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O Z. 6295 1 Method for producing trival ent
or ganophosphor us conpounds The present invention
OZ.pMates to a process for preparing organophosphites,
or ganophosphoni tes and or ganophosphi nites by
condensi ng phosphorus trihalldes or organophosphorus
hal i des with 5 organi c conpounds bearing hydroxyl
groups in the presence of polyneric basic ion exchange
i cation,
Methg)‘rﬁ;fgﬁg’r ospl%tr%‘gal%%qn% ?Jncf% E%%der% gg?% 0@9@40%' der abl e
i ndustrial inportance. They are used, for exanple, as
pl asticizers, flame 10 retardants, UV stabi]izers

The gﬁqmbﬂvg%tmrgrelqtq@ 19 FBIPFShH fortm@gﬁngg REE30epReSP Wop{g&mpqmsphomtes
and ck%&r@ﬁfgf‘sgggﬁt@ss by bshdeR§ %g éﬁ&?g%ﬁ BihaBified mgﬁiogﬁ&phoms halides with

sectic armaceutical s
organA¢€ eomnpbuighs \hearting hﬁ]’rg:eylrgnm;ﬁrmmﬁe preepee af pubnpriodesisden exchange
has been devel oped. Particularly inmportant anong the
resingr ganophosphor us conpounds is the substance class of
or ganophosphites. One review of the preparative
met hods for organophosphites is by K Sasse and can be
OwirfgOtid Ckhein  bived hbelen ofl espplilatichg mgmbmpmmam eSmpdvatihdawe gained
of Organic Chem stry] (Houben-Weyl) Vblun? X11/
consideraplee pndllstrrphpmpgrtvéqe} thGYS?{?t p@% t fO(: 196mplenas 1P asticizers, flame

L L L

in thé ptepaatioh f fedgeians derbidoe aisostitiddsemdiphanddeltienls. Accordingly, a
preparation of triaryl phosphl tes_by reactin

large geISH OF BECPRFATING IPTersgseiihen been daislawpchnepbrdar Aty jfppquiat among the

orgal}oghls%?l u;%égﬂ;%ﬁmﬁ{ is a[h l?sltéﬁ%% 8%%; 9? %ﬁg%ﬁ%ﬁﬂ@% nbn@'i‘ewew of the

prep@%w@ﬁﬁéthoa'ﬁﬁ)r Iaaygm@gmphi‘nésom I’tﬂreKVﬂ}issﬂWandScafrﬂﬁmﬁﬁind $n “Methoden der
distilled off in situ. process has_a, ser.i
Orgagiseheay Shemids [Methods def Qramﬁfs. Riemisht (o WDy Votume X112,

Chap er%t lI‘ineat I\?erla f S%uptg%ré @SI%;?@ CIOIla{%{' ! (IGJ‘eKosQ)'l Bt “Oregélmc Phosphorus

enperatures g e n speci al Ie</at

Comp&HEST, at/ulugne £5]dHtdrwien &hf@fsi de 265-463t sreirehey literature references
corrosi ve and therefore requires the use of speci al

contagreddhérgins in  the plant construction. In addition, the
reaction tinmes are very |long, which has the
consequence of a high fraction of by-products and

The ;Sxeﬁir@ﬁcﬁf 8f G8¥1l phoafidiek HSORY@ Mo Hos fHbr trilalid@nwith stulftfble phenols

crude product. 30 It is therefore often industriall % .
succasts @ thd pamstagged iscatalyss dm de frset S@h@gbﬁidﬁmﬁellamr%aﬁﬁ firen 150 to 200°C

e APARBE g BR85S 0oL RO g et o s

This PR2ES Ha® AREHAAST WGBSRV BNG er! 1 Q)ﬂ'ﬂﬁdtb@ﬂ&ﬁe ghéiftr distgllation of the
ing forned. The bases used are O Z. 6295 2 usually

hydmgen r ddende; dnglo usoiperafires jans apkseary . lEapetanhfrrah elevepd temperature,
hydrosgg% % E)ndg ?s éxtl%%nselg ggrroswe 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

basic compounds which scavenge the hydrogen chloride being formed. The bases used are
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JP 54030140), di nethyl f or mani de (JP 10053595, EP

’ 56), N, N-dialkylanilines or nitrogen heterocycles
02,34

as pyridine (G Kosol apoff, "O ganophosphorus
Conpounds", John Wley & Sons (1950), p. 184). O her
processes enploy al kali metal and/or alkaline earth
nmetal 5 hydroxides (EP 0032202). JP 54030140 descri bes
t he condensati on of phosphorus trihalides wth
usuaRPeARlogeh NedhfouRiss EBE einkfansd! Deialiyvidiaset (DIT 3ard18nt BS 4,415,686,
of am nes, ammonium salts, carboxglic acl ds

TP S43QMQ); disssthydfermemidea@P ADHBSIS SER SHHES) AN -plabalmilines or nitrogen

The.d t 9 040 desgribes.th tiap. .
neter g ST b R SRR DR3P B AR P Wiy
Sonsf (@m?,hﬁ. o r eﬁmngfoaesssmﬁg@ anehliphesAhaidise alkaline earth metal

trihalide in the presence o mer capt ot hi azol es and

hydrafidés (002A02). ARiS0HBOvdastntss. tha coedansation of pleosphorus trihalides

i SETELA e, SRRSO 5 D i, e
carbdYBELEds, gthhilithes, Rmidds, hhidirbs! QMfopws &id dHeepHIRéshods for

the 15 synthesis of organophosphinites is given in
Houben- Wyl , "Met hoden der Organi schen Chenie",

X171, One, di sadvant age of t.h no : .
The fegeht Fip S}Bshia dEhE SRR PAHBIE f ety BREe gy phosphites
startihf S frof® 35d | @freficREHG! %héﬁol@fanﬂhﬁh@s@h@ﬂu}i Strhalifle tii€the presence of

wor kup of the crude or ganophosphorus product. A 20

mercdptothiddokesiané dgbipaarbtmwmcidsdagivadyespossi bl e only with

difficulty or even inpossible as a consequence of the
| ow vapor pressures of the conponents involved. Wen a

A reSRl &F PR SonthstidRMAY Y fgahbshospRfilel ANgRERIYE tardifle, in Houben-
the base occur in solid formor a precipitation of the

Weyh &3ethmidh aler Organischere Chomighy Edlibtrs 41 4F. gosssiiy ef the methods for the

renoval fromthe crude product ff.ected. by .
syntieS e P OrGHOBIo LBt Yo ATIeRe F gy STl eha g Qreanischen
Chmﬁ§pggﬁﬂ[%beqfa conti nuous procedure, these separating

25 operations are known to be extrenely costly and

i nconvenient in the industrial construction and

eration. They are sensilive t owar.d changes

he .
One BT Palanieeits TRRAT B PIRFBEoa it tr GSR| Podigpase andlor it
reactiddCpratiRsd QPGFﬁetCQYagstssiﬁHﬁé o dfthSARK QJrganfbbhds%h@Jﬁ Product. A

necessary to use ge anounts” of solvent, for
distiibtivepbearationds den passibbsdnlp motdtutifficolty vatvwea inpossitilbies a consequence

filtercake. However, this otteqvaﬁgﬁgeds aﬁtg . 4 and/or th
of the Jew ¥ap@t RIFsPuyceST sheyqqupgpeyts 1myp 2t # F Dasfis peed and/or the

PES tihd it ) ipitation of the base and/or it
o FRPGRTHL o S T8 S8 o, s e v
reaction proditdy B pordilile s emavat fremvhs crade pyodott mhebe effetdddry filtration or

.mxture and to the O Z. 6295 3 fornmation of wall .
sedimaerigion: On e dedusiii sealeoiardi#ibhil 2 SPREIPRYPIREI g dhese scparating

xchan ' ' ed.- . -t .
. 1 truct d
oGO RAREH o SEOSHRED L FRIRLIGRNH o 68 cin s
operioPPaRe$ ard bmitiveclowatd RParglaimn the obbAtiyg patanesers ualor type and
as tri-n-propylamne, triisopropylamne, tri-n- '
properties of the substances to be separated. In general, it is also necessary to use large amounts
of solvent, for example in order to wash product or value from the filtercake. However, this

often succeeds only incompletely (US 5,710,307).

When tertiary amines, especially tricthylamine, are used, the trialkylammonium halides which

precipitate out lead to a sharp increase in the viscosity of the reaction mixture and to the
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butyl am ne, triisobutylamne and tri-tert-butylam ne.
Nevert hel ess, the fundanental 5 di sadvantages of
OZ.6f9¥ration nentioned above renain on the industri al
scale. A further workup of the crude organophosphorus
products may be effected by #ethods known to those
skilled in the art, for exanple by (fractional)
crystallization, sublimation, precipitation or
form& LR, 29 H%Q:Eité? UREP@LSe cdnRitRRBEASEM I B PcMange are considerably
distillation or rectification. The use of these 10
comdepdatin ngderetoh oumtantiih eisaddunétge) die doaingent SERE 84 831 proposes

rolaiAy BEgeeE e AgEI et oEPtD TESPBBKIE gpropyianine, trin-
butylR@esS ’fs%ut?fﬂfdiﬂey | Boh T & kdrRPbYyRESRNOPIARRRELES ¥R  fundamental
Tree’” them of pentaval ent orgahophosphorus conpounds
disadwhta fesarfdiliatiqurmoeltioaed abovehemsiymnikesindugriali®alar e

formed as degradation or hydrolysis products of the

tertiary organophosphites. The process envisages a

A fufth&abaRap O]P{hetcgﬁig .r?%ﬁ%)ég%hbfﬁ@ W SIu@fsGRRPRNOBRM 18, MethBds known

wat er at® el evate ture’in the presence of a
to thésevikillddda ehe g dbriéxampid by Miasedionaly erystabizgtaon, sulsiahation, precipitation
or ch%ggéﬁg%ggﬁi%%ﬁpydg&géhg%%h@g )gst!sg Ep;)éﬁstélgtri%ar 8&&3{%&3 'ﬁlré:duse of these
| S1.0 e; 0 t -
soparBifi, MRl e, WG CARORARTR MY SesSOTRA DR o) METAY F tochnica
compiexitens dxperishe treatment with water. Not only the
inpurities to be renoved but also the tertiary
or ganophosphi tes thensel ves react under the given
1 ites to free
The QR 2% 280120 Qe SBRASS! 17 SRROIRE CHIAS rkicphosphites to
thempofqebutivaieht ongahaphosphohastom@bn@EVhoD 88bp-pRodiest mi the synthesis or
the preparation of di phospfai tes.in which one %ho hi t’ﬁl
are formad asglegrdation Prpidrlysit Pdpels PhMYdChRECR SR qiSg The process
. o . 0% i ; ni N6
enviglghd, SRERLRER of 1B PRERAAY L8RP oRaRROGIRTifshaler ot clovared
tempeRAGE i eshe pesspricepaf at ileninfbasai Phafsphienés baddd1ag0ir@8Gnic salts
and DE 101 40 072 describe the preparation of . :
(carbgngspin SpdoKelss,iox1deR), ERLATY 2pVRSS AHAHS e(%wﬁlﬁhggaf%%e goups.
salicylic acid building block. DE 101 400 86 descri bes
the preparation of nonophosphites which have a
Howswdr] ¥ lsithédid 6f thuiokghnbghdsplaslis cddpdidds fHnfBdRes is not addressed. One

_ describes the preparation of diphosphites in which at _.
disadvanigge ofthe siriwphptasess ik dhg Featmant witlowater ghigtsonly the impurities to be

sakicyli c.aci i) di f : "
remcif bt 1 g eeRP Pl S o Rt indy iy pgpaions o
that, Abpen@fhg @SME GivadolpsistftabilityQifiiyd edFhmdhofphitesliartién of the product of

N-ret hyl pyrrolidinone, in the reaction of phosphorus
valudiallesies with al cohols. 5 The existing processes have

one or nore of the follow ng di sadvantages: a) The

conpl ete renoval of the base used fromthe target

DE 180384&b deScrfRs ithy pApdratins QP \EsHo8Rites in which one phosphite unit has a
salicylic acid building block. DE 100 58 383 describes the preparation of phosphinines which
have at least two phosphorus atoms. DE 101 14 868 describes the preparation of
diphosphines. 101 40 083 and DE 101 40 072 describe the preparation of diphosphites in which
both phosphite units have a salicylic acid building block. DE 101 400 86 describes the
preparation of monophosphites which have a salicylic acid building block. DE 102 10 918

describes the preparation of diphosphites in which at least one phosphite likewise has a
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| phospgwgésd}?g'ﬂ%w

b) The salts, fornmed in the reaction, of the bases
used are frequently volum nous or occur in a particle
O.Z.839%e distribution which conplicates the renoval by
filtration. c) The maintenance of the desired reaction
tenperature is difficult owibhg to the high 10
exothermcity. It is therefore an object of the
present invention to provide a sinple process for
salicyc SRA! billfling blo¥R! £ of HIANRRRAGHRATISR1HERE ABREiSe Y §8 of tertiary
oes not have one or nore of these disadvantages. 15
aminds, dspescidiyent fideihglamivet pysdinpr ors Nagethylpyhpkdioijeeon the reaction of
coul d be acg%eved by preparing trivalent organic
Als8Blds whi ch have at |east one P-O bond
by reacting a trival ent phosphorus conpound in which
at | east one hal ogen atomis bonded to the phosphorus
The existife prdchssen haver@anir cncce nfthe delloving Hishdisntiged: east one

OH group in the presence of an ion exchange resin,. .
a) Thpeemplstesgmpyalof Hy t@éﬁéﬁdéfm ﬂ}fé&t&ﬁ%@?%% gspﬁqsﬁy ppbingepyenient.
h suyb :
) T R B bl BV RS Yokidinus or occur ina
pirtiele)sizel dibtriBitnpriesie nompiagsstthorentovel tef fiitretipn.ovi des a
rocess for preparjng trival ent organopho oJ.us . .
c) -Tg%rfﬁéﬂ}ﬁa%m&yoﬁéﬁ%élf%‘r% rﬁﬁB%ﬁ@PH%fg%%Mﬁﬁj’s}“%fO‘W& to the high
e{oqﬁéﬂ}{i@l i PHalaR(3-a) G 25 where Hal = halide
selected fromchlorine, bromne and iodine and may be _
It is tHeeefs@nan objectddff fher@adentvirerentorp ki padvideya simplal frdesss ifer preparing
. present (a > 1), Ris aa orgggi%radicl which is £ th
trivalggn QERNOPRPSPRY UL heRIBIBIEE VSR a d8% BI0h BMVCoYGel dPYfh of these

