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METHOD FOR THE PURI FI CATI ON OF TRI ORGANOPHOSPHI TES BY

TREATMENT W TH A BASI C ADDI Tl VE CROSS- REFERENCE TO
WORRWOATEDOAPPLI CATI ONS Thi s application cl ai ns penesion7/006242

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 | NVENTI ON The invention relates to the field of

preparati on and use of triorganophosphite conpounds.

More specifically, the invention relates to the

partial renmova hor us_aci d
L MEBTRRBRR HﬁtPUEF A %gﬁg SPHTRS BY
basic additiv EHp‘h é can act
as catalysts for triorganophosphite hydrolysis, the

treated QRESSANEPERANGE TOHIEIUCHESIARRIEAADNS

tabi |l i zeéd agai nst further hydrol ysi s when. expQse
et dis EadiceRoUIS TS AT RERATRAO FSPYAIRShASBHFA10D No.
6073;(8%%?3 %ﬁ&? M%ircﬁﬁ U Qbﬁé eThiRAS)dIIBab heRédy me@rporates by

where "A" I's an optijonall
refe mvwor@al W‘GEQ@“ Nex @9/7353 Hratn gs enfirghbt i c, or

heteroaromatic radical and n is an integer greater

than 1, are used in a nunber of inportant .commerci al
appl i cations incl UW@I‘Mi oxi dants,
st akildl |ﬁ€é§hqrf"rré‘iée%@ﬁh@ﬁé’lhtdfgép%ﬁoﬁsadd' gangs for

vari ous cat ytiCc processes ner al

trlmrgaoagmﬁmw@sqﬂmmw@r el\/lpr%am@fdpql'nvofhme('t}@” rejptesgp the
pa?ﬁal %zm%(}gl 61?5’:10%%6?1@9&9‘5 %tr?rﬁ&%’érﬁnsfpﬁﬁ@proaﬂéﬁsﬂﬁa&g by

Ion occurs stepw se acement of X wit
treaheanw;tb adpasie ﬁéd(ﬂwec Secabgg thleb phpsphorus acids can act as

caprﬂ SR RO t?@ btgghg%&w % 4nhé8nated triorganophosphite

sphoroc i nt er nedr at es,

prodmairsg@ao;ﬂmphetsm mb}gaaa@)fp(tmeby%r@wsaﬁ:w@eﬂﬁxposed to

water.

BACKGROUND OF THE INVENTION
Triorganophosphites of the general structure (R*0)(R°O)P(OR?®) and
((R"O)(R®0)PO),A, 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, anti-wear additives and as ligands for various catalytic
processes. Generally, triorganophosphites are produced from PX; (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 (R*O)PCl. and phosphorochloridite (R*O)(R°0)PCI
intermediates, triorganophosphites (R*0)(R*0O)P(OR®) and acid HX.

Several methods for making organophosphites, for example those
described in Houben-Weyl, Bd. XXIl/2 pages 12-17, G. Thieme Verlag, Stuttgart
1964, and supplement E1, pages 413-421 Stuitgart, New York 1982, are known
using readily available PCl; and the corresponding alcohols. The acid HX can be
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Several nethods for making organophosphites, for

exanpl e those described in Houben-Weyl, Bd. XXII/2
w@agedodds 17, G Thieme Verlag, Stuttgart 1964PCHEHNS2007/006242

suppl enent E 1, pages 413-421 Stuttgart, New York

1982, are known using readily available PClI3 and the

correspondi ng al cohols. The acid HX can berenoved by

physi cal separation or by acid-base reaction using

organi c or inorganic bases. In addition, US Patent No.

6, 069, 267, and US Patent No. 6,031 ,120 describe the

use of triorganoam nes to renove HCl foll owed by water

ref¥BY04 ?,’% &%&sk&\’%&ﬁ%ﬁﬁéﬁ} ;p‘grs%éiﬁ-lbragg‘?é&tfd?ﬁusing organic or

rre chloride salts fromthe
indrgaoicdzasssh ds pliditeonyiig Batent N E06 86T ., amd USKRategnt No.

ry. a - Thi ,
o 5825 ckr e RS o i AT eV Er A Byt ot
waspitightbedtempearhtures &s earoeve thevaorespansiveg AEIMONIUM t he
resenc f I di one or nore
B St e SRR Beshie RS ©
( R_QquRRD) W&y, Ba.gaxivai Clyapteg bapt paghs 86-32, G. Thieme Verlag,
R10 P .aci .
stpfigrt A Ik onle, PaF uRIGARANRMIEE of IR nydRlchin e
présendal airwalds, espaciplyiio tiRh psedencens aCisip oamgpounds| to groduce
pages 41-42. Wle S Y. ; 3
ori8ore ot i cSEduris Rfoandblroidbngi gt (T3} MeOlPON,
orgdmadihydiogeyphas patectR' @)(H©)RO(Id) andl phdsphareus acidiigsPOs.
aci di ropertiges,of di ' .
CiRsty uitgess HERLA Rt AIEN, Dl A IR eAaRH 8. Majer Eds.
Orig&hid PRbSpHArols Quinpdirds, Vidy.ds pages 41420 §Vildya&iSons., New
conditiqns_was_found to,b ower . | Sh | .
vROH e ol L Mbubo BB RIS 187R oS ok e s
hyGl;tﬂmis %aztidﬂi&&autddélalyiiafﬁme foithb agidi¢c peopestievef of
.these acidic dr.o ' : .
g GenpR R et RaBE RO, affplal S de dhosphie
(R(I‘jo@(@mfpmm dnd BiR@ROfdehEis engerdohsit cdoditings was found to be
ownst r ea rocessi ng_and st qrage. 0_,at
IO apADET AT I BRSO G (W SRE b ol Amer
CIi’er’Q?SpB.%QSS% adioe 9 8Bhawithout dgeremovdl af thewp addisdydiolysis
prg1 ucl:tts,I gse % r%gglp o? ﬁygrgllyns?ss, tﬁglde gaarggg %fglﬁtlﬂcant 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.



10

15

20

25

30

oxi de can partially stabilize the triorganophosphites
by retardi ng hydrol ysis. However, such additives can
we2m3aountiesi rabl e effects or be i nconpati bl e MET/HS100B006242

use of the triorganophosphites, for exanple during
preparation of a transition netal-triorganophosphite

catal yst or catal yst precursor for reactions such as
hydrocyanati on and hydrofornyl ation, for exanple. It
woul d, therefore, be desirable to have a nethod to
stabilize triorganophosphites w thout using additives
that may provide undesirable side effects.US Patent

No. gt%negfe'ng@?o BEPLE7 E)&mé 95fiSciBseS e W eRubalial treatment of a

tre _ a triorganop phite reaction mxture in
tricagamograsphite sbaetinn mixthredinlaroganioseiver wigh 0. NN aqueous

s NaOH I i Sid: ter. US Patent

RT3V 3alBoHs N TTCuRY ey dbtledpall 0L 5 0"

crudks Pam;m tNoried4s, 289 pissiesesta puocessdaptembining e crude ligand

process o Pat en ah 0,069, 267, W inyal :
MixtUEe, é:free%rrﬁgggﬁ ggargﬁ)&e Blg e p%gce% @E tusﬁév%ﬁg%cgc&gaéas,%?, with
div@ﬁirmn)'tﬂ&el vbimpbunds and(rﬁﬂheingczfgemits:tcebromwea datdlyst which is a

sphor.us .conpound. . Thi atent di
ool RSP AEA TP Eifondh oBRb yBPbaE: Thghaedpoioses
thaflfsPeFtcn?clj‘@ Bgaiclenﬂitgf@gmbbnfaimbyp#mdunts:wmchanay affathie rate
at al yst. scl osed therein, ar i

