
METHOD FOR THE PURIFICATION OF TRIORGANOPHOSPHITES BY
TREATMENT WITH A BASIC ADDITIVE CROSS-REFERENCE TO
RELATED APPLICATIONS This application claims benefit
of priority from Provisional Application No.
60/783,462, filed March 17, 2006. This application
hereby incorporates by r reference Provisional
Application No. 60/783,462 in its entirety. FIELD OF
THE INVENTION The invention relates to the field of
preparation and use of triorganophosphite compounds.
More specifically, the invention relates to the
partial removal of phosphorus acids in
triorganophosphite product streams by treatment with a
basic additive. Because the phosphorus acids can act
as catalysts for triorganophosphite hydrolysis, the
treated triorganophosphite product streams can be
stabilized against further hydrolysis when exposed to
water. BACKGROUND OF THE INVENTION Triorganophosphites
of the general structure (R4O)(R5O)P(OR6) and
((R7O)(R8O)PO)nA, where "A" is an optionally
substituted or unsubstituted aliphatic, aromatic, or
heteroaromatic radical and n is an integer greater
than 1, are used in a number of important commercial
applications including their use as antioxidants,
stabilizers, ants-wear additives and as ligands for
various catalytic processes. Generally,
triorganophosphites are produced from PX3 (X = Cl, Br,
or I) and the corresponding alcohols (ROH). This
reaction occurs stepwise by displacement of X with OR.
When X is Cl, the process can form
phosphorodichloridite (R4O)PCI2 and
phosphorochloridite (R4O)(R5O)PCI intermediates,
triorganophosphites (R4O)(R5O)P(OR6) and acid HX. 



Several methods for making organophosphites, for
example those described in Houben-Weyl, Bd. XXII/2
pages 12-17, G. Thieme Verlag, Stuttgart 1964, and
supplement E 1, pages 413-421 Stuttgart, New York
1982, are known using readily available PCI3 and the
corresponding alcohols. The acid HX can beremoved by
physical separation or by acid-base reaction using
organic or inorganic bases. In addition, US Patent No.
6,069,267, and US Patent No. 6,031 ,120 describe the
use of triorganoamines to remove HCI followed by water
washing at low temperatures to remove the
corresponding ammonium hydrochloride salts from the
triorganophosphite mixture. Houben-Weyl, Bd. XXI I/2
Chapter I and pages 30-32, G. Thieme Verlag, Stuttgart
1964 teaches that triorganophosphites are easily
hydrolyzed in the presence of water, especially in the
presence of acidic compounds, to produce one or more
of the compounds diorganohydrogenphosphite
(R2O)(R3O)POH, organodihydrogenphosphite
(R1O)(HO)PO(H), and phosphorous acid H3PO3. Gerard,
Hudson and Healy, respectively, (in G.M. Kosolapoff &
L. Maier Eds., Organic Phosphorous Compounds, Vol. 5
pages 41-42, Wiley & Sons., New York, 1973; Healy et
al. J. Inorg. Nucl. Chem., 1974, 36, 2579) teach that
this hydrolysis reaction is autocatalytic due to the
acidic properties of diorganohydrogenphosphite
(R2O)(R3O)POH, organodihydrogenphosphite
(R1O)(OH)PO(H) and H3PO3. Hydrolysis under basic
conditions was found to be slower than hydrolysis in
the presence of acids (Westheimer et al., J. Amer.
Chem. Soc. 1988, 110, 183). Without the removal of
these acidic hydrolysis products, as a result of
hydrolysis, there can be significant degradation and
loss of the triorganophosphite product during
downstream processing and storage. In order to at
least partially address this effect, US Patent No.
3,553,298 teaches that nitrogen-containing compound
additives such as amines and magnesium 



oxide can partially stabilize the triorganophosphites
by retarding hydrolysis. However, such additives can
cause undesirable effects or be incompatible with the
use of the triorganophosphites, for example during
preparation of a transition metal-triorganophosphite
catalyst or catalyst precursor for reactions such as
hydrocyanation and hydroformylation, for example. It
would, therefore, be desirable to have a method to
stabilize triorganophosphites without using additives
that may provide undesirable side effects.US Patent
No. 6,069,267 Example 1 discloses a sequential
treatment of a triorganophosphite reaction mixture in
an organic solvent with 0.1 N aqueous HCI 0.1 N
aqueous NaOH, followed by distilled water. US Patent
No. 6,844,289 discloses a process for combining a
crude ligand mixture, prepared for example by the
process of US Patent No. 6,069,267, with divalent
nickel compounds and reducing agents to produce a
catalyst which is a complex of nickel and a bidentate
phosphorus compound. This patent discloses that such
crude ligand mixture can contain byproducts which may
affect the rate of formation of the nickel-containing
catalyst. Disclosed therein are treatment methods
which include contacting crude ligand mixture with one
or more of, for example, a weakly basic organic resin
and a two phase solvent system for liquidliquid
extraction. The patent discloses that various
treatments of crude ligand may overcome deleterious
rate inhibiting effects of byproduct impurities which
are present in the crude ligand. SUMMARY QF THE
INVENTION As described above, triorganophosphites can
be hydrolyzed in basic as well as acidic conditions,
with base-catalyzed hydrolysis being slower than
acidcatalyzed hydrolysis. In this regard, it has been
discovered that hydrolysis products can be removed by
treatment with a strong base, so that the overall 