. referably has at least 2, nore preferably at
dlsadl%e}g%# 3 carbon atons, and, when a < 2, the R radicals

present may be the sane or different, and a= froml
to 3, 30 with organic, conpound ¥¥hi h h% e at |.east i
It hasdieen EpyngrthafpSuriiTLRSlys WrSRCRERE P5 LI VRN AT RAFGE valent organic
. i . . _ |
phes AL LA BT HEACEN L A LIEDISBSRTP LR o oAb phospons

compbesd fin whiéh at tastexshbaigges atohi dshberrded po ehe phosphotiseatom with an
formof the free amne. O Z 6295 5 The process. .
organie eRRUNg Wiick has atnigeshone PTh AUpHE theopegiich gt an lon exchange resin.

i UL RCR R DS, SETNEPL Ao BRSSP ToAE v

pr can on e renove

the h%ﬂrbﬁendiafliﬁé Béihf YorbfedMhtfteverd nb ddsg@tinpiicodeldt . b) The
ase used is 1n solid formand, despite reaction with
t he hydrogen halide, does not change its state of

mat ter__and substantially retaj |t | 26 0 '
mhe 300 BT AL bl S b AR e P
compod RIS dovd s stforis dagioungs ethbeadslaican be

removed from the )

PHalaR@-a) @

where Hal = halide selected from chlorine, bromine and iodine and may be the same or
different when a plurality of halides is present (2 > 1), R is an organic radical which is bonded
to the phosphorus via a carbon or oxygen atom and preferably has at least 2, more preferably at
least 3 carbon atoms, and, when a < 2, the R radicals present may be the same or different, and
a=from1 to 3,
with organic compounds which have at least one OH group, which is characterized in that the

reaction is carried out in the presence of at least one basic, especially weakly basic, ion

exchange resin, i.e. ion exchangers which are present in the form of the free amine.
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reaction m xture by the sinplest neans, for exanple by

usi ng coarse-nesh sieves matched 10 to the size of
O.Z.0B%5 i on exchanger particles. c) Adhesion of |arge

anmounts of product of value is prevented by the size

and shape of the ion exchanger al one. The use of

packi ngs or particles of relatively large particle

size makes the surface of the ion exchanger smal

relative to the vol une conpared to a precipitated

base of the conventional type. Therefore, it is also

. The prcessacyrding tstheanbentionsiss thedelitveing fadentagss went tHenconventional

the process according to the invention in order to
Proc§spgfsh any adhering product of value off the surface
HERALD JwitbERah QALEBE RANGRN vith UBRulty from th
2) t eéé:}'getggggnst anfﬂggu%t%ewr eactm;lon }?s | ower than v\,her111 y rom e
tangrogedeaus| y di ssol ved bases are used. ‘As a result,
the exothermc reactiqgn_ is easier to ntrol.héggfépesnot

€ C
b) Thabpirgisethes insalid {osm andodssBite FrarTs Wil e imeen
RSBRES: Ah 18 KS Y SHRRSN Bl Al O rocs
aciordiep entesnvantibheypiedbipresent 48 aqpackmgan deddsy caache rdineved from the

pracess according to the invention.is descri bed py. wa
reselion EWPIES hYdbe SHBISHRCRRS FY kARl byﬁﬂ}&ﬁ‘}’éﬁﬁ%ﬁ'ﬁﬁ E@Vﬁ%matched
tEJ : jjrents. Further variants
“ﬂﬁ%@#eﬁﬁﬁgwﬁgék %?%? g?%ﬂ%f the subject matter of the
c) pdestntofilayenhbons afplodia e vilue ishrofentqidhyi thasize and shape of the
evident fromthe description and th?_ | ai ns, are

gy iedenetGlansoske wieiof Paekings arpartigles of FRlaRYRY [gFasgwile size makes

RE SR8 1HhQoh BEehlal e‘?@fdag Qel&.g\';e t%rtﬁeo%lgﬂlg ck&gmh@@ﬁ precipitated

or ganophosphor us conpounds 0 by condensin

Rhe spthe cosyenomd typds Thdre fokhe iffio nlsti hacdssdPiHid @R yagmalllgmounts of

O.Z. 6295 6 where Hal = halide selected fr ﬁm chl ori ne,

wivsnt wdhapmcrsareediagde Msynpation & elgpiodiushgny pdlieging product of
n I ' ' is present (a > 1), Ris

‘)z:\grl}?eo?fgta}%ingf?%déf%:{%?%%ﬁ%h@?%ebonded to the phosphorus

d) Whan ot adixBRahger iOX¥gENthatiam amktyit effethabladctivas iilower than when
| east 2, nore preferably at |east 3 carbon atons, ., . .
@mgwlyam%og{edtm&esm HeRde Aysst Fspdbdhe cxpierBuc faqgtion is easier {o
sa or different and 5 may optionally be covalently
ﬁoggﬁ]éd together, and a = from1l to 3, with organic

e) I thed8actilBh Chb halvidus IsgidswhizReaicoisatiiencé bE the rise in viscosity
condensation reaction is carried out in the presence )
tht they brirg sbaghantaeriuse censpricdtion apdiermrergtupsadifierenpesin the reaction
eﬁlgran e resc'l n, i.e. ion exchangers which are
BPETEAES “FBFexanpl e, in the formof the free anine
(not inthe OH form. 10

The process according to the invention is described by way of example hereinbelow 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

by condensing phosphorus compounds of the formula i

PHal.R3 o @)
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The phosphorus conpound of the fornula i used is
preferably at |east one conpound selected fromthe

O.Z. g8%pounds of the following fornulae Hal | Hal Hal ~
P~ Hal Hal ~-W~X 001 I Hal OWHal Hal WP\ Hal
X WP~ Hal (0) (t) (2) (4) €¢6) (7) (9) 15 where Hal
is halide, Wand X are substituted or unsubstituted,
al i phatic, alicyclic, aliphatic- alicyclic,

wherb S8 Qi %ele@tlelipﬁ]@}h' (ﬁﬂ&ﬁieerb%ﬁﬁl%' dnd_iodine and may be the same or
aromati c-aromatic or hatic-aromatic hydr ocar bons

diffefeavivhen & phuralitytod hﬁﬁd&sas prmerﬂt(m e, Rnglan/wiganix radiyal tyehich is bonded

the same or dlfferent or coval.ent i ned, t her .
to therplao SpUeFYE VA ft DY A G BF LU AT ARG FEElP ﬁfglgﬁs oSt 4 gpore preforably a

least %’@P&Hneatorﬁg eanﬁr whéPh %c%s Wosk iri Hem ?re§é;‘ﬂt &edyaft thé @he or different and

primary, s€condary and’tertiary al kyl groups,

may aptictialll be cgvadently joi2ed tugetiat, and grdums 1 te B RS) 2, - NHRS,
-NH2, fluorine, chlorine, bromne,__iodine

with C@@lc Rgmpourésdyhcbrhave(a@))l@shgne Qﬁggrou@tﬁg c%ﬁdensatmn reaction is

Camel’%'ﬁé] o)\?ﬁﬁﬁ%re%% (ogbaérﬁ%on r a Ilélga%bél avi ng rom ﬁicgtﬁgf e?(cﬁange resin, 3.¢.

ion eRétidngersavligas aref resek aop beanagie ahkiié formadf thel freel amme (not in the OH
farti cular nmethyl, ethyl, propyl or n-butyl or
formy.gr ¢ - butyl radical, or, for exanple, an aryl radical,
in particular phenyl or naphthyl radical. Wen a
plurality of hydrocarbon radicals 25 R5 is present,
The piveyhdray chepsiid dahe famuth { fiedanpreferhiely sitilkast dneeotpound selected
are preferabl% restricted to t hose which have no
fdoliazgng fspulae sel f. Particularly
preferred substltuentswray be S & ected [omt e
Haal ogens, bo’lw exanpl e chI ori oe br om ﬁ[—ﬁ’ odPne,

tlhe al kyl rladi caI S, gz(arrplb\ nmet h%/P@t hyI ,féu;opyl P\
o~ Hal w~

|Ps\ci_Pr OWAP/PGF%I Hal
(0) (1) (2) (4) (6) (7) (9)

where Hal is halide, W and X are substituted or unsubstituted, aliphatic, alicyclic, aliphatic-
alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic
hydrocarbons having from 1 to 50 carbon atoms, and W or X may be the same or different or
covalently joined together. The substituted hydrocarbon radicals may have, for example, one or
more substituents selected from primary, secondary and tertiary alkyl groups, alicyclic groups,
aromatic groups, -N(Rs)g, -NHR®, -NH,, fluorine, chlorine, bromine, iodine, -CN, —C(O)-RS,
-C(O)H or -C(0)O-R’, -CF3, -O-R%, -C(O)N-R®, -OC(0)-R® and/or -Si(R’)s, where R’ is a
monovalent hydrocarbon radical having from 1 to 20 carbon atoms, for example an alkyl
radical, in particular methyl, ethyl, propyl or n-butyl or tert-butyl radical, or, for example, an
aryl radical, in particular phenyl or naphthyl radical. When a plurality of hydrocarbon radicals

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

The substituents are preferably restricted to those which have no influence on the reaction
itself. Particularly preferred substituents may be selected from the halogens, for example

chlorine, bromine or iodine, the alkyl radicals, for example methyl, ethyl, propyl, isopropyl,
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butyl sec-butyl, t-butyl, neopentyl, sec-anyl,
-anyl i sooctyl, t-octyl, 2-ethyl hexyl, isononyl,
Oznggﬁecyl and octadecyl t he aryl radicals, for exanple
phenyl , napht hyl or anthracyl, the al kyl aryl
radicals, for exanple, tolyl7 xylyl, dinethylphenyl,
di et hyl phenyl, trinethyl phenyl, triethylphenyl or
p- al kyl phenyl , the aralkyl radi cal s, for exanple
butylb %‘ébzbfﬁtylort bﬁt}@ nLYe| ?Eﬁ yl, sed- Q{ﬁ D t—%hiy? M%dc@yl r ta@dtﬁab%thﬁl%kyl isononyl,
exanpl @ cycl'open , cycl o exyl " “cycl ooct yl
1sodercyb bod e)cyddect}ﬂ,y theo aryl Tagietlhy fccy@iampéc( yhenstlh saptitd xgr anthracyl, the

R T A e s R g S

tnetl’g’{é)h@ﬁ:lhcglj?opl é)nyl lq}BSaﬁfkr\]/I AR fof SkamPNE ¥IRLE or phenylethyl, the

trimet hyl acet oxy, triethyl dcet oxy
alicydic tradipdie ngdramnqﬂg/ cyaln;iextthle czyp]loybxyl,r avilositd, Iowo]m@{ylethyl or 1-

meth%{%%ﬁgh%yyf rﬁvﬁe%‘ﬁ%s ?ﬁ}jia‘fa' o [%%reﬁxc’?%f Yy, bSboxy, butoxy or
pentJ{Iylr E{E 1ol lri(ci cal&fol Eﬁp%ﬁg;gg;égeﬁdﬁt&ql gﬂﬁ%ﬁ@ QMFOIR® or -C(O)R’, for

es an organ rus-hali preference is
exangiley ecetylpproploash hnme‘shytacetohj(,ctneﬂhglaaﬁdxy betriphenylacetoxy, and the silyl
or gangphosphorus chl ori des ) n coprpounds, used :
radicaly " haying, thyge oy & Fsticals %%&\ﬁ?f &4 B ‘b AR, Brmethylsilyl,
H2, -N(R5)2 or -NHR5, they have to
Hwﬂ%% g??ﬁﬁbggwgl P;ker base relative to the am ne group
of the ion exchanger in eqU|I|br|un1react|ons
i ch have n S do.n fulfi
OF theighev B PISHICA O BE Bt eipPhed h&g&?seﬁ’@f%?ﬂ‘"@ Is given fo
phosfg)l?) enﬁb | oPdE ﬂfé%@éﬂoﬂﬂos@ﬁoﬁ@%hlohﬂé’s@m ion. One neans

ng t e use” of conpounds after all is to
protect the 20 appropriate groups in a known manner by

i ncorporating protecting groups and, after.c
Whelea AL it 6] BBE PR FHOIBRE IhihepyBHon Yakdoing eroups, ic.
FOL.EeC ;
(ﬁ )ﬁb? ]ﬁhggoxy Hgvregggg&gﬁggg a%ﬁgér'&)ge d&fbﬁ@?ﬁgﬂ% amine group of

the igx eﬂﬁ,ﬁﬁg@dﬁ equllibgumtreadtioas. i@hmpﬂurldmwimh leve abriipd gtops and do not
alicyclic, aliphatic- allcycllc het er ocycl i c,
fulﬁlbﬁhlawaflﬁhéwgsiaﬁmtebeow@ {datecthy) oppateReianip ghbs process accordmg to the

nve % pl%ﬁltl %hé}ohn%o %%dgf Myhcﬁn \{ﬁd% A nte rotect the

rbon a ons an one MD or nore oXyl groups.

apprdﬂ‘ﬂﬁtepg@ﬂﬁd at & @Rowil n@ﬁ&pﬁﬂpﬁﬁbﬁfo&&mg@mﬁau@d@ouﬁ drfde after carrying
to the inventiagn, conmpounds which

process accordin

out therrpcass gecortiag @—t%e greubomrenggag thexp PIGSHNETGUD FIHN-{ he
preparati on of conmpounds having two or nore phosphorus
atons, conpounds are correspondi ngly used whi ch have

The dotBlifg copsheRtivBichHaS hydOxiNeoGRMAA Wi Bawed éh @t pk@@sd according
one hydroxyl group which is used in the process

to thec duvettiog wey thee aliphstnt dlisyclis alnxéfaéﬁ-abcxﬂha,t me@mcléﬁaeahphaﬁc:-

substituted or unsubstituted conpound sel e
hetergg3Tic 5GBT ATT A PAM ROt o A O® Cahig hess i 1 t© 50
carbdd A5Bs ah@oné Wr%é@tﬂﬂrﬁﬂﬁg Bs’i%lr thcn]%ﬂ%ﬁé%@t%ipbf monophosphorus
i sopropanol,” 1-butanol no anol
compduadhid ﬂnex;an@slss ateodiopdndhe invsniiies amuipounds which only have one OH
group are used exclusively. For the preparation of compounds having two or more phosphorus

atoms, compounds are correspondingly used which have two or more OH groups.