of Tt BB e RAMIED CRAIEY (SIe o MEPD Seareayment
method®WhicH includie contigting cradedigkhyl nhiatlire vithoame or mege of, for
xETPIS A VEAKY BRI CUOERE UL Pod adnoidi gyt System for iquia-
qu&iﬂ&a’éﬁmﬂbﬁ, Theqatdet disglases treat vavieus treatriehtst efr ¢ruds ligand
et v eS0Tk S0 S U s
aré phasht (NAscrilg@adighhdd above, triorganophosphites can

be hydrolyzed in basic as well as acidic conditions,

wi th base-catal yzed hydrol ysis being slower than

39. dcat al ézteg Pyﬁtughu?simfdmmm INVENTION it has been |

i scovered tha rolys t b d, by.
t r cAeAaRoriResiabe Ve, rrganripsphcs fap hapydsolieE i basic as

well as acidic conditions, with base-catalyzed hydrolysis being slower than acid-

catalyzed 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)(R®0)POH, (R'0)(HO)PO(H) and HsPOs wherein R', R? and R® are
independently selected from the group consisting of C; to Cig alkyl, Cs to Cys aryl
and hydroxyaryl, and Cs to C4g cycloalkyl and hydroxyalkyl radicals, and wherein
R? and R?2 can optionally be connected to each other directly by a chemical bond
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degradation of triorganophosphite nmay be decreased.

The present invention includes a nethod for separating
W@e@700900Dr e tri organophosphite conponents fr oPCHUSI0T@®6242

phosphite m xture containing acidic hydrolysis

products by contacting the crude phosphite m xture

Wth a basic additive to produce a second m xture

conprising a first phase and a second phase. The first

phase conprises the basic additive and one or nore

conmponent s i ndependently selected fromthe group

consisting of (RO (R3O0 POH, (RLO (HO PQ(H) and H3PQO3

or {Glgh B esenBlY sy ErplP B IV ccled® S ine i
coﬂsﬁﬂm’m’ em?xsaramdd-mﬁm '8)-t wherein R'F imelpttedrfiom the group
ro adlL ¢ R2
conprfiit G b Clonhldis B to GeRRher directly by a
chemhealecbnd dxbvasbiuo}gwisamnm@enm trmrgadbpmmteg r o up -
el ect rom t
comp&nemlﬂdgggn&era& eé?%teﬂg?rﬁéﬁég gfocug;{léécﬁs%%tﬂ% Phe’ gr oup
(R‘@(O)”(Bpmﬂ’@@:ﬁ)l and((ROOSIFECaP D), A, amlder6int B*,GR°,R%IRydnd Rthare
ec se

S S35 e oo Bl b RERBIGEE br
ansh@egstbs(cr o nigrtg'cmfaIKyleéE%Q}:ﬁ’d %}emmﬂao@'\g e N W@)anmptlonally
verageibd eraute oot ol 6 Sihe e g SRR PRSI popgor
th r\%hﬁg? grﬁrﬁbrﬁfwlaté Reivalant @oﬁﬁﬂ?‘@yah@ & karid R3dac wlphpnaih,cbe

eac
couSG ek S8 e e o R BRI e r B b
dnhipélﬂ buEJ WbUEFheaﬁte'rmbGraliéldﬁ\ﬁé@wt@mabs ﬁt“(’j gnddFﬁ‘ Ri®,
i Sebeol S o B FoBSRARR A s af ce-
wneméuglrngﬁ?s eltrelfcc&d/ﬁbﬁnmweggr%p cBhsisting ©f mwwml gatrg, and Cq to
di v u n
Ci el Rhe $1B8ttenh A 35 anpionaly SUBSRERER s iiiBfbd
ﬁi@laﬁorﬂ&ﬁcl &r Iﬁab&ﬁrema{hquibbeam auP andniziget gneaterf than 1.

E@mﬂ?? oh arokid Go Sragiphalis: &3 1omarbiath o £ to Ca

hek’é?%é?&hhﬁélfa%ﬁcals

The basic additive can comprise at least one compound selected from the
group consisting of NaOH, KOH, NaxCOs, K2COs, Ca(OH)z, NH4OH, CaCOQOg, 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 °C, for
example at temperatures from about -10 °C to about 30 °C.

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 acidic
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al i phatic, aromatic, or heteroaromatic radical and n
is an integer greater than 1. Exanples of A include G

W 200Cito®bi phatic, C6 to C2 aromatic, or C3 to E2BUS2007/006242
het eroaromatic radi cals. The basic additive can
conprise at | east one compound sel ected fromthe group
consi sting of NaOH, KOH Na2CO3, K2CC3, Ca(OH) 2,
NHACH, CaC(OB, a strongly basic ani on-exchange resin,
and conbi nati ons thereof. In one enbodi nent, the basic
additive conprises a strongly basic ani on-exchange
resin, for exanple a strongly basic ani on-exchange

] s - r (oF m
s FAIREIS B HEE B Bk SR SR AT Brce
phosptete mixturet With loztécbefddd tontacting tderucieusteogphite phixtuere with
th ] Xt.ur d@re contacted at tenperatures above about -25

ASIE Wﬁrrpl e at tenperatures fromabout -10 0OC to
aboThe3feddént ihventitin alsorblatescivhadinveistfopbepiratipngesent

N N S W T
hydifotysis pricts whiergin tine ﬁiétﬁp(f§ftﬂfl’©$ cbm;ﬂiéi?hb@eﬁs)bf ;

r I N rior no 0S Ite, CO onent s roma. Ccrude
seRaEhA e et presa TROR AT RrtarcLERame Ryt Caryesing g rcoed
phabe efithfthe baeic additve.skrahdtbeserboaimentthaqiresantti@ention

incf SRR Db Enihaeoil R e il St with
théﬂhﬁﬁceeanwé,invention also_relates to nmet hods for

SRR S AT GBSO RSR B s hhnacting
thepsapdinet shasbewith B tidsitioe! et dr W frassities Mtascorhpsund to
IR R RTINS NN G
Exashiids ofetrarisitienaictals of ikeditihthetdl eompRemat thav@ii beGsed
incl i AER U (BT it 2 IBAOT & et and
Ni[P(O-0-CsH4CH3)3]2(C2Ha), 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 PCl; 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 (R*0)(R*0)POH, organodihydrogenphosphite
(R'O)(HO)PO(H) and H3P O3, wherein R', R? and R® are independently selected
from the group consisting of C; to Cyz alkyl, Cg to C4s aryl and hydroxyaryl, and
Cs to Cq5 cycloalkyl and hydroxyalkyl radicals, and wherein R? and R® can
optionally be connected to each other directly by a chemical bond or through an
intermediate divalent group R®, wherein R?® is selected from the group consisting
of -O-, -S-, and -CH(R"?)-, wherein R is selected from the group consisting of H,
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Anot her enbodi nent of the present invention further
conprises contacting the second phase with a

W e@ngodddN netal or a transition netal conpouPdI/US2007/006242
produce a transition netal -triorganophosphite catal yst
or catalyst precursor. Exanples of transition netals
or transition netal conpounds that can be used include
Ni (COD)2 (COD is 1,5-cycl ooct adi ene),
Ni [P(O 0-C6H4CH3) 3] 3 and N [P(O- O C6H4CH3) ] 2(C2H4) ,
all of which are known in the art. The resulting
transition netal -tri organophosphite catal yst or

cgfﬂ &) yér;,n RIrRca] &pcwcanyp anassmlrfgoat lésgpa benrorﬁwheaér more

rocyanation or

o ek o ar b it RN B |
olgehBHESRRIATRISERTe (FHORNCHPONH) 368 HIDAT) oitadihg the

seapngrreagiien quduotwlﬂ"éhbﬁﬂ@lﬁqgﬁb@uct conpri si ng one or
nor e or ganophosphites and tri organoam ne

hydr ochl ori de; renovi ng the tri organoam ne
hydrochl ori de B i !