degradation of triorganophosphite may be decreased.
The present invention includes a method for separating
one or more triorganophosphite components from a crude
phosphite mixture containing acidic hydrolysis
products by contacting the crude phosphite mixture
with a basic additive to produce a second mixture
comprising a first phase and a second phase. The first
phase comprises the basic additive and one or more
components independently selected from the group
consisting of (R2O)(R3O)POH, (R1O)(HO)PO(H) and H3PO3
wherein R1, R2 and R3 are independently selected from
the group consisting of C to Ci alkyl, Ce to Cib aryl
and hydroxyaryl, and C to Ci cycloalkyl and
hydroxyalkyl radicals, and wherein R2 and R3 can
optionally be connected to each other directly by a
chemical bondor through an intermediate divalent group
R9. R9 is selected from the group consisting -O-, -S-,
and -CH(R 12)-, wherein R12 is selected from the group
comprising H, C6 to Ci8 aryl, and C to Ci 8 alkyl. The
second phase comprises one or more triorganophosphite
components independently selected from the group
consisting of (R4O)(R5O)P(OR6) and ((R7O)(R8O)PO)nA,
wherein R4, R5, Rd, R7 and R8 are independently
selected from the group consisting of C1 to Ci8 alkyl,
C6 to Cia aryl and C3 to C18 cycloalkyl radicals, and
wherein each R4, R5 and R6 can optionally be connected
to one or both of the other two directly by a Chemical
bond or through an intermediate divalent group R10,
and R7 and R8 can optionally be connected to each
other directly by a chemical bond or through an
intermediate divalent group R11. The intermediate
divalent groups R10 and R11 are independently selected
from the group consisting of -O-, -S-, and -CH(R12)-,
wherein R12 is selected from the group consisting of
H, C6 to Ci 8 aryl, and Ci to Ci 8 alkyl. The
substituent "A" is an optionally substituted or
unsubstituted 



aliphatic, aromatic, or heteroaromatic radical and n
is an integer greater than 1. Examples of A include Ci
to Ci aliphatic, C6 to C2 aromatic, or C3 to C28
heteroaromatic radicals. The basic additive can
comprise at least one compound selected from the group
consisting of NaOH, KOH, Na2CO3, K2CO3, Ca(OH)2,
NH4OH, CaCO3, a strongly basic anion-exchange resin,
and combinations thereof. In one embodiment, the basic
additive comprises a strongly basic anion-exchange
resin, for example a strongly basic anion-exchange
resin comprising polymer-bound tetraorgano-ammonium
hydroxide groups. In one embodiment of the present
invention, the basic additive and the crude phosphite
mixture are contacted at temperatures above about -25
CC, for example at temperatures from about -10 0C to
about 30 0C. In yet another embodiment of the present
invention, the first phase is maintained at or above a
pH of about 13.5 throughout the contacting process.
The present invention also relates to a method for
separating triorganophosphite components from a crude
phosphite mixture containing acidichydrolysis products
which further comprises the step of contacting the
crude phosphite mixture with water before contacting
the crude phosphite mixture with the basic additive.
The present invention also relates to methods for
separating triorganophosphite components from a crude
phosphite mixture containing acidic hydrolysis
products wherein the methods further comprise the
steps of separating the first phase from the second
phase, and contacting the second phase with the basic
additive. In another embodiment the present invention
includes contacting the second phase with a brine
solution after contacting with the basic additive. 



Another embodiment of the present invention further
comprises contacting the second phase with a
transition metal or a transition metal compound to
produce a transition metal-triorganophosphite catalyst
or catalyst precursor. Examples of transition metals
or transition metal compounds that can be used include
Ni(COD)2 (COD is 1,5-cyclooctadiene),
Ni[P(O-o-C6H4CH3)3]3 and Ni[P(O-O-C6H4CH3) ]2(C2H4) ,
all of which are known in the art. The resulting
transition metal-triorganophosphite catalyst or
catalyst precursor can be useful for reactions such as
hydrocyanation or hydroformylation, for example. The
invention also relates to a method for preparing
triorganophosphites, which comprises contacting an
alcohol with PCI3 in the presence of a triorganoamine
to produce a first reaction product comprising one or
more organophosphites and triorganoamine
hydrochloride; removing the triorganoamine
hydrochloride from the first reaction product to
produce a second reaction product optionally
containing one or more triorganophosphites,
diorganohydrogenphosphite (R2O)(R3O)POH,
organodihydrogenphosphite (R1O)(HO)PO(H) and H3PO3,
wherein R1, R2 and R3 are independently selected from
the group consisting of C1 to C18 alkyl, C5 to C18
aryl and hydroxyaryl, and C3 to C18 cycloalkyl and
hydroxyalkyl radicals, and wherein R2 and R3 can
optionally be connected to each other directly by a
chemical bond or through an intermediate divalent
group R9, wherein R9 is selected from the group
consisting of -O-, -S-, and -CH(R12)-, wherein R12 is
selected from the group consisting of H,C to Ci8 aryl,
and Ci to Ci 8 alkyl; and removing at least a portion
of one or more of the compounds
diorganohydrogenphosphite (R2O)(R3O)POH,
organodihydrogenphosphite (R1O)(HO)PO(H) and H3PO3 by
contacting the second reaction product with a basic
additive. BRIEF DESCRIPTION OF THE FIGURE 



FIG. 1 is a graphical representation showing the
fraction of hydrolysis products remaining in the
organic phase after contact with a control (brine) as
compared to contact with a basic additive. DETAILED
DESCRIPTION OF THE INVENTION The present invention
includes methods for purifying and stabilizing
triorganophosphites by removing acidic impurities from
the phase containing the triorganophosphites. For
example, acidic impurities such as
diorganohydrogenphosphite (R2O)(R3O)POH,
organodihydrogenphosphite (R1O)(HO)PO(H), and H3PO3
can occur as a result of aqueous workup of crude
triorganophosphites, such as (R4O)(R5O)P(OR6), and
((R7O)(R8O)PO)nA, and from unconverted
phosphorodichloridite (R4O)PCI2 and
phosphorochloridite (R4O)(R5O)PCI intermediates used
as components for the making of triorganophosphites.
Furthermore, small amounts of the above-described
acidic impurities can increase in concentration during
storage of triorganophosphite materials by
autocatalytic hydrolysis upon exposure to moisture,
causing yield loss and undesirable effects with the
use of triorganophosphites in applications such as
catalysis. At least one of these disadvantages may be
overcome by removal of acidic impurities by means of
extraction with a basic additive. In at least one
embodiment falling within the scope of the present
invention, a crude phosphite mixture comprising at
least one triorganophosphite selected from the group
consisting of (R4O)(R5O)P(OR6), and ((R7O)(R8O)PO)nA;
and one or more of the compounds
diorganohydrogenphosphite (R2O)(R3O)POH,
organodihydrogenphosphite (R1O)(HO)PO(H), and H3PO3 is
contacted with a basic additive to produce a second
mixture. The second mixturecomprises two phases - a
first phase and a second phase. The first phase
comprises the basic additive and at least a portion of
one or more of the 



components consisting of diorganohydrogenphosphite
(R2O)(R3O)POH, organodihydrogenphosphite
(R1O)(HO)PO(H), and H3PO3. The second phase comprises
at least a portion of the organophosphites. The first
phase of the second mixture can optionally be
separated from the second phase, using general
separation methods known by those skilled in the art.
For example, if the basic phase is liquid, such as
aqueous NaOH, a conventional mixer-settler can be used
to contact the crude phosphite mixture and aqueous
NaOH then separate the second phase comprising the
triorganophosphites from the first phase comprising
the acidic impurities. If, instead, a basic
ion-exchange resin is deployed, a decanter or filter
may be used. R1, R2, and R3 are independently selected
from the group consisting of Ci to Ci8 alkyl, C6 to Ci
8 aryl and hydroxyaryl, and C3 to Ci 8 cycloalkyl and
hydroxyalkyl radicals; R2 and R3 can optionally be
connected to each other directly by a chemical bond or
through an intermediate divalent group R9. R9 is
selected from the group consisting of -O-, -S-, and
-CH(R 12)-, wherein R12 is selected from the group
consisting of H, C6 to Ci 8 aryl, or Ci to Ci 8 alkyl.
R4, R5, R6, R7, and R8 are independently selected from
the group consisting of Ci to Cis alkyl, Cbto Ci aryl,
and C3 to Ci 8 cycloalkyl radicals. Each of R4, R5,
and R6 can optionally be connected to one or both of
the other two directly by a chemical bond or through
an intermediate divalent group R10 . R7 and R8 can
optionally be connected to each other directly by a
chemical bond or through an intermediate divalent
group R11. R10 and R1 1 are independently selected
from the group consisting of -O-, -S-, and -CH(R 12)-,
wherein R12 is selected from the group consisting of
H, C6 to Cis aryl, and Ci to Ci 8 alkyl. The
substituent "A" is an optionally substituted or
unsubstituted aliphatic, aromatic or 



