H GHLY SELECTI VE PROCESS FOR PRODUCI NG ORGANODI PHOSPHI TES
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key internediate in the production of nylon is adiponitrile (ADN).

ADN i s comercially produced via hydrocyanation of 1, 3-butadi ene and
3-pentenenitrile (3PN) in the presence of a catal yst conprising

ni ckel (0) and phosphite Iigand. The phosphite |igand used
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::glngfjlr’r\r; Idg)%l]o g%%fa&%l?:cgﬁ lla}{r'lst %1101?? ﬁltgnp\f’?%\é%%zgpx p'll%a Tons Selllal Numbers
cat al ysts1aG1 ;motfuecamdAysnem 2009 3&%&@1,@@3\5&&\0@ Aearir 9@09. zed by
usi ng catal ysts conprising nickel (0) and bi dentate phosphites as
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single iti 0 Bldent hosphi.t e also referred to
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di phosphites nmay be synt hegA eRGROUND OFBTHEBCVENTION preparing a
phosphorochloridite, (RO)2PCl, fromthe reaction of PC13 with RCH in
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organic amne Is to neutralize the roduct I n both reaction

st eps t komoghcitlheisfaonomtdentategfhoaphites suchray adngahnlwsmen’élahgodmege:hel ligand
chloride salt. The nature of ROH and Z- as
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di scl oses a process e preparation of di phosphite of “structure
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P-0-Q0--P R-1ID\OR2 Structure | conprising the steps of:

contacting a phosphorochloridite of Structure Il, R1-0 P-CI R2-0

Structure |1 with a bisaryl conpound HO Q OH sel ected fromthe

0.0UP CRMIGPL T G LParhINGI S50 I and ORI NS, Mot of
atertiary or énlé amne, conprising a basic nitro

at om or dqahphp]nmbl S, Phtent Nbo@mﬁ atodisclodes amr@;dascﬁn aherl:&a;ﬁznatmn crﬁax:hptroapmte
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phosphorochloridite ahd tertiary organic am ne eedi ng the
bi saryl (AudpBWHDRCArheviteer Al amyzcaregmhstdu’amonenmbsihtetedsaeﬁ@rtamel y or
as a mxture to the phosphorochloridite; and the contacting is done
by cont {&i0i7i ng Ufﬁ:‘e}’ﬁte&dﬂdil% afcIo 7t fratides aploaeisifﬁlsthe pedperatiahiob i s at

| east 2.0 durip st ages of the contact n the first

[ | e
ratio i §l%ie9qllﬁh%ﬁp§§65rﬁﬁtb%a%wérﬁ%ﬁ%%&hi’ép.ngwR 2 %H@evﬂe%c@ﬂdo%mg%lfferent
m xt ur esﬁ‘és‘égﬂ&gmb&hsﬁ@u e(pglypgl%g[)yl conmpound fed to the reaction

m xture second nol'e“ratio is at least 1.0 during all stages

of t he_ Ct '% Qﬂﬁ%s‘?}'fsﬁs Elﬂ o§eesctﬁgl]cqom&l:ﬁ gﬁﬂ rfdsxflgc%fs 't}?&ﬂth? § c{ﬁﬁkf iRixture

of basi rogen a rom tertrary I’ gani C almn ne

reacti Olbelﬂf\ml“'ﬂ ﬁ)rdalxmmgﬁdaeb\yediﬁcﬂ°elsandf—7p1’®5aﬁh@fgﬁlﬁﬂtlaﬁﬂy o dperatihgtdost and process
reaction mxture; and the method is characterized in that the

cont act Fﬂ'@Plﬁéﬁhrs at a tenperature from 10C to 110C to produce the

di phosphite in the reaction mxture with a selectivity between 70%

and 10098G00bm t Wé) BRGAP3178¢ éhpdgmbes/\memée&s for prepasinged wods higang relgbig s

mol es of ?1%3851185 B de%%tegplﬁgﬁ%%q}%l Nand E’LglglnfOl hfa‘{f{%f’bk’(bi’@ﬁ)(@&‘)o by

t ot al con

phosphokceghdting Hiitseicagtivgh pro@IcE; dmnpmsﬁtgr(ac‘:@m(?awlattem}delatu;eRbetafeeh fduar e
the sane or different, substituted or unsubstituted, nonoval ent aryl

groups; _e&ehaf aidat +@C W7h albut $B2halRBol dRBquikhilentVf H(DQZ B12inl the presence of an
i ndependent | yb selected fromthe group
organic base.

[0010] Accordingly, there is a need for a simple and selective process for preparing

diphosphites that overcome problems identified in these references.

SUMMARY OF THE INVENTION

[0011] The present invention provides a method for producing a diphosphite of Structure I,
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Structure I
comprising the steps of:
contacting a phosphorochloridite of Structure 11,
R0
\
P—CI
) /
R“—0O
Structure I
with a bisaryl compound HO-Q-OH selected from the group consisting of Structure I1I,

Structure IV, and Structure V,
2.



consi sting of hydrogen, alkyl, aryl, heteroaryl, aryloxy,
het er oaryl oxy, al kyl oxy, al koxyal kyl, acetal, carboaryl oxy,
car boal koxy, aryl carbonyl, al kyl carbonyl, oxazole, am ne, am de,

nitrile, nmercaptyl, and hal ogenyl grqypsB and "0-Q 0- is a dianion of
the bisaryl conpound; and wher ei nf} thg bi saryl conpound, the
tertiary organic amipe, or a conRiing ofrt he bisaryl conmpgund and
the tertiary organi ¢ am ne, contact g phosphorochlorldﬁte
conprise |l ess tIrd 'uuﬂﬁpn1by mqgn

of the total phosp

at | east one phagphe ®OH
contacting. [0012] The rgactlon n1xP#y [ %Hpr conpﬁhse | east
one aromati c hydroe péh sol vent 13 vethod can Athe
controlling the f-‘ guegh that the fir ol gl ratio i s betiyeen lto
2.7 during the f'agd of’t he contactifig Whergi nRBhosphor &€hidridite
conversion is betweph 90% and 100% The gphqggphorochl ori diter?
conversion in this aspect and subsequent aspects is defined as 100%
mul tiplied by t hetrychurg lnunber of noblEctye Iﬁhosphor ochl oPfre¢®E Yn t he
reaction t €.

