Method for the purification of biphephos He invention relates to a process for the purification of
6,6L[(3,31gi-terthtifyl-5,5f-dimethoxy1,1"-hiphenyl-2,2 cliy11bis(oxy)lhis(dibenzo[d.11,3,2]dioxaphosph
epin), abbreviation: biptiephos (see formula 1), Formula 1 Biphephos is a ligand which has found
widespr ' ition-metal-catalysed reactions. Biphephos is used, for example, in the
transit?oﬁ@nghlgt%aql-rggagé/%sed hydroarrinomethylation (E. Refried, A Mann, J. SaR/%EI’gf ."'?’Qﬁ@i"’:f
Tetrahedron Letters 2007, 46, 8504-8504), the twarqcyanation 544;5449807), the hydroformylation
(US4759498, ON1986055), the isamerisatien (055440087) and the cyclohydrocarbonylafion
(US5962744) of olefins, 15 Biphephos is usually prepared in three synthesis steps from commercially
available starting materials, to pr%méh&@ﬁg@%ﬁ;&?{%bﬂ?iﬁkhggVOXyaniSCie, is reacted
oxidatively to give the bleryl compound 3,3Hlert-butyl-2,2"-dihydroxy-5,5"-dirriethoxybiphenyi. To
produce the aide wings, phosphorus trichioride is reacted with 2,24dihydioxybiphenyi in order to form
6-chloreT ROdibenzofdyfiis3, 2]-ctioxaphosptepi (see formiudas 24 Finallys the reaction pregdugts of the
D B O e oroe A bR, IR O DB S ool 2

The most extensive use of biphephos consists in oformylatior of rr.0,
5  (seeformula 1).

OMe OMe

Formula 1

10 Biphephos is a ligand which has found widespread use in transition-metal-catalysed reactions.
Biphephos is used, for example, in the transition-metal-catalysed hydroaminomethylation
(E. Petricci, A. Mann, J. Salvadori, M. Taddei, Tetrahedron Letters 2007, 48, 8501-8504), the
hydrocyanation (US5449807), the hydroformylation (US4769498, CN1986055), the
isomerisation (US5440067) and the cyclohydrocarbonylation (US5962744) of olefins.

15
Biphephos is usually prepared in three synthesis steps from commercially available starting
materials: to produce the backbone, 3-tert-butyl-4-hydroxyanisole is reacted oxidatively to give
the biaryl compound 3,3 -tert-butyl-2,2"-dihydroxy-5,5 -dimethoxybiphenyl. To produce the side
wings, phosphorus trichloride is reacted with 2,2'-dihydroxybiphenyl in order to form 6-chioro-

20 dibenzold f][1,3,2]-dioxaphosphepin (see formula 2). Finally, the reaction products of the two

steps are condensed with one another in the presence of a base to give biphephos.



rebutyraidehyde. in this process, propene is reacted n the presence of rh metal and biphephos as
ligand with hydrogen and carbon monoxide. For the r pressurized reactors made of steel are usually
used. These reactors are very sensitive to traces of hydrogen chloride, which can form from chloride
ionsin t r ansition metals and elemental hydrogen. In the presence of chloride ions.
stress-crac§ ggfr?o@%%éga threat which, in the more favourable case, can resOft HEPSRHATREShut
down and overhaulreactor, hut 10in the worst case sgenario can result in rupture of the reactor. The
introduction of chloride ions via the olefin or the synthesis gas can be suppressed by steps known to
the person skilled in the art (e.g. absorber beds). When adding the catalyst metal, it is advisable to use
a chlorine-free species, for example rhodisn ethylhexanoate or Rh(acac)(C0)2. imately formed From
Pei3, special efforts have to be made ifordefito prepare biphephos that contains the lowest possible
content of chloride. in the case of the

te of degradation of biphephos. This means that in a
continuously operating hydroformylatie dess, the continual degradation of biohephos has to be
compensated for by tapping up with fragk bighephos. it, then, birenephos contains traces of chloride,
this means that chloride gradually accumufates in the reactoritieé chloride is practically not
discharged from the reactor. As the chloride conterisk of stress- crack corrosion consequently

increase iderably.. ior rihication, oroces 2012/095255PCT/EP2011/073771 by
anak, thj i%ét)gﬁ%gtpé%% %g%?t%wg Iéewﬁgﬁ%%ﬁ)es. %Oé}r?t[gr?t.’r 8%%%#8@%5%5@5 c%ﬁ@??&%xample by
aqueous titratiGRINIee fHr feashngss therfstermination of thewhishnbesidestherciioritdessalso

inclurles ehlarineshaedashin etheyamaysn Foskssingan the total shiorae contentisalso helpful in so far

as it cannot be ruled Gut that chlorine bonded in other Wa%/s is able to damage the reactor. When

surized. reactors made of steel are usually used. These reactors are very sensitive to traces

iRLe

calculating the limiting
of hydrogen chloride, which can form from chloride ions in the presence of transition metals and
elemental hydrogen. In the presence of chloride ions, stress-crack corrosion is a threat which, in
the more favourable case, can result in a premature shut down and overhaul of the reactor, but

10 in the worst case scenario can result in rupture of the reactor.