heteroaromatic radical where n is an integer greater
than 1. The basic additive employed in the present
invention can comprise one or more compositions
comprising at least one basic compound and/or
material. The basic additive may, for example,
comprise at least one compound selectedfrom the group
consisting of NaOH, KOH, Na2CO3, K2CO3, Ca(OH)2,
NH4OH, CaCO3, a strongly basic anion-exchange resin,
and combinations thereof. Examples of suitable
strongly basic ion-exchange resins are resins
comprising potymer-bound tetraorgano-ammonium
hydroxide groups. Since hydrolysis rates are dependent
on temperature, the extraction temperature should
ideally be as low as possible only restricted by
physical limits. In the case of liquid-liquid
extractions, a physical limit impacting the range of
suitable operation temperatures is, for example, the
freezing point of the liquid phases. Since under
commercial operation the temperature range achievable
is subject to the limits of the equipment available,
temperatures above about -25 0C are generally
preferred. An example of a non-limiting temperature
range for this process is from about -10 0C to about
30 0C. Ideally, the pH of the basic phase should
remain at or above about 13.5 throughout the
extraction process. This can be accomplished by using
a 1 normal solution of a strong base in water or a
strongly basic anion-exchange resin of equivalent
strength. If the production of the triorganophosphite
generates a salt constituting a weak acid such as a
triorganoamine hydrochloride, the weak acid should be
removed first to allow for an effective extraction
process of the acidic diorganohydrogen phosphite
(R2O)(R3O)POH, organodihydrogenphosphite
(R1O)(HO)PO(H), and H3PO3 impurities with the basic
additive. Triorganoamine hydrochloride salt removal
can be achieved by filtration and/or by water
extraction prior to contacting with the basic additive
as, for example, described in 



US Patent Nos. 6,069,267, and 6,031,120. The total
amount of molar equivalents of base to be used is, at
least in part, a function of the total amount of molar
equivalents of acidic diorganohydrogenphosphite
(R2O)(R3O)POH, organodihydrogenphosphite
(R1O)(HO)PO(H), and H3PO3 impurities that are present
prior to the treatment with the basic additive. For
example, a 10- to 1000-fold excess of the base can be
suitable, provided that, in the case of a solution
extraction, a minimum pH of about 13.5 of the basic
solution is maintained throughout the extraction
process, or, in the case of a resin treatment, an
equivalent basicity is maintained.The volume of the
basic phase can be determined by practical
limitations, such as reactor size and separation
capacity, by the pH limits, and by molar equivalent
ratios of base to acidic impurities. For instance, in
the case of an extraction using aqueous NaOIH, the
volume of the basic first phase can, for example, be
between one-tenth and one-third of the product second
phase volume. The amount of NaOH or polymer-bound
tetraorgano-ammonium hydroxide can, for example, be
between about 0.05 and about 1 equivalent of the total
amount of phosphorus in the triorganophosphite
solution phase. The contact time is, at least in part,
a function of scale, mixing equipment, and hydrolysis
rates of a specific organophosphite under conditions
of basic extraction, and can, for example, be from
about 15 minutes to about 5 hours. For many processes
using a basic additive, one or two extractions using a
10-fold excess of base to acid at a pH greater than 13
for about 15 to about 30 minutes should be sufficient.
In the case of a treatment with a strongly basic
anion-exchange resin comprising polymer-bound
tetraorgano-ammonium hydroxide groups, the phase
containing the phosphorus compounds can be mixed with
a predetermined amount of the resin or the foresaid
phase can be 



passed through a column containing the resin. The
amount of resin used is, at least in part, a function
of the amount of acidic impurities to be removed. For
example, when using a strongly basic anion-exchange
resin, a one time treatment with an amount of resin
equivalent to a 6-10 fold excess of base to acid may
be sufficient. The resin may bq regenerated using a
basic aqueous solution of NaOH as known by those
skilled in the art. Typically, the extraction process
is relatively insensitive to pressure and, in this
regard, is usually limited only by practical
considerations. For practical reasons, preferred
reaction pressure ranges can, for example, be from
about 10 psia (69 kPa) to about 50 psia (345 kPa). In
the case of a liquid-liquid extraction, the basic
solution may contain a soluble salt, such as NaCI, to
aid the separation process. To avoid further
triorganophosphite hydrolysis, contact with the basic
additive should ideally be done soon after the
production of the crude phosphitemixture and
preferably before further concentration and or heat
exposure of the crude phosphite product mixture.
Acidic compounds to be removed may include, but are
not restricted to, diorganohydrogenphosphite
(R2O)(R3O)POH, organodihydrogenphosphite
(R1O)(HO)PO(H), H3PO3,aromatic alcohols, and
ammoniumhydrochlorides and ammoniumhydrobromides.
Examples The following non-limiting examples further
illustrate embodiments of the present invention.
Examples of the invention were prepared from crude
phosphite mixtures containing one or more components
having the following chemical structures:
diorganohydrogenphosphite 5, organodihydrogenphosphite
6, monodentate 



triorganophosphites 7 and 8, phosphorochloridite 1,
phosphorodichloridite 4, biphenol 2, and bidentate
triorganophosphite 3. The following example shows that
acidic diorganohydrogenphosphite 5,
organodihydrogenphosphite 6, and H3PO3 representing
primary hydrolysis products of triorganophosphites 7,
phosphorochloridite 1, and wphosphorodichloridite 4
can be significantly reduced or quantitatively removed
from a solution containing the monodentate and
bidentate triorganophosphites 7, 8, and 3 by
extraction with an aqueous solution of a strong base.
Results are summarized in Table 1 and reported
graphically in FIG. 1. For quantitative NMR analysis,
0.250 mL of the organic phase and 0.600 ml_ of a 0.01
molar triphenylphosphine oxide (TPPO) in C D were
combined and analyzed by 31P NMR (T1 = 5 sec). Unless
stated otherwise, the term brine refers to a saturated
aqueous NaCI solution (about 26 wt% NaCI). Example A
Synthesis of a Crude Phosphorochloridite  Containing
Reaction Mixture: A temperature controlled 2000 mL
baffled flask equipped with an overhead stirrer was
charged with 400 mL of 1.0 molar PCb in toluene and
4.0 mL 2.0 molar triethylamine in toluene. Under
vigorous stirring, a solution of 4 11 mL 2.0 molar
triethylamine in toluene and a solution of 4 11 mL 2.0
molar 2,4- xylenol in toluene were added separately
and concurrently via peristaltic pump at 2.3 mL/min.
During the addition period, the reaction temperature
was maintained at 5 0C. The 3 1P NMR analysis
exhibited transformation to the corresponding
phosphorochloridite (3 1P NMR chemical shift 162 ppm)
in 90% selectivity. Other phosphorus containing
components were triorganophosphite 7 (9%) and
phosphorodichloridite 4 (1%) representing the crude
solution of 



phosphorochloridite 1 used in the Water Extraction
(Control Experiment) as well as Examples A1 and A2.
Water Extraction (Control Experiment): Under nitrogen,
25 mL of the crude solution of phosphorochloridite 1
in toluene (0.56 molar) was combined with 14 mmol of
triethylamine (Et3N) and 10 mL of water (H2O). The
mixture was stirred vigorously for 5 minutes before
the two phases were separated. 3 1P NMR analysis of
the organic phase indicated complete hydrolysis of
phosphorochloridite 1 (162 ppm) to a mixture of
thecorresponding diorganohydrogenphosphite 5,
organodihydrogenphosphite 6, and traces of H3PO3 (3 1P
NMR chemical shifts -2 to + 2 ppm). Subsequently, the
organic phase was contacted with two successive
portions of 10 mL 13 wt% brine and one portion of 10
mL 26 wt% brine by vigorous mixing for 5 minutes each,
and subsequent separation of the two phases.
Quantitative 3 1P NMR analysis of the organic phase
was conducted after each treatment with brine, but no
significant reduction of hydrolysis products in the
organic phase was observed at any time. Example A1
(Aqueous KOH Treatment): Under nitrogen, 25 mL of a
0.56 molar solution of phosphorochloridite  in toluene
was combined with 14 mmol of Et3N and 10 mL of H2O.
The mixture was stirred vigorously for 5 minutes
before the two phases were separated. 3 1P NMR
analysis of the organic phase indicated complete
hydrolysis of phosphorochloridite 1 (31P NMR chemical
shift 162 ppm) to a mixture of the corresponding
diorganohydrogenphosphite 5, organodihydrogenphosphite
6, and traces of H3PO3 (3 1P NMR chemical shift -2 to
+ 2 ppm). Subsequently, the organic phase was
contacted with two successive portions of 10 mL 1
molar aqueous KOH and one portion of 10 mL 26 wt%
brine by vigorous mixing for 5 



minutes each, and subsequent separation of the two
phases. Quantitative 31P NMR analysis of the organic
phase after each treatment with aqueous KOH was
conducted indicating a significant reduction of
hydrolysis products by the aqueous KOH treatment.
Example A2 (Aqueous NaOH Treatment): Under nitrogen,
25 mL of a 0.56 molar solution of phosphorochloridite
in toluene were combined with 14 mmol of Et3N and 10
mL of H2O. The mixture was stirred vigorously for 5
minutes before the two phases were separated. 3 1P NMR
analysis of the organic phase indicated complete
hydrolysis of phosphorochloridite 1 to a mixture of
the corresponding diorganohydrogenphosphite 5,
organodihydrogenphosphite 6, and traces ofH3PO3 (3 1P
NMR chemical shift -2 to + 2 ppm). Subsequently, the
organic phase was contacted with two successive
portions of 10 ml_ 1 molar aqueous NaOH and one
portion of 10 ml_ 26 wt% brine by vigorous mixing for
5 minutes each, and subsequent separation of the two
phases. Quantitative 3 1P NMR analysis of the organic
phase after each treatment was conducted indicating
quantitative removal of hydrolysis products by the
aqueous NaOH treatment. Table 1 Fraction of Acidic
Hydrolysis Products Diorganohydrogenphosphite 5,
Organodihydrogenphosphite 6, and H3PO3 Remaining in
the Organic Phase as Determined by 31P NMR. Remaining
fraction of acidic hydrolysis Experiment Step /
Treatment products in organic phase (% mol) Water 10
mL water, 8 mmol 100% Extraction(control) Et3N 



1O mL 13 wt% brine 99% 1O mL 13 wt% brine 98% 10 mL
26wt% brine 100% Example A 1 10 mL water, 8 mmol 100%
Et3N 10 mL 1 M KOH 46% 10 mL 1 M KOH 7% 10 mL 26 wt%
brine 5% Example A2 10 mL water, 8 mmol 100% Et3N 10
mL 1 M NaOH 34% 10 mL 1 M NaOH 4% 10 mL 26 wt% brine
0% FIG. 1 illustrates the results from Table 1 in
graphical form.The following Example and Table 2 show
the benefit of strongly basic anion-exchange resin
treatment for the purity and stability of the crude
bidentate triorganophosphite 3 under exposure to water
over an extended period of time, for example, under
certain storage conditions. Amberlyst(tm) A26-OH (Rohm
and Haas Company) is a strong base, type 1, anionic,
macroreticular polymeric resin based on crosslinked
styrene divinylbenzene copolymer containing quaternary
ammonium hydroxide groups; d = 675 g/L, concentration
of active sites = 0.80 equiv/L. Example B Synthesis of
a Crude Bidentate Triorganophosphite 3 Reaction
Mixture: A temperature controlled 500 rnL baffled
flask equipped with an overhead stirrer was charged
with 200 ml_ of 1.0 molar PCfe in toluene. Under
vigorous 



stirring, a solution of 203.6 ml_ 2.0 molar
triethylamine in toluene and a solution of 203.6 mL
2.0 molar 2,4-xylenol in toluene were added separately
and concurrently via peristaltic pump at 2.9 mL/min.
During the addition period, the reaction temperature
was maintained at 5 0C. The 3 1P NMR analysis
exhibited transformation to the corresponding
phosphorochloridite 1 (3 1P NMR chemical shift 162
ppm) in 90% selectivity. Under vigorous stirring,
252.8 mmol of Et3N was added at 20 0C, followed by a
solution of 84.6 mL of 1.0 molar biphenol 2 via a
peristaltic pump at 2 mL/min. The reaction mixture was
vigorously contacted with 150 mL H2O. Quantitative 3
1P NMR analysis of the organic phase revealed a
phosphorus distribution of 81 mol% bidentate
triorganophosphite 3 , 4 mol% monodentate
triorganophosphite 8, 12 mol% monodentate
triorganophosphite 7, and hydrolysis products 5, 6,
and H3PO3 equaling 3 mol % of the total phosphorus
content. This solution represents the crude bidentate
triorganophosphite 3 reaction mixture used in the
Brine Treatment (Control Experiment) and Example
B1.Brine Treatment (Control Experiment): About 200 mL
of the crude bidentate triorganophosphite 3 reaction
mixture representing 67 mmol phosphorus was contacted
with 50 mL of 26 wt% brine. Approximately 20% of the
solvent was removed in vacuo at 40 0C over 30 minutes.
The remaining solvent was removed in vacuo at 55 0C
over one hour. Quantitative 3 1P NMR analysis of the
organic phase was conducted after the contact with
brine, and of the concentrated sample, but no
significant reduction of hydrolysis products in the
organic phase was observed at any time. The crude
mixture was diluted with toluene to about 80 mL
resulting in a 33 wt% mixture. To 40 mL of this
mixture, representing about 34 mmol phosphorus, was
added 0.4 mL of water and the mixture stirred
vigorously for 6 



days while monitoring the content of phosphorus
compounds by 31P NMR. Quantitative 3 1P NMR analysis
of the organic layer was conducted after 2 hours, 1
day, 2 days, 3 days, and 6 days. Results are
summarized in Table 2 and indicate relatively fast
hydrolysis of all the triorganophosphites. Example B1
(Resin Treatment): About 200 mL of the crude bidentate
triorganophosphite 3 reaction mixture representing 67
mmol phosphorus was stirred with 11.5 g (13.6 mmol
hydroxy anion equivalent) of Amberlyst(tm) A26-OH
resin for two days. After the resin was removed,
approximately 20% of the solvent was evaporated in
vacuo at 40 0C over 30 minutes. The remaining solvent
was removed in vacuo at 55 0C over one hour.
Quantitative 31P NMR analysis of the organic layer was
conducted after treating with resin for two hours and
two days. The results summarized in Table 2 indicate
that all hydrolysis products were removed
quantitatively after 2 hours of treatment, and no
hydrolysis of the triorganophosphites was observed
after prolonged treatment with resin over 2 days. The
crude mixture was diluted with toluene to about 80 mL
resulting in a 33 wt% mixture. To 40 mL of this
mixture, representing about 34 mmol phosphorus, was
added 0.4 mL of water and the mixture stirred
vigorously for 13 days. Quantitative 3 1P NMR analysis
of the organic layer was conducted after 2hours, 1
day, 2 days, 3 days, 6 days and 13 days. In contrast
to the control experiment without Amberlyst(tm) A26-OH
resin treatment, no significant increase in hydrolysis
products was observed at any time.Table 2 Fraction of
Acidic Hydrolysis Products Diorganohydrogenphosphite
5, Organodihydrogenphosphite 6, and H3PO3 Compared to
Bidentate Triorganophosphite 3 Remaining in the
Organic Phase as Determined by 31P NMR. 



Additional Examples The following Examples demonstrate
the removal of 3 mol% of total phosphorus and 6 mol%
of total phosphorus, respectively, of acidic
hydrolysis products diorganohydrogenphosphite 5,
organodihydrogenphosphite 6, and H3PO3 by treatment
with aqueous NaOH during the workup of a crude
bidentate triorganophosphite 3. Example 1 Synthesis of
a Crude Bidentate Triorganophosphite 3 Reaction
Mixture: I lA temperature controlled 2000 mL baffled
flask equipped with an overhead stirrer was charged
with 400 mL of 1.0 molar PCI3 in toluene and 4.0 mL
2.0 molar triethylamine in toluene. Under vigorous
stirring, a solution of 4 11 mL 2.0 molar
triethylamine in toluene and a solution of 4 11 mL 2.0
molar 2,4- xylenol in toluene were added separately
and concurrently via a peristaltic pump at 2.3 mL/min.
During the addition period, the reaction temperature
was maintained at 5 0C. The 3 1P NMR analysis
exhibited transformation to the corresponding
phosphorochloridite 1 (3 1P NMR chemical shift 162
ppm) in 90% selectivity. Under vigorous stirring, 600
mmol of Et3N were added at 20 0C followed by a
solution of 87.9 mL of 1.0 molar biphenol 2 via a
peristaltic pump at a rate of 1.2 mL/min. Workup:
After the completion of reaction, the reaction mixture
was contacted with 300 mL of 13 wt% brine under
vigorous stirring to remove triethylamine
hydrochloride salts. Quantitative 31P NMR of the
organic phase (Table 3) indicated hydrolysis products
(3 1P NMR chemical shift -2 to +2 ppm), equivalent to
3 mol % of the total phosphorus content. After
separating, the organic phase 



was contacted with 300 mL of 20 wt% brine containing 8
mmol of NaOH (pH 12) followed by 300 mL of 26 wt%
brine. Quantitative 31P NMR analysis of the organic
phase indicated hydrolysis products equivalent to 3
mol % of total phosphorus (3 1P NMR chemical shift -2
to +2 ppm) indicating that the amount of base used was
not sufficient to remove the acidic impurities.
Subsequently, the organic phase was contacted
successively with 300 mL of 1 molar NaOH (pH 14) and
300 mL 26 wt% brine. Quantitative 3 1P NMR analysis of
the organic phase indicated quantitative removal of
the hydrolysis products. The molar distribution of
phosphorus in the organic phase was 82% bidentate
triorganophosphite 3 and 18 % monodentate
triorganophosphites 7 and 8 at 3 1P NMR chemical
shifts of 133, 132, and 136 ppm, respectively.Table 3
Phosphorus Distribution During Aqueous Workup with
NaOH (Example 1) Example 2 Synthesis of a Crude
Bidentate Triorganophosphite 3 Reaction Mixture: A
temperature controlled 500 mL baffled flask equipped
with an overhead stirrer was charged with 100 mL of
1.0 molar PCb in toluene and 1.0 mL 2.0 molar
triethylamine in toluene. Under vigorous stirpng, a
solution of 100 mL 2.0 molar triethylamine in toluene
and a solution of 100 mL 2.0 molar 2,4-xylenol in
toluene were added separately and concurrently via a
peristaltic pump at 2.9 mL/min. During the addition
period, the reaction temperature was maintained at 45
0C. The 3 1P NMR analysis exhibited transformation to
the corresponding phosphorochloridite 1 (3 1P NMR
chemical shift 162 ppm) in 89% selectivity. Under
vigorous stirring, 130 mmol of Et N was added at 20 C
followed by a solution of 37.5 mL of 1.0 molar
biphenol 2 via a peristaltic pump at 2 mUmin. Workup: 



The reaction mixture was vigorously contacted with 75
mL H2O. Quantitative 3 1P NMR analysis of the organic
phase indicated hydrolysis products equaling 6 mol %
of the total phosphorus content (Table 4). After
separating the aqueous phase, the organic phase was
contacted successively with two portions of 75 mL 1
molar aqueous NaOH followed by 75 mL of 26 wt% brine.
Quantitative 3 1P NMR analysis of the organic phase
indicated quantitative removal of hydrolysis products.
The molar distribution of phosphorus in theorganic
phase was 76 % bidentate triorganophosphite 3 and 23 %
monodentate triorganophosphites 7 and 8 at 31P NMR
chemical shifts of 133, 132, and 136 ppm,
respectively. Table 4 Phosphorus Distribution During
Aqueous Workup with NaOH (Example 2) Many
modifications and other embodiments of the inventions
set forth herein will come to mind to one skilled in
the art to which these inventions pertain having the
benefit of the teachings presented in the foregoing
descriptions and the associated Figure. Therefore; it
is to be understood that the inventions are not to be
limited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be
included within the scope of the appended
claims.CLAIMS What is claimed is: 1. A method for
separating one or more triorga pophosphite components
from a crude phosphite mixture containing acidic
hydrolysis products, said method comprising:
contacting said crude phosphite mixture with a basic
additive to produce a second mixture comprising a
first phase and a second phase, wherein said first
phase comprises the basic additive and one or more
components independently 



selected from the group consisting of (R2O)(R3O)POH,
(R1O)(HO)PO(H) and H3PO , wherein R1, R2 and R3 are
independently selected from the group consisting of Ci
to Cibalkyl, C to Ci aryl and hydroxyaryl, and C3 to
Ci 8 cyctoalkyt and hydroxyalkyl radicals, and wherein
R2 and R3 can optionally be connected to each other
directly by a chemical bond or through an intermediate
divalent group R9; and said second phase comprises one
or more triorganophosphite components independently
selected from the group consisting of (R4O)(R5O)P(OR6)
and ((R7O)(R8O)PO)nA1wherein R4, R5, R6, R7 and R8 are
independently selected from the group consisting of Ci
to Ci8 alkyl, C6 to Ci 8 aryl and C3 to C18 eycloalkyl
radicals, wherein each of R4, R5 and R6 can optionally
be connected to one or both of the other two directly
by a chemical bond or through an intermediate divalent
group R10, wherein R7 and R8 can optionally be
connected to each other directly by a chemical bond or
through an intermediate divalent group R11, wherein A
is an optionally substituted or unsubstituted
aliphatic, aromatic or heteroaromatic radical, wherein
n is an integer greater than 1; and wherein R9, R10,
and R11 are independently selected from the group
consisting of -O-, -S-, and -CH(R 12)-, wherein R12 is
selected from the group consisting of H, C6 to Ci 8
aryl, and Ci to Ci 8 alkyl.2. The method of claim 1
wherein the basic additive comprises at least one
compound selected from the group consisting of NaOH,
KOH, NasCO , K2CO3, Ca(OH)2, NH4OH, CaCOe, a strongly
basic anon-exchange resin, and combinations thereof.
3. The method of claim 1 wherein the basic additive
comprises a strongly basic anion-exchange resin. 



4. The method of claim 3 wherein said strongly basic
anion-exchange resin comprises polymer-bound
tetraorgano-ammonium hydroxide groups. 5. The method
of claim 1 wherein said basic additive and said crude
phosphite mixture are contacted at a temperature of
from about - 10 0C to about 30 0C. 6. The method of
claim 1 wherein said first phase is maintained at or
above a pH of about 13.5. 7. The method of claim 1
further comprising the step of contacting said crude
phosphite mixture with water before contacting the
crude phosphite mixture with said basic additive. 8.
The method of claim 1 further comprising the steps of:
b) separating said first phase from said second phase;
and c) contacting said second phase with the basic
additive. 9. The method of claim 8 further comprising
the step of: d) contacting the second phase with a
brine solution.10. The method of claim 1 further
comprising contacting the second phase with a
transition metal or a transition metaf compound to
produce a transition metal-triorganophosphite catalyst
or catalyst precursor. 11. A method for preparing
triorganophosphites, said method comprising: a)
contacting an alcohol with PCI in the presence of a
triorganoamine to produce a first reaction product
comprising one or more organophosphites and
triorganoamine hydrochloride; b) removing the
triorganoamine hydrochloride from the first reaction
product to produce a second reaction product
optionally containing one or more triorganophosphites,
diorganohydrogenphosphite (R2O)(R 3O)POH,
organodihydrogenphosphite (R1O)(HO)PO(H) and H3PO3,
wherein R1, R2 and R3 



are independently selected from the group consisting
of C1 to Ci 8 alkyl, C5 to Ci 8 aryl and hydroxyaryl,
and C3 to C18 cycloalkyl and hydroxyalkyl radicals,
and wherein R2 and R3 can optionally be connected to
each other directly by a chemical bond or through an
intermediate divalent group R9, wherein R9 is selected
from the group consisting of -O-, -S-, and -CH(R 12)-,
wherein R12 is selected from the group consisting of
H, Ce to Ci 8 aryl, and Ci to Ci alkyl; and c)
removing at least a portion of one or more of the
compounds diorganohydrogenphosphite (R2O)(R3O)POH,
organodihydrogenphosphite (R O)(HO)PO(H) and H3PO3 by
contacting the second reaction product with a basic
additive. 12. The method of claim 11, wherein the
basic additive comprises at least one compound
selected from the group consisting of NaOH 1 KOH,
Na2CO , K2CO3, Ca(OH)2, NH4OH, CaCO 3, a basic
ion-exchange resin, and combinations thereof. 13. The
method of claim 11, wherein step c) is repeated. 