nol es of p ﬁal Oﬁé%% %5?'8 Under ﬂ% &QA}E%@ Eﬁl& g Oqg%élﬂxltl Otf%tﬁgog

[ 0014] Traamﬁseeﬂ pﬁ(ﬁﬁllc@@ re&Qtbin alittact csmqmstﬂgaat d@hcpslpbﬁephb&mjmhxe nHjdite
concentration is greater than or equal to 0.02 noles per liter in the
reacti orvijgtethure during the stage of the contacting wherein
phosphorochlorldlte conversion is from0%to 90% For exanple, during
the st age thsfconkpstingistdene brigt leagoar sopngEIarbeh sdedter fremdbn gions icomsistiag of,
from0%to 80% {
phosphorocﬁﬁor%ﬁ}F%ﬂggﬁ%gﬂ%PéﬁPgﬁpgn %hggfzgﬁpl%ﬂ8ﬁ¥xP”dﬂeﬁnd“ﬂum¥8¥@nw
than or equal dnoin€.add ol es per liter, for exanple is greater than or

equal to O. 041poles per liter, for eﬂg nple is greater than or equal

to 0.05 nol(ds feeding thedisarylsgmppyrbanshibs %B?@@ﬁ%f’é’#‘i e e&bﬁ@@mrﬁf&%y Yrfis a
can be betwee liter in the reaction m xture
during the stgn%ﬁggu?ﬂgp@Sﬂ%@?%?ﬁnE@%ere|n phosphorochloridite

conver si oand ﬂlefqoom:m% saofoby c@lﬂﬂﬂﬁl}g'l' the femstinpahch &mti ncl ude

controlling th See d nol.e rati om1l.0to 1 durln sta e

the contacting? %ﬁ%g?ﬁﬂ@‘ 'Hﬁ%ﬁag 1@&@P§&@6?g@§?ﬁam@ﬁ é% i
conpound t 0 pidferafh S PTRIEa %E‘ hﬁ)’iésq)'f Itpﬁoﬁﬂloﬁ)cﬁ%%‘élté &t ﬁle@@&fe‘ﬁ@ﬁ ﬁll%%l@ﬁ@d by
10 nol ar equi val ents per hour, ative to total noles of

phosphor oc hlr@d&smffoesauﬁd@mg@mrdgfeﬂ h@th@omc@@n mngtuby anthe net hod.

[ 0018] The blsar can to tﬂﬁ horo hl.ori

bi'saryl sol ut {ocRBhBp Ry SR LAy o M BAa Re A Bt finthe °
sol vent. [ @&b8d fitee f63GE HefThetliaX hidl&® dfébambﬂltfﬁcxéﬁdtonfs@imﬁm&rmhﬁuy 01 anic
stirred. If the reaction m xture further conprises an

surface, t hénlwrf?@&q tha geastiep mixfures divideé by @wqfﬁgsxﬁwmﬁ?l Ngtean the reaction
stirring sh &ﬁnpr|5|ng at |least one inpeller attached to the
stirring sha t erein at |least one inpeller is | ocated bel ow the

upper | i quhdtizunétac®is chmdctchiecd @&Hﬁtn@e fantddiag ccoanphi sempprabve ciﬁiongm"c to

rotational ergy e . stifling aft to nechanjcally stir
reaction i tQJFOePw%mégq w@ow&tﬁaﬂt Wl&? f%ﬁmf‘cw%ﬁ.sglﬁﬁa'ﬂry&s&w\#& Pifpand

bi saryl s i ochloridite by at |east one m xing
met hod seﬁgg%g%ﬂ??%#%?ﬁ%pgﬁgﬂgﬂgons|stlng of , feeding the
blsarylxﬁ%ggqund to the reaction m xture above t he upper liquid
surface ﬁbmﬁng the bisaryl solution through at |east one liquid
di stri butor tltdmlectiifzsypa{@&%blheobcihﬁﬁtﬁsjﬁlnts piddhi:@hn@ﬂ@ﬂ’eaﬁtmﬂ eRsire divided by
portion of the up qui d surface; eedi ng the, bisaryl
conmpound Mﬂltiﬁelef» 95%19 .bbﬁalxhcsamap@lda%wtm& éhed&%ﬁ’hql PdariliGyr f ace by
flowi ng the bisaryl solution through at |east one |iquid distributor
and wherein in Structures I to V,

R! and R? are the same or different, substituted or unsubstituted, monovalent aryl groups;

each of RS, R4, RS, R6, R"‘, RS, Rg, REO, R“, and R is independently selected from the group
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[ 0022] The nmethod may include precipitating a tertiary organi c am ne
hydrogen chloride salt fromthe reaction m xture during the
contacting step. [0023] The nethod may further include producing at

ook o0 BRTERAT PSP EADL D PSR ol R B O,
P(ORL) : E&e@a%aﬁboaaylswa%dlk@iy Qbylterboiiye, Ak ylearband, dxagslopanine @fide, nitrile,

Structure VIIb, 0 /0\ QP-ORIQ P-OR2 00 Structure VllaStructure VII b
wher ei n, merqaplyd apd dalogeusl grouprendoPaR-BHda grigrons fithe bipayh w@awougd and

m xture is t (o]

o product SReAny ST Lom RS ol M AR B R RY B oy
| NVENTI ONcdrOpR4Hd B tieh mniaqse@ametamm rcehtattes the pRosphofpkeoddide dorgnisy less
sel ective prqcess for produci ng bident di phosphites of Structure |
conpri si n§pRE’ epEdy %?lghfo# VERRE W G%Qb?f‘éégﬁe PQ%WJ(} b thtel PheFPISFISE i