The compound having at least one hydroxyl group which is used in the process according to the

invention is preferably at least one substituted or unsubstituted compound selected from
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i sotridecanol, OH substituted aromatic conpounds, for
| e phenol and phenol derivatives,
0.Z. gﬁﬁyglhydroxybenzene 1, 2- di hydr oxybenzene,
1, 8- dlhydroxynaphthalene 1,1 -binaphthyl 2,2" 5 diol
or 2,2 -binaphthyl 1,1 -diol8 di- or polyols, for
exanple gl ycol s, sugar, for exanple cyclodextrins,
and the substituted conmpounds have substituents
aliphs®d grbRds hhwny pbi teAYcarbcrefomeafoy eanepleanéthaiol, @hill, n-propanol,
groups, alicyclic groups, aromatic groups, -N(R5)z
isopropgaRE - INPiztanol | Gowianel, dftugimohe, 2- @hﬂhﬁmoi,u depneeanal CNisodecanol,

isotﬁ&%a%h%%%sub@% al‘%laigé 831{%0%%%5 ( &%ej‘}%mp V\%%Fi?enohgld %henol derivatives,
1,4- d@ﬂ%&?b@f%n@ VIgr-afRaRapbdnaehs alg-dikdrpk afa Phﬁi@leﬁe ayvisigaphthyl 2,2¢-

from1 to 20 carbon atons. Wen a pl ural i %ﬁ
diol hy &3 dundpihyi aldl ‘edipb 45 or polyresientexampley ghyaglsheugahefor example
0

dj f b
exelEUTPRc Pl 6 SHOLEEORRT RO cots PAPTUSAEC Qi drom primary,
secoﬂd@?ycaﬂmrﬁa&ﬁ aikh1 glRapd, atisydicl oko sefn%hfaﬁg g%&ﬁ?ﬁ“N(Ré)Et NHR’, -NH,,

be selectéd fromthe hal o for exa 5
ﬂuormhl chionag, bmmmelqqu o@qu-C(O al LD adi OéO -R’or-CFs;, -O-R’,

-C(Oglg—gifg 'u-ﬁ)QZB %ﬁc@? hy$1‘g%sg% o{n)/gg?rb %igg aq,r)%%/onoyggm }Wdr?%arbon radlcal

prefei‘a%%oﬁﬁxbiﬁ% fﬂomoi?ttd/ bo cdrbBhh¥dREXWhen b $ARARYof hiyeRAABYH rficals R’ is

oct'adec he aryl radicals, for exanple phenyl,
present phttmyﬂay be thfn satmcaglyﬂlfferdmé Hw«gubatrltybn’ts atﬁ prafesably sastricted to those

whicf [ERB Ry ietr oS XY seROPBRRGt arCpedy ut B ROt may be

selecR afcdi | thé @1@10%@{555 Jfoff BfampRX ARG DEBEWNhe 6f 1@1%1%11@511@1 radicals, for

the alicyclic radi cal s, for exanple cycl opentyl,
examplecinethsk pihyl, prorsilsergpyl, bj;,tzll, streyiylet-hytyl, eopentyl, sec-amyl, t-amyl,

ok T RS oy A S L A
phenﬁ%%%%%f%é rog?h@%i(c%l), Itqlfé@ﬁlkﬁéﬁm(ﬁcaw‘ eR0X¥n e, RPN KHBX )ﬂlmethylphenyl

. for “exanpl & acetyl, propionyl
diethylpherad,hyrimaethylpkynylt tiehyiphenybtaxp- ﬂ(ylphenyl the aralkyl radicals, for

exampPBEAY ot b S S RS oE BxfppE SyefbpentyT eyeloheryt,
i i r

o P g Yo ool mothoxy,

ethoxtyhpropory dsisoxgomrgrediony, the atylexy redematsi & exampbrm:feaoabblynaphthoxy,

;east ne conpound sel ected from the conpounds
ocR’ Foi-F6R Ky To0PRATRlE ARPWPPTOPIONg) et cieRty Bisfptsgetoxy or

tnph%v’é_cgtlﬁé%, a}ﬁlgﬂél l('dii)%a% ;@ %g%;g]ﬁ? %@Fcﬁfbgn ra@chIsé(QfEf{ )3, for example

~ trimethylsilyl, triethylsilyl or triphenylsilyl.

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

is preferably at least one compound selected from the compounds of the following formulae

W W ~W W ~X ~X
o) 0 o
CI) | | \ ? |
P X Yaor  Pao X P -
va” Shat Ha 07T TP X oo™t W Ha w07

(1) (2) (3) (3a) (4) (5)
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0Qx\ x~QX i IRSiY-P-, '-Y _P_iY 0 WO (5a)

. 9w _P__
5p) WO p-X P-OQOP Y- -
o.z.%_zgg p Q Y-0 O-Z (10a) W-R X

QOPP Y-0Z (13) WX P-OQOP Y Z (16) (8)
W-0O\ /O p-X1 PPOQOR | Y-0OZ (10b) WX
PPOQOPY-00Z (14) WRpPX P-OQOF Y-007Z

X X~ wW— —X
? \ } ? >|< O\f—o—'cz—ohp\/o
/Y W - P\O/Y W - P\O/Y Y—0 0—7

(5a) (5b) (8) (10)

w-Q P pX W b

‘ f_O_Q_O_P\ l )D_O_Q_O_F’\ J ):’_O_Q—O_'P\

Y0 Oo—Z Y—0O 0o—~Z Y—0O Oo—7Z

(10a) , (10b) (12)

W~0O X W X W X
N /- AY / N\ /
P—0—Q—0—F P—0—Q—0—R P—0—Q—0—FR
/ \ / \ / \

Y—0O Z Y—O 0—Z Y—O Z

(13} (14) (15)

w _ X

A /

P—0—Q—0—R

/ AN
Y zZ

(16}

2

where W, X, Y and Z are each substituted or unsubstituted, aliphatic, alicyclic, aliphatic-
alicyclic, heterocyclic, aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and W, X, Y and Z are the same or
different or covalently joined together, and where Q is an at least bivalent, substituted or
unsubstituted, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyelic,
aromatic, aromatic-aromatic or aliphatic-aromatic hydrocarbon radical. The substituted
hydrocarbon radicals may have one or more substituents selected from primary, secondary and
tertiary alkyl groups, alicyclic groups, aromatic groups, N(R”),, -NHR®, -NH>, fluorine,
chlorine, bromine, iodine, -CN, -C(O)-R°, -C(O)H or -C(O)O-R®, -CF3, -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. When a plurality of hydrocarbon radicals R’ is present, they may be
the same or different. The substituents are preferably restricted to those which have no
influence on the reaction itself. Particularly preferred substituents may be selected from the
halogens, for example chlorine, bromine or iodine, the alkyl radicals, for example methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, neopentyl, sec-amyl, t-amyl, isooctyl, t-octyl,
2-ethylhexyl, isononyl, isodecyl or octadecyl, the aryl radicals, for example phenyl, naphthyl or
anthracyl, the alkylaryl radicals, for example, tolyl, xylyl, dimethylphenyl, diethylphenyl,
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(10) W-R/x P-OQOPRP Y-00Z(12) WX
0.7 -&QOPP Y-OZ (15) 5 where W X, Y and Z are each
-'éa tituted or unsubstituted, aliphatic, alicyclic,
al i phatic- alicyclic, heterocyclic,
al i phatic-heterocyclic, arondtic-aromatic or
al i phatic-aromatic hydrocarbon radicals having from1l
to 50 carbon atons, and W X, Y and Z are the sane or
trimedthyfIHemen tiri ethy phsal Qiﬂtﬂ Mkjlohast thegeilkdrradanld, Wresxam@le benzyl or
IS an at |east bivalent, substituted or
phenyjigthybstthe uplegyelia) rqgwg,{sl, Cforquwg]e, cyclopentyl, cyclohexyl, cyclooctyl,

cyclc%f: ﬁlﬁtgyf Cr L & ci//cﬁi)he@?/ ,1%8(:2}{1&1}3 Cradlcals for anrnple met]t‘loxaz ethoxy,

e er I C-"ar ona

prop&y, ahitehator Cpetdxiptihe dyidke Craﬂlb@lﬁ ff@d Ieﬁahple Thigenoxy or naphthoxy,
substituted hydrocarbon radical s naéggave one or
—OC(Q)BS tami uEHPR s dpreexameple ragehyl iteRieyy], FErGhdarsiodh dnethylacetoxy or

tnph ad;s A% %H;%ﬁ nglyP Kﬁg{glsa L?fl_égc h}rgug &Hgﬁbofﬁagﬂ%é g-Sl(hydrocgrbyl)g,

for epiggﬂh RemnethOdil e‘srlet 1yt &(@ph&BisiyC(O H or - C(O) O R5,
, ORgl :ﬂ %, O -R5 and/or -Si(R5)3,

mhere R5 |s a nDnovaIent hydrocarbon radi cal ,

The Pfﬁ'sgf'lﬁor 18$ ?%*5?8?‘615 f%l%%lrpb%e 119 ":lIQiC r&l%%r%ﬁ?&%fl %ﬁglo%hosphites

IS presen

1, mﬁiﬂihatb@hoéﬂﬂﬁessﬁrﬂ? tﬁérgdhéﬂh@élﬁmtes 3ThE Fubp boideasths dafaBphosphites 1,
preferably restricted to those which have no

mon¢hatdphesphétend and ephosphorisotribialidas| with manoi eu palyrQH-substituted organic

pr ef et red substitue selected fromthe
comiguid e Oreqilc cw%%@aﬁ%w%ﬁ)?ﬁ%{w%%om ne or i odine, the
al kyl radicals, for exanple nmethyl, ethyl, propyl,
i sopropyl, butyl, sec-butyl, t-butyl, neopentyl,
sewvanyl, 1-@nyl, is qoewvyl , t-oc 20 2- ethylhexyl
ononyl , ésodecyl or|octadecyl tHA aryl radicals,
Pi-ely exanF) 5bemw\ ﬁ;&pth(yh’\or/P\anLNr acyl, the
Hal " al kigl arip icals for exarrpIQa t8lyl, xylyl,
qlnethylp dlet phenyl £ Z. 6295 10
trlnethyl enyI tri yIpheny r p-al kyl phenyl, the
In thelsBliktes! le}@%ﬁ Y T8¢ coonaiierilegnbyle. OW, 3pBROW @iehpﬂeferably each
t he allcycllc radi cal s, for exanple cyclopentY
aliphatjas | abingoliel ah]@l}a@p@bgygh]c het@g;@y@we)@yp]@qtﬁshetemcyc ic, aromatic- aromatlc
for_exa

ahphﬁtéctn%t(gh i CyCl ohe OnﬁP(ﬁ)lB%i?lang I&% 38 ed%{b 3] atom%L}E)l ¥ and W may
be thél Eéfh@éfﬂ’dlﬁ@i@h@&l l:ﬁ: co@@l%m@%ﬁ'fﬂ%'d%é&ﬁ%ﬂ 025y %X:Hﬁiﬁl@hlﬁ%ﬂetm% 3a.

R5 and - 5, for exanple acetyl, prop|onyl
trlnethylacetoxy, trlethylacetoxy or -

It is also possible by means of the process according to the invention to prepare
halodiorganophosphonites 4, triorganophosphonites 5, Sa or 5b, by carrying out the
condensation of dihaloorganophosphonites 6 or halodiorganophosphonites 4 or 7 with mono-
or poly-OH-substituted organic compounds in the presence of basic ion exchange resins. In the

structures, W, X and Y are each as defined above.
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tri phenyl acetoxy, and the silyl radicals havfng t hree

' ocarbon radicals (-Si (hydrocarbyl)3, for exanple
0z Bin

thylsilyl, triethylsilyl or triphenylsilyl. The
process according to the invention enables in
particul ar the preparation dff di hal ophosphites 10 1,
nonohal ophosphites 2 or triorganophosphites 3 and 3a
by condensi ng di hal ophosphites 1, nonohal ophosphites 2
and phosphorus trihalides with nono- or
pol y- OH substituted organic conpounds, i.e. organic
In a @mmshgmq@@ t@ﬂp@@@gﬁgqcoﬂlw fto Wreonvenquamape used to prepare

. Hal -P- .0 X ¥'.~0 0-x ¥ 0.- < ; )
wiorsaRopHeppE s, § 0 5ncknsing Holdpmabiboibli 3) widi ek b7 wory-om-
substifited opgahicYconipdulli SindhépleyerRaehbaséd iopRathadge adsimgycl i c,
al i phatic-alicyclic, heterocyclic,
al i phatic-heterocyclic, aronmatic-aronatic,
al i phaticz;aromatic, hydrocarbon radicals having from 2
'to 25 carpon atons. X, Y and Wnay be the sane or
-Pdi_ffver entP~or be coval entl yj oi ned together, as, for
w -e?anpng i Mastructure 3a. 20 It is al so possible by
( g yeans Qfy { he process according to the invention to
prepare al odi or ganophosphonites 4,
tri organophosphonites 5, 5a or 5b, by carrying out the
condensati on of dihaloorganopqos hon

The processi icgairg fo Sifh BepR mayralyo t%eﬁsfsadﬂ?en%ge bisphosphites of the
- ubstak.ut.ed A =0 1 Byrt | :
struchifl YOSTHOR! BF Lok b L RIRME £ UILOH Rukfifudl F5EQCGRons with
diorgamnshalopabsphétac b irathe pedsknechfahe vemoRbbaicoDechangd reXing
Hal X -o WP\Hal WP\OY WPALOY WP-, p Y W\ Hal WP-1
Hal (4) (5) (5a) (5b) (6) (7) O.Z. 6295 11 In a

w—d urther procgss, vapjant, the proc$§sxacQ@Lging to the o

favention n be uded M o0 prepare PP
i O g%n@bh%sphi ni jes P BorttieRsi ng l fTOTaTOTR ‘
Y~ Chal oor ganoph@sphi n¥Te€® 9 with non& ér pory- o+ 072

substituted organi c conpounds in the presence of basic
(19%)bn exchange resins{X X 1t -P-~ivY -8 wo w

Hal The process according to the invention may al so be

used to prepare bisphosphites of the
It is possible by means of the process according to the invention, in a further variant, fo prepare

diphosphorus compounds of the phosphite-phosphonite type 12 by condensing di- or poly-OH-
substituted hydrocarbons with diorganchalophosphites 2 and halodiorganophosphonites 4 in

the presence of one or more basic ion exchange resins.