Progge 1‘9‘3551e %l&ff?&ﬁl‘e‘%@nﬂﬁlgﬂ%’bwﬁ I@ﬂé&ﬁ’on of hydrolysis
or

cont al ni ng nor'e triorganophos
pr@duc@aemwmnggemomamc phese e:;t(em@)tacwlth a control (brine) as
) (HO PQ(H) and H3PGB,
c%%@%ﬁﬁb%ﬁ%%@ndgﬁ%g%én ependently sel ected from
the group consisting of Cl1 to C18 alkyl, C5 to C18

"ﬁry' and hyﬁé?ﬂffaéﬁ'lneéﬁ%ﬁpﬁ ﬁ%@%ﬁlégﬁbm”d
ydr oxyal k

opt i Dinapresent invention ircludes awthods fospudifyieg eng sigbilizing

tr%@ﬂﬁ%’sgf\iﬁgﬁg ré%\ci’%g)rh(ﬁr{ﬁg ér{ﬂégﬁ eratrﬁteh% d?‘rgzlus%néontalnmg the

triocgagiaphiosghités. -HOr exa@ple aaridicGHPERLINGSs sueiasei n R12 | s

BB R VAT NOH i S Shihpthe

(RID) (@) RO( htbraaddﬂaﬁmgcam ppoumaisa result of aqueous workup of crude

SR RRER A SE SEA SRRE E B DR QU RO and

freronirechveded Ipbospbmmdlofwo:hi eo(R? Q)Bﬁllb(:and\phhsmdrashlondlte
(F?‘gﬂ F&dd)%CI 1r§| Frﬁe%?%Rbg T(J.i gs\lcgr:npoﬁ%n@ 1%" Pll\:'e 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. Atleast 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 (R*0)(R°0)P(OR?®), and ((R”0)(R®0)PO)nA;
and one or more of the compounds diorganohydrogenphosphite
(R2O)(R°0)POH, organodihydrogenphosphite (R'0)(HO)PO(H), and HzPOs is
contacted with a basic additive to produce a second mixture. The second mixture
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FIG 1 is a graphical representation show ng the

fraction of hydrolysis products remaining in the
woee@aniwophase after contact with a control (bPCTHES208%006242

conpared to contact with a basic additive. DETAILED

DESCRI PTI ON OF THE | NVENTI ON The present invention

i ncl udes nethods for purifying and stabilizing

tri organophosphites by renoving acidic inmpurities from

t he phase containing the triorganophosphites. For

exanpl e, acidic inmpurities such as

diorganohydrogenphosphite (R20 (R3O PCH,

coﬂmrggggg ByHLegsn Qrm?f’;%%é A D<dohE %e ?RE f|F§ PHdse

as are aqueous wor kup of crude

cotnpirises mpas:s ididitive, ang) @hlea§t 2 ROGITREIYIE orEere ghthe

co §§§ és?%o 5 ﬁTngxr“of dﬁ?@ap@ﬁ@@é@w%ﬁ% (R20)(R°O)POH,
orgaTusiihairogénphasphite (RRAGHOFRO (P and HaPiedi Bieesegpslphase
B ERTHRER S B g IS o
seaond rmxhurmclam pptisnalhnbé separaded frﬁﬂttb\ﬁ*cs,aﬂondtnmed usingg
geﬁ%?a&%%?g?aﬂ %%(@?Q%%W%I%s%@fédﬁh%@%ﬂ For example if the

SI'S Upon exposure
basmMasga iy IIthnﬂ susls asradjuende NaQld) 8 C@ﬁﬁ@@ﬂ!@&hmlheﬂ'ﬁ@ﬂer can

oel il ok R0 A B el ARl AT BB HE e,
sepugte thee ségondepitase compasingi the trgrganopbesphytesdren tog first
prnpsarrg sy B R RET I USiedd sfbaq SRR ofnge resin i
de;pgtgem amem.c??ta;aucﬂﬁgpll;rgawé tusedr Ixt ure conprising at

con s PR AR AR R e £ R Apoa of
to &ngl atklyE Gy tor®y aryif aricheydrorpanyh ésd Cs to Cyg cycloalkyl and
A SRS SRR o (R AD Eon p samaer
direetly by tacchemhichl boriher thradgh anvm!tetrmeprarbel doalentgroap®°. R is
sefict B e e R R AP G e
selavigd freasthiehgrobpsonsitidgtof W Gytd Gis drelast Ca tp&hs atkyl. of

one F?{ F{gohe IQ; atnrcﬁqa are independently selected from the group
consisting of C; to Cys alkyl, Ce to Cqz aryl, and Cs to C+g cycloalky! radicals.
Each of R*, R%, and R® can optionally be connected to one or both of the other
two directly by a chemical bond or through an intermediate divalent group R'®. R’
and R® can optionally be connected to each other directly by a chemical bond or
through an intermediate divalent group R'". R'® and R are independently
selected from the group consisting of -O-, -S-, and -CH(R'?)-, wherein R'? is
selected from the group consisting of H, Cs to Cyg aryl, and C, to Cys 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 compriée one or
more compositions comprising at least one basic compound and/or material.
The basic additive may, for example, comprise at least one compound selected
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conmponents consi sting of di organohydrogenphosphite
(R20) (R3O0 PCH, organodi hydr ogenphosphite

W@ RbO1¢9e® PO( H), and H3PO3. The second phase cPOPUSREF006242
at least a portion of the organophosphites. The first
phase of the second m xture can optionally be
separated fromthe second phase, using genera
separation methods known by those skilled in the art.
For exanple, if the basic phase is |iquid, such as
aqueous NaOH, a conventional m xer-settler can be used
to contact the crude phosphite m xture and aqueous

trff i, BT TR Ab G WO KRR RS, s Srbedyron,

CaC@;, acstdorgly bpsici atmexs-exbﬁangm %sﬁactm(ﬂccbmbirmtlons thereof
a decanter or fi

ExalpieR oL SatrbieSToRsly hvF e Siebaaadpana e fosia et ing

pofynmn-tbdft&\cgfmgrgm'rtsaﬁ'tmrblguﬂf h@rokﬂe_@r&u pskyl, C6 to G
[ 0X

|
by e PREtS) dre BPendenesn ERBs R e P yE o
ternpenaiceshdutd m@nwferw o &€ bbybm/omyebmreﬂ b;bpﬁsals@él

h h t
imi; 36 P Srre il HSaRgEe daalan Aghgpealfinit fgpactpg e range
of smwﬁ?eh&)arattomhmmamas is; ioredenhgie, fHeomeéAiag @bm:m)f the liquid

C to
nSeS Ihtandhy Coraimprig! GedtRnin ﬁ%ﬁ?@ugee'ra@weqméfme is

subjbet wm@pmtmsn thii étﬂmﬁl‘heﬁ avdllable; tamipsratukdy gbdve atbcydt,-zs °C
i cals.. Each of - R4,

ar&BangiaII BFTSRero ah PRRBIe. BB IS GHTBPBratis fange for this
prdd%s@i hem aM@utd-LT(Em;'tdabMuﬁB@h@m cal bond or through

te | ent grou . R7 and R8
opt CS%?Z'W%%' Bﬁh"es?%'a Rhgsség'ﬂulﬂ ??é?a'auarté’éﬁb)‘?"ﬁfbﬁll“35
thrbbgmmahe@ﬂdcwn bRocig8 TR ddif 156 BBEbMbRsKEY/BY 88ing a 1 normal
R10 and RL 1 are independently selecte

SoRfIgRI e ﬁéfw&ﬁﬁ%wwét@r Rpadtrongly basic anifyexehgngergpin of

eqtmare@it BtrBAgGthi. 9f & ﬁ@d@@tléﬂi Qthquﬁlo%é}\ﬂbh%@?ﬁhé 'geR8rdiés a salt
to Gs aryl, to G al