I with a1é§bt§c§H 1¥ﬁx‘r&‘3qpﬁHﬂgf§rﬁJ (ﬁqﬁ@gt 1E4spBnd 5&%39}1&99 c&?c%ilﬁg,tdogﬁog‘&ct rE:loduced
Structure I'lIl, Structure IV, and Structure a tertiary organi

am ne, coﬁ'pmthe ngntactlngsi ¢ ni trogen atom or a pI uraI ity of nitrogen
atons, to produce a reaction m xture conprising a diphosphite of

Struct ufE1R] Scheneadtios mEwRiIrange fetiad kaldriseadédsomesabmare hvfroddieon solvent.
process, including a nonophosphite internediate of Structure VI and

nonoden{@he] t r i TicdasaphesPitluge 6artRRs Gk SeedR@b i iRy Glkiffstansle aaock between
of Structures VIl and VIII respectlveﬁy In the Structures herein,

RL and Rd taRe dnemesheaiags oldhe fertesing vissen iPhpspderashlotidie Batversinreid, between
nonoval I I O

phenyl . gﬁ‘gpaﬁltd)i OP‘go }%rpho%ﬁ{oufc)ﬁ ét% CHIE\%;% Eﬁje%? asgéctldpé HH%%%&‘&E{ ?sgectf is
conpou ndeﬂﬂ@d@s Glﬁbmyulh@ﬁﬁi b)h&leftadai Owhing of htdll@stdﬂpﬁSsphBﬂ)cREdeé in fRe ,reﬁﬁon
78, R R R, _wherei n each_of and 1212 is independently

sel ect eanﬁutﬁﬁttﬂrfﬁest@%emfﬁhec%m@%mg Ayigrd bm%aé &plesiipppsphgrgphloridite underfoing

het er oay lcon@d'f:bfﬁé)g helgligspar yl oxy, al kyl oxy, al koxyal kyl, acet al ,
carboary oxy, kox aryl carbonyl, al kyl carbonyl, oxazole

am ne, 0 @ & orbSer
a di ani Onmg th{(‘aﬂeb|h%grcgﬂ)g gcr%%%)ll}ﬁ%@%o@géex%ﬁ)gglléqrg{h?%g@e, C%g?%lﬁigﬁed, %11!?1%61
cyclic €Hantod efhdd tal. |©Slhnol&[ib$ﬂftetrlﬂ1ﬁﬂﬂl@dcﬂbﬂsmlbﬁfié ﬂuﬂ@dh@@tageboﬁhScmtydtmg
substituted or unsubstituted C6 to Cl8 ary |0Xéd | i near, branched, and
cyclic ®hercyn phaphgiR }%@te qanNEistonds doBy Whdh Q8P eck of xanimle-uing i wgge: of
substi t S EM8nGatSloh s AGAIA) & oPHOgE i OF
unsubst ﬁeﬁc?’lel%e%h/@%g }186 ?‘g)oggﬁrgc&y?&li nglar] s {F;lan ﬁ% cycf&cS

to Cl3 canthdkl Imodythawlﬂmsphmédomditmumtaiﬁbuuretihe @6’act10n @Hkture is greater than or
aryl carbon ubst d or nsubstlt ted C? e o
Uyt Pty 0 3F Grsin ianelof prwslE peehn Hhbonvel i Ghuoks et ith o
schene, <Qn8pIeKiakeRhn 6f ec{daﬁtomm%ws%mu@fl dite (Structure I1)

reacts with a bisaryl corrpound HO Q OH (an abbrevi ated form of

St ruct Urgg s ,!/ ' Tl \{Jho 114 bR ARA? PRSP Eerd G‘éﬁfiﬁﬂadb‘fi’ﬁtﬁesbper_ﬁter in
(Structure sul ab e tertiary organic amne, conprising a basic
nitr ogeﬂlea'emhoonmatmd: duraig thy sefe nf ﬂiﬁ@g&ﬂaefa’[gmhmemqﬂnhslﬂsn @hloridite conversion is
triorgag{oa% % atertiary aromatic anmne, is present to neutralize

t he aci )to fired fromthe reaction of the phosphorochloridite

with the b| saryl conﬁ)ou nd..  The nonophosphite internediate (Structure

V1) can(@H&h e Thropethadean inslude senterlimgibeposand ol satiodiem d dLioviat drng any

of phosg@gégphle%htg&; to gi ve the desired di phosphite (Structure 1),
or it can“react intrarlecularly to produce the cyclic

trior ga SSpthg mgt?l()tﬁ) ﬁfﬁgﬁldgffﬁé {%tﬁé ﬁfs&é}/é&np&’%ﬂd‘%@ tﬁe phoglgheorcgc%im teata

in this'specification
feed rate between 0.04 and 10 molar equivalents per hour, relative to total moles of

phosphorochloridite undergoing the contacting by the method.

[0018] The bisaryl compound can be fed to the phosphorochloridite as a bisaryl solution

comprising the bisaryl compound and hydrocarbon solvent.
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p(OR1) (OR2)2 VIIl R1-00-Rl1 P-0-QO0-P R2-0\OR2 Schenme | 10026] The

i ntranol ecul ar reaction of the nonophosphite internediate produces

one equival ent each of the cycl ophosphite and aryl al cohol, R20H,

t hat originatesfrom.the phosphorochlaridite. At |ess an_c | et.e
phosphol Sl or  Bd ERdsTRPLRE RETOTRID, b b ngRororfy f DER-RPT it fie
anot her fig@her tampftesah wpPOIRfiel aghlkerthdidRadidg@icpeah M@ ae ¥enpfises providing a
triorganophosphite co-product of Structure VIII, which is referred to

i n thiss8peshalgsempnsiag at lnest ppe pripdlshattashedrig the ptiring oafewhetgin at least one
reaction h ' iLnter pate i jel . f i
bot h 1 nangrich FICREEBISRAAL ik NLFUTEHAA fud R SR ¥hEL bl RS; Bloviding
di phosplhdthtorfail edkigd tooihe atmdink et tebaehicully st@sthe eeakctien giiphesphi te
fromthe bisaryl conpound as a result of the production of

tri or gan@@ngsphitese®bd Mavatiheredsmytikingfebdifid fhe bisaRekallivn toRE €

steric bulk in the bisaryl conpound, t he phosphorochioridite, _or both

t he bi s#hgirhemeplouidiic Ariat e Ophﬁsmgmmtlkﬂdfﬂemteﬁérm@m greup eprgistiag ef.