W-—-0 X
\ /
P—0—Q—0—F
/ \
Y—O o—Z

(12)

It is possible by means of the process according to the invention, in a further variant, to prepare
diphosphorus compounds of the phosphite-phosphinite type 13 by condensing di- or poly-OH-
substituted hydrocarbons with halophosphinites 9 and diorganohalophosphites 2 in the presence

of one or more basic ion exchange resins.



: structure 10, 10a or 10b by condensing di- or
OZE%?b - OH substituted hydrocarbons with 10
" diror ganohal ophosphites 2 in the presence of one or
nore basic ion exchange resins. WQ P-X WOQOA P-x
WRp-X pQQ QR | PQQQIR-QQORY-00ZY-00Z
Y-0 OZ (1 0) (10a) (10b) It is possible by neans of
the process according to the invention, in a further
variant, to prepare 15 di phosphorus conpounds of the
hosphi t e- phosphonite type 12 by condensing di- or
W_§\oly-CH substXtuted hydrocarbons with
diPor@afoha hosphites 2 and hal odi or ganophosphonites
yu_é'in the preésence of one or nore basic ion exchange
resins. WO X P-OQO-P~ Y-002Z(12) 20 1t is
{(1ssi bl e by neans of the process according to the
invention, in a further variant, to prepare
di phosphorus conpounds of the phosphite-phosphinite

.t 3 by caondensing di- or poly-OH . .substistuted .

1 Bl STERIRER e Bl gl 1T b el Gaiant, o prepare

5 diphstbRéaRneapARASIANGY 8sndenkig tdie oP HEBLOHSubSEuRAhyAFocarbons with
P ngre basi c ion excﬁénge res%ns. CPZ. 6295 12 M/Oxg

halodfer@aipbosphoxite® 4Zin(thapresence of pose ihors Hegic nparpersharigetrpgns.
process according to the invention, in a further
variant, to prepare 5 di phosphonite conpounds 14 by
vgondensi ng dix or poly-OH substituted hydrocarbons
'bewaakggpbrganophosphonites 4 in the presence of
y_dgne or nore a_s%c ion exchange resins. WX P-OQOR
-0 0 Z (14)

(14)

10 It is possible by means of the process according to the invention, in a further variant, to prepare
compounds of the phosphonite-phosphinite type 15 by condensing di- or poly-OH-substituted
hydrocarbons with halodiorganophosphonites 4 and haloorganophosphinites 9 in the presence

of one or more basic ion exchange resins.

W X
\ /
P—0—Q—0—FR
/ \
Y—O z
15 {15)
It is possible by means of the process according to the invention, in a further variant, to prepare
diphosphinite compounds 16 by condensing di- or poly-OH-substituted hydrocarbons with
haloorganophosphinites 9 in the presence of one or more basic ion exchange resins.

20
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10 It is possible by nmeans of the process according to

()z;ﬁgﬁ%invention,'in a further variant, to prepare

o ounds of the phosphonite-phosphinite type 15 by

condensing di - or poly-OHsubstituted hydrocarbons
wi t h hal odi or ganophosphonités 4 and
hal oor ganophosphinites 9 in the presence of one or
nore basic ion exchange resins. WX P-OQOP ~ Y-O

In the fobmulaEAD0 thtl6] ©, POSS YohRl/&ry7 ARABSHHe dshiRipEDMRAS, In particular, Q is
according to the invention, in a further variant,

to
a bigpleptarhydraghiban s pisliesl t whisbnpernds  BEPRAjice o#isyplig, nglighatic-alicyclic,

or. pol vi- OH-substityted hydrocarbons w g .
neterRr Sy JiarbhteRt e o AP I o aiphaicspromatic, and be
substififed P athbstiRtedSxeAN0E Y &5 DSre ¢2bh WiphatiP: Bc@1(3; Rliphati¥-alicyclic,

Z (16) O Z. 6295 13 In the fornulae 10 to 16,.%, W X )
heterycyghid/ aliphtiorhsteregxthichaometietartantpsig, alinbaBc-ajomnatic ydrocarbon radicals

. ticul a, is. a bivalent, hydr r.bon radi.cal. whj ¢h
naviry o ooy RRFEY ocRhRERREE By fAH R, Y KT, wand
7 mayPle@hOsantd dridiffaehitideicovA1BitBI j0RE kddgethe 8 RRSWE by way of example in
aromatic-aromatic or aliphatic-aromatic, and be

formglaldfnior 48led or unsubstituted, and W X, Y and Z are
each aliphatic, alicyclic, aliphatic-alicyclic, 5
heterocyclic, aliphatic-heterocyclic,

Accordiff B KCS k0 MRtN1Ethoddn i @b G RhONMBhéfich YHb@SALWe ), Volume XT1/2,
radicals having from2 to 25 carbon atons whi ch may
Chapies lunguibg it ulTbgmer ¥etleg.i t dimegart ar(d@904) ymdw &nd Mz Kosolapoff,

w—~_may.be.the sanme or, . diffe or v nt j QLN

Ore PR S RAH b5 Ry T Bhdrg B reeNi SoRgd950) and the

literaflfre lrefRncdOcAMARET tRGih, OthK. pr&eSfon B adVRihQee dreebphosphites and
O gani schen Chem e" (Houben-Weyl), Volunme X1U2,

asym@legnit ghosphongtes GRcdekds b istepmise\tsattmg, ofSthgtarganophgspbewy halides or

nd Kosol apof.f, . "Organaphosphorus pounds” .
phos gy heptlen 52325 Wabieg supsith ST SRS per PRGNS St growps in
the ptdi€neel dft SRAEUTRpERTILE SR GRS d&HBE @ir%&dco‘hﬁﬁﬁ]ﬁ&ﬂhe R&ess according to

preparation of asymmetric organophosphites and

the invention may comprise one or more reaction steps, and the reaction of in each case one
compound having at least one phosphorus-halogen bond with a compound having at least one
hydroxyl group is one reaction step. Accordingly, the process according to the invention may
be performed as a multistage process for preparing asymmetric organophosphites and
asymmetric phosphonites, in which case the reaction steps are each carried out in the presence

of a (weakly) basic ion exchanger.

W
?

e P
PHalz + HO-W Hal/ \Hal

O/W
T
(1) + HO-X ———» P X
Hal o)

(2) (i)
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asymmetric phosphorites succeeds by stepw se reaction

' he or ganophosphorus halides or 15 phosphorus
0.Z. ﬁép$

des used as starting substances w th conpounds
cont ai ni ng hydroxyl groups in the presence of am nes.
Dependi ng on the desired tarlfet compound, the process
according to the invention nay conprise one or nore
reaction steps, and the reaction of in each case one
compound having at | eagf one phosphorus-hal ogen bond
with a conpound havi®@g at |east one hydroxyl group is

(2) engoreaction step. Agcordingly, the process according

to the invention nay 2@ be perforned as a nmultistage

‘process for prepariqg asynmetri c organophosphites and

asymmetric phosphoni s, in which case the r®action

.St are each carri.ed out .in the .or . f Y
As ITGERRE) T RFdelaS b A Epditdt * mopdp'S, s oy pllospporus halide,
by rddctine wWith Ghd equivilent oXa ddalpon@2ofitdinidd bhe hRbxy16298p HO-W, to
y14%%2)+Ho-q\(~w_o_1 YpPLX_OO (3) (iv) As _
prepark | aps pregnephospharpe dilsdidel be regotingj the ggariophosphogug dibalide with a

ossi. bl starting froma phospharus,trihalide y
xeBE S0 skl elil et g BRI gotBntgr R g prevare 2
diorfaREpHAYAY haBi&) UdhdH@y\Weab®hg Bir€RAIRI{Rdne equivalent of a compound
or ganophosphorus di halide, by reacting the

contasrigareap hydiskt erouplitHad Y, dmally tpreparisg o psiTemeigUrioegaaephosphite. In
the pg%pg%éig)g %yyr}gmgt%@tpﬂbyﬂhggitgs?gn Ql)(a%é?))ﬁg Ipr L3R alc_ché(mg t[OO the formulae

v and vi may be employed.

_X
IIIaI ?
P i
w' CHa THO-X T W/P\Hal
(6} (4) )
_X
0

Y — P Y
(4 + HO-Y w0

©) B

In the following formulae vii and viii, the inventive stepwise preparation of a diphosphorus
compound is shown using the example of a bisphosphite 10. A dihydroxyl compound 22 is
reacted with one equivalent of a halodiorganophosphite 2 to give the compound 23 which is
finally reacted with one further equivalent of a halodiorganophosphite to give the bisphosphite
10. The halodiorganophosphites mentioned may be the same or different, so that symmetric or |
asymmetric bisphosphites are obtained.
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di or ganophosphorus hal i de, and, by reacting further
Ozﬁ'ﬁ%? one equi val ent of a conpound containing one
“"hydroxyl group HO Y, finally preparing an asynmetric
triorganophosphite. In the preparation of asymetric
phosphoni tes, an anal ogous ﬂ?ocedure according to the
formulae v and vi may be enployed. Hal X O W Hal
+HO- X IN WHal 10 (6) (4) (v) ~X0 1 (4) +HO- YW
IPA O iY W5) Inthe followng fornmulae vii and viii,
the invenhtive stepw se preparation VUf—Oa di phosphor us

conpoung. i s xhawnHgsh-o@ t he—exagpl e of Lsphegphite s
10. Helgi h)ﬁl}lroxyl coﬁ%ound 22 is 15 egCF?(_eg vvlt%ﬂone (vii)
equi val ent of a halzgi organophosphl% 2 t(@3)gi ve the
conpound 23 which is finally reacted with one further
equi val ent of a hal ogi organophosphite to give the

w—®i sphosphite 10. ®he hal odi or ganogirogphi t es nent i@ne}d

vhe a or different, so,that s tric
gyﬁmgﬁﬁbﬁm%ﬁd”z are obtained,/ O 85 15 ~W  (viii)
X~@& 1 _Hal s O~X(2) 0 WO + HO QAP QQOH(

(22§Z3b Y | P-O + Hal ‘P~ O (10)

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

According to the formulae vii and viii, dihydroxyl compounds 22 may be reacted with
diorganophosphites 2, halodiorganophosphonites 4 or 7, haloorganophosphinites 9. In two
reaction steps, asymmetric diphosphorus compounds may be prepared, such as bisphosphites
10, phosphite-phosphonite compounds 12, phosphite-phosphinite compounds 13,
bisphosphonites 14, phosphonite-phosphinite compounds 15 and bisphosphinites 16. In the
case of the same organophosphorus halides, the preparation of the symmetric diphosphorus
compounds may of course be effected in one process step. When the reactivities of the two
organophosphorus halides toward dihydroxyl compounds 22 are sufficiently different, the
preparation of asymmetric diphosphorus compounds may likewise be carried out in one process

step. Otherwise, one process step has to be provided for each reaction step.

In a similar manner to the reactions vii and viii, compounds which bear more than two
phosphorus units may be prepared by reacting compounds which have three or more hydroxyl

groups stepwise with organophosphorus halides.

When a compound which still contains one or more hydroxyl groups, for example a compound
of the structure 23, is the target of the preparation, the reaction sequence may be terminated at

this stage. Complete conversion of the hydroxyl groups is not necessary.

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

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




10

15

20

25

30

X-0(2) WOOY X-OP-OQOPOZ (viii) (10) In the

o;:%ﬁ??ﬁ'ae ii towviii, W X, Y, Zand Q are each as

ed above. According to the forrmulae vii and viii,
di hydr oxyl conpounds 22 may be reacted with 5
di or ganophosphites 2, halodﬂérganophosphonltes 4 or 7,
haloorganophosphlnltes 9. In two reaction steps,
asynmetri c di phosphorus conmpounds may be prepared,

comlﬁllmeiiltsaﬁ% fdddsyiholspiti th@sbe ddd 1p basp bastetopdrasphihisihes: productlon rate or
onmpounds 12, phosp hltelshos h|n|te conpounds 13,

the t%ﬂ%%ﬁ@%*‘-‘p‘ﬁdh@ feé%tlorwm;smré Fighvsie slsHiIod: it ds Eapsaahies a very high
yiel 1akor c?egf}ecﬁgﬁo%ﬂ&stgnhﬁ ?l‘fgh&r%e tah@ ntleggr mctﬂ %cn%ct claﬁ%lﬁ?gm?omponent. For

or ganop or us e prepara i'on of

exan@ﬂ/d]'ﬁii‘ltl{el cﬁasd bpthesphetivspriparatdipolagsneic ofgag@itossha?es compounds
effec ted in one process step. Wien the reactivities of

of th@ framgs 1, r éaheﬁh%sﬁ@héb 058 pedordias ta ghamgs Hith yi pesgrence is given to
1mt1aﬁ?np ﬁﬂq%z%earp%o ISCI gorgﬁ’é{h I ffg rept. thhg he 08_13 hallde or the

nof asy ric Sphorus cd

orgaddplﬁ@éldh%ﬁlsbﬁh@@fofgbﬁer ®ith oh# oPMBrd @2 e6:S exéh?aﬁgb resins and subsequently
rocess step has to be provided for

7 Gt herw se,
mete@Rpg in rtb%l@pm@nu@{ b@vmaanl(aHagrgupn(hmrmmdrﬁmpmemﬂ hia the case of the

Selecglg\% %tr | ong Bﬁg:f&gyr?}ﬁv %r% ﬁ;&éo 8%122%11}“}%@@5 acc rdlrtlg ﬁ% schemes vii and

vii, ﬁﬁm@ém:@% 2VEhab iRy thir8RigGhe BBMBoktAE h@\xiﬁ}g O 'ePdRS together with
stepwi se w th organophosphorus halides. Wen a

one og oo iTcexwhings retns dndsubseghenslyoneienmng wohe otggoerhegphorus halides.
groups, for exanple a conpound 20 of the structure
23, is the target of the preparation, the reaction

AfterSREN BRcEsIHD, DAt 4185 FRérHaBl radktion &b, tBé ale pfiB! @b be worked up
conversion of the hydroxyl groups Is not necessary.
and rfvéed watbet irthe neyygedctipy step aledcvas it swy elsorbegndre mdsantygeous, after

t bat
the Rt g 5 G KRR OPRPL a9 I s BB CRgponent and o
dispeid RviiNheOtvoRARHEb AR X 8RE GedBiohesbits BN, td&»ﬁtei?%‘f’rtﬁe present
coupl ing conponent is subsequently netered in.

inventioadthefreadtion Of 1 e829%sd 6ne onppmedttaving o desdt ofe @msvm&halogen
may be use n SONe ca trol the heat .
bond mlﬁua erBﬂ“nffaleaéf% at lpgs 0%%%?@? FYR OP]r‘ilgber Kegerdpd ps one reaction

step. M xture. In the batchw se nethod, it is inportant for
a very high yield of desired product toinitially
charge and nmeter in the correct coupling conponent
For. exanple,.in.the case of the electlve tlon
The I'S?Ctlagm%tﬁ% méf‘aéwi ﬁ%gﬁhﬁimﬁs‘n@bﬁ%@ﬁﬁa@e v Hticr but i each case
sufﬁcfléfﬁfgl"lbﬁ'g i ord%r too achaéve, the d@sne%acon@&sf?ﬁl %h@?@%gflgﬂ f@?ﬁei’atures in the
mes ii to vi, preference is given t al Iy
indiveinak gactipnt dn@sphgsbél theusame anrplbffierdnt. iThe baﬁh mrpd:)mhgl’[garrﬂsin or resins

hal i de ar, the
used in the individual reaction steps may be the same or different.