The introduction of chioride ions via the olefin or the synthesis gas can be suppressed by steps
known to the person skilled in the art (e.g. absorber beds). When adding the catalyst metal, it is
advisable to use a chlorine-free species, for example rhodium ethylhexanoate or

15 Rh{acac)(CO)..

Since biphephos is uitimately formed from PCls, special efforts have to be made in order to
prepare biphephos that contains the lowest possible content of chloride. In the case of the
hydroformylation of propene, relatively high chlorine contents are less critical since only a slight

20 degradation of biphephos takes place at the temperatures required therein. However, during the
hydroformylation of higher olefins, higher temperatures are generally required, and these bring
about an increased rate of degradation of biphephos. This means that in a continuously
operating hydroformylation process, the continual degradation of biphephos has to be
compensated for by topping up with fresh biphephos. If, then, biphephos contains traces of

25  chloride, this means that chloride gradually accumulates in the reactor since chloride is
practically not discharged from the reactor. As the chloride content increases, the risk of siress-

crack corrosion consequently increases considerably.

It is therefore important to develop a production and purification process for biphephos which



values for total chlorine, however, the chloride fraction remains decisive. The ready-to-use biphgphos
should contain less than 2000, preferably less than 1060, particularly preferably less than 500 aid very
padicu arly preferably less than 1 00 pprntotal chlorine,. For a total chlorine content within this order ot

magnitu%% [ carried out industrially, the risk of stress-crack corrosion in the reactor can be
controlle .9\%@{%$§%§§thod or determining the total chlorine content is the conba8&&H M8 dance

ick bold; with sample preparation according to DIV 5%403 and measurement by on chromatography
according to DIN EN 119 10904. 15 In a parallel paper, a cost-effective and technically simple-to-carry
out synthesis method for hiphephos was developed in which

3'316“'%@6%@@%%@@%%&%QIIFMngmgﬂylﬁF?er %ﬁ@t@rﬁievggﬂtent Gan be determined I%aﬁé‘:?/s,

6-chicrodibenzo|d,f1[1,3,21-dioxaphosphepin in a solvent mixture comprising acetonitrile.

biphephd¥ EARBEYLEERRY (With @ TOWECHGHNE YontERt BF 184Y tHan 205000 Bpft AR TR A RH yield. It
is desirable toifurthionoekeaipert ignknoweasfrem aceianitrile rermainingiacetadixa sheasly lowshlorine

cven s o e S age AT oY PSP A Borilderatie- 0 e hah h objoct
of the pré¥&miae 60ty & plirficatsh metitod Waltkot ehfsiie. chtentot Wiphephesiimitma
chlorine contenbetamore han 1QA0pemite 5RBARPMAR remains decisive. The ready-to-use
biphephos should contain less than 2000, preferably less than 1000, particularly preferably less
than 500 and very particularly preferably less than 100 ppm of total chiorine. For a total chlorine
content within this order of magnitude, in processes carried out industrially, the risk of stress-

10 crack corrosion in the reactor can be controlied.

A suitable method for determining the total chlorine content is the combustion in accordance
with Wickbold; with sample preparation according to DIN 51408 and measurement by ion
chromatography according to DIN EN (SO 10304.

15
In a parallel paper, a cost-effective and technically simple-to-carry out synthesis method for
biphephos was developed in which 3,3 -tert-butyl-2,2"-dihydroxy-5,5 -dimethoxybipheny! is
reacted with 6-chlorodibenzo[d,f][1,3,2]-dioxaphosphepin in a solvent mixture comprising
acetonitrile. In this, biphephos can be obtained with a low chlorine content of less than

20 5000 ppm and in a high yield.

It is desirable to further reduce this already low chlorine content by means of a subsequent

work-up.

25 ltis known from J. Am. Chem. Soc. 1993, 115, 2066-2068 that biphephos can be recrystallized
from acetonitrile. However, the inventors have surprisingly found that even small traces of
remaining acetonitrile can adversely affect the storage stability of biphephos to a considerable

degree (see Example 3).