amounts of trjar ophosphite co-products. 1002711t i.s to be notec

n the case WP T CRROK re BB A Ry NG, s B b R sBece by
| ost fr awtiiechebiaphesiptbh ehrbuthed: teet @ledliquid Ssfribatctitat Wlspeded e bisaryl

i ntranol ecul ar reaction, and thus the free aryl alcohol my be R CH

or R2OHselyHomo¥gnef ipag agrorbet of the ireskiligeid ssacgy cl ophosphite of

Structure VI A | i b0 .

St uct ur es VD SEB T o Efp Tk i BRaglis FRAEL YoiR 8 B ilhuid surface oy
phosphotfloamothe ditaey] s¢lriion (HRAMWIREIsasnate Inmigdiseibbtdr tiedt spemed theldisaryl
V11 g HR08 a1 aat aerisiohel G DR GOHeT ST GF-BHe P SR P ey amine o the
P(OR! ) 2(QRan nf{ R Beforw HeRpLSiqi@SuRde: ORLQ 0 \ P-OR2 V Structure
VllaStructure VIIb 100281The invention does not depend upon the

met hod for t Hieedsyoihbéshyl ofmphimdph dspisactmahhiatird by éowvkg dhh baee! knloten

Gact' ol BRIt a0 It ek Sieste R an e e i PSS Bl below

of a sukfealiper Rh@aRingadease to first prepare a phosphorodichloridite,
for exanple (RLOPCO 2, followed by further reaction to prepare the
phosphor ochl deddeig the bisary! esaapping tp fixgiqtrponmaTe bitfloping e bissre selutier
here as C . - Ve f.or .. h h I gl f
e T L T G S S T
2004/ 05@&8&pet DHA sSEhemnd fidedhizomns tatigeneiaid #nthe tedetreantios afitre: bpflowing
hydrol ysis of the phosphorochloridite. Instead of reacting with the

bi saryl REIEPBEILRIESPROIHIENGE sk angifees! gy hatehieets g riigay areapis agnine
sequent i . ] r idic. S-gont ai ni ng conpounds
(Struct E%asl Iga(%glh%ﬁé)?()k?c%%ﬁo%}) o?%l}%bglcl?(ﬂ@%%g’,argnd aryl al cohol

ori gi nating fheomsdrhesoplitaspghohachlnprisch 4t éeastflhporpho spthonadchlyonpatit emimeyfed

also react, with the initi dr.ol ysi roduct (Structure.lX) to.farm

a phospmﬁtfﬁg@%c&}ﬁ? a?lﬁﬁ%alﬁfagé% Hrdtiand cggwaecﬁ e sgep o mbguiedpeliane the
to in thigng Q@i@lﬁBﬁ,%ﬁh&@oﬁﬁoriﬁ%-ﬂl&@Q%ﬂ bigah® dhfndehidatIesh ledsD obd @8 BRE that
where RI and R2 are not the same, Rl or R2OH may be | ost during

hydr ol ydglitsctethet thgardaiodition donpd andmpélle tloeataduiredow e wper liquid surfasef r ee
aryl al cohol generated, along with the conpound of Structure X, may
be R Ofp@1] R2C0He oethad maytiucledofimboighhe hinkewt of svatdripeesant iditlee reaction mixture.

phosphor us- contai ning c ound .of Structure . X may contain an | or.
an OR2 Hof a%maﬁdﬂ?rﬁga%gg@nm%uﬁhs t%?lﬂl‘é’&%%e@%neomr&e%nbwwl%? @l bisaryl

:_|I2 ? ;-(XHZ Qoﬁp&hllcﬁﬁfd%%? Q)ggaﬁ?c' QﬁinHQOB%'cpf% tph'clnéph\n'dch Rk 4 ﬁl%blfde R2Htion

mixture containing a total of from 0 ppm to 300 ppm by weight of water.

Yt

[0022] The method may include precipitating a tertiary organic amine hydrogen chloride salt

from the reaction mixture during the contacting step.



R1-0 P-ClIl R2-0 R1--00,0-R1 R2-00-R2 XI Schenme Il [0031] Enpirically,
as phosphorochloridite conversion increases, the intranol ecul ar
reaction rate for conversion of the nonophosphite internediate to

cycl oph ite fnc egt i vity., & ' Wely] W6 e
Ghor ons ) & R T T RE SRRt bl B SRG I IORARIE <o
conver siparuof intthereattimphosybistlected fiomnke pang coosislipFHIOR! KORS),,

i ncreas [y ith i;n nore dilute reaction conditions.

Furt her ﬁg@g,%?@ﬁi Eﬁ)éb%ohuﬁé% #- BCPBPOHURTIIBITENE JiSoftdmetrypaugd ofgiresture
cont am Rajy on and subsequent formation of acidic

phosphorus-cont ai ni ng conpounds whi ch may act as catalysts for the
undesired intranol ecul ar Jfeaction. Methods for Iiﬁjting t he
concentration of the no osphite internediate,yh\{he reaction

m xture is necessary {p achpeveydraxi mum sel ectigvity po-gre desired

di phosphite. Limting the CLoncentration of the “ypnophosphite
internediate in the reacgon mxture is also a nethod to limt the
formati on of co-products such t he cycl ophosphite, t

tri phosphite, and conbﬁ%%?ﬂ%ﬁ¥ﬁ§hereof. [ 0032] “Wﬁmﬁbpgpning hi gh

sel ecti Whkicgs to the di phosphites of Structure |I. the present

i nvention provides a method for overcoming the tenperature

| i mtati okess thadénti ¢fitheltatal phoShoRmtie e mlactio, BRI &7n ddfos®of the at least one
2004/ 05Q 881 RPOBB The pres nH Lqﬁenéipn rovnges a nmethod for

produci RGC R ASHOLBHINE GProdRF R HEEY BRI RIMBBIS - 0- Q 0-P \ 0- R2
Structure | conprising the steps of: contacting a phosphorochloridite
of Structure |1, Rl-ODRTAILED OESSRIAIONE O THE INVEANTIONSar y!
conpound sel ected fromthe group consisting of Structure 111