The reactors used for batchwise reaction control may be stirred tanks. The basic 1on exchange
resin or resins may be used in the reaction mixture, for example, as freely mobile beads. It 1s
also possible to combine the ion exchange resin or resins in the form of packages to which the
convection stream of the stirrer flows. It is likewise possi’ble to use spinning basket stirrers. In
addition, the reactor systems used may be stirred reactors having full recycling (loop reactors).

The flow to the 1on exchange resin bed may be from above or below.
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or ganophosphorus halide together with one or nore
O;E% %c i on exchange resins and subsequently netering
) he conpound havi ng an OH group (hydroxyl
conponent). In the case of the selective preparation
of asymetric di phosphorus &8npounds according to
schenmes vii and 10 viii, preference is given to
initially charging the conponent having OH groups
In anbtgepheerresi ¢rthbodimentosf thie ipeodessnacextiangethe ésventiomte reaction steps
subsequentl neterlng in the or anophosphorus hal i des.
shownfin seheangs i ‘Eﬁ'élé‘ééy asepe cpgted QuE songmugysly Hr Frapiiqcinages connected
n serﬁéseghlcﬁ Ql‘f‘%a%E ;?éje:ﬁgg%@éfﬁﬁg{l\ﬁgé l‘ieﬂ'lel{eactzﬁﬁ]%f El?da&lte?ﬂst coupling

compah & KE aﬂ’éﬁfoﬁdlﬁlﬂétaﬁtcﬁg €6t Beacbi Sihgellb Thb effeAPd f&he ﬁrst reaction stage
conversi on_of one coupling conponent, to directly add
B is yubseqyently, ddmposesnd mh@@comp@w@h& 2 tChndWéed/wwmﬁcond reaction

stageglﬁ enals?ohﬁce}stgﬁ? gﬁ?%}% Ztgggcﬁmgog?r} h Conﬁg%etgsage $ ents of one

contiG@IHROLINSI A pLtiriety ¥ chf@siousNeaibe St H&'Jﬁﬂoﬁﬂﬁncorﬁl@&@d in series,
with a compound havi ng at | east one hydr oxyl group

Le. arshioastter speuanegraridheltyns ovtiiacd suliei Hin pasaligh andgoipheging connection,
reaction time in the individual reaction steps may be
the sane or different, but in each case sufficiently

In orl@NG dchiePE defery ngﬁcﬁél&\b@’ thd @es@l:@& gﬁ&ﬂwfzﬁm@ peéfafatioh s asymmetric
reaction tenperatures in the vi dual reaction

produstse s erapeiestion gatiapbthe rreaﬁ;ta‘nlselrs dnbe aprephiisiycel wreach stage by the

ratiof AT PR LRIk yP BEN AR of Pt PPl oSl Blen prgouncs are s

reactors used for batchw se reaction control may be
stirred tanks. The basic ion exchange resin or resins
The mylemf@ timeaf ithe Iehetanteantthfomdm&mah eactipe stepx ARyl Aso B the same or

dlfferf:'ﬁtem- tﬁ%cg&fé}hgg%glgg% é)u 1t &as 19 @er' ﬂ&ﬁ? %r?tfiﬂg:a el'bc!fa%? %?0 t1'%0 achieve the
desirRPEKASRR B BB IpaRichIe stag@MMRChAs@Niohl dx8RMB frediMBr resins used in the
stirrer flows. It is |liKew se possible to use spinning
indivisaskmeactionataps saylbe tBOsamttdirtdiferentt he react or systens
used may be stirred reactors having full recycling
(loop reactors). The flowto the ion exchange resin
The RRGoTRREE e QM ARAN GeRiiocR&oAWo] Maf be R4RMubhs bikrrél %ﬁ? IThe basic
preferred enbodi nent of the proceSs according to
ion ex¢imBgH Tesm, ot feeinsg eaytlicorsed tie s reschmmuxturs ahﬁnrely mwblleobeads It is
e. carr ed out, contlnuo in e ction

a
also @ﬁ%fblg 0(‘38#"?33@5 & ion fﬁic YECdeSin 8IS 1]ll FBI‘? padkaesicte which the
convécﬁohl fretdh bRty Fbgs. #is ﬁl&%ﬂgeﬁﬁ% 1%[3 to'%s@@ﬁpmg takie? Stirrers. Tn

pl'ing conponent K1 are cond into a
addltlbﬂambulan r@bﬂgﬁrﬂay bEheeéf TheuBow tofthd foa dxichaigerresic tbed) may be from

e 5 B i.s subsequentl li ke a second. couplin
aboveC 8\"1‘% ] v D

FAENED [BE ERENUR AT PRIEb I Y mE e SeRetar gfluents may be
advarﬁ%ﬁ%pﬁs :aﬂrll tthé %grere ogtqh% %Ié['gl?%?deege? I ot rﬂubﬂ§¥e%%fg "9 reactor battery, the

recycl@rftdctioi® d$ theogffloént dfng rédctiby size @Qiytbenmeils or figBclkeoycled into the
whi ch are optionally connected in series,
same stage, partly or fully conducted to the start of the precedlng stage or partly or fully

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

Quite generally, and irrespective of whether the process is carried out continuously or
batchwise, when a plurality of reaction steps 1s carried out, identical or different ion exchangers

may be used in the reaction steps. Equally, when a plurality of reaction steps is carried out,
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i.e. are reactor sequences of the type outlined in

07 ?g 2 in parallel and convergi ng connection. 10 In

"g d%r to achieve a very high yield of the desired

product in the preparation of asymmetric products,
the concentration ratio of tlfe reactants is to be
appropriately set in each stage by the ratios of the
particul ar feeds. Typically, equinolar or

identRppoodifREBine teacesi tormlitions pinmpant Qilartempeturdsh enaly ésisdieincte reaction
time of the reactants in the individual reaction ste

stepsple HmpsTaiEres ﬁ@ecgghgl T(qua rea_pgog FRges dapend subsiratially upon t‘[?le reactivity
of thEORLASRNQS g‘r)g;?%, 111 L Jg cﬁere&gfnfs BLERE shfde e&c ?lft{ferent. The

casé I n or leve desired conversion

tempPtirt rdfaublytrage w1fﬁhﬁ‘a b@ﬁ:tcﬁ? Uaﬂéryeiﬁél agageon &mp&ramlires are preferably
resins useg in the individual reaction steps % .
fromi-+38°6 el B Cdprefaridytirontid Ofe de 1P sC @@édn@rerprefera ly From 20°C to

o0 o r

100 ? g’k ﬂt%%ll‘:yz stec%B&l @8%819}%&%% goeer éogﬁrtr?'ll:e}? %?'Ztgg‘ tnf}serd gc%trol of the
compRehts € s dQuﬁllbeﬁ)ds%Cd foQe ttbmperaﬁlré fteedeytaiiitibinp &ature by the use of

beads. It SO pOSSIb to conmbine the ion exchan%
heataplediaqlable reasions Itnist Heo mepHblef lopaeirbige sbatly WS@WS tfge temperature
regul%ﬁ) . Fhlg') ¥Va§‘? b ugﬁ%&{rlﬁﬁn%g o%égét& s t%u!: Qﬂi’ﬁe chFss orl o S 881 process
or re@cdﬁ)lnt dt@R, is pakpiiar whitBGhades paBiblb Q)abtﬁﬁth.rly'rékactf deftivigt © the optimum

the i on exchange resin bed na{ be from above or
reaction|teraperpiyre Whick epn lead dulecticexeldsr s, partial recycling

of the reactor effluents nay be 25 advant ageous. In

the case of the arrangenment of continuous reactors in
The ProéRaat@rdiatd telinvéniion i§ peYehtad chfi@gloudh 1t ptdieénce of a solvent or

effluent of one reaction stage nmay be partly or_ ful

of a phegliyeef salyets: e geéﬁpgogtcg e sghqem giep@pds uppy the solu%/ﬂlty of the
fe:e:dsgoc?%;j ll’fnt ggltlpn Q (seolit F f detshu%stgﬁt%ﬁ 1n91'gt 3’%3??% oij]éedstq[cks under the

start
react&hacﬁﬁldﬁfonk hend bél&éntrlﬁaﬁta% B aldd foeaet @hcthat feitire B0control the
Quite generally, and irrespective of whether the
tempprapee Sseforsneaisigivey to using 6plyErte vlgdhymey funpéancinirgien carriers.
when a plurality of reaction steps is carried out,
identical or different ion exchangers may be used in
Prefetil@ dofRalsi 88, frelamph)UdbhMics\iRR B RndEm, ichdoréfenzene, toluene or
reaction steps is carried out, O Z 6295 18 identica
xylengs, afichfcbpianer ¢xsic tallomes owdi as pardanci n- hsagne, acheptane, cyclohexane or
n the re ctl

methy g et SOULERUR PEBY T L PELCE PO PLgEeRyaRy Siher, methy

tert-b%lﬂﬁ’sétﬁé}t ia8lshie, YpRdhy Hfb%urﬁﬁa@tzﬂ-dﬁbiéhe qQf3 aﬂaeolfaﬁedéstteg kich as ethyl
may, within a sequence of reactors, be the sane or

acetath, ﬁa‘obne'h tcetFb cterttbaryl eacetiate; eyqicedaehaait ysters sesh wi ethiylena carbonate,
react oy batte The, reaction t eratures are

propyleng gar mﬁ 814 i rbutglsps tcar%fsﬁe E%F%ﬁrseﬁ—ua 1% 4P IRe- dhptanone, 3,3-

dlme I- é%gy descﬁ&glg%cp raﬁ% %'il?thc A 206 L8 beﬁ%‘llrﬁ%mplommle and

rea enperature may be contr ol

acetobyn]‘eh e lhetenesco npymihdoﬁesl; hee.gco ﬁﬁ)amh}ﬂlsyrrdlfdonts e mraiakmdes e.g.
g &@SSIb|e to keep. the tenperature certain
me

Hpenamide.esBipxidie. Gge dé‘ﬂethﬁ]eé‘ﬂléfﬁil‘éf} ) alsh oallgkpeypbolines and
sulfof[ahe P 1s%|f tcfgurg’é)éﬁ% +s%*bﬁ@to%?%ﬂ@ﬁr£%tflgheg§ avLgs for
atl on. nthis way,

rature guasi -'i sot her nal
operatlon of the entire process or of individual
process 10 or reaction steps is possible, which nakes

A parsisuletlipecfpraed srebadimest efithe prosesstaceqyding to e wpentienns carried out in

the presence of a proton transferrer which is preferably present in homogeneous form in the

reaction mixture or reaction solution. The proton transferrers used may be bases, in particular
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reaction tenperature which can lead to better yi el ds.