CO%%}B%"Q gayRaleapid Sg'ca@S&btrl%a@r'w%fnmqr@%lead@*the weak acid
shoulg HesienmdlieRpirat iAW for 4 eff@dtive édtraction process of the acidic

diorganohydrogenphosphite (R20)(R®0)POH, organodihydrogenphosphite
(R'O}HO)PO(H), and HsPOs 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 (R*0)(R*0)POH, organodihydrogenphosphite
(R'OYHO)PO(H), and HsPO3 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.
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heteroaromatic radical where n is an integer greater
than 1. The basic additive enployed in the present
WO poo2nodoe can conpri se one Or Nnore comnpositi oPGT/US2007/006242
conprising at | east one basic conpound and/ or
material. The basic additive may, for exanple,
conprise at | east one conpound sel ectedfromthe group
consi sting of NaOH, KOH, Na2CO3, K2CO3, Ca(OH)2,
NHACH, CaC(OB3, a strongly basic ani on-exchange resin,
and conbi nati ons thereof. Exanples of suitable
strongly basic ion- exchange resins are resins

€O Wﬁ"h'es\}ég&arg?ufégé rbg %@3&%@% BRRAANEEP BY Yractical limitations,

hydr oxi IS rates are dependent
suoh asgepetoasinesand aep@mtlcracap@ﬁtx. dypbe o iwitshang By molar

eqhﬁﬁ%r‘t#ﬁﬁ? ?Agé(“idaéc{lﬁﬁﬁﬁf nﬁe? :FXS ﬁéétlﬁg'@&ase of an

sica 1T qui
exﬁabhmﬂsmgsam&mbM@Hl tha volumerqfatbauha@lq first paaggrecan, for

xRS e o BB QR orERRRE -l Gunb Brodid RkBna phse
vohmme’f)hn a{nomqme paNa@H bh poiy?mtjd:rcamqt tetraar@lcaafﬁllnwa@%

ec i
nypERT b ol BxaBpie bR E5n G BOL RT ablfh eBBivatent of the
total afrmu;\edf ?mmuairetmfmargmﬂhmphm gownptenhalsar e

or £ oG .

"5 Sk 55T o DR BRIl S ediomon

antiemyiimlyaits ratesadnfoa/ spedamlbrgbihdﬁ)hbbpblt@ boder ¢ongitions of basic

ase N \Wet er
str mlmarnapraceaaem usnmg@laage alddﬁwe, of\emmwoaixmactlons using a

1o5iER Sl oA P o AR 98 b6t o0
mhuteygwmmrwmemodhltm cdse of hdragbalentwiith assivongly basic
e RN eGPl SRR RO BB A oA
hydR»I¢ BRYPOthe phgse odntaining denphosyidrus compounds can be
SR AT T 5 1 b5 fean oo
pa&asd hﬁo&ghle&u@dnﬁycdnthhtr@ henreaind /Thie dpountt frresin used is, at
Ieafé(ttug ?)%}:tl 833&3&02{0 con L Ifnﬁ%l% tlrpxparrl]t?e b o) 'é: reanqg\'/éé VEor
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 be 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 tfrom 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 NaCl, to aid the separation process.

To avoid further triorganophosphite hydrolysis, contact with the basic
additive shouid ideally be done soon after the production of the crude phosphite
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wo e@3tiodops part, a function of the total anountPOf/USIDZ006242
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(R20) (R3O POH, or ganodi hydr ogenphosphite
(R1O (HO PO(H), and H3PO3 inpurities that are present
prior to the treatnent with the basic additive. For
exanple, a 10- to 1000-fol d excess of the base can be
suitable, provided that, in the case of a solution
extraction, a mninmum pH of about 13.5 of the basic
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The following example shows that acidic diorganohydrogenphosphite 5,
20  organodihydrogenphosphite 6, and H;POs representing primary hydrolysis
products of triorganophosphites 7, phosphorochloridite 1, and
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passed through a columm containing the resin. The

anount of resin used is, at least in part, a function
w@boorheoedhount of acidic inmpurities to be renoREHUSIOT/006242

exanpl e, when using a strongly basic ani on-exchange

resin, a one tinme treatnent with an anount of resin

equivalent to a 6-10 fold excess of base to acid nay

be sufficient. The resin may bqg regenerated using a

basi ¢ aqueous sol ution of NaCH as known by those

skilled in the art. Typically, the extraction process

is relatively insensitive to pressure and, in this

AR L s omoves
frorreatsbluiugnpcrmﬁamgtg thengesodantate amd bickamtate, tjdg@fﬁ;bphbs%hites 7,
8, 8R4 3l Bgeibri With A Haefn§ Sobirioncer R Pogl BRssis Resultd are

sumhanzemnnmbleqrﬁrai mmr@dlgrbbmcaw in FI3ICh Hér dasatitative NMR

an?b’?@r g%&'ﬁ@s‘%ﬁh or ée??"%? ggdgq\;%Qgggll—JH 2 9 QhEaaarsi ¢
truﬂfédwtﬂhbepﬁhmbﬂdé Q‘HaP?) "“’ﬁg?@ mrg %e)r(};rﬁ;?%& ER& R@alyzed by 3'P
NN 21 8.2 B bl AL e RS 10 46 T8 R iBRdeors fRasaturated

aqeémmaeleblmnba (abogde2®ReRMACH. product m xture.
Aci di ¢ conpounds to be renoved may include, but are

not restricted to, diorganohydrogenphosphite
Exahrigle (AR30) POH, or ganodi hydr ogenphosphite

(R1O (HO PO(H), H3PO3, aromatic al cohols, and

amoni unhydr ochl ori des and ammoni umhydr obr om des.

Syhttiegis & alCeude Iplmupmaraamdﬁdné 1 CostamiiigcRe A6ti6h Mixture:
|II strate enbodi the resent invention,

bEbeERiUr R ConTOaA 20D Rl balyPe JASk SaIRRRCON tan

ov@:h@aaryth@r Wae cHeB§ed WHhAA00 Ml SMEOHoIEP PEILRNBRIEB Snd 4.0
the foll ovm chem cal structures;

Ldf\é'r'ﬁ&% Hﬁhu’&gﬂﬁﬂ&gtﬂw@ -5UNgpGuieeERYs sitaem selRNQE 411

mL62.0'mBRE &MétAlyRmine in toluene and a solution of 411 mL 2.0 molar 2,4-
xylenol in toluene were added separately and concurrently via peristaltic pump at
2.3 m/min. During the addition period, the reaction temperature was maintained
at5 °C. The *'P NMR analysis exhibited transformation to the corresponding
phosphorochloridite 1 (3'P 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 phosphorochioridite 1 in
toluene (0.56 molar) was combined with 14 mmol of triethylamine (EtsN) and 10
mL of water (H20). The mixture was stirred vigorously for 5 minutes before the
two phases were separated. 3P NMR analysis of the organic phase indicated
complete hydrolysis of phosphorochloridite 1 (162 ppm) to a mixture of the
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tri organophosphites 7 and 8, phosphorochloridite 1,
phosphorodi chloridite 4, biphenol 2, and bidentate

wa eioongmndophosphite 3. The foll owi ng exanpl e SPOIES100Z006242
aci di ¢ di organohydr ogenphosphite 5,
or ganodi hydr ogenphosphite 6, and H3PO3 representing
pri mary hydrolysis products of triorganophosphites 7,
phosphorochloridite 1, and wphosphorodichloridite 4
can be significantly reduced or quantitatively renoved
froma solution containing the nonodentate and
bi dent at e triorganophosphites 7, 8, and 3 by

oSN . s BB 5, an
trageathgBOef’PrNMFGchém:d'ab ﬁhmaattgt-rgz ppm)Nmbs@qbyﬁlly‘; the
ase an

orgHgfc Pt Birs AR T troepr BTN o G atle 18 Wios
brineahdred ;amdoarmlmzmd Ap/wiSA BriNefby Vi éorou@ rAB@g fdiH @Ffutes

t at th t b refer 0.a.sa fe
a3 b s Hebacoh SapaaRop 20U M PRESE NaBrRRt Ekas e NAH
anﬁyﬁ“&; hﬂShé ofdarfic @hadé ﬂmfw&:whﬂéﬂ éhdfﬁtreéi%ﬁrﬂlvﬂtl’ﬂlnne but

action Mxture: A tenpe re co roll ed 2000
O STV HAD £ Pt OB iSO RS RO S J P aEe0HG Piase Was observed
at amatiged wWith 400 mL of 1.0 nmolar PCb in toluene and
4.0 mL 2.0 nolar triethylam ne in toluene. Under
vigorous stirring, a solution of 4 11 nL 2.0 nol ar