Struct uj@24y, dic dtaleset urethdd reRBsR9 a simple and highly selective process for producing

bidentate diphosphites of Structure I comprising the steps of contacting a phosphorochloridite of
Structure II with a bisaryl compound selected from the group consisting of Structure III,
Structure [V, and Structure V, and a tertiary organic amine, comprising a basic nitrogen atom or
a plurality of nitrogen atoms, to produce a reaction mixture comprising a diphosphite of
Structure I. Scheme 1 shows a generalized reaction scheme for the process, inchuding a
monophosphite intermediate of Structure VI and monodentate triorganophosphite co-products,
both cyclic and acyclic, of Structures VII and VIII, respectively. In the Structures herein, R! and
R? are the same or different, substituted or unsubstituted, monovalent aryl groups, for example,
substituted or unsubstituted phenyl, naphthyl, anthracenyl, and phenanthrenyl groups. The

bisaryl compound HO-Q-OH may have the following structures,

Structure 1 Structure IV Structure V



and a tertiary organic amne, conprising a basic nitrogen atomor a
plurality of nitrogen atons, to produce a reaction m xture conprising
a di phosphite of Structure I; mherein the contacting is done by at

| east one _contacti t-f30gs sel get fm m gr.o

GIRE i SR #*c%n%%iuﬁd R Bt B 0F MR EORh LA g e
and t er bicpycofsig@idl ¢f [aatden, ARd, aryl, htterde@Adinixly hl&tétb&@[cydy slkypeund
and the tertiary organic am ne either separatel as_ . a mxture to

t he phosprsradknl @ﬁﬁ% qeeboagery: IvarbeaikeR e HeRrben Iwbwﬁt%mkx@nm

t he feedjn [ {- t ng
all st aq{élé‘%oﬁﬂﬁﬁe&gg"tﬁ?‘%taflﬁ%a \%ﬁ légﬁjpgh%ﬁf 0% élgf‘ Slagg"?ﬁ"g%i"egb %HH ned
as nol eSOmfaomhbsfph@mﬁﬂbplﬁnddl theariched, ed cedt @ on Gy Alkyl, eulshtinitelber by

nol es of blsaréﬂ‘%@g npound_ fed to the reactlog m xture, and.a s

mol e r atpFbsEty Stis 3ty sybytitagd a1 ynsebsiyuted G 1@ fres %&%3&1}% Branched, and
wher ei n thg Se6QMda IKg oyl Hﬁéa?aﬁcﬁba%éﬂeﬂ@ (}é‘%: Mh I%Eétﬁut@!ifo{ 28&8stituted
atoms fromthe tertl ry-organi c am ne & redction m xture

di vi ded (hyo 4 @sliohcgdigsphaitaeth boumsrﬂtb!;tetuued Gshe Gh eachdaoyl oxy; A tngare braacied,

the met hod is. character n that e cont act occurs at. a

{enper afth EFGH 26 (TGN SBHLE TR BRHEH 8 kR and

react i oQypgixlied & lyﬂshﬂgsﬁ@utg@bgg; Cyglatuyyhg%dq@@n 70% and 100% from t he

bi saryl conpound; wherein, the sélectivity equals nol es of

di phosp@ﬁdz% pr Oﬂ%ﬁ?ﬂrétgt &'B?ﬂ{e ﬁ&‘aﬁiﬂeﬁ%&hi%% nYd @ @&éyél&’it%ﬂ les
[ or an

of the sa yl conpoun onta phosp oroéh Ite;
wher ei nphospBbraghlouides (Sthate 1T) 1ﬂttsamh RBisarye cérhpowsd@Odp-GH {dferbbriviated

substit ted unsub ut e nonoval ent ar rou e
ns ke, om0l sithags iV i) Biora s bobise bRt aS st br o
the gr O'éﬁ)ité%@éqél't?'ati%( Bﬁgaﬁfc alilylﬁ‘é Q,gﬁfﬂw;lsﬁ’ill IﬁYdasm%’itchnen Rede BPﬁF)Mllahtf‘BY hi@¥¥en atoms,

het er oar yl oxy, yloxy, al koxya kyl", acetal,” carboarylo
car boal kachyas adripf gaao&mmy IO; a adrigtyceohetinaminexia pisent tanvlnallzamed@d (HCI)

nitrile and Io nyl, ar s;..and | OO 0l i on of
The. bi s SPPeBb e poe SR R Ris P, b vt s et i

conpri sinitghophdiphae ﬁlt&ﬁféﬂfétenﬂsfﬁﬁJ@@[%W@tc@mﬂE@Neiﬂh& RaétRatefod béufRarly With one more
conpound wherein R, R, R'' are independently selected fromthe