' process according to the invention is preferably
oz ki

ied out in the presence of a solvent or of a
plurality of solvents. The selection of the sol vent
depends upon the solubility I the 15 feedstocks. In
addition, the solvent has to be substantially inert
toward the feedstocks under the reaction conditions.

amindd) &vISEH ¥eNtcakBybaks thah ¢haddady basid e dxeBaigde@n The ytowetransferrers
to control the tenperature. Preference is given to

used g prgfossily Eose compeundaaxhiehy e eddiomt he Senshor 4p pipeyten transferrer,
Pr ef d .solvent f | t]
oy G581 SRR AP 5819, 8 e {97 S0 Son b QRLLES o815 e, -

meth9PPeRoEdubiebr HetiBNihitifz0M. KB @Se SLULProtsh tRBBIeAREWhich is homogeneously
n- hexane, n-heptane, cycl ohexane or. nethyl cycl ohexane,

distrippled it Hgirprcsion enisiuremey frerense hehcapsion rae.tpjnice dhcgpction is promoted

oy o PR B o Y W, 88 o i B 50 BRLEP Semanger, s
rathef BEIY ish GlchybakePBRealich i @toY| hahSdeAbOusly @kkribtédyih the reaction
acetate, cyclic carbonic esters such as ethyl ene

mixtgrar Woha treactiop meipiire rbereds porermblyanmolar 2atiy ol pwihen transferrer to the
b t h 2- hut 3,3
free RF BN ovifER BRcReMAER AL BRRE L 1€ bRy s b01 o 001

such as benzonitrile, propionitrile and acetonitrile,

| act ones, pyrrolidones, e.g. N-wethylgyrrol[done,
Prefefepcerimgiviensto catrying o thetohgdespraeardineio taginventianeis, thepigsence of one

di met hyl sul foxi de,, and .al sQ al kyl mor phol | nes.an
or mgif e | (kD3 oBE 8 Gelisfiso el BstHSE 1 on styrenc-
divin§Th¥iizhe Scdpo s, € 115 Abrd@ntts . sodPerfie P et Thf}&klog_éﬂ Yhalide formed in the
preferred enbodi nent of the process according to the
cond¢ngeteant pophespheras tiikalidesior organephosphaue heledesfwith prgenigrrompounds

ocarin BED RISy RSl B leiSeiisea: 514 A gt e Oy BRTRTEH NS based on
styrertd@vRfye@ferer @psf@ldr € hhidhS Béhr 'T@,N—@iﬁlk?ﬁt%ﬁﬁe gi'dil[?s, for example N,N-
parti cular O Z. 6295 19 am nes, which are weaker bases

dimethiyminh groneakt is esible toase exachaeigmia ioMxchangs resins or those of the
sferrers. used aretﬁreferabh% t hose compounds

t .
gl typfRICHHT PR Ry Y5 R USPE MEETORR A Jo S Tge Tosins.

transferrer, nmay also assune the function of the
sol vent. Such conmpounds may be, for exanple, N
Very resitihié gyr nsd ird Greeprocessechyrding ©athe| ieveriiioe ars eomineacially available

roton transferrer which is ho en
(wealdly CbaeiLian S HAREE ResinSe SRFLTRPIR LOUAE ?\ﬁﬁ@ Ddpe M ther Amberlyst
j reaction rate, since the reaction is pronoted by the

‘reactants no | onger having to conme into contact
directly with the ion exchanger, but rather only wth

t he weaker base which is, though, honobgeneously X
Preferengs 1S HyEREP PHDE e joBaRchastger iﬁ'ﬁleué;@} fdeSy Bty having an

; o . ; . _
ovrfl A oL Bob il 870 el 0 B 5%, o i
form exg Haapgickade. from 0. 0001: 1 to 1:1, preferably from

0.001 to 0.01. 10 Preference is given to carrying out
the process according to the invention in the presence

of one__or..nore.paol ric a hasi £ .1 0on .exchange .
In therpe'cg?eﬁ% accg}'(gfl% ?Oa@fg 91’1‘%621?18[& ag%éa\é\f :f%(ﬁént x@eai(fy Balfd 155 %xc%agger 1s used
that for each mole of acid which is released in the compound formation or formations, at least
one mole of free base is available on the ion exchanger. Preference is given to using sufficient
ion exchanger that the ratio of moles of acid resulting from the release to moles of free base

released by the ion exchanger 1s from 1:1 to 3:1, preferably from 1.1:1 to 2:1.
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di vi nyl benzene copol yners, in order to scavenge the

R ogen halide fornmed in the condensation of
0z Bk

phorus trihalides or organophosphorus halides with
or gani ¢ conpounds 15 bearin%@hydroxyl gr oups.
Particul ar preference is given to using ion exchange
resins based on styrene-divinyl benzene copol yners
whi ch bear N, N-di al kyl am ne groups, for exanple N, N
di methyl ami no groups. It is possible to use

macroreticular ion exchange resins or those of the
Befogpelt ig Y556 in HgrRrpeass agcoptiag @ﬁélévqngo%ﬂ the Ho egccbgqgiqgesm 1s preferably

dned?@? r Igr{o%r{ %ﬁ:h,ﬁ.{equeé) g eﬁéa@ Streafxﬂeﬁ(%ﬂde? Lyeﬁl?ck%h %ressure G.

use 1 n FOCess a cor e i nvention
Moh6RisyVICPrabdly, MY a’hﬂs AbneEx{hag gk Iaud Maﬁb@nts)(i%i); rmm)gem' - 110, C.
resins, for example Lewatit MP62, DOVNEX M
Buttengaghs Ky Strusspdi. rn#@rolé@ eTn &deing nga%fﬁ quyruenSnamt E}écliaegprs Sorbents

.(198?«:&21;9% LN §(B %r m ?lré;t Ig% ﬁg‘%orlrf %Iher ?zlb\{'eZ@n#]tfb%mg agents

average partlc e °
(GB[[rp;r(ﬁogyeferably fromO0.1to 1.5 nm or in the form of
a fixed package. In the process according to the
i nvention, at |east suff|C|ent weakl y basic ion

To c??r?éf: gt?tnrgca procg%sus %gntnguo%‘é S guas? %%&n%hse m?’o : rm &SMO }ghtrzl;lﬁel reactors

ormation or

are pr&A&Ed B8 r@z&ﬁoﬁ@te@ &fprf)é@@ stepeadiase eotdetadhie sﬁlﬂh 5 hiﬁy itied when the

exchanger. Preference is given to using sufficient
ion @cehﬂreﬁtﬁa@@banaeﬁateg@mﬁéatp@pr grigd ipwne oI ghe gaarigrs, the reaction can be
conting m the g%felrr%rrétgrhe rel ease to noles of free base

Pe eased 76 on exchanger is from1l:1 to 3:1,

preferably from1.1:1 to 2:1. O Z 6295 20 Before it

is used in the process according to the invention, the
In ordleyro Ehedteap e qoeision thespr9¢6é$ kel 1§ apprepBRe by regprsi#te the ion exchange

remnﬁ%c%ggvlélg'lu@dé%ée?}ﬁg 1?@[8 Ib gt 18%8‘&16&3/? %?0@512 &jp%% H, Weakly basic ion
exchr@RrsEars henta erataty il fﬁ)ﬁ@ﬂgm 5Na2C§t@32<)r, Né@ﬂ Pretik@ ,msfﬁfuctlons on

5 Buttersack, K Struss, H Wddecke, J. Klein,
this sRbect m@rmqﬂm manufmtu@mhmhg@alsmfwbem sheels (fggrpmple Lewatit-

(2 . t] i.th.
Selecgy o, Pishaiasty MURRIOH B oo R T 0y Vot S fon exchange
resin® U echiiRalPn@G 8RS oh "BERI DBHOURURN SEadRions D EU Miathon WBA, Ton
mode, at |east two parallel reactors 10 are provi ded

Exchpege Reaiet, i Bgistesipg omfpmutions Biee Pon dClzameicdo emae:ﬁ Dpwex Ion
t hat he i exchan S exc
Exchpt i, EPBres PORiis B R N HUORE AER e Gerappaiiitcats).
reaction can be continued in the other reactor. In
order to the keep the costs of the process low, it is _
Furthepmfopmatidneo ¢he eggenemntdre of hen icgchapgohanagebe &indefirnexample, m:

Reachaign Sha B SEh e Riat y oRSrda @%dsipe' Biggar-L oy Gietc Soda: A
Fwe-g%gle PELAHEM] XY\%@ Fr%@éeﬁﬁ{ggth?g’ Mﬁgﬂg ) P Petrochemlcal

reci se instructions on subJect are provid

Compauyudfioh UHxeharszet esim Regéneratioar Tl i(DowsReetrs §(3% rl\/hchael A. Smith)
exanpl e Lewatit-
and Causgg Soda for Ion Exchange Resin Regeneration (Marketing Research Report, 4/86,

Ralph A. Bacon).

The present invention is illustrated in detail with reference to the figures Fig. 1 and Fig.2

without the invention, whose scope of application is evident from the description and the

claims, being restricted to these embodiments.
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Sel ective ion exchangers, Instructions for |aboratory
OZEF%.%%" s with Lewatit selective ion exchange resins,

- nical Information, Bayer; Dow Liquid Separations,
Dowex Marat hon WBA, |on 20 Exchange Resin, Engi neering
| nformati on, The Dow Cheni call Conpany; Dowex Ion
Exchange Resins, Properties, Inpurities and

~ Concentrations of Regenerant Chem cals). Further
informati on on the regeneration of ion exchangers can
be found, for exanple, in: Regeneratjon of Anion

Fig. Exborngre FessibifscaiberiRefurantors ticrecmitap e aigRiedibe process of Fig. 1
has t re%?gallec |01|§ gssej%'s.llﬁ‘(t%egfir':sggt%@,\(e ! cétrg%lta t@?%kﬁb%l&%\gﬁosphoms trichloride, is
fed iRt & &deeH IC@#hich GRERANYN ARtIRM cbX Crai@dBemeKil which is a first compound

‘Regeneration Trial (Dow Report, 8/89, Mchael A. )
havignan IQH gzenp Galikewlise Bolzeds mto (i reariohabhie aresitnof component KI is

R ' Mar ket i R ) 86 Ral ph
prrSEAEIEHR T T EARE SSh ESREl: BIPOE 0, 8 Spqpprosonons
dichBfH8 bhtaiel Bs GRS R6@RE B J1Ahd NEt FdaBIGESeF T % trahsR@d I fhe réactor II of

wt t hout the invention, whose scope of application is

the newti restionfstaprhible lilegise hgt dnonn axnchanpe. Atsoanetered g iys reactor 1s the
restricted to these enbodi nents. O 6295 21 Fig. 1

com BTG KA b BYEo SRABREIERT g FoQ: §UPs T 4 Slint of component

K2 i§ PAAYRLS WRHSuchTHE: MERCESSmBlar Fhith ofB 1Ba82 WAREEon entry into the

reaction steps. In the first step, a reactant A, for

reactex dieldéorganpipbssphorugshioridhlobtairgd as ithe: produtt ilhefdha second reaction step

. reactor._| ich h i on, exchanger .. Cpnponent KI1 .

II 1s \t,gﬂp%ﬁrr?cgtoaﬂyn?{qagtpr @iﬁ% xtregelin e%wh@?;&a%ﬁshp%an ion exchanger.
Li . 4 . T _

Al REEH SRS s . L PR3 Yol i, BB gl i n OF

group.afieamefunAof eonflonefit B3 1s prfeeabipsuwh iy iopd esspiolausatio of C to K3 of
di chl ori de obtai ned as the product B of the first

1:1 qresptényi igtp beaprctor; §he produsic obtpined frome rpasinrtIdl 1s)ip th present case a

hosé g next reaction step which Iikew se has an ion

P xceiﬁanger. Also netered into this reactor is the

In Fig oO0ofietHer K3ssylé Ebhriettich sfaesuiorsdo Mdchchehaviasg vaiunbif the process
group. The amount of conponent 10 K2 is preferably in |

accordiftg 1@ uibh Mertiophathichi bas anplusglity o9 seagtoB stepsgatppe carried out

2: 1 [ ) .di .
comihsf 50 oL %, R SBUAE A AIBANE U i 2,

fed t6%@fé{ h@ith thb @Bmpdrent K1t frRsh@ple@tihRirbBe coRpEUH of thd f@nula 22, in
the next reaction step which |ikew se has an ion

a ratioxdHah geto reactirdo wiithdrae dn fiort exchanger.r Begeentionpradust By obtained is a.

conponent ich j third, c ound havi n OH .
reac{FPORBIIeHAE hbUE ot .UM TGHEHE A s PERS F A1 PoLerieosphit of
the thii@ha 1NRIEq 't%eﬁle{:@itﬁrthé 8bhPorht K2t forltRamblelm ikl cBpound having

entry into the reactor. The product D obtained Trom
an Qfeaedupr it lal raiis dfnl:1 hetpresert I celsieh dikepivesiplsi aneionl exchanger. The

Fig. 2 is_another possible cqonnection of reactors in
reactigii pYRdBsteBposkERd ot PEAICHP! o fopmteds Thacuerethitand Be are

' [ i C I 4t i : .
condylf |SBHRRE bPRUBR HATRPBR e i e ofRGF iEh BRSwice hos an

ion eRdhanb® Iitthavieh@o tadredlicey BanePBosR th givefprodiet CosiThé formula 10
, |I'S
with elimination of hydrogen hahde.

The examples which follow are intended exclusively to illustrate the invention but not restrict

its scope of application which is evident exclusively from the description and the claims.
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20 fed together with the conponent K1, for exanple a

cxz.%ﬁ droxyl conpound of the formula 22, in a ratio of

, into reactor 11 which has an ion exchanger. The
reaction product Bl obtained_is a reaction product of
the formula 23. The reactant2A2, for exanpl e a
di hal oor ganophosphite of the fornmula 1, is fed
together with the conponent K2, for exanple an al kyl

Examggleground having an OH group, in a ratio of 1:1, into

reactor 12 which |ikew se has an ion excha I he .25
All preparationh Wererdirasd B WEEERTAKAIY S 2% %}Wﬁm&%@@ﬁ technology. The
r . ts: a . .
st B4 sERR, BEOUS B SRALERSDIR: K AMEE ot vt v
62, waeaaipenddd inviiixahe td retvive evdia@sandrthe warer exsremngesd adentropically in a
this reactor, the products Bl and B2 react to give
Deanpytadimpparet'sf the fornmula 10 with elimnation of
hydr ogen hal i de. 30 The exanpl es which follow are
i ntended exclusively to illustrate the invention but
Examifle T:€Plidsphite oftthe $6AAG1a0L, @Rpatedafromn2,2hbis(8,5-gdi-tert-butyl)phenol
evident exclusively fromthe description and the
and phogpherus@righlogiles 22 Exanples: Al preparations were
carried out under protective gas using standard
Schl enk technol ogy. The solvents were dried before
use over <SuMteabl © Mlesi ccants. The ion exchanger used,

Lewat it suspended i n hexane to renove
water a was renoved azeotropically ina 5
Dean- s, Exanpl e 1: Phosphite of the

f-or : 2? fT om

ZEEU-bis(ﬁ? i t-btyl)phenol and phosphorus

trighloHrde OVve tB tBt. 10 One | Exanple 1.1:

ivepTo a mxture of 26.5 g (0.045 nol eq.) of

/AR- 6B ion exchanger and 1.3 m (2 g; 0.015

sphorus trichloride in 200 m of toluene is

4 se at room 15 tenperature a solution of
12.3 g (003 nol) of 2,2'-bis(6-tert-butyl-I-hydroxy-4
nmet hoxyph@itd ) in 100 ml of toluene. Subseqgently, the
reaction m xture was heated to 60C for 2 h and cool ed
overni ght. For workup, the ion exchanger was filtered
of f Qy nmeans of a glass frit and washed 4 tines with

Exampfe }tI: Jpverdi¥6ene. The sol ution was freed of volatile

> > . : : e - -
To aaﬁz}&%ﬁgae&%?%g gc{b.@zts Bbl ePHBP 1¥RGHUMIAE2 OP B LIRNBE AUNS ml (2 ¢

was dried under 20 reduced pressure.
0.015¥inel)dof phoéhgrusc tichéspiondi R§0nd 8% lokng hewdged dropwise at room

temperature a solution of 123g (0.03mol) of 2,2°-bis(6-tert-butyl-1-hydroxy-4-

methoxyphenol) in 100 ml of toluene. Subsequently, the reaction mixture was heated to 60°C
for 2 h and cooled overnight. For workup, the ion exchanger was filtered off by means of a
glass frit and washed 4 times with 50ml of toluene. The solution was freed of volatile
constituents in an oil pump vacuum at room temperaturc and the product was dried under