Extam';ﬂéhtw @mm@ougmlmeanﬁeﬂt)a sol ution of 411 nL 2.0
n toI ene were adde %)arate
Sien

o cOBgRE Dok, 28yl 8667 45 Haiacs hrpsigricite 1 in

tollidid Was icdmbanksd Wit PRIEIGT EtiNe ahgad i ot eThE Whikture was
The 1P NMR anal ysi s

nma nt ed at 50
St VISP 1015 FUR gD BisforP ns WO ARBES WaR Skparated. P NMR
anm@isramﬁ@@rgam éhhge (ﬁu;da?eblwnrﬁ!@t@mﬁro%ﬂsfdf 162 ppm
i n 90% ctivit orus contain 9
P“‘Fcﬂﬂ&éﬂ‘éﬁ ffedd le NM%SH%‘E ﬁlﬁt Brrpany Oarm'x ure of the
coméum@iwgadio%&mhy&ré@erﬂot{o%%né B bRFRIYiIMAIrb§enStidsphite 6, and

sol ut i
traces of HgPOs (3‘P 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 wi% brine by vigorous mixing for 5
minutes each, and subsequent separation of the two phases. Quantitative *'P
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 1 in
toluene were combined with 14 mmol of EtsN and 10 mL of H,O. The mixture
was stirred vigorously for 5 minutes before the two phases were separated. 3'P
NMR analysis of the organic phase indicated complete hydrolysis of
phosphorochioridite 1 to a mixture of the corresponding
diorganohydrogenphosphite 5, organodihydrogenphosphite 6, and traces of

12



phosphorochloridite 1 used in the Water Extraction
(Control Experinent) as well as Exanples Al and A2.
wa\sdoenodmss racti on (Control Experinment): Under PCT/DSZPETIN06242

25 nL of the crude solution of phosphorochloridite 1

in toluene (0.56 nolar) was conbined with 14 mmol of
triethylamne (Et3N) and 10 nL of water (H20O . The

m xture was stirred vigorously for 5 mnutes before

the two phases were separated. 3 1P NWR anal ysi s of

the organi c phase indicated conplete hydrol ysis of
phosphorochloridite 1 (162 ppm to a m xture of

or ndi n i ot ohydr ogenphosphite 5, .
e e Pl sB e Y 2 e PR sheispeorpanipehase
wals\idntdetat ﬁﬁth 1o éma:esaiquaogtian@ﬁma niubsRgecaglyous NRAOH
rgani ¢ .phase_was contacted with two successive,
an) G RATESRET 16 T 263ie OYIBRINEVISPHPLS TR 7 Sriniyutag each,
andisubSeabidatiyapaeativh of thertwesphasesh Md4Htitative NPLMFEaRAlysis of
th and subsquﬁgh% se ﬁ%l on of the twhases._ L
5 thegrganic phasg.aken aimanidvas epnquateq ingigatingupniitative
remasalaimydedigsis Prédlicts B9 hé 20aboBEe NAGH frdafmBgs. but no
significant reduction of hydrolysis products in the
organi ¢ phase was observed at any tine. Exanple Al
(Aqueous KOH Treatnent): Urgasqnitrogen, 25 nL of a

0. nol ar_ sol utjion of phosphorochloridite in toluene
wad ToCTT ARSI Y Proshuci SerannonyigenphasrRhte 5

10  Ofgendtinydrogerphosphitera: tnd IQW@ySie)‘néiﬁihgﬁn Hhd r§8nic Phase as
before the two phas§s were sepgrated. 1P NWR

anal ysis of the orgRRIMIRRLEY RANMRed conpl ete

hydrol'ysi's of phosSphorochl or T di T Rerhatimg rddion 61 Goie Aydrolysis
shiPfaermept ppm)  t Stap ATseatmentof t he corresgond n .
di or ganohydr ogenphosphite 5, orgaﬁUﬁWﬁ?d?4§@H5ﬂ%§ﬁﬁﬁ@é“m)
6, aMNdterraces ofioRBPERe(,B bMoNVR chem cal stods -2 to
Extrdctiif@dontrafyPsequent | g, ythe organi ¢ phase was
cont act ed éﬁth t wo sué%e§siye portions of 10 nL 1
nmol ar aqueous K BhdA3¥AE weti on of 10 nl 98%nt %
brine by vi gor ous L X8 g% sHned 98%
10 mL 26wi% brine 100%
Example A1 10 mL water, 8 mmol 100%
EtsN
10 mL 1 M KOH 46%
10mL 1 M KOH 7%
10 mL 26 wt% brine 5%
Example A2 10 mL water, 8 mmol 100%
Et;N
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.
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m nut es each, and subsequent separation of the two

phases. Quantitative 31P NMR anal ysis of the organic
wphbasaowmds er each treatnent with aqueous KOH wWeST/US2007/006242

conducted indicating a significant reduction of

hydrol ysis products by the agueous KOH treat nent.

Exanpl e A2 (Aqueous NaOH Treatnent): Under nitrogen,

25 nL of a 0.56 nolar solution of phosphorochloridite

in toluene were conbined with 14 mmol of Et3N and 10

mL of H2O. The m xture was stirred vigorously for 5

m nutes before the two phases were separated. 3 1P NWR

anal ysis of the organic phase indicated conplete

hydrol ysis of phosphorochloridite 1 to a m xture of

t he Toerfollewimgd: xampiecarghfabled? sigew phe bphefitofSstrongly basic

nadi hydrogenphosphi.te, 6, and tr.aces,.of H3PO3 1P
an R R A SRR 1y B Y aht BERG (THe Hr e fientate
trimygnopltogpiitec uadecaxpostire tb watdr dwap asilexténded period of time,
f 'port!@n o& 10‘?#1. é)rml ar aﬁueous _I\Ia(]—| and one
OSBRI BROQPEHAT SR RPSCBPPHE™ By vi gor ous mi xi ng for
5hrrwmnm' awse%i_nzsgd (agh&emlp \ Ngtaasetmhl péhﬂ?s?{]sttdﬁg bage, type 1,
ases. ntitative . anal ysis 0 e organic
anfRIlE A PERIUIAT PAVDEHG ESSIn ASSd OMATePUNKeH AtWE Eng

divipyabénzeria oepolaner sdntainify dualeysary dmednis hydrdxide groups; d
epus NaOH treatment. Table é Fract Lon of Acidic
= Gl SONCeAAR Y AB SIER 1 AP s Bhosphi t e 5,
Or ganodi hydr ogenphosphite 6, and H3PO3 Remai ning in
t he Organi c Phase as Determ ned by 31P NMR Renai ni ng
—Elﬁﬁh%!gi%n of acidic hydrolysis Experinent Step /
Treat ment products in organic phase (% nol) Water 10

Sy%éﬂgig%rf’a ér&gg lBiégrQ%)tgxll rgoe}'%tain%rp]w %osr'; rit%I 3_ REtalgtl}lon Mixture:

A temperature controlled 500 mL baffled fiask equipped with an overhead
stirrer was charged with 200 mL of 1.0 molar PCls in toluene. Under vigorous
stirring, a solution of 203.6 mL 2.0 molar triéthylamine 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 °C. The *'P NMR analysis exhibited
transformation to the corresponding phosphorochloridite 1 (*'P NMR chemical
shift 162 ppm) in 90% selectivity. Under vigorous stirring, 252.8 mmol of Et;N
was added at 20 °C, followed by a solution of 84.6 mL of 1.0 molar biphenol 2 via
a peristaltic pump at 2 mb/min. The reaction mixture was vigorously contacted
with 150 mL HxO. Quantitative 3'P 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 HzPQOj3; 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.
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10 13 wt% brine 99% 10 nL 13 wt % brine 98% 10 nL
26wt % brine 100% Exanple A 1 10 nL water, 8 mmol 100%
WELAN1490s:L 1 M KOH 46% 10 nL 1 M KOH 7% 10 nlP@BUSZ096/006242

brine 5% Exanple A2 10 nL water, 8 nmol 100% Et 3N 10
m. 1 M NaOH 34% 10 nL 1 M NaOH 4% 10 nL 26 w % bri ne

0% FIG 1 illustrates the results fromTable 1 in
graphi cal form The foll ow ng Exanpl e and Table 2 show
the benefit of strongly basic anion-exchange resin
treatnment for the purity and stability of the crude

bi dentate tri organophosphite 3 under exposure to water

d.of time, f | e, der
B s BB e thimoer |yt (¢ A26- G ( Rohm
and Atimag 200|rrpamj)he er@@ﬁlﬂeﬁ@t@gaﬁgahmsbhltélm waicﬁon mixture
t ic resin n_crosslinked
roBRSPBlE £ P! BBRSTRLE s SARPOROIEN DS 26 aRsabyne.
Appmx:mamnytao% oKX tilesgivenpwas dermobed® nrg{/écucﬁgnw PCTet 80
ve Sij equiv/L. Exanple B S nt hesi s of

mif gl UV TR eES 5 B A ERHBSsh T v Gpver one hour.
Qudrititathve 'R NMFD@rﬁa’d $i6 ®f 2 brgirie ﬁhéé)&nﬂastcobﬂfué’:&ﬂafter the
coblaBR S5 HPE S o NS S s SoSea cuction of
hydrddysi® poducts 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 3'P NMR.
Quantitative *'P 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™ A26-OH resin for two days. After the resin was
removed, approximately 20% of the solvent was evaporated in vacuo at 40 °C
over 30 minutes. The remaining solvent was removed in vacuo at 55 °C over
one hour. Quantitative 3'P 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 *'P NMR analysis of the organic layer was conducted after 2
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stirring, a solution of 203.6 m _ 2.0 nol ar
triethylamne in toluene and a solution of 203.6 niL
wQ2@®7traoss 2, 4- xyl enol in toluene were added sSPEHDS1001/§06242
and concurrently via peristaltic punp at 2.9 nL/ mn.
During the addition period, the reaction tenperature
was mai ntained at 5 0C. The 3 1P NMR anal ysi s
exhi bited transformation to the correspondi ng
phosphorochloridite 1 (3 1P NVR chem cal shift 162
ppm in 90% selectivity. Under vigorous stirring,
252.8 mmol of Et 3N was added at 20 0C, followed by a
solution pof 84,6 ni af 1.0 r, bi phenol, 2 vig a
ot o 2 eppurrale. 8 dap it | Sievs-o hEesarrsHa e eontza
expegdment slitioaioninbetigst™MiaZs-ObOrestn friefmdatand isighificsdit fcrease
. 1P _NMR anal ysis of the organic hase reveal ed a
in BYyShiis AR Wi obPer SOty 819, bi dont at o
tri organophosphite 3 , 4 nol % nonodent at e
tri organophosphite 8, 12 nol % nonodent at e
tri organophosphite 7, and hydrol ysis products 5, 6,
and H3PQ3 equaling 3 nol % of the total phosphorus
content. This solution represents the crude bidentate
tri organophosphite 3 reaction m xture used in the
Brine Treatnent (Control Experinent) and Exanple
Bl.Brine Treatnment (Control Experinment): About 200 ni
of the crude bidentate triorganophosphite 3 reaction
m xture representing 67 mmol phosphorus was contact ed
with 50 nL of 26 wt % brine. Approxi mately 20% of the
sol vent was renoved in vacuo at 40 OC over 30 mi nutes.
The remai ni ng sol vent was renoved in vacuo at 55 0C
over one hour. Quantitative 3 1P NWR analysis of the
organi ¢ phase was conducted after the contact with
brine, and of the concentrated sanple, but no
significant reduction of hydrolysis products in the
organi ¢ phase was observed at any tine. The crude
m xture was diluted with toluene to about 80 nL
resulting in a 33 ww% m xture. To 40 nL of this
m xture, representing about 34 nmol phosphorus, was
added 0.4 nL of water and the m xture stirred
vigorously for 6
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conpounds by 31P NMR Quantitative 3 1P NVWR anal ysis
wo@Roovhevoes gani c | ayer was conducted after 2 hoR€BHUSD07/006242
day, 2 days, 3 days, and 6 days. Results are
summari zed in Table 2 and indicate relatively fast
hydrol ysis of all the triorganophosphites. Exanple Bl
(Resin Treatnent): About 200 nlL of the crude bidentate
tri organophosphite 3 reaction m xture representing 67
nmmol phosphorus was stirred with 11.5 g (13.6 mol
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hydrol ysis of the triorganophos n_?tﬁyc, %gaslsoﬁserv@demate
af : | ongedatr nt vvithﬁgt. ' o, 2 dagyergaddphosphite
c%génrﬁlé&ture V\g{sepZiEﬁr%%ggnWth t° gﬁ%é “about 80 BL

i ' % nmxture, To ni_of t Himel % Phosphorus)

Biipg Bxperimertpr esente@gvashbout 34 mmol Phosphorus, wasB1
addet@D4 nl of water and the mixture stirred
vigorously for PENgdn §t.mftpt5ant itative® 3 1P NVR anal V&l s
of the organic %gurs ﬁéa‘ngnduct ed ater 2hours, 18!
day, 2 days, 3 dayg-wi s and 13 ys. In contra

to the control sgxg Wﬂmﬁe wi t hout erlyst(tm Azio
resin treatnent g Bis wh@PLOI cant incggase in hydrol yg s

products was obgegyeditatH,0ny tinme. Tggle 2 Fraction @f

AexdthpielBndr ol ys1 sHRD dRt S D or ganory/ dr ogenphosphi i
5, Organodi hydr ogesiwhospfs te 6, and gH3PC3 Conpar ed g40
Birdentate Tri or gBesipl2odgyhi te 3 Renmaiming in the 84