group céfAdivalenty nhpspbor QCéalce;dete & Biye thadpsived diphespduta (§iructgaill g ¥ canrggact
be a_t erid Al ARAIADI SR Bk SRIPAHanob B BB RN AR QX hich is
be combi'nations oOF Certl ary organic conpri'sing a single
ni t r ogemefatredno imehis ispacyficatigans theaytlopsosphinri sing a plurality of
basi c nitrogen atons nean that all basic nitrogen atons of the
tertiarygargani c amne contain no N-H bonds. An gyanpl e of such a
tertiary organic amne is N,N,N , N -tetranet hyl et hyl enedi am ne.
100351Cont actRTChret hods !(10)—§hd-QH|) ey —be>per f or rePimOseRi=8Bul ch,
continu (ow or a conbination of sem - batch P nti nuous fl ow
nodes. For exanple feeding the bisaryl conmpound continuously or
di scontinuoudly to a stirdgdVyesd® conprising the Vi
phosphorochloridite and tertiary organi c am ne, For exanple, feeding
t he bisaryl conmpound continuously or di scg%uously to a tubular
reactor conprjsing continuous flow of a m x#¥ure of the
phosphorochl oridite and tertiary ooganl c am ne. [0036] The phragg—
"stage of thel c ing" for th c‘l\emcal reaction of this|nmethod \
has its usual ani ng WRGHeit a®_i ni PratORtage of the contagting isP—
when all threg reactants, phosphc\m hloridite, bisaryl conpoungy2_agd
tertiary orgapnic amne, first cone”into contact and a final {stage I's
when the reaction is terminated, foryexanple when water is gdded toll
the reaction mxture to separate a tertiary organic am ne hydrogen
chloride salt fromthe di phosphite. [0037] The f|l§1st0mnl eratiois O0—R!
equal to the noles of phosphorochloridite in the reagtion mxture /
P(OR")(OR?), /P 0—Q—O0—R \

R%—0 0—R?
VI !




[0039] I n the absence of significant water (>300 ppm by wei ght)

entering the reaction mxture with the bisaryl conmpound, the tertiary
organi ¢ am ne, aromatic hydrocarbon sol vent, hydrocarbon sol vent, or

a conbi nati on of these nenbers, the %i qnd second nol e ratios nmay

be controlled within these val ues by nomnng the total noles of
Prgaghg{{&?gig ;/fhe 1?1’[15188%%11180 tagtgxlgo%t € 910%(\)}&110%1211{8&1&% ec!(;{gtg oc:{u es que

time. Akgeraiattsaeh yf th@@?&lbp}hos]bhi&d”lalﬂ emeﬁ@)hwa,ln}es{ diskit loFiginktee ﬁfome@le ng

may incl ude mnthdramnng_ |l es to analyze the liquid reaction

mi xt ur e PBgsPherechivRdind A legtithan éﬁlﬂ@hﬁtm@ﬁﬁ}ﬂwhlqlebwwnﬁerepﬁelthea@,bleaé%@wl

of the c

tempor sty £ R n et S A o Mleph AR AP NAFRAR Bl cienpophospiie
of Tabl eo-brodunt ef $tarctas paMt hieh it i‘a:éeuad\te il lespe*cﬂﬁeatﬁﬂmsahé trifogshite h@his
met hod occur a a tenperatur thin a tenperature ran listed in_ .
the ri gHttay IrgaeHOBPL fﬁﬁblP(é“’%OSlPHlt%tl}ﬁ%FleQ?B’elétﬂglsc?ﬂ’l?laZoﬁsr?{?gﬂfg' the bisaryl
the reagt 0 HaUhEpildiphABENIGAMRY A38Sd fr AYHLORRIANIRALY S 1033 sdifiGivi
boi li ng pBPnt &%‘ epfggctiohlé%gine atlo e 629 ere % 0%? 1 Hvies
Tabl e 1to giedifosphiregreoitint bigdryl doerpoyod acardsalh Oﬁﬁﬂe\pecniucmd'mef trior ganophosphites

hydr ocar bgn sol v e.introduced int he r actlon m Xt W th
the phoShABFIGHF S e LIIr P ety . St ou ek ety rbr GaEn e,

from an%ﬁh SQRBRRRloHARe, O b8HGHe BREBSESmp QM aﬂg‘ﬁ&e}ﬂﬁﬁﬁﬁm@éhl&lﬂcﬁﬁﬁesults in greater
react an Table 1. Suitable Tenmper ature Ranges for the Contacting

St ep of amkentBiof ticosewhbedpbide cTemplcat ure Range Tenperature Range 10
to 110C 10C to a boiling point of the reactlon m xture (1 atn) 15 to
110C 15()026] a bloid tbrbg npwdnin thé cashevieeaRt amhRmmmut the (AmetRHOFR6r RIDH may be

110C 20 oilin of the r ion

110G 2ot foih BEmanRgBn: infmirige i akur e T i if SefeiniRorselign. and thus
110C 30¢h Bectar 1&%911)@9'1;@11219@1 SINEOTE AR iRt SE bR, Lilkea\ﬁ:lrg th%%yalephosphite
110C 35C to a boiling point of ghe reaction mxture (1

| 10C 406t Bouetutsol I iy cpmtam arpPRi hean @Bc ricgety B dramnein (Strugtungs Wsa mtd VIIb.

110C 45 oi,.nt .of the 1 at

1706 soefdhefSishotld St Ree oG f B B EDELTG: (ot Be b pfuce

110C (R'0),PCl and (R?0),PCI, the triphosphite co-products of Structure VIII may be selected from
the group consisting of P(OR')(OR?),, P(OR'),(OR?), P(OR);, P(ORY);.

O O
A\ N
Q P—OR’ Q P—OR
ANV4 ANV
@) O
Structure VIla Structure VIIb

[0028] The invention does not depend upon the method for the synthesis of the
phosphorochloridite, which are known in the art. Phosphorochloridites may be synthesized by
stepwise reaction of PCls with aryl alcohols, R'OH and R?OH, in the presence of a suitable
organic base to first prepare a phosphorodichloridite, for example (R'O)PCl,, followed by further
reaction to prepare the phosphorochloridite, for example (R'O)R*0)PCI, which is represented
here as Structure II. Selective syntheses for phosphorochloridites of Structure II are disclosed,

for example, in PCT Publication WO 2004/050588.

[0029] Scheme II shows a generalized reaction scheme for hydrolysis of the
phosphorochloridite. Instead of reacting with the bisaryl compound, the phosphorochloridite

may react with water in a sequential manner to generate acidic phosphorus-containing
-8-



55C to a boiling point of the reaction mxture (1 atm 60 to 110C 60C
to a boiling point of the reaction mxture (1 atn) [0041] Anot her
aspect of the invention is the nethod wherein the contacting occurs

at one oAt

G phosphy RO FIRALEE P End 00 lord B iels Jb0, BLAISINE originarpg from
and 100%d pimplﬁdirecﬁkbﬁcafeyITIﬁ@ﬁngmcbchf@rdxtem&mﬂlm Teedt we tinth 8 Qi &l g 0%

fromthe blsa %found for_ exanpl e between 85@%% g 100@6fr0n1tr
bi saryl PES¥E ctur ) AP & PRRPRRidE-CoDGIUREACI O BORYCFIGR{ SR THE Sa SO

CO”pou”Eiefﬁug@%“iﬁ]tﬁgQﬁ&ﬁﬁcaﬁﬁﬂﬁff’oﬁf the invention is the nethod

e reaction mxture turther conprises at |east one aromatic
hydrocar sol a C n t \Y;
Y om t ne0Bbup. EonGi e BRSO AERY i Tt BitsalByR st SRSy be
aronat i CodadaiRCRydIlysis of ﬂﬁratncmyoﬁ@@@e |0€Gﬁﬁdu1ferlﬁnh1ﬁd1l€hugﬂﬁtﬁke aryl alcohol
consi sting of aromatic hydrocarbons whose boilin oi nt,i s between
70C and gi%@eﬁial%%%fﬂé‘]ﬁ)ﬂ‘@rqoélpﬁﬂ% §ﬁ$%UCWrG@ﬁ3TWHZﬁ1%§H 55 BeQH. g2 mpdure of
i nventi 1
cuch t hapth TR AR o E SR £ o RO Sl "R A an OR
equal t@1@mQﬂVnmhagapéMuwnmennumwtbécmﬂpmhﬁﬂn m xture during the
stage of the contacting wherein phosphorochloridite conversion is
fromO0%tp 90% Again, the QOsphorochIorldlte conversion is defined
as 100@dﬂuﬁl|plled+b&0a tot%l Qol es of +ptdBphor ochl offi di t e+iHhQ he
reacti on m>uCk at—tte stage oP—Ot comtaeting ga & by—at¥tal H;PO;
nol es oﬂa%ﬂpsphorOCMKmrldltazunderg0|ngRKMQ corit t|n by tR&mwet hod.
Anot her aspect of the invention is the nethod of the preV|ous aspect
wher ei n the phosphorochloriditgyconcentration is betyveen 0.02 and 2.0
noles per liter in the reaction mxture during the stage of the
contacting wherein phosphorochl pridite conversion is fromO0%to 90%
[ 0044] Anot her aspect of the invnnt p is t he net hod further
conprising feeding the bisaryl éf ﬂe phosphorochloridite at
a feed rate between 0.04 and 10 ?r eq vallents per hour, relative
to total moles of phosphorochl ofi dRf® under goi ng the contactlng by
t he net hod. For exanpl e, feedln t he bi saryl conmpound to the
phosphorochloridite at a feed rhte between 0.5 and 10 nol ar
equi val ents per hour. [0045]Another aspect of the invention is the
nmet hod further conprisiRY (Beedlag thé}ﬂR aryl conpound to the
phosphorochloridite as a blpary “Soputi on conpri sing the bisaryl
conpound and hydr ocar bopzsgl vent . Thé}hqdrocarbon sol vent may be
hydr ocarbons sel ected fromthe group consisting of linear acyclic G5
to C18 aliphatic, branched acyc lc C5 to C18 aliphatic, unsubstituted
cyclic C5 to C18 aliphatic, subStituted cyclic C5 to C18 aliphatic,
unsubstituted C6 to Cl0 aromatic, and.fbmter C18 substituted aromatic
hydr ocar bons. The hydrocarbon sol vent may be selected fromthe group
consi sti f h I [1S
250 at (PTG o RRI AR D Rl B IRy S R Bt reaction
i s the nmtladoakekia oﬁﬂﬁ:vmmuq;ham‘mmlmcbata td dyelaphagihio inaeast usrel
further conprlses upper |iquid surface, the contactjng.further
compri sEEeHN: GitheaT el fiphpivdiie Hafeasss Prg?m&%ww} i YREORGTHERHLY, the
attache t f
ocat od BEl B R e B shr RO oA I e A RaR RSy Bisel Fompared 0
conpr i sekatmgn owireldihyge racaen omditicane Fgl;thmolotdqéﬂswsnlutlngs giferfadditional opportunity
mechani aII stir the.reac
sur f acetoreE el RE BB B obot bl RPRe-idhiping sopouns
phases. wlﬁﬂpﬁl%?taéltsas (chiaBRts! BF fhe uBliédifel MgrRaédudar rédtdone Meadsls & limiting the

providing rotational energy to the stirring shaft may be sel ected
f r om appanenirstiamel the nivagghaspbimnintsarmeiateaintihe e@Czom Mixs1h &y negsfsatio ghieve

maximum selectivity to the desired diphosphite. Limiting the concentration of the




[ 0049] Surprisingly, water is detrinmental to the selectivity to the
desired di phosphite fromthe bisaryl conpound. The invention is the
nmet hod wherein the bisaryl conmpound, the tertiary organic amne, or a
conbi naﬁlﬁ&ﬁFH$sp11 iR Mte G WPRHNh AR B S 4165 § LRINGAW UM e BTG on of co-
contacting the phosphorochloridite conprises a total of fromO ppmto
300 ppmpbsdugisisgit asothe wetlephospliite He thplesplrite, codpoubuationseherectt i ary
organi c am ne, or a conbination of the bisaryl conpound and the

terti ar y032gani Whilaiobmiiisg higH stlectishgesh olspdiphaphiter dfditivetu@s], ahe present
sol ution conprising an aropmatic hydrocarbon or h){,dr,oc,ar bon sol vent,,
Then t ha FRUBHPIOSHES & MoHoSE ALRICHRWEd N THETag ST G EHORD M5 H e ingl-S.
total ofp,fehory, O BT A 00RO PRIM4RY 0888 ght of water. Prior to the
contacting wth the phosphorochloridite, water nay be at |east