30 It was then an object of the present invention to develop a purification method in which the
chilorine content of biphephos with a chlorine content of more than 1000 ppm to 5000 ppm can
be reduced to a chlorine content of less than 500 ppm, preferably of less than 250 ppm and
particularly preferably of less than 100 ppm, and where storage-stable, in particular acetonitrile-

free, biphephos is obtained. The stated chlorine contents are total chlorine contents.



he reduced to a chlorine content of less than 500 ppm, preferably of less than 250 ppm and
particularly preferably of less than 100 ppm, and where storage-stable, in particular acetonitrile free,
biphephos is obtained, The stated chlorine contents are total chlorine contents. 4 This object is
achieve r r the purification of biphepties, characterized in that the biphephos is washed
out with%@%%@r@é%?ég}%d tram the group comprising ethyl acetate, anisole, grﬂ?ég% & 19ditiee,
acetone, 2-propanol and 05-Clifi-alkanes or mixture%thereof or with a solvent mixture comprising one
or more of these solvents and/or is recrystallized from such a solvent or solvent mixture.
05-C10-Alkanes are in particular pentane, hexane, heptane, octane, nonane and decane. From the
alkanes, nitheptane is preferred. Preferably, the biphephos is recrystallized from a solvent selected
from the group comprising ethyl acetate, anisole, odnoi-xviene, toluene, acetone. 2-propanol and
05-010-alk4hed g r‘ﬁi?ﬁﬁ‘t’@%%éife%ﬁr%e@\?\/@éﬁw&mmﬁﬁ%1%§‘ﬂ*@%ﬁ%&ﬁ%ﬁ%ﬁ&ﬁb&éﬂﬂ&ﬁ@%mw
dissolutiamrefithes biphephesdin aisolventonsalventmixiure:anebthecsuhsequestremeavalof the
biphephaos. f g) or solvent mixture, "Recrystallization” involves the dissolution in a solvent
or solver%'?j rﬁl%t% r‘%@é %%] %’u@?éqxfér%%%%%i%ﬁg or (F:?yéglt#;?n%glﬁ% Otthe rbﬁnﬁﬁtéjﬁ%%g from this
solveént oV EbR/epit AikElirdU e iROtRDEsHs: alseluTsIEiédessanpitratelefiféd erystaistafinishbphios are
formed. Thenpreeipisationsefbirherhes franrsuparsatyated sohstionsyftices o heslrssed as.e.
recrystalliz?t;}oen. 20Ir:11 a cE)acs't(i]f:uIar(l_:)/ Erefegféed mbodiment of the Ogbrocess according to the invention,

E RO EE VSolie il A2 TobeflRdersEodHérd s meaning only

the savaﬁf 8!’ SO?\?é?]at mixture’is ace
the s3ibstahees actuatly tsetizas Solvents) i theectmifoundssliguicbat- 233G rfyanmyubichtthe

recrystallizatipn is-io [l Rlacs,dHae 23s0hents s, Jor example, de otinclyds acetonirls or bases,

suc&as e.g. pyridine:, which are still present as residues in the biphephos prior to the purification.
"Aé onitrile-free" actoordingfy means that the solvents used do not contain acetoritrile. Any residues
of aceteriitrdlehivinichiiarevpresetitein dbeebiphe phoserenty its-purificationshould30therstore be
harmles ishi ert alv, lv ixture is.or is,not etcetpnitrile4ree. Under
Iaborator%yéggﬁggﬁpq n@?ﬁ%ﬁ%&aﬁﬁ%i é%gegé@ g?%%%qcé ﬁrga@%hﬁo;@?ee S%EO{B %%fos-%mgrrﬁe%rand
acetone S {Saftiifa¥are obtainable acetonitriletfree. Since the boiling points of these solvents are
sufficiently distant from the boiling point of acetonitrile, qualitative separation by distillation is to be

effected.,in industrial processes, however, it.1s usual
(?8 wecrys a%zat%r?‘cmvcﬁ/esqge isso’(uaon %In a solvent or solvent mixture and the subsequent

precipitation or crystallizing out of the biphephos from this solvent or solvent mixture. It is thus
not absolutely necessary that defined crystals of biphephos are formed. The precipitation of

biphephos from supersaturated solution suffices to be classed as recrystallization.

20 In a particularly preferred embodiment of the process according to the invention, the solvent or

solvent mixture is acetonitrile-free.

"Solvents” are to be understood here as meaning only the substances actually used as
solvents, i.e. the compounds liquid at 23°C from which the recrystallization is to take place. The
25 solvents thus, for example, do not include acetonitrile or bases, such as e.g. pyridine, which are

still present as residues in the biphephos prior to the purification.

"Acetonitrile-free” accordingly means that the solvents used do not contain acetonitrile. Any

residues of acetonitrile which are present in the biphephos prior to its purification should
30 therefore be harmless for establishing whether the solvent or solvent mixture is or is not

acetonitrile-free. Under laboratory conditions, ethyl acetate, toluene, xylene such as ortho-

[

xylene, C5- to C10-alkanes and acetone, in particular, are obtainable acetonitrile-free. Since th

o

48]

boiling points of these solvents are sufficiently distant from the boiling point of acetonitrile, a

qualitative separation by distillation is to be effected. In industrial processes, however, it is usual