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

Example 1.2: 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 m! of pyridine in 22 ml of THF is added dropwise at 0°C a solution of 0.93 g of PCls
(6.75 mmol) in 10ml of THF. After stirring at 25°C for 4 h, the solvent is removed under
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Exanple 1.2: Prior art according to EP 1 201 675 To a

'o.z.g%éj“ on of 2.42 g of

-bi s(6-tert-butyl -I-hydroxy-4-met hoxyphenyl) (6.75
mmol) and 1.6 m of pyridine in 22 m of THE is added
dropwi se at 0C a sol ution 0f230. 93 g of PC13 25 (6.75
mol) in 10 M of THE After stirring at 25C for 4 h,
the solvent is renoved under Ove O Z. 6295 23 reduced
reduged@esuane. AAbL ®idirpotl myoAdiettiy]l eherdfibtiyg arelt do@tentrating under reduced
filteri &% and concentrating under reduced pressur

pressgireg 28 g938§°) otf Hiseescoricypl pure ShipigPROPRPIONS (FREH 196y b sbis(6-tert-

es f 42, 21 = hi t . . .
ou SRR oDl RS aien 5 enf s splarsssy: (65mprob in 20
of THF drbiagdehhtonest empefht®2 1BMDmbnbithdtn phenoxideTidutiong obtained at —
added _at room t e.n&e{ﬁat ure to a nonolithium phenoxid

20°C5 0T 23 & Obh-41-ek-ar-buy ok dre¥pfmetaoxyghesml) (6.62 mmol) in 30 ml

N ter o _ 5
o e g IS DU gl IS G TR A B 4, e
mixt$e| ivtdoaterfated- indey Irkdiichbdl Witdstreb Additn) of AD helrof2dhethylene chioride,

the mxture is concentrated under reduced pressure.. )
filtratappyand wmoyal dghedolymt ypderyedused prasyie geve 4.6 g(93%) ploighly viscous
pmd‘%@d renoval of the solvent under reduced pressure gave

.6 g (9399 of highly viscous product. 10 Use of

trithylam ne as described in the prior art (EP 0 213
639). Approx. 179.2 g (0.5 nol) of
Use of tpiethylamineds describeddn the puioy arg(B 0 315763 Noxy- 1, 17 - bi p

n i | M 14 I Of : L3 hd .

ApprETYIE B0 T L B SaEA DS TS piptenyiiol

are added@b aprok £1990ENI SfackREn« SuPiYi &t isl8enefngs temteniovkd @fdtropically in
sol ution was then cooled to 80C and 15 approx. 168.7 g
order(tp_ MO |thaces off moistg! Ahs dwlvrlpencagpdetdon wap ther coplpdtog80°C and
0 I f P wer e .added t 0 T T
soprcp 88 T 67 n 40 BB B WEE, Ao Mo 4 QLSRR oI wee

added@ sl 208 thlNdMiotudBe. AT® lthik GbLEIBR e Atlde@ Mirophtige kL ATHIDWithin 1 h and
sol uti on was ke&tﬁ_ at this tenperature for a further
40 mgothei ¢iol-Blurme peantony The reactionusolwivnwegs keploslethis temperature for a

t Qom erature w,thin 2 h Subseqguentl t he o
fut o A R b e e o g RERE AT om Wifperature witkin
2 h. Subk&fubiiy? b RaRICH 1A 6Me N A EPedioaemByé HearidMMahdd®e hydrochloride

precipitate was washed twice with 200 ml of tol uene.
precifiitpte fnd theaprecipitate ttae washethtwice woth ) ml ebiddienedThe filtrate and the

ive 717.5 g.of, sol utj of .t he. ph hor ochl or.i.di.t.e . i
wash gl adicrlint 5 B IS € pisPaieR L30° GPapapar gt intermediat
in tolder. - di hydroxy-3,3 -di -t-butyl-5,5 -di methoxy-I,1 -bip

henyl di ol were 25 added to 800 ml of toluene.
Subsequently, 48.1 g of triethylam ne were added. The

717.5 ¢ he abavemti gned. ¢ 4 - )
APPTfh c}ggﬁo?f%ﬁﬁﬁr%’%r‘%l’({‘m%ﬁgﬂe"%%mw'aﬁ WErehaagky -pghenddiol were
adde PR $60 Aol RO B ubk ERAN A4 P%\gﬂéhﬁutﬂylﬁiﬁm@v&bre Eﬁ&a{. The 717.5 g of

tenperature was increased to tor” one hour and 45
the abovementioned phosphorochloridite-toluene solution were added to the solution at room
temperature within 45 min. The temperature was increased to 80°C for one hour and 45
minutes and then to 95°C for 2 hours. Subsequently, the mixture was allowed to cool to room
tempefature. Approx. 600 ml of distilled water were added to the reaction mixture in order to
dissolve the solid triethylamine hydrochloride. After the solution had been given time to setile,
the phases which formed were separated. The aqueous phase was extracted twice with 250 ml

of toluene. The organic phase and the extracts were combined and dried over dried magnesium




10

15

20

25

m nutes and then to 95C for 2 hours. Subsequently, the
ure was allowed to cool to room tenperature.

Ozg\kﬁ 600 m of distilled water were added to the
reactlon m xture in order to 30 dissolve the solid
triethylam ne hydrochl ori de24After the sol ution had
been given tine to settle, the phases which forned
wer e separated. The aqueous phase was extracted tw ce

pressiid & A90 adolid OEsitw. UBBGesidEwss BRRIskIIRRE TR Rbetbii@ile and 242.5 g
extracts were conbined and dried over dried nagnesi um

(65.4% af thearghboDihe drasgangplospbityivers dbtandd. d resi due. The
residue was recrystallized fromacetonitrile and 242.5
g (65.4% of theory) of the diorganophosphite were

As cbPbasRadvit\ei&efedds tﬁ@ﬁﬂeﬂ‘dntehe){aﬁfg@é' EMC QinteOyikla&an be obtained as by
: i nventive exanple, the sane yield can be obtained as

'thepbyrMBpmmgmpﬂﬂmugaﬂmImm@m$§shﬁwmﬂmmn@hﬂthe process is

distinctly sinpler. Exanple 2: Preparation of

2, 2' - bi phenyl phosphorus chloride of the fornmula I'l. 10
Exa:ﬁ%ﬂ@rfp h’?eﬁar&ﬂoﬁ BY 2R pYfher pﬁogﬂlﬁﬁ‘% @hl@f‘ld@ %f ehe(igrﬁﬁlm )
of Lewatlt I on "exchanger and

. (0.03 nol) of phosphorus trlchlorlde |n 150 n1 of
olue e was added dropwi se at room tenperature with
2 stlrrlngasolutlonof57g(003rm|)of
henyl 2,2'-diol in 15 50 mM of tol uene.
Subseq ently, 2 hours of continued reaction tinme were
~QF For workup, the ion exchanger was filtered
P nd washi ng was effected 3 times wwth 50 ml of
drﬂed t ol uene. The sol vent was renoved under reduced
pré&sure iromthe resulting solution. The vyield was
7.2 g, 96% of theory. The purity was >95% 20 Prior
art In Phosphoric acid esters of 3,4-D hydroxytol uene
Exan#;gzgf: I8veative hydr oxybi phenyl. Anschutz, Ludw g;
rquardt, Wl fgang, Chem Ber. 1956, 89, 1119-23, 48
To agmiﬁtuﬂ@CQB 35rge(0 Givet) dffhp\msltem 6hiion EQchwingert andt 3,13 gy = 2.62 mi

(0.03%9(15 Lﬂ% epl}ogp $ )%%H&u?er iq 1&@ 11?11159?1 golﬁ%ttﬁ?gvggeﬁgﬁéd Tcﬂgpwise at room
temp} é‘ NibdroBd s@@igfLEolditbrn O aiér @/05:ab1) S 1 Béﬁlenyl-z,zudiol in

|pheny enéphosphortus chl ori de e obt ai ned’
50 mhoﬂtﬁﬁ;eﬂ@fﬁubé«plpnﬁmky 2btrdloficanfinRdliBastenaime dedt dlosdi Ber workup,

the ighekRBES Dhs 1o ofhdnd HEsY Tt AR AT BE ("‘flﬁho%) mil of dried

toluelgaggf ?ol vﬁal% 1%918(/9&( nnge%caed&reagﬂ@gs{lﬁé Itﬂhthe %’Eérﬂt{lﬁ%‘ Eolution. The

e reaction m xture was t
yield e@el7. 2 g 9éﬁpmittheor§3.01he purity was >95%.

Prior art _

In Phosphoric acid esters of 3,4-Dihydroxytoluene and of 2,2'-Dihydroxybiphenyl.
Anschutz, Ludwig; Marquardt, Wolfgang, Chem. Ber. 1956, 89, 1119-23, 48 g of PCl; are
added dropwise within 70 min to 45.7 g of 2,2'-dihydroxybiphenyl in 45 ml of benzene. The
mixture 1s kept under reflux for 5 hours and subsequently at 20°C for 14 hours. 57% of 2,2'-

biphenylenephosphorus chloride were obtained.

US 4,769,498:
Approx. 771.4 g of PCl; were added dropwise at room temperature to 281.1 g of LI'-biphenyl-
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Subsequently, the m xture was distilled at a vapor

' erature of 145C in order to renove excess PCl13. A
oz g?gf

illate of approx. 468 g was renoved overhead. The
remai ni ng resi due was 5 subsequently distilled at a
pressure of 0.5 mmHg and a \V&Apor tenperature of from
137 to 140C. 32.5 g of a yellow, viscous liquid were
col l ected overhead. The vacuumdistillation was then

- 2,2"-di6Ntand UREl ndiktude WAR Heatel r(ﬁ%hﬁhpﬁﬁr@x 022°TA B Cagitelx 28 (B Fadually with

of a colorless viscous |iquid
stirring 13Hdbrqih1é&nyTh62 reuction ymIW@sb’h@rtb@hlﬂé]pWGﬂt@ wegleto approX. 30°C.

0 ta qv.er head. though the |e d case _
subsBi P SERE s DT Vgt Jp St HsEGaRRacsto romove
exceRPS,. AQidtilate ofMppréataal pAvaHRaived bvatRed. T84 rddfinihdGesidue was

a Schlenk tube is prOV|ded with 14 mol of
subseg,uzntlsbdphblﬁblat aggessurepd! O menkly anhaavaper foneperataggdod ﬁom 137 to -

o GUBE ST Codet A0 B SR AL 8L 06 710 LR Gt
was then @Hﬁdlmﬁfd A @l3ipol Rerherure O 4R0UNANG0S dWf LdoldHedBviscous Liquid

After stirring at anbi ent tenperature overnight, the

of 1, Iftbiphanyl-Re-dis hosplerrechlniitliic avegt abiirfed everiad. Adtiodgle the yield
50 m. of | d
io iRt B e B i Y SR R Py T

evaporating under reduced pressure. Distillation of
the filtrate provided pure product in a yield of 90%
In J. M. Qetol et Lhendorl 080, 16, 1125_»13013 :thliemlﬁtubass priowided with 14 mmol of
fully amne-f roduc

2.2 @g]\i‘/%}nﬁrg’%’elﬁh Bﬂoé’s}eé’ﬁ s e o E?queﬁkhc%oée‘ﬁgo g temperature of

0°C. fr¥rthRehix@lirk 8¢ hdded didwi ?ddlatd Ofmulahg nhk@kélopls n&’ﬁ%df&’Clg, 15 ml of
hi gher than in the other two processes Exanpl e 3:

toluee and Bingk of Ef:N. ﬁgﬁfqﬂ@Mg 2t gmb@ny I9mperature overnight, i:he mixture was

FterT R eliRn i Tt oS i e ¥ 58 AL ety Thogoprnt and excess
PCly @%ﬁ%e%ﬁw@f%@ﬁi &e%ﬁl@rate V&Qﬁér‘éﬁn T Gnder dabed ﬁreﬁlrel Distilthtion of the
. nmol ar equi valent) of  Lewatit MP ion exchanger
ﬁltratalpdov'idal mre pd0@9n mptigld of 962" - bi phenyl enephosphor us
chloride in 100 m of toluene was added slowy at 5
roomtenperature a suspension of 4.5 g (0.0125 nol) of

The prodess $bcd %t@%'x%ﬁ dl, MPéémt 11 - duct i
e1%0rresisho?q}agﬁ-l heny?l?nnl%% n‘%] to % *& yqaumélrlﬁ Frf?e proguct 15
obtaifiddearrde @etri asa rrudeupredwEscat ber ned fatther dmmly elnpeidiaton ¢he yield of
and stirred at 60C for 2 h. For workup, the
96%183&@@5@&%@1@%@5 tWpPFQCEssE® of f, tol uene was renmoved
under reduced pressure and the resulting resi due was

recrystallized fromhexane. The yield was 7.2 g (50%
Exangile Bh22f-Bis[(1,1°-biphenyl-2,2¢-diyl) phosphite]-3,3¢-di-tert-butyl-5,5°-dimethoxy-

1,1°-biphenyl of the formula Il

OMe OMe
0 O

IT1
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10 Prior art using triethylamne (W 95/14659) To a

.021§2§§t'°n of 1,1'-biphenyl-2,2"-diyl

osphorochloridite (1.40 g, 5.6 mol) in 0.6 m of

tol uene was added at -40C within 15 mn a solution of

2,2' -di hydroxy-3, 3" -di -t - butd?l - 5, 5' -

di net hoxy-1, 1' - bi phenyl (1.00 g, 2.80 mmol) and

triethylamne (1.79 m, 22.4 mol) in 12 m of 15

toluene. The resulting m xture was slowy warned to

roomtenperature overnight. After 6.5 nl of water had
Exarmgpler. bd@é‘@ﬂtl‘tehe reaction mixture was filtered. The

e

To a J{tgli‘% r| eg n&RE %I&g %lgnt\é\” &Jteflr']L el(/%’aqul exchanger and 7.2 ¢

sequen over n pressur es

(0. 02%1161? of QJZI‘—%pI@ﬁyl@ﬁHpﬁbﬂﬂidn@ﬂﬂlormﬁn neomisifabluezewad 08 slowly at

acetonitrile. 0.72 of a white powder was obtai ned

roony GBRFIANEF &) SUSpsion (cfaéhS Béo@ll éémo}) 824 -diHar-buhd-2 A-ditygroxy-5,5"-
dlmeﬁm%?g' eﬁ%'ly? el)éﬁ %n&e {ohgel Ogﬁbst%ﬂlrgéngl?fe theY fe"?ictgont brSre yas stirred at