Organi ¢ Phase agh®es ithida©d by 31P NVR - 85
1 day with H,O 0 85

2 days with H.0 0 85

3 days with H,O 0 85

6 days with H,O 4) 85

13 days with H,Q 0 85

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
HsPOs 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:
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Addi ti onal Exanpl es The foll owm ng Exanpl es denonstrate

the renoval of 3 nol % of total phosphorus and 6 nol %
w@boorae®mbs phosphorus, respectively, of acidi c PCT/US2007/006242

hydrol ysi s products di organohydrogenphosphite 5,

or ganodi hydr ogenphosphite 6, and H3PO3 by treat nment

W t h aqueous NaOH during the workup of a crude

bi dentate triorganophosphite 3. Exanple 1 Synthesis of

a Crude Bidentate Tri organophosphite 3 Reaction

M xture: | | A tenperature controlled 2000 nL baffl ed

fI ask equi pped with an overhead stirrer was charged

400 3 d 4.0, nL
5 b A p e e foelie 200k T paBidd sk Sa i ed i dn
ov:etherad mgrenams@ buangmlm Wwith 400 miorbf 2L03Tmara:rols in toluene and 4.0
t a SOl u on
mi i e el armine S o s Motk ale S0 g Arkaition o 411

miaad cwiauriethydmine ia talupﬁélaﬁtiaé soiation P 42t ML 2. 0kioRIR,4-
the reaction tepperatu

he additiqgn period
xyiRte) il iare. poded ebaateny At IRERANY §1a peristafic pump
at @hivii/ingr DUﬁﬁgftﬁé eatition ﬁfogoﬁtl\)gélf&abﬁéﬁ?@% @%turl%was
S hem cal s
e 2085 ci1is. B AM a0l satas eensprmation Gse
coﬁ’@ebomﬁmgtp’mspﬁbmomﬂcﬁhmteat &%) l\ﬂ\ﬁhfdﬂénqubmﬁ 182 ppm) in 90%
of 87.9 nL of 1.0 nolar henol 2 via .
el Y- aDier HieP U irinds oL oh N were asideaAt 20 °C

fou‘&‘v&@j by Aesonaia 61 87200 raf. of & Actofit bipthhdl 2aGh iz0periEt4itid PRimp at
fgnt ag% ed with 300 mL of 13 wt % bri ne under
a r@fege

M™Ying to remove triethyl anine
hydrochl oride salts. Quantitative 31P NVR of the
organlc phase (Table 3) indicated hydrol ysis products
w § PP NMR chemical shift -2 to +2 ppn), equivalent to

3 Nt oriod cbh@létwnabf reBEsdH) Bhe! PesdtithaibiurtWaS contacted with
SOS%Q ?t1 I3nv(v:’t% rlge ?Jrn zépI\ncgorouassse’umng to remove triethylamine
hydrochloride salts. Quantitative 3'P NMR of the organic phase (Table 3)
indicated hydrolysis products (3'P 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 *'P NMR analysis of the
organic phase indicated hydrolysis products equivalent to 3 mol % of total
phosphorus (*'P 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'P 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 *'P NMR chemical shifts of
133, 132, and 136 ppm, respectively.
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was contacted with 300 nL of 20 wt % brine containing 8

mol

of NaOH (pH 12) foll owed by 300 nL of 26 wt%

whedionaooouant i tati ve 31P NVR anal ysis of the oPQEDBI07/006242
phase i ndi cated hydrol ysis products equivalent to 3

nol

to +2 ppm

% of t ot al

phosphorus (3 1P NMR chem cal
i ndi cating that the anmount of base used was

shift -2

not sufficient to renove the acidic inpurities.

Subsequent |y,
successively with 300 nL of 1 nol ar

300 nL

26 wt % bri ne.

t he organi ¢ phase indi cat (Ta%é)qﬁgﬁnt itative

t he hydrol ysis products.

ar distr

t he organi c phase was cont act ed
NaOH (pH 14) and
Quantitative 3 1P NWR anal ysi s of

renmoval of
i buti on of

pﬁhepﬂmnms Distribution rl:gﬁmg:A@dnem& V\&Bk@i%thl NigOHaExample 1)

r

nhi t A
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l‘[ | \JI yuTIUrJII\JC—PIII T o J

Shi 198R 8gghe

Phosphor us-—Di Qf H-buti

hites 7
eflzs g

\nn
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pect

an
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20??; P

mle 2 Qunahpclq of_

|dentate

ngtppsSﬁglrtfs%

|vII

a Crude 78

tne 78y bh‘@&ﬁ
by, 28 "/:sﬁbﬂm e

psphite " 32React i on
500 baffled fl

M xture: ®
ask pquipned

WV NaQh @U@Wﬁ@&&' 28 4

1.0 mol Wt

er was cRarged wit

in tolud

pne _and 1. 0mM 2.0

h 100 ni &8
nnl ar

triethylam ne in toluene. Under vigorous stirpng, a
solution of 100 mL 2.0 nolar triethylamne in toluene
Exahfpig@ 0l ution of 100 nL 2.0 nolar 2, 4-xylenol in
tol'uene were added separately and concurrently via a
peristaltic punp at 2.9 nL/mn. During the addition

Syﬁﬁ’iésﬂﬂ of@éru&é‘ﬁd@ﬁtét@"ﬂ? forg H%IBth ﬁhf@'i‘ft{;@raBEGnaMl)&are

ahal ysiI s ex ed trans mat |1 on
t heAdemF@é@’f@lﬁ%l pﬁg"@'!ﬁ%é% Michaffeddiask enuipetbwitvan overhead

stcﬁé‘reﬂh§ shafjdd »Rmﬂ%onﬁﬂ%f 4 rq ﬁl%i/érgﬁd‘,ﬁl% kALY e ayﬂdleb - 20

gorous stirring was adde
morlaﬂ trletkyéarny\eanst@lw@ﬂeo Mrufersrrg%oua stifring, @ sebition of 100 mL 2.0

mdiMRERRNarfing' iRt t8IuBRE aHdPh EOGtON TP 18b rhL B-EThiblar® 4k enot 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 °C. The *'P NMR analysis exhibited transformation to the corresponding
phosphorochloridite 1 (3'P NMR chemical shift 162 ppm) in 89% selectivity.
Under vigorous stirring, 130 mmol of EtsN 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 mL/min.

Workup:

The reaction mixture was vigorously contacted with 75 mL. H20.
Quantitative *'P 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 *'P NMR analysis of the organic phase indicated quantitative
removal of hydrolysis products. The molar distribution of phosphorus in the
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The reaction m xture was vigorously contacted with 75

nmL. H2O. Quantitative 3 1P NMR analysis of the organic
w@b@gaodontli cat ed hydrol ysis products equal i ng BCTDE2096/006242

of the total phosphorus content (Table 4). After

separating the aqueous phase, the organic phase was

contacted successively with two portions of 75 nL 1

nol ar aqueous NaOH followed by 75 nL of 26 wm % bri ne.

Quantitative 3 1P NWR anal ysis of the organic phase

i ndi cated quantitative renoval of hydrolysis products.

The nmolar distribution of phosphorus in theorganic

hase S 76 % bidentate. trior osp nd 23 .%. .
oriE RutE e 74 o BERORE LitroRndPIoSHRE hd ghipafioaeate
triarbandstadsphiites 7sared 833 P MNBAR cheehidAGhIRDf 133, 132, and 136

respectively. Table 4 Phosphorus Distribution During
GERFCUMBEMkup with NaOH (Exanpl e 2) Many

nodi fi cations and ot her enbodi ments of the inventions

set forth herein wll mnd to one skilled in

the art to which these |n ?Gns pertai n having the

beneépﬁorgfs Diseibubas Mutsy A SRR B rikip M’rﬁ Mémﬂquﬁﬁwple 2)

ted Fi gure herefore:

he associa

is to be understoofl t hACHiGEYORI¥SEi ong| are ncﬁ'dﬁﬁt%

| i PAYRT FERIRBE spetbi i Eredueigi(mohts di slcl dseanaphosabite 3
modifications and bther B QWmSk s ard i M%Emﬁph@rw)

includddeQithin the scope of 6t he appended 71

clailme!MINa®R Wiat[is claimeft is: 1. Alret hod fofé

sepsratMiNa@he or bmre trior8a pophosphite conpodBnts

froma crude phosphite m xture containing acidic

hydrol ysis products, said nmethod conpri sing:

contacting said crude phosphite mxture with a basic
addManyenedifipatiehscand other @mbordisentsottheinventionsaset forth

helfe'u’i Will mé% mﬂd"i‘% %ﬁ%mle‘mgzﬁe am&:)rv% B fibsh Fn'v[eﬁﬁons pertain
nprises asic a one or

ha\aagﬁm bﬁt‘lgflli ofdbe derrhings presented in the foregomg descrlptlons 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.
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selected fromthe group consisting of (R20) (R3O0 POH,
(R1O (HO PO(H and H3PO, wherein Rl, R2 and R3 are
w0 pabepenoent |y sel ected fromthe group consi stP@mUS0TN06242
to Cbalkyl, Cto G aryl and hydroxyaryl, and C3 to
C 8 cyctoal kyt and hydroxyal kyl radicals, and wherein
R2 and R3 can optionally be connected to each ot her
directly by a chem cal bond or through an internediate
di val ent group R9; and said second phase conprises one
or nore triorganophosphite conponents independently
sel ected fromthe group consisting of (R40 (R50 P(OR6)
and ((R70) (R8O PO nAlvVnerg:i r}*lﬁé R5, R6, R7 and R8 are
i ndependent|ly selected fr rln group consisting of G
What i€clairmbdiys:, C6 to G 8 aryl and C3 to Cl18 eycl oal kyl
radi cal s, wherein each of R4, R5 and R6 can optionally
be connected to one or both of the other two directly

