
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)Ihis(dibenzo[d.11,3,2]dioxaphosph
epin), abbreviation: biptiephos (see formula 1),  Formula 1 Biphephos is a ligand which has found
widespread use in transition-metal-catalysed reactions. Biphephos is used, for example, in the
transitionmnetal-catalysed hydroarrinomethylation (E. Refried, A Mann, J. Salvaderi, M. Teddei,
Tetrahedron Letters 2007, 46, 8504-8504), the twarocyanation 544;5449807), the hydroformylation
(US4759498, 0N1986055), the isamerisatien (055440087) and the cyclohydrocarbonylafion
(US5962744) of olefins, 15 Biphephos is usually prepared in three synthesis steps from commercially
available starting materials, to produce the backbone, 3-tert-buty1-4-hydroxyaniscie, 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-chlore- 20dibenzo[dyff[l,3,2]-ctioxaphosphepin (see formula 24 Finally, the reaction products of the
two steps are condensed with one another in the presence of a base to give biohephos.  2  Formula 2
The most extensive use of biphephos consists in the hydroformylatior of rr.o, 



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
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 overhaulreactor, hut 10in the worst case scenario 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 rhodium ethylhexanoate or Rh(acac)(C0)2. imately formed From
Pei3, special efforts have to be made in order to prepare biphephos that contains the lowest possible
content of chloride. in the case of the hydreformylatich of propene, relatively high chlorine contents are
less critical since only a slight degradation of brphephos takes place at the temperatures required
therein. However, during the hydroform ration or higher olefins, higher temperatures are generally
requirand these bring about an increased rate of degradation of biphephos. This means that in a
continuously operating hydroformylatien process, the continual degradation of biohephos has to be
compensated for by tapping up with fresh biohephos. it, then, birenephos contains traces of chloride,
this means that chloride gradually accumulates in the reactor since chloride is practically not
discharged from the reactor. As the chloride conterisk of stress- crack corrosion consequently
increases considerably. oduction and nurihication orocess  WO 2012/095255PCT/EP2011/073771 by
anak, the total c phephos with low chloride. content. The chloride.tereasily cans, tor example by
aqueous titration. More far reaching is the determination of ni which, besides the chlorides, also
includes chlorine hooded in ether  ways. Focussing on the total chlorine content is also helpful in so far
as it cannot be ruled Gut that chlorine bonded in other ways is able to damage the reactor. When
calculating the limiting 



values for total chlorine, however, the chloride fraction remains decisive. The ready-to-use biphephos
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
magnitude, in processes carried out industrially, the risk of stress-crack corrosion in the reactor can be
controlled. A suitable method or determining the total chlorine content is the combustion in accordance
ick bold; with sample preparation according to DIV 51403 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
3,3'tert-buty1-2,29idihydroxy-5,5"-dimethoxybiphenyl is reacted with
6-chicrodibenzo[d,f1[1,3,21-dioxaphosphepin in a solvent mixture comprising acetonitrile. In this,
biphephos can be obtained with a low chlorine content of less than 205000 ppm and in a high yield. It
is desirable to furth work -up Ft is known from aceionitrile remaining aceto Exa already low chlorine
content by msubsequent 0. 1993, 115, 2066-2068 that bipheohos can be recrj urprisingty found that
even small traces iy affect the storage stability of biphepos to a considerable  30it was then an object
of the present have"oveiop a purification method which the chlorine content of biphephos with a
chlorine content of more than 1000 ppm to 5000 ppm can 



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
achieved by a process for the purification of biphepties, characterized in that the biphephos is washed
out with a solvent selected tram the group comprising ethyl acetate, anisole, ortho-xylene, toluene,
acetone, 2-propanol and 05-Clifi-alkanes or mixtures 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-alkanes or mixtures thereof. 10 "Washing out" involves the suspension, and possibly partial
dissolution, of the biphephos in a solvent or solvent mixture and the subsequent removal of the
biphephos from the solvent or solvent mixture. "Recrystallization" involves the dissolution 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 crystais of hiphephos are
formed. The precipitation of biphephos from supersaturated solution suffices to be classed as
recrystallization. 20In a particularly preferred embodiment of the process according to the invention,
the savant or solvent mixture is acetonitrile-free, "Soivents are to bet understood here as meaning only
the s3ibstances actually used as solvents, i.e. the compounds liquid at 233C, from which the
recrystallization is to take place. The 25solvents 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" actoordingfy means that the solvents used do not contain acetoritrile. Any residues
of acetenitrile which are present in the biphephos prior to its purification should 30therefore be
harmless for establishing whether the solvent or solvent mixture is or is not etcetonitrile4ree. Under
laboratory conditions, ethyl acetate, toluene, xylerie such as orthoxylene, 05- to 010-alkanes and
acetone, in particular, 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 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 context of the invention, the acetonitrile content in the solvent is to be minimized, with priority being
given to the economics: ideally, it is acetonitrile-free. A preferred embodiment of the invention
therefore provides measures for keeping the solvent as free as possible lrom ecetonitrile. to remove it
in particular by distillation iron the soIvent. 10In a preferred embodiment of the process according to
the invention, the biphephos is dissolved, preferably with heating, in the solvent or solvent mixture,
insoluble constituents are removed by filtration, preferably at a temperature up to '130C. and the
biphephos is then precipitated out or crystallized out by cooling the solvent or solvent mixture.
Optionaily, by adding a C5-C10-alkane, e.g. pentane, hexane, heptane, mheotans, octane., nonane or
decane, 15further biphephos can be precipitated out or crystallized out. The dissolving of the
biphephos to be purified typically takes placethe preferably acetonitriie-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 20invention, the solvent or solvent mixture in which the
biphephos is dissolved has a temperature of more than 50C. The insoluble constituents are then
preferably removed by hot filtration. in a particularly preferred embodiment of the pror..ess accordino
to the invention, the hipt prior to 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. After the reorystallization, ow chlorine biptiephos with a total chlorine content of less than
500 porn, 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 acct.-x-6nd to the invention
is, moreover, abetnnitrile-free and storage-stable. When determining the total chlorine content by the
combustion method in accordance with Wickhold, the sample preparation is in accordance with MN
51408 and the measurement is in accordance w DIN EN ISO 10304 (by ion chromatography). eas
EICCg 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.
Optionally, after by adding further mhoptarie, the yield of recovered biphephos can be increased.
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, optionally, drying the filtered-off biphephos, 15The present invention further provides
the use of ethyl acetate, anisole, ortho-xylene, toluene, acetone, 2-propanol or a 05-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  7 Examples 



Example 1: Preparation of biphephos In a glovebox, 17.5 g (0.063 phorochloridite, prepared as in
DE-A10200SO4353, 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 into a 100 ml dropping forinef Said funnel was placed on the Schlenk flask. The 10 apparatus
was removed from the gloyebox and the Schlenk flask cooled to -10C. Theri, with vigorous stirring, the
biphenollpyridirie 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 -10C. The
solid was then filtered off over a G3 protective-gas frit. The solid was then slurried on the hit 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 2500 pprn ( 100 ppm) of total chlorine (analysis method: combustion in accordance with
Wickbold). Exa2: Recrysta I 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)0C. The hot solution was
then filtered over a G3 protective-gas frit, giving a clear solution. 35 ml of n-heptane wore then added
and the mixture was coded overnight, during which solid precipitated out. The precipitation was
completed by adding a further 70 mr of n-hreptane, and the solid obtained was filtered off over a G3
protective-gas kit. The substance was dried for 16 hours at 101 mbar and analysed. 10,41 g 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/kr of total on ohne 'were
found, corresponding to 35 ppm. 30 ExampleStorage stability of phephos, comprising residual solvent



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 each0 nil of the fouowing solvent (mixtures) were prepared: a) ethyl acetate (Acura), I))
acetoni(Promochem). , anisole/heptane (312) (anisolei Sigma-Aldrich. heptarie, Sigma-Aidrich), d)
0-xylene/heplane (312) (o-xylene: Sigma-Aldrich, heptanei Sigma-Aldrich). All of the solvent (m
;War solvent (mixture) througi 10fnr 30 minutes in each 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
per minute using a magnetic stirrer at 23`C. The biphephos was then allowed to settle in each ease tor
1530 minutes and the supernatant liquid was decanted off under protective gas. The residue was dried
in each case for 70 hours in vacua at 10.1 mbar at 23C 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 (HPI...C). For 20this purpose, in each case 4.5 mg of the
biphephos were taken, dissolved in 1 ml of tetrahydrofuran distilled over potassiurnibenz.ophenone
under argon, and analysed by means of 



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' (mixtures). mple 4 Recrystailization of hiphephas (not according to tI 10 g of
biphephos were slurried in 200 ml of acete(Fluke) under an argon atmosphere in a Schlenk flask with
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, biphephos slowly precipitated out again,ystallization of large amountenhos from acefonitrile
can only take place ,P, economically and ecologtionsible amounts of solvent. Example 5
Recrystaflizabon of hiphephos:  100 g of birane4hos, prepared as in Exampie 1, were suspended in
500 g of ethyl acetate. The mixture was then heated lo boiling. 1 g of activated carbon was added, and
the hot mixture was 



10filtered (Wei 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 C 100 ppm were obtained, Examples 6 and 7
Recr'stalIization of biphephos: As Example 5, except the filtration aid used was 2 g of kieselgunr
(Example 6) or 2 g of cotton (Example 7) instead of 1 q of activatedThe resulere identical to those in
Example 5. Example 8: 2 g of biphephos, prepared as inwere suspended in 15 nil of 2-propanol and
stirred for 15 min, at room temperature. The solid was then filtered off over a (.33 protective-g and
after-washed with 15 ml of 2-procanol, The colourless solid was dried for 16 hours at 10-' mbar and
then analysed. 1.64 g of bipitephos were obtained with a total chlorine content of 77 ppm. Example 9:
30$ g of biphep 30 min. at roe after-washed then analysed. were suspended in 18 ml of acetone and
stirred for emperature. The solid was then filtered off over a G3 protective-glass frit and    9 ml of
acetone. The colourless solid was dried for 16 hours at 10iii mbar and 2.2 g of hipheohos were
obtained with a total chlorine content of 240 ppm.  10 le 10 Recrystaluzation of biphephos: 



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-washed with 50 ml of ethyl acetate. The biohephos obtained was then dried in a vacuum drying
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 acetate, anisole, ortho-xylene, toluene, acetone, 2-propanol and C5010alkanes or mixtures
thereof or with a solvent 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 or solvent mixture is 10acetonitrile-free. Process according to Claim 1 or 2, characterized by
removing acetonitrile from the solvent or from the solvent mixture, in particular by distillation
154.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 Process
according to Claim 4, characterized in 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 according. to one of the preceding claims, characterized in that the hiphephos before the
recrystallization has a total chlorine content of up to 5000 ppm or more, preferably up to 4000 pprn,
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, prably less than 250, further
preferably less than 100 ppm, and particularly 30preferably less than 50 pram. Process according to
one of the preceding dal recrystallized from a solvent mixture comprisin 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
highephos is isolated, preferably by filtering off and, optionally, drying the biphephcs. 1010.Use of ethyl
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 a process for the purification of biphephos by
washing out and/or recrystallization. 