~ to recycle solvents, meaning that traces of aceteni iile can accumulatesolvent via the recyclate, and
these traces adversely affect the storage stabffity ci the hiphephos. Ultimately, it is a question of
economics, to what extent traces of acatonitrile in the solvent are tolerable, what measures are taken
to eliminate acetonitrile from the solvent, and/or what losses in storage stability.are accepted. Within
the conte {BAHERYEAR DN, the acetonitrile content in the solvent is to be minf&iZ&EP JhIPHETE/ being
given to the economics: ideally, it is acetonitrile-free. A preferred embodiment of the invention
therefore provides measures for keeping the solvent3s free as possible I[rom ecetonitrile. to remove it
in particular by distillation iron the solvent. 10In a preferred embodiment of the process according to

the inventjo hiphephos is dissolv referably with heating, in the solvent or solvent mixture,
insoluble%o%g %ﬁee%%} %Jr?g’ removed %}ﬁiﬁj{raég’ﬁgr#ﬁrce%é}%%’fy 3?3?@%%? r8 U5 (2190 'anfthe
biphepho$ i dién precipitaech ot o eripstallifed dut by cuslistgitties solveritipnsolventiixtutrsy, it

Optionaily; by;adding & &nt0-alkans £ 8.PeNanes Bexans, ieptane. mheotans, R)?EQ—QSL@!\%E}”G or
e

decane, 15further bipf‘le hos can be precipitated out or crystallized out. The dissolving of t
biphephos 16 Be Putift 8Eﬁ}bf8aﬁ7y”}ﬂﬁg‘s%§t8é‘t%eﬁf8f8FQB@OA\@&MW@&M@%@%& 'Br&egéht mixture.

Subsequetatyjtit eznetiventbe. fodhedite rmomesten peratuce tamlaive adetan paricotasht preferied ent
embodiment, QLIRE-RIPLESSARAIGINGHO 1SR AINYeRton. e solvent ar solyent midire Jn which the
biphephos is dissolved has a tg?npé@gturegc‘}more t ang%%c. T ée%%%%’t; ésc%%%{t?mtté'ﬁl s#rae?%' hen

preferabl FEFGERMIRPAB FHrakiGs. iy e partbarafy preryifes ertsodrm&ntertiegfor sedeatenrdino

to the inveatian, ftheshiptiprioate ihetrecrystallizadianhas-atetabohleringisamtent:at up te.5000 ppm or
more, preferably up to 4000 ppm, further preferably up to 3000 ppm, and particularly preferably up to

2000 ppm. After the reorystallization, ow chlorine biptiephos with a total chlorine content of less than
500 Born!pretetianiydesshedin osm i iherse preserablyieg stiamin 00 ppm | randpenticwdary preferably

less thands pipea aabe: ektainede g lovaehiering hipbenbrs-aktained agGtx-6nd o hesigyention
is, moreover, ab nnfiml -free a?? sé}ora%g_-stable. When determining the total chlorine content by the
[

d
combustich Mathed i aLeBrdsHEELRIA \GiSRBRIZHHE SRrithle prepratih wPiieakesrashes with MN
51408 ardabieimiedsurererysisiinatootdarceindiié ENESO16304rhyiionehtpmatagyaphy). eas

EICCg to g igventon g ARrmits Bmgzp@%%ma%%g%r@v%heptane octane, nonane or decane,

15 further biphephos can be precipitated out or crystallized out.

The dissolving of the biphephos to be purified typically takes place by heating the preferably

acetonitrile-free solvent or solvent mixture. Subsequently, it can then be cooled to room

temperature or lower. In a particularly preferred embodiment of the process according to the
20 invention, the solvent or solvent mixture in which the biphephos is dissolved has a temperature

of more than 50°C. The insoluble constituents are then preferably removed by hot filtration.

In a particularly preferred embodiment of the process according to the invention, the biphephos
prior to the recrystallization has a total chlorine content of up to 5000 ppm or more, preferably
25 up to 4000 ppm, further preferably up to 3000 ppm, and particularly preferably up to 2000 ppm.
After the recrystallization, low-chlorine biphephos with a total chlorine content of less than
500 ppm, preferably less than 250, further preferably less than 100 ppm, and particularly
preferably less than 50 ppm can be obtained. The low-chlorine biphephos obtained according to
the invention is, moreover, acetonitrile-free and storage-stable. When determining the total
30 chlorine content by the combustion method in accordance with Wickbold, the sample
preparation is in accordance with DIN 51408 and the measurement is in accordance with DIN

EN ISO 10304 (by ion chromatography).

The purification process according to the invention thus permits biphephos with a very low



VVO 2012/095255PCT/EP2011/073771 6 content of oh smaller amou chloride to be provided.
Moreover, f solvent than is the case when using cee (cf. Example 4). in a particularly preferred
embociirnent at the process according to the invention, the hiphephos is recrystallized from a solvent
mixture comprising up to 20% by weight of n-heptane and at least 50% by weight of ortho-xylene.
Optionallwgf?@ﬁg&g&qﬁg further mhoptarie, the yield of recovered biphepho8 €afFB& #icri@43éd!1
According to a likewise preferred aiternaive, the biphephos can he recrystallized from a solvent
mixture comprising up to 10% by weight of n-heptane and at least 90% by weight of ethyl acetate.
After reorystallization has taken place, the biphephos can be isolated. This typically takes place by

filtering off and, aptionally, dryir filtered-off biophephos, 15The present invention further provides
the use of ethyl acetate, aﬁ?%oﬁg%oqr%ﬁoé%?gﬂdg,dfo u%r%t%}%%{égt%;rpe?sﬁ-@reogﬁa\ﬁ%ﬁﬁlowéhé@fél%“-’éﬁf?gfne or
mixtures tHEVEG RISV a5 dBRBHIIIBALCEF A YbfTent nthatr i didcess furate. purification of
biphephos by washing out and/or recrystallization. C5-C10-Alkanes are in particular pentane, hexane,

heptane,,octane, nonane and decane. From the alkanes, n-heptane is preferred. 20 7 Examples
P na pa%cu?arfiy préaferre embodllr:nent op*%e Drocess accoPding to thpe invention, the biphephos

S s recrystallized from a solvent mixture comprising up to 20% by weight of n-heptane and at
least 50% by weight of ortho-xylene. Optionally, after by adding further n-heptane, the yield of
recovered biphephos can be increased.

According to a likewise preferred alternative, the biphephos can be recrystallized from a solvent
mixture comprising up to 10% by weight of n-heptane and at least 90% by weight of ethyl
10 acetate.

After recrystallization has taken place, the biphephos can be isolated. This typically takes place

by filtering off and, optionally, drying the filtered-off biphephos.

15 The present invention further provides the use of ethyl acetate, anisole, ortho-xylene, toluene,
acetone, 2-propanol or a C5-C10-alkane or mixtures thereof as solvent or as constituent of a
solvent mixture in a process for the purification of biphephos by washing out and/or
recrystallization. C5-C10-Alkanes are in particular pentane, hexane, heptane, octane, nonane

and decane. From the alkanes, n-heptane is preferred.
20



Example 1: Preparation of biphephos In a glovebox, 17.5 g (0.063 phorochloridite, prepared as in
DE-A10200S04353, is introduced as initial charge in 110 ml of acetonitrile (Fluka) in a 250 ml
Schienk flask. Furthermore, 10.4 g (0.028 mop of 3,ert-butyl-2, T-dillydroxy-5,5"-dintelftoxybiphenyl,
were prepared as in EP35965. The latter was dissolved in 17 ml (10.4 g, 0.204 mol) of pyridine and
poured it 208 dPdropping forinef Said funnel was placed on the Schlenk R&IKEFRE TUFFAlatus
was removed from the gloyebox and the Schlenk flask cooled to -10C. Theri, with vigorous stirring, the
biphenollpyridirie solution was slowly added dropwis_é over the course of 2.5 h, during which a solid
precipitated out. Following the complete addition, the mixture was after-stirred overnight at .-1OC. The
solid was-then ff't red off over a G3 protective-gas frit. The solid was then slurried_on the hl_t under
protective gas’in 30 ml of acotonitrile and then filtered 15again. The colourless solid was dried for 16
hours at 10-1 mbar and then analysed. 19.92 g (87.3% of theory) of biphephos were obtained. This

comprised:250Q: ppry£JH8:RRM) b teial &hlorine (analysis method: combustion in accordance with
Wickbold). Exa2: Recrysta | zation of bip ephos 20 11.97 g of biphephos, prepared as in Example 1,

were suspended in 63ml of xy ne (Acros) and 7.4 mil ol n-heptane (Aldrich)OC. The hot solution was
thertfiltered olreadd 31 groteclivedasfritf givinghacigassttatiorep3tembofmbeptane venea 1ben added

and the bz RsGRReraXRDiant duing Whlehsaldairaialea ot Jhepieglgiation was

completed by adding a further 70 mr of n-hreptane, and the s tained was filte
protectivE“gAS KO Pné &Hisstange Wal ahidd B Ew< a@’@@‘%ﬁ’?ﬁk&éﬁ%r@%ﬁﬁmflml gt
recrystaltizmiah&'ﬁfmph@W@%bﬁ%ﬂ@ﬁefﬁb&@@@ﬁﬂ@ﬂswaﬁ&%.1@@@@@$%@9%W%@§%%lgﬁted as
to its tot ine content in c%:rganqe yv' h Wickbald. 35 mg/k m / %%:ﬁ%ta!{og%p ne ‘were
found, c r?(iens!eg{nﬁgcmag 't%%B !&% P I%')?gr%p e%?o?ggg svggk%iﬁ@/%fj éée%ﬁo%g% &ﬁg’t’é%lduw solvent
10 apparatus was removed from the glovebox and the Schlenk flask cooled to -10°C. Then, with
vigorous stirring, the biphenol/pyridine solution was slowly added dropwise over the course of
2.5 h, during which a solid precipitated out. Following the complete addition, the mixture was
after-stirred overnight at -10°C. The solid was then filtered off over a G3 protective-gas frit. The
solid was then slurried on the frit under protective gas in 30 m! of acetonitrile and then filtered
15 again. The colourless solid was dried for 16 hours at 10" mbar and then analysed. 19.92 g
(87.3% of theory) of biphephos were obtained. This comprised 2500 ppm (+ 100 ppm) of total