partial | parat ed. [.Sar d_ . rfhar e
organic @P#ﬂe b@ﬁepﬂggs&elﬂsﬁlgggfoéﬁigﬁfi ng? g@%ﬁg{; | %ﬁ?gcééggfi }rpoﬁ‘%'pglﬂe%f Structure I,
distillation, contact with dried nolecular sieves, and other methods
known in the art. [0050] A f%n?tc?\on of the terti y—Brganic amne is

to neutralize the HCl co-product'g.n ghe i m xture through the
formation of a tertiary organic am née hydrogen hloride salt. This
function accelerates reactiRf—Gtes and linmits apidRéatal yzed

chem stries that may reduce selectivities to di phosphite fromthe

bi saryl conpound. Another aspect of tHECHHiention is the nethod

further Cglgg}ggi},%iﬂﬁgﬁ@g%@i pitating a tertiary organi c am ne hydrogen
chloride salt fromthe reaction m xture during the contacting. The

sel ect i onceftagting atpwoshlergchboribieiof Samimee Bnd contacting in the

presence of a hydrocarbon solvent are nethods to precipitate a

tertiary organi c am ne hydrogen chiBrT& salt fromthe reaction

m xture. [0051] Anot her aspect of the invgatiqn is the nethod further
conpri sing producing at |east one phosphorus-containing co-product in
the reaction nmixture selected fromRhe@roup consisting of

P(ORI (OR2) 2, P(ORI)2(0R2), P(OR1) 3, %QO%Z)S a conpound of Structure
Vlla, and a conpound of Structure Vi l)lc F (/0\ QPORLQP-OR2 V

St ruct ur ewthlaasbtarcoripeuM tdlectdieli@hfihe group cohsdsimolof8BusAPo 10f, Stri€ure IV, and
total phosphorus in the reaction mxture Is in the fomi of the at

| east oﬁB“ﬁHEC‘s%hor us-cont ai ni ng co-product produced fromthe

contacting. For exanple, less than nf the total phosphorus in the
reaction m xture, |less than 20% of the fotal phosphorus in the

reaction mxture, |gss than 15%R%_tA #7 phosphorus in
reaction m xture, ss than 10% of
reaction mixtur &> BYs than 5%
reaction m xture i 3
phosphor us- cont & niig “aeH pr oduct produced fiom t he cont
[ 0052] The invenyhonlisgellustratedyp
are not intended /0 B linmting. Examf ] The net ho
di phosphite syn%{n d f the inventior general . It ig,
appl i cabl e not | ylt o di phosphit esRhaving [st dfi c hindrance
exanpl e the di phospRites of the Exanpl ers it al so applicabRe to

di phosphites with different steric hindrance, diphosphitgs with, |ess
steric hi ndranceﬁlﬁh"de mhi ndered di I{S‘\%Bﬂ? f@s. [ 0054] Di pﬁt&%‘ﬂfet e
synt hesesanei @riel bedaiRthnhile Wahhistnde Ba8lcatitry@nGRins 8Nk pREAIRN of Aflo@8n
of amne to bisaryl conpound to phosphorochloridite were varied to
eval uat atopiseto pipdeee oreapliodutiulsspeptismg eyliplopphireei Srughue 1;
deconposi tion of the nonophosphite internedi ate were al so

i nvesti gdkrth, | n addition, the concentration of the nonophosphite

e B R SRRSO P DTS S AR BN U Gt R o

(i). feeding the bisaryl compound to a mixture of phosphorochloridite and tertiary organic

amine, and

- 10 -



[ 0056] A reaction schene for the hydrolysis of the phosphorochloridite
of Structure Ha is shown below. As an alternative to reacting with a
bi saryl conpound, the phosphorochloridite can react with successive

i val ent f | ni.ng .
ey
this case 2, 4nixheadl the phcsphdeRBridifitosphor ochl oridite can al so react

with the flrst of the hydrolysis products (Structure | Xa) to produce
a phosphofif lé@ﬁtltapwgdgdaﬁmy%ﬁw@#n&fée(@éﬁl&cﬁﬂ@ft@% a), also referred
to as POP. X A I LR..
t he schenes |s§g§g ?%laslgrlriegggaSI %Ig%gﬁgggﬁ S{aggs @JtB? Q#ﬁgs‘g{é%] iné Bt
phosphor us- motmatm nsngafmeairps)nmths ocﬁtah(‘.:‘stphommthﬂbﬂdité(m thleeaStmsmmumle dh(a'ded by

and 1-131303 d and c ively represented by "H' in the
Tabl es. 100@8 SF”D’ pmp Fﬁiicb R4 1°?H8Xt3f‘;1’6‘ééur es shown in the
reaction sc herEEs%c@Hd‘%nBI\é"?atldjfs%@%Et%@hur‘h@ﬁl?ﬁ%ﬁs f 'tlﬁrb%n@it:tmg, wherein the

t hr ee-di nensi onal nol ecul es and that rotation about chem cal bonds
can occur i secombmobl mtolied:fined g mlaS@rﬁbasgunmatog@nstomsfﬁom thedertimgmarganic

t hose shown. For rotation,a on car
et ween ¢ heMiredrtonE ki GG fEY by BRERT PORTRIGRRG CGREa: b resction
Structure |mpgaR; bring the two phosphorus atoms in greater or |esser

proximty to one another and can all ow the phosphite Iigand to bind
to a si nglaled hetzgthert @Mlﬁlﬂctaumddemlwétﬂ@ mwn@gnoccnhceattaet.emp&mlm@ﬁ‘p@ﬂé)pc to

|l bot h.. h
| gand ar 5t poriance e B R TRE M e R REB8 I £ Il phlRgp 7
used in t heohdihnethedighrgResipbusat i on include "--" for about, "conc.

for concentration, C for degree Celsius, "equiv." for equi vaI ent(s),
"Hr" or Wllgfemfor hour, "Kg" for kilogram "M for nolar

concentratