound ofl the fornula i

used is a conpound. of the fornula 1 which is
R’
R2
v /E (1)
R® o o Q
R* ]

k

where R', R% R3, and R* are each as defined for the structural unit T, Q is a k-valent
substituted or unsubstituted aliphatic, alicyclic, mixed aliphatic-alicyclic, heterocyclic,
mixed aliphatic-heterocyclic, aromatic, heteroaromatic, mixed aliphatic-aromatic,
hydrocarbon radical having from 1 to 50 carbon atoms, and aliphatic moieties of Q may
contain oxygen, sulfur and/or nitrogen, and where the substituted hydrocarbon radicals
may have as substituents those selected from -N(Rs)z, -NHR?, -NH,, fluorine, chlorine,
bromine, iodine, -OH, -CN, -C(0)-R’, -C(O)H or -C(0)0-R?, -CF;, -O-R, -C(O)N-R’, -
OC(0)-R’ and/or -Si(R%);, where R’ is a monovalent hydrocarbon radical preferably
having from 1 to 20 carbon atoms, and, when a plurality of hydrocarbon radicals are R’ is
present, they may be the same or different, k is at least 2, and R!, R%, R® and R?* in the

individual structural elements T bonded to Q may each have the same or different

definitions.

5. The process of at least one of claims 1 to 4,



10

15

20

25

prepared by reacting a conpound O with an organic

O.Zo6fund havi ng at | east one hydroxyl group Wn the

presence of a basic ion exchanger. 7. The process of
claim®6, 15 wherein the conpepnd having at | east one
hydroxyl group Wis at |east 0One substituted or
unsubstituted conpound sel ected from net hanol ,

et hanol , n-propanol, isopropanol, 1-butanol,

2- @fol , t-butanol, 2-ethyl hexanol, isononanol,

Idzfrigi !@Rﬁat 0 el’gs é(%ﬁll%f{ ?%3?%?){(}%1&%3@% l’is apllga?SQ%lne compound selected from the
1 camgotmyd od xhelfellaehig, forfulds 8- di hydr oxynapht hal ene,

1, 1' -bi naphthyl-2,2"-diol, 2,2'-binaphthyl-1,1"-diol,
or a conpound which has one or nore hydroxyl groups
and one or nore t he ructural units T, and the
substalt ut ed comydunds haﬁé substituents selected from
pri maty, secondary and -Rertiary al kyl groups,
ah%py%*hg gpQUDST 4T ot i c'&roups, - N(R5)2, - NHRS,
-NI'2i fluorine, chlorine, bromne, iodine, -0OH -CN,
-C(@®OR5, -C(OHor -C(G)OR5 -CF3, -OR5 25

- . T 0 -R5.,and/or -Si(R5)3, where R5 is a
m%%%ﬁ@ﬁ%%ﬁgﬁ‘ﬁﬁﬁn radical preferably having from
1 to 20 carbon atons, and, when a plurality of
hydrocarbon radicals R5 is present, they nay be the

- sHiperegesgipf glaimehit . 8. The process of at |east one of

cjw%gms 5to 7, OZ 6296 39 wherein conpounds of the
fOrRula 1 are prepared by in each case initially
chandhb o}ﬁg&;(ﬁmﬁ £R0R i ope_or P ..
nor eﬂlbg% c ion excﬂggg% forts nglﬁg%dfsggcgogjg%&gmo?&e formilta 1 which is
nBtepaed by rdantingve coroppuud dowhia aganic cbepetndReifght least one hydroxyl
grou WS‘N%@ The %r cess of at |east one of clains 3

agfauﬁ, RS PETSHT PR SKChmESphor us conpounds of

the fornmulae 19, 20, 21, 10 and 11 are prepared by

initially charging the conpound havi ng OH groups

. {ibgetdvess oficidimoie or nore basic ion 10 exchange

r‘eEi ns and subsequently nmetering in one or nore
WBE¥pHor us conpounds.

the compound having at least one hydroxyl‘ group W is at least one substituted or
unsubstituted compound selected from methanol, ethanol, n-propanol, isopropanol,
1-butanol, 2-butanol, t-butanol, 2-ethylhexanol, isononanol, isodecanol, isotridecanol,
phenol, phenol derivatives, 1,4-dihydroxybenzene, 1,2-dihydroxybenzene,
1,8-dihydroxynaphthalene, 1,1’-binaphthyl-2,2’-dicl, 2,2’-binaphthyi-1,1°-diol, or a
compound which has one or more hydroxy! groups and one or more of the structural units
T, and the substituted compounds have substituents selected from primary, secondary and
tertiary alkyl groups, alicyclic groups, aromatic groups, -N(R®);, -NHR®, -NHj, fluorine,
chlorine, bromine, iodine, -OH, -CN, -C(0)-R’, -C(O)H or -C(0)O-R’, -CFs;, -O-R’,
-C(O)N-R’, -OC(0)-R® and/or -Si(R%);, where R® is a monovalent hydrocarbon radical
preferably having from 1 to 20 carbon atoms, and, when a plurality of hydrocarbon radicals

R’ is present, they may be the same or different.

8. The process of at least one of claims 5 to 7,
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O.

10. The process of one of clains 1 to 9, wherein the

zegedd on of a conpound having at | east one

phosphor us- hal ogen bond with a conpound 15 having at

| east one hydroxyl group is 095 reaction step. 11. The

process of claim 10, wherein;”when carrying out a

plurality of reaction steps, they may be carried out
continuously or 20 batchwi se. 12. The process of

clVdiersino or 11, wherein, when carrying out a

| uralit f, reactjon steps, identical or different
Pc‘)’ﬁmé’%&‘h‘%r@é‘?%ﬁ’ﬁwlab‘gam Séjﬂ%eé‘&’yi 1A ep¢fecase Aitalbichargng the phosphorus
13om Bﬁl eswil . . wherein .
vvhenEc ard?{})?ﬁ% out flt0 ﬁgglbﬁ% al:’a?if_\r/m %% Q?Hgg %i%glﬁl s sa?(g 5®Sequently metering
i deHeiconipoond bavidgatdedst ben@Hrgabuy es may be 30 set in

the reaction steps. 14. The process of at |east one of

clains 1 to 13, O Z 6296 40 which is carried out in

MR HOEREBES: 1845t BRE0aiR"G3Y, VENL S whi ch are

selected fromthe group consiéting of benzene,
t othaeeme, xyl ene, pentane, n-hexane, n-heptane,
c:%cl ohexang,, nethyl cycl ohexane, diethyl ether,
d

POYBrEp iPhosprus prehpaunds ef theforpnlaedfe?0, 24nil8 ahé 115re prepared

. - di - di | hyl .
tagg Exg?égﬁf clg'fsag%gg {./l’re]uggig%gﬁﬁe( ﬁg\ﬁié% #)’_}g%rtolyosx og%tglgr’a}vﬁ.g ohe or more basic jon
etinfkegreresias bohatbeequphthpikeiiag 66RO 6re phogrhBHIsYo8HBunds.

carbonate, acetone, 2-butanone,
3, 3-di net hyl - 2- but anone, benzonitrile, propionitrile,

a bhds : N- et hyl pyrrol i done,
03 Bt e bR

11.

12.

13.

14.

i'met’hyl sul f oxi de,
Nwhéseinl nor phol i nes, ami nes and sul fol ane. 10

the reaction of a compound having at least one phosphorus-halogen bond with a compound

having at least one hydroxyl group is one reaction step.

The process of claim 10,

wherein,

when carrying out a plurality of reaction steps, they may be carried out continuously or

batchwise.

The process of claim 10 or 11,
wherein,

when carrying out a plurality of reaction steps, identical or different ion exchangers may be

used in the reaction steps.

The process of one of claims 10 to 12,

wherein,

when carrying out the plurality of reaction steps, identical or different temperatures may be

set in the reaction steps.

The process of at least one of claims 1 to 13,
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15. The process of at |east one of clains 1 to 14,
which is carried out in the presence of polyneric,
OBadIog basi c i on exchange resins based on
styrene-divi nyl benzene copol yners whi ch bear

N, N- di akyl am ne groups. 15 16.,Jhe process of one of
clains i to 15, wherein the iﬁ% exchanger is used in
the formof particles having .an average particl e _size
of from 10 mto 2 mmor in the formof a fixed
pa@@&@e. 20 17. The process of one of clainms 1 to 16,

wh Me ] exchanger is dried before.use in th
or Sokled B8 o3 BRBIRERT ook e o o30S 1icHgs Plecigg dom the group
of com@tial 6f HefFend, lude, xyMHeS NpenBinE A A&ne Uh-hbRadd) €cyclohexane,
presence of a proton transferrer.
methylcyclohexane, diethyl ether, diisopropyl ether, methyl tert-butyl ether, anisole,
tetrahydrofuran, 1,4-dioxane, 1,3-dioxolane, ethyl acetate, | isobutyl acetate, tert-butyl
acetate, ethylene carbonate, propylene carbonate, 1,2-butylene carbonate, acetone,
2-butanone, 3,3-dimethyl-2-butanone, benzonitrile, propionitrile, acetonitrile, lactones,
N-methylpyrrolidone, dimethylformamide, dimethyl sulfoxide, N-alkylmorpholines,

amines and sulfolane.

15. The process of at least one of claims 1 to 14,
which
is carried out in the presence of polymeric, weakly basic jon exchange resins based on

styrene-divinylbenzene copolymers which bear N,N-diakylamine groups.

16. The process of one of claims 1 to 15,
wherein
the ion exchanger is used in the form of particles having an average particle size of from

10 pm to 2 mm or in the form of a fixed package.

17. The process of one of claims 1 to 16,
wherein

the ion exchénger is dried before use in the process according to the invention.

18. The process of one of claims 1 to 17,
which

is carried out in the presence of a proton transferrer.