1. by A mgtltﬂtid\% sbﬁqilditi?g ddeg@rggbreamoirg?@ml ipakg cdimyinents from
rou . erein an can optiona e .

a oishi BuoSatine Mt el Rad R aeries; sad et
comprisiagh an i nternmedi ate di val ent group R11l, wherein A

is an_.optional| ubstituted . or unsubstituted. .

21 | BIRIBPnG S8, ArpRE PRoshBRE muSberinc pagis aaritvgre Rgpguce a
secoricsmduiendpprisign eafiret Fh.’ﬁ@e’ﬂaﬂd asdebondqiteise, Wherdid @aid first

and R11 .are .inde endeqt y selected fromthe group
PhSE Complifes e Desic aaditve il ore pREss CompRReBts kependently
seleeleedtd the grodd Colsisting ep(wﬁos)z %_F;}*@PIDHHR'@?(H@)Q)(I?) and

e

B B, 1 By 2 54 T i o
COnESTIMLEIC S& €5l ARyIf CRtd TheaB) aHl Hyarshy&iniINan® T8 @,
ey ROVl aaEelan and AN SIRo R 407 AP be
corhecléeto@adivoether dhb@ilgbﬂ:_d"(ﬁ?ﬂirﬁicﬁl bed Bafir6ugll dhtihiéPmediate
div&%rgpglmsu%sﬂg; eic’ntc{ ongly basi c ani on-exchange resin.
said second phase comprises one or more triorganophosphite

components independently selected from the group consisting of
(R*O)(R°0)P(OR®) and ((R’O)(R®0)PO),A, wherein R*, R®, R®, R” and R® are
independently selected from the group consisting of C4 to Cy3 alkyl, Cg to Cyg aryl
and Cs to C+s cycloalkyl radicals, wherein each of R% R® and R® can optionally be
connected to one or both of the other two directly by a chemical bond or through
an intermediate divalent group R'°, wherein R” and R® can optionally be
connected to each other directly by a chemical bond or through an intermediate
divalent group R'", wherein A is an optionally substituted or unsubstituted
aliphatic, aromatic or heteroaromatic radical, wherein n is an integer greater than
1; and

~ wherein R®, R™, and R'" are independently selected from the group
consisting of —O-, -S-, and —~CH(R'?)-, wherein R'? is selected from the group
consisting of H, Cg to C5 aryl, and C; to Cy3 alkyl.
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4. The nmethod of claim3 wherein said strongly basic
ani on- exchange resin conprises pol yner-bound

W@ edoraeogano- anmoni um hydr oxi de groups. 5. TheP@EUk®A7/006242
of claim1l wherein said basic additive and said crude
phosphite m xture are contacted at a tenperature of
fromabout - 10 OC to about 30 OC. 6. The nethod of
claim1 wherein said first phase is naintained at or
above a pH of about 13.5. 7. The nethod of claim1l
further conprising the step of contacting said crude
phosphite m xture with water before contacting the

it j j t i d basj. dditive. 8.
2. o TheltHRERY; S i WiiartsBe ¥Rish AN BPfeHs¥E at gt ome
colnposepaetédted fiom thef gl(rjosm qﬁmmd inﬁroj maﬁht-lﬂ Kfﬁtdgdgqmﬁsezco&
t secon ase W e basic
C D C okl 2 itRneY DET A PHTHANES ESEY ng
cotrivdnatiomg théreofl) contacting the second phase with a

bri ne solution.10. The nethod of claim1 further
conprising contacting the second phase with a

3. t r afMbietrhethodrifaliainr 1 avtgrainghtibRRidRdidifive eopRWsds tstrongly
oduce a transition netal -triorganophosphite catal yst

Iy
bagnrc PUPLPYShaNGLE  Sor . 11. A nethod for preparing
tri organophosphites, said nethod conprising: a)
contactin n .al cohol wth P in th resence of a .
4. ¢ o1 PG e el TS sl saq slno bei R BRcaGEange resin
cofpiises PoEndrisolid ISR rGuriRAMPREOSAM yRfroRide groups.

tri organoam ne hydrochl oride; b) renoving the
tri organoam ne hydrochloride fromthe first reaction

5. Pr oGuetmétbolcTAEM A wireGiNGai®BasicAIdRivetad said crude
ti.onal Ié cont ai ni n%Hone or nore triorganophosphites

opt i, 1 :
PhESRALE MBS G RRSEA AL & teRReFTiTe of fief about -10 °C to about
3p0cganodi hydr ogenphosphite (RLO (HO PQ(H) and H3P(B,
wherein R1l, R2 and R3
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

¢) 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.
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are independently selected fromthe group consisting

of CLto G 8 alkyl, C5 to G 8 aryl and hydroxyaryl,
wa@ee7O®ovd C18 cycl oal kyl and hydroxyal kyl radPCHEIS2007/006242

and wherein R2 and R3 can optionally be connected to

each other directly by a chem cal bond or through an

i nternmedi ate dival ent group R9, wherein RO is sel ected

fromthe group consisting of -O, -S-, and -CHR 12) -

wherein R12 is selected fromthe group consisting of

H Ce to G 8 aryl, and G to G alkyl; and c)

renoving at |east a portion of one or nore of the

10, o e Ry R AAARDL e e hes el i asei phase

wittomtransitiog rhdtal sea mmhsrt@aohem cpmpdunt tviprbddcdasfamsition
m 11, wherein the

The
m%gg ”é"'%%fb‘?ﬁﬁ%@hﬂ% ﬁgﬁ"éﬁ?rg?téi)é‘%sﬂr eBWECEonpound
selected fromthe group consisting of NaOH 1 KOH,
Ca 2, NHACH, CO 3, .a basi .
117 o AEHRET PeSra Lo eaRNesEh i SaibEgRod pemprising:
et p ccartactingl @ dlbohoh@itRIPTIS ireheCPrebsné& BEABSHganoamine 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 (R*0)(R*0)POH,
organodihydrogenphosphite (R'O)(HO)PO(H) and HsPOs, wherein R', R2 and R3
are independently selected from the group consisting of C, to Cis alkyl, Cs to C1s
aryl and hyd;oxyaryl, and Cj to C,s cycloalkyl and hydroxyalkyl radicals, and
wherein R® and R® can optionally be connected to each other directly by a
chemical bond or through an intermediate divalent group R®, wherein R% is
selected from the group consisting of -O-, -S-, and -CH(R'?)-, wherein R'? is
selected from the group consisting of H, Cg to C4s aryl, and C, to Cys alkyl; and

c) removing at least a portion of one or more of the compounds
diorganohydrogenphosphite (R?0)(R*0O)POH, organodihydrogenphosphite
(R'O)(HO)PO(H) and HzPOs 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, KOH, NaCQs, KoCOs,

Ca(OH)2, NH4OH, CaCOsg, a basic ion-exchange resin, and combinations thereof.

13. The method of claim 11, wherein step c) is repeated.
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