I'STpOSSI bcess acco
roomt f@:ﬁlpefﬁfhﬁ@tfbﬂfl i endliseReN e 60FC ok QQ1| g vadrkiif) ethe e@m tek&inger was
m xture or carrying out the reaction at |ow
ﬁlter@cbwé%rtalu@n@swass Femeaved h@deéa‘edm@ﬁ meseednd dhy gesulting residue was
dis: 1. A
remyggﬂ @h% &Fmprengpﬁb i va@éﬁ?ééﬁggﬁb hosphor us
conpounds by condensi ng phosphorus 5 conpounds of the
formula i PHalaR(3 a) (i) where Hal = halide sel ected
Prioxf sy sty tsietipdamirefY Q& 5Pbdi ne and may be the sarre
To a sollgc%f; BF ﬂzelnﬁjlp%nﬁ Por %nldrp% ﬁ/orﬁ())cfh%orh 1tegﬁ§10%, ppipm Phtid . 0.6 ml of

organic T

tolueﬂeh S2B HAALS al/ -20°T &3hBON 5 @in OX ¥@latoR oD, 2" aehdradyen3'aist-butyl-5,5'
the Rradicals present may be the sane

or
dlme‘dlpf{f’-é rléhiphea €1.80 &, 3. 8@mnol} @d:inethmlamnteh(l P geln 4 mmol) in 12 ml of

ch h |
ol TPEREEPPL Bl e P SR Ban b Pl g Afer 65 mlof

waterdRdHegdadiet], the rdaborPihPGRE G HltcRll. TRASL AN adRaIHed F@Ratedly with
exchange resin. 15 2. The process of claim1,

Watercamérsabseemﬁle{tdrmd qvﬂrntghaundem eeq@h@’spwwcﬁs Pcwhqis@ sl ms obtained and
was r?%sriﬁllﬁﬁe?ﬂ' %ﬁ%&é o L %e ’iagjgg :Lg;% yield).

It can be clearly seen that the use of a basic ion exchanger allows a higher yield to be achieved.

It 1s possible in the process according to the invention to dispense with cooling of the reaction
mixture or carrying out the reaction at low temperatures, since the reaction proceeds more

moderately.
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P Hal Hal Hal ~ Hal 20 (0) (1) X1| .P~ WHal

OZ.%§%5~W~X OOPXI|I R, Hal"0O WHal ~ | | Hal (2)

(6) (7) where Wand X are substituted or
unsubstituted, aliphatic, alicyclic,
al i phatic-alicyclic, heteré@&clic,
al i phati c-heterocyclic, aromatic-aromatic or
al i phatic-aromatic hydrocarbons 25 having from1l to 50

What & daimaltiens, and Wor X are the sanme or different or

covalently joined together O Z 6295 28 3. 5 10 The
process of claim1 or 2, characterized in that the

1. ég?&ekggsg% gise?) f(%]ﬁfJEl%?&&%ﬁoph%gﬁ%p&t éo%o%ﬂdscw&fd@lgsmg phosphorus

compounds of the formula i

PHal,R3.0) (i)

where Hal = halide selected from chlorine, bromine and iodine and may be the same or

different when a plurality of halides are present (a > 1), R is an organic radical bonded to
the phosphorus via a carbon or oxygen atom, and, when a <2, the R radicals present may
be the same or different, and a= from 1 o 3,

with organic compounds which have at least one OH group,

characterized in that

the condensation reaction is carried out in the presence of at least one basic ion exchange

resin.

The process of claim 1,
characterization in that
the phosphorus compound of the formula i used is at least one compound selected from the

compounds of the following formulae

A SR R G S
HaE/P\Hal Hal/P\Han al/P\o/X /P\Hal W Hal W P\Hal
(0) (1) (2) (4) (6) (7)

1

P
W Hal
(¢)

where W and X are substituted or unsubstituted, aliphatic, alicyclic, aliphatic-alicyclic,
heterocyclic, aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic hydrocarbons
having from 1 to 50 carbon atoms, and W or X are the same or different or covalently

joined together.
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| east one hydroxyl group is at |east one substituted

.Ozzg&%%fron1nethanol, et hanol , n-propanol, isopropanol, 1

tanol, t-butanol, 2-ethyl hexanol, isononanol,
i sodecanol , isotridecanol, henol derivati ves,
1, 4-di hydr oxybenzene, 1, 2-di4¥ydr oxybenzene, 1,8
di hydr oxynapht hal ene, 1,1 -bi naphthyl-2,2" -diol or
2,2 -binaphthyl-1,1" -diol, and the substituted
Tirmocssdsf slalst ok @ent s sel ected from primary,
secondar% and tertiary alkyl groups, alicyclic
Gressisizedio®at i ¢ groups, -N(R5)2, -NHR5, - NH2,

&E%%Bﬁnd ﬁg(doxgvgéﬁgas %E%PS@ %ﬂbﬂ&%?@ﬁsat%&g%? substituted or

iRBubdiigited cobipoti] Iclevdaér forRoSmEtharolrethaual, @npropanol, isopropanol, 1-
hydr ocar bon radi cal, and, when a plurality of

Mencbe 2rbsnaladiteane!, RE-atlyxaselnt isonqragolarisodesanala deptridecanol,
l%gng%ar c?grlzegvgﬂ%ﬁha?qfﬁﬁy@%xgﬁﬁéﬁ{’Clﬁ&lﬂﬁy&ﬁkgbéﬂﬁnﬁ 1,8-

dhgabophpbBhehd)s 1qmmymﬂ1gpz gpdictdot 2, 2tbihgashyldne-diol, and the
conpound sel ected from e conmpounds of the f0||OMAng
wbﬁtﬁutedeconww sypstituegtsyselected rm grimary,. spqondary apd feypiary alkyl

" 1- _
e og R sy, et oy Kl s TR U gy chtorie
Bhém@e, AomneP @«IQG@OS%&RSY-CQ@%r -C(0)O-R, -CF3, -O-R®, -C(O)N-R®, -OC(0)-
R® and/or -Si(R”)s, where R’ is a monovalent hydrocarbon radical, and, when a plurality of

hydrocarbon radicals R® is present, they are the same or different.

The process of one of claims 1 to 3,
characterized in that
the trivalent organophosphorus compound prepared is at least one compound selected from

the compounds of the following formulae

W ~W O/W W ~X ~X
? | N 7 )
P _X Y P~ X P P
Hat” ha HalT 07T oot o T W T w07
(1) (2) (3) (3a) (4) (5)
X — .
N T X A 4
P Y | Y | Y FTOTATOTR
W \o/ W F’\O/ W/P\o/ v—0 o—y
(5a) (5b) (8) (10)
w-a P W P X
| pro—a—o—x | pro—a—o—R_|
Y—0 o—z Y—0 0—2Z
(10a) (10b)
wTQ & W=Q Vs W Pa
)D—Q—Q—o—p\ /P—O—Q—O-—F’\ /P—O—Q—O—P\
Y— —  Y—0O Z Y—0 0—2Z

(12) (13) (14)
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(
28
P

12) (3) WO (8 P-~1-Y WO (3a) (4) (5) WO x

Q%QOP\ Y-0 Z (13) W-R P-x [/P-0-0-0-p\ Y-0 OZ (1
WQP-x1 PPQGQQQRI Y-00Z (1 b)) WX

-OQOP Y-OO0Z (14) O Z 6295 29 WX P-OCQOPRP

Y-0Z WX P-OQOPY Z (1% (16) where W X, Y and Z

are each substituted or unsubstituted, aliphatic, '

alicyclic, aliphatic-

W X W X
\ / \ /
P—0—Q—0—F P—0~Q—0—FR
/ AN / AN
Y—O Z Y z
(15) (16)

where W, X, Y and Z are each substituted or unsubstituted, aliphatic, alicyclic, aliphatic-
alicyclic, heterocyclic, - aliphatic-heterocyclic, aromatic-aromatic or aliphatic-aromatic
hydrocarbon radicals having from 1 to 50 carbon atoms, and W, X, Y and Z are the same
or different or covalently joined together, and where Q is an at least bivalent, substituted or
unsubstituted, aliphatic, alicyclic, aliphatic-alicyclic, heterocyclic, aliphatic-heterocyclic,

aromatic, aromatic-aromatic or aliphatic-aromatic hydrocarbon radical.

The process of claim 4,

characterized in that

the compounds of the formulae (1), (2), (3), (3a), (4), (5), (5a), (5b) or (8) are each
prepared by initially charging the phosphorus compound together with one or more basic

ion exchange resins and subsequently metering in the compound having an OH group.

The process of claim 4,

characterized in that

asymmetric diphosphorus compounds are prepared by initially charging the compound
having OH groups together with one or more basic ion exchange resins and subsequently

metering in the phosphorus compound.

The process of one of claims 1 to 6,
characterized in that

the reaction of in each case a compound which has at least one phosphorus-halogen bond

with a compound having at least one hydroxyl group is one reaction step.

The process of claim 7,

- characterized in that

when a plurality of reaction steps 1s carried out, they may be carried out continuously or

batchwise.
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alicyclic, heterocyclic, aliphatic-heterocyclic,

tic-aromatic or aliphatic-aromatic hydrocarbon
0.z. 3255

10.

11.

12,

13.

als having from1l to 50 carbon atons, and W X, Y
and Z are the sane 5 or different or covalently joined
together, and where Qis an ¥t | east bival ent,
substituted or wunsubstituted, aliphatic, alicyclic,
al i phatic-alicyclic, heterocyclic,
al i phatic-heterocyclic, aromatic, aromatic-aromatic
or aliphatic-aromatic hydrocarbon radical. 5. The
begwessss ef clamay9r 4, 10 characterized in that the

nds.: the formulae (1), (2), (3), (3a), (4),
%%ﬁ?g%gngl %%) or (8) are each prepared by initially
what @Engalitp &f REHREPR Glcps icanpaliogt, thegaideadr dMftdentoiog eRthangers are
nore basic ion exchange resins and subsequently
yiete tiefgadtiansises.conpound havi ng an OH group. 15 6. The
process of claim4, characterized in that asymetric
di phosphorus conpounds are prepared by initially

ThastRgol He GTAmONTdo 9havi ng OH groups together with
one or nore basic ion exchange resins and subsequently

aherasteriagr inthethe phosphorus conpound. 20 7. The process
\gﬂenonﬁlug‘)gli lo? Ireggtic;' Etg 561'5 caﬁ*ﬂ:ﬁ QF ttﬁé 54 éj o%(ﬁﬁfteﬁ%{ %e%ﬁ)%rat es are set
I h 8 ACh  Easd i C as a SRS

r
O
reactron o a compdund

ianiee Rhaspedds- hal ogen bond w th a conpound having at
| east one hydroxyl group is one reaction step. 25 8.

The process of claim7, <characterized in that when a

| ural it f,_reacti .St eps ;S carried out, they nmay

i Trbt SEA IRt O AE TRt S 187 “hat chwi se. 0.7, 6205
ob@raBterizéiBinah@cess of claim7 or 8, characterized in
that when a plurality of reaction steps is carried

theprocessas samed out g1 e dresance ofrpnex Wagrg eplyentp avhidh qig gelected from
té? agtraygp .ry‘f;tab%y@e%@, ‘Eﬁ%lg?o}g%%e?ll'e,z gogﬁ?rﬁf %&ge?'lgs, oﬂen?a%ee, Icl)—fhexane, n-heptane,
cyclohexane, 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-dimethy1—2-butanone; benzonitrile, proprionitrile, acetonitrile, lactones, N-
methylpyrrolidone, dimethylformamide, dimethyl sulfoxide, N-alkylmorpholines and

suifolane.

The process of at least one of claims 1 to 11,
characterized in that
the process is carried out in the presence of polymeric, weakly basic ion exchange resins

based on styrene-divinylbenzene copolymers which bear N,N-dialkylamine groups.

The process of one of claims 1 to 12,
characterized in that
the ion exchanger is used in the form of particles having an average particle size of from

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



i when a plurality of reaction steps is carried out, the
0.7 or different tenperatures are set 10 in the
“reaction steps. 11. The process of at |east one of
claims 1 to 10, characteriagd in that the process is
carried out in the presence-of one or nore solvents
which are selected from 15 the group of benzene,
chl orobenzene, toluene, xylenes, pentane, n-hexane,
14. Theheptaanef onexyfclainexamél, met hyl cycl ohexane, di et hyl
et her, dljsopropyl ether, nmethyl tert-butyl ether,
C@ﬁﬁ@@ﬁée'PéFﬂahydrofuran 1 4- di oxane, 1, 3-di oxol ane,
{; LBﬁ: ex@ﬁﬁ‘gélt E driecd BERLY Jlse Sees% %c%rdlﬁé’”ioythe AGRhA:E,
ene onat e, prop car bonat e, 2- butyl ene
carbonate acetone, 2- butanone

3, 3-di net hyl - 2- butanone benzonitrile, proprionitrile,
5 15 1h9£ﬂ§ﬁﬁ%?f?39°ﬂcgﬁﬁéﬁé% N 20 met hyl pyrrolidone,
rggm de, dlnethyl sul f oxi de,
%%H¥%9¥%%@p olines and sulfolane. 12. The process of
thé progasitis eatiedbutdh diemresent©ofldprotaniteanatetrer.i zed in that
25 the process is carried out in the presence of
pol yneric, weakly basic ion exchange resins based on
styrene-di vi nyl benzene copol yners whi ch bear
N, N- di al kyl am ne groups. 13. The process of one of
clains 1 to 12, characterized in that 30 the ion
exchanger is used in the formof particles having an
average particle size of from 10 gmto 2 mmor in the
formof a fixed package. O Z. 6295 31 14. The process
of one of claims 1 to 13, <characterized in that the
ion exchanger is dried before use in the process
according to the invention. 5 15. The process of one
of clains | to 14, characterized in that the process
is carried out in the presence of a proton
transferrer.