chlorine (analysis method: combustion in accordance with Wickbold).

Example 2: Recrystallization of biphephos

20
11.97 g of biphephos, prepared as in Example 1, were suspended in 63.6 ml of o-xylene (Acros)
and 7.4 ml of n-heptane (Aldrich) and heated to 100°C. The hot solution was then filtered over a
G3 protective-gas frit, giving a clear solution. 35 m! of n-heptane were then added and the
mixture was cooled overnight, during which solid precipitated out. The precipitation was

25  completed by adding a further 70 ml of n-heptane, and the solid obtained was filtered off over a
G3 protective-gas frit. The substance was dried for 16 hours at 10" mbar and analysed. 10.41g
of recrystallized biphephos were obtained. The mass loss was 13%. The substance was
investigated as to its total chlorine content in accordance with Wickbold. 35 mg/kg (+ 5 mg/kg)
of total chlorine were found, corresponding to 35 ppm.

30

Example 3: Storage stability of biphephos, comprising residual solvent

12 g of biphephos, prepared according to Example 1 and recrystallized according to Example 2,

were homogenized in a mortar and then divided into 4 parts each of 3 grams and in each case



WO 2012/095255PCT/EP2011/073771 placed into a 100 ml Schlenk vessel of identical design with a
2 cm magnetic stirrer rod. The Senior* vessel was then evacuated to 101 mbar end filled with ar Then,
in eachO nil of the fouowing solvent (mixtures) were prepared: a) ethyl acetate (Acura), 1))

acetoni(Pramoc . anisole/heptane (312) (anisolei Sigma-Aldrich. heptarie, Sigma-Aidrich), d)
0-xy|ené)&g)g@ﬂg?@%gf%o-xylene: Sigma-Aldrich, heptanei Sigma-Aldrich). AP 6f'the 48LER7 & 1

;War solvent (mixture) througi 10fnr 30 minutes in e%ch case. in the folio)way:oft was fed into the glass
tnt at an overpressure of 20( Then, in each case 50 ml of one of the above solvent (mixtures) were
added to one of the 4 biphephos samples. Each sample was stirred for 30 minutes at 1100 revolutions

ber Mminuif,HSingd MASMRIS AL bk Cr the binhennas s thenallgweg togellle In,epch ease tor

1530 minutes and the supernatant liquid was decanted off under protective gas. he residue was dried
in each cALESAf YRPRBUTS TR SY A6 itnbfar BP2sethdrderb REEp traces of residual solvent to a

minimum. The samples were then stored in air in the respective Schlenk vessel alongside one another

standing-upright in a beaker.and investigated with regard to the decomposition of biphephos by means
of high-per oﬁ%é%%li%%ée({@oﬂgfé%?a% ?/W(‘Iq%FOI&Eig ”}%{ﬁ? EJV&FS Eggiaﬁegagieéggg%%t%eg of the
biphephd&Wete talasE diEE6IVBEPIRCE MO teralsptirbRran dliStillethovelepSiassitkhibenz fophenone

under argamandianalyaed byigaeansehe (3/2) (o-xylene: Sigma-Aldrich, heptane: Sigma-Aldrich).

All of the solvent (mixtures) were rendered inert in the following way: argon was fed into the
particutar solvent (mixture) through a glass tube with glass frit at an overpressure of 200 mbar

10 for 30 minutes in each case.

Then, in each case 50 ml of one of the above solvent (mixtures) were added to one of the 4
biphephos samples. Each sample was stirred for 30 minutes at 1100 revolutions per minute
using a magnetic stirrer at 23°C. The biphephos was then allowed to settle in each case for

15 30 minutes and the supernatant liquid was decanted off under protective gas. The residue was
dried in each case for 70 hours in vacuo at 107" mbar at 23°C in order to keep traces of residual
solvent to a minimum. The samples were then stored in air in the respective Schlenk vessel
alongside one another standing upright in a beaker and investigated with regard to the
decomposition of biphephos by means of high-performance liquid chromatography (HPLC). For

20  this purpose, in each case 4.5 mg of the biphephos were taken, dissolved in 1 ml of
tetrahydrofuran distilled over potassium/benzophenone under argon, and analysed by means of

HPLC (see Figure 1: HPLC analysis of biphephos samples).

It can be seen from Figure 1 that although ali of the samples were prepared in an identical way
25  and the residual solvent content was reduced to a minimum by evacuation for several days, the
sample stirred into acetonitrile has a considerably lower storage stability than the samples

stirred into other solvents (mixtures).

Example 4 Recrystallization of biphephos (not according to the invention):

30
10 g of biphephos were slurried in 200 ml of acetonitrile (Fluka) under an argon atmosphere in a
Schlenk flask with reflux condenser and dropping funnel. The mixture was then heated o boiling
in an oil bath. No significant dissolution process could be observed. Additional acetonitrile was

then slowly added dropwise. Following the dropwise addition of 260 ml of acetonitrile (total



HPLC, (see FigureHPLC analysis of biphoehos samples), It can be seen from Figure 1 that although
all of the samples were prepared in an identi and the residual solvent content was reduced to a
minimum by evacuation for sr d into acetonitrile has a considerably lower storage stability than
the samples stirred into'émixtures). mple 4 Recrystailization of hiphephas (not according to tl 10 g c_)f
biphephod (&' $(8A%E85n 200 ml of acete(Fluke) under an argon atmospherd TESSMMOTIAEKIWith
reflux, condenser and dropping funnei. The mixture was then heated to boiling in an oil bath. No
significant dissolution process could be observed. Additional acetonitrile was then slowly added
dropwise, Following the droptvise addition of 260 rot oil acelonitale (total WO

2012/095255PCT/EP2011/073771 9 amount of ar,stonitrile 460 ml). comolete dissohuieyed. Upon
cooling, lﬁ%ﬁ%ﬁ%ﬁ?ﬁ%ﬁ%@%@t@@ %"ﬁ# aeé%ftﬁ,gﬁgig?ﬁ)zré%ﬁ 8‘?%7{%%53%%%?8%& fi6iSREfonitrile
can only $&kepragepietegondatiedllyianthecolbgtiensible afcuints of salvemtoBxampleBhephos

Recrystaflizabeniohhirhephesiy 19Q g ot biranedhosJrepared asin Bxampig c%fﬁré&%ﬁg%%d in

500 g of ethyl acetate, The mixture was then heated lo boiling. 1 g of activated carbon was added, and
oG g solvent.
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Example 5 Recrystallization of biphephos:

100 g of biphephos, prepared as in Example 1, were suspended in 500 g of ethyl acetate. The
mixture was then heated to boiling. 1 g of activated carbon was added, and the hot mixture was
10 filtered over a G3 glass frit. The mother liquor was then left to cool to room temperature, during
which biphephos precipitated out. This was filtered off over a further G3 glass frit and after-
washed with 50 ml of ethyl acetate. The biphephos obtained was then dried in a vacuum drying

cabinet. 75 g of biphephos with a total chlorine content of < 100 ppm were obtained.
15 Examples 6 and 7 Recrystallization of biphephos:

As Example 5, except the filtration aid used was 2 g of kieselguhr (Example 6) or 2 g of cotton

(Example 7) instead of 1 g of activated carbon. The results were identical to those in Example 5.
20  Example 8:

2 g of biphephos, prepared as in Example 1, were suspended in 15 ml of 2-propanol and stirred
for 15 min. at room temperature. The solid was then filtered off over a G3 protective-glass frit
and after-washed with 15 ml of 2-propanol. The colourless solid was dried for 16 hours at

25 10" mbar and then analysed. 1.64 g of biphephos were obtained with a total chlorine content of

77 ppm.
Example 9:

30 3 g of biphephos, prepared as in Example 1, were suspended in 18 ml of acetone and stirred for
30 min. at room temperature. The solid was then filtered off over a G3 protective-glass frit and
after-washed with 9 ml of acetone. The colourless solid was dried for 16 hours at 107" mbar and

then analysed. 2.2 g of biphephos were obtained with a total chlorine content of 240 ppm.
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5 filtered over a G3 glass frit. 20 g of n-heptane were then added and the mother i liguor was left {o
cool to room temperature, during which biphephos precipitated out. This was filtered off over a
further G3 glass frit and after-washed with 50 ml of ethyl acetate. The biphephos obtained was
then dried in a vacuum drying cabinet. 41 g of biphephos with a total chlorine content of 62 ppm
were obtained.

10



50 g of biphephos. prepared as in Examplesuspended in 250 g of ethyl acetate. The as then
heated to boiling. 1 g of activated carbon was added, and the hot mixture was filtered over a G3 glass
frt. 20 g of n-heptane were then added and the mother liquor was left to cool to room temperature,
during which biphephos precipitated out. This was filtered off over a further G3 glass fit and
after-wasHEHARKF/ G¥AH%f ethyl acetate. The biohephos obtained was then dR€d IER2GHaUITATITYing
cabinet. 4 g of biphephos with a total chlorine content of 632 ppm were obtained, WO
2012/095255PCT/EP201 /073771 11 Patent claims: r the purification of bipheohos,
characterized in that the biphephos is washed out with a solvent selected from the group comprising
ethyl aceg,atte, ni!sole ortho-xylene, toluene, acetone, 2-propanol and C5010alkanes or mixtures
thereof or With acsacsméht mixture comprising one or more of these solvents, and/or is recrystallized
from such a solvent or solvent mixture. 2.Process according to Claim 1, characterized in that the
solvent of solvPRIGINIeS HRREIRONLILIERE FI0CaTS AGEARIING IR RN L foSharaalzed by
removing acetonitrile from the solvent or from tﬁe solvent mixture, in particu ar l%\{} distiation
154.Process addofting f5'6Re 6PiHESSrECaHIRG lains atitbterizetaretat thedsishephesiidatissolved
in the solvent osiseheentmixtare,jnseluble coustitientsaresemneved by filtrationand thesbiphephos is
then precipitat r lized out by cooling the solvent or solvent mixture, where, optionally,
further biphepF‘{?(‘(;&s![:{lBigp%r8ErlY %?i%ogﬁt%rng%%t%llﬁég OSL(I)'[YI%? tasdainnGE %A 'éée-eiﬁtﬁl%gﬂ\g’t% Protdss
according to Clalie, ¥Harseré iz&dia that the solvent or sorvent mixture in which the biphephos is
dissolved has a temperature of more than 60C and the insoluble constituents are removed by hot tiltre
Process ccorgirn étg one o ,;h?(?g)é(?qed%ng claiqs,;chagacterized in that the hiphephos before the
recrystalfization Ras a tofal chiorine Bhtent 6 Up T°5600 BRMN6riSrs! prerivably tipt64600 pprn,
furter preferadiptapitd<3000. ppm, and particularly preferably up to 2000 ppm, and after the
recrystallization has a total chlorine content of less than 500 ppm, prably less than 250, further
preferably less than 100 ppm, and particularly 30preferably less than 50 pram. Process according to
one of th preé’é‘a‘?ﬁésd%ﬁcr@&%tﬁﬂﬁf@mrbﬁ{ g SORSRtSTIRRYRY comprisiaeist BT oy wisight of

ortho-xylene. solvent or from the solvent mixture, in particular by distillation.

15 4. Process according to one of the preceding claims, characterized in that the biphephos is
dissolved in the solvent or solvent mixture, insoluble constituents are removed by filtration
and the biphephos is then precipitated out or crystallized out by cooling the solvent or
solvent mixture, where, optionally, further biphephos is precipitated out or crystallized out
by adding a C5-C10-alkane.

20
5. Process according to Claim 4, characterized in that the solvent or solvent mixture in which
the biphephos is dissolved has a temperature of more than 50°C and the insoluble
constituents are removed by hot filtration.
25 6. Frocess according to one of the preceding claims, characterized in that the biphephos

before the recrystallization has a total chlorine content of up to 5000 ppm or more,

preferably up to 4000 ppm, further preferably up to 3000 ppm, and particularly preferably

up to 2000 ppm, and after the recrystallization has a total chlorine content of less than

500 ppm, preferably less than 250, further preferably less than 100 ppm, and particularly
30 preferably less than 50 ppm.

~~

Process according to one of the preceding claims, characterized in that the biphephos is
recrystallized from a solvent mixture comprising up to 20% by weight of n-heptane and at

least 50% by weight of ortho-xylene.



Icterized in that the biphephes is to 20% by weight of n-heptane and at 12 Process according to one
of Claims 1 to 5, characterized in that the biphephos is recrystallized from a solvent mixture comprising
up lo 10% by weight of n-haptane and at least 90% by weight of ethyl acetate Process according to
one of the preceding claims, characterized in that, after recrystalliz.ation has taken place, the
highephd@%%%%{ 28referably by filtering off and, optionally, drying the bipR§PHES 200100@8&74f ethy!
acetate, anisole, ortho-xyiene, toluene, acetone, 2-propanol or a C5-C10- alkane or mixtures thereof
as solvent or as constituent of a solvent mixture in & Brocess for the purification of biphephos by
washing out and/or recrystallization.

8. Process according to one of Claims 1 to 6, characterized in that the biphephos is
recrystallized from a solvent mixture comprising up to 10% by weight of n-heptane and at

least 90% by weight of ethyl acetate.

9. Process according to one of the preceding claims, characterized in that, after
recrystallization has taken place, the biphephos is isolated, preferably by filtering off and,

optionally, drying the biphephos.

10 10.  Use of ethyl acetate, anisole, ortho-xylene, toluene, acetone, 2-propanol or a C5-C10-
alkane or mixtures thereof as solvent or as constituent of a solvent mixture in a process

for the purification of biphephos by washing out and/or recrystallization.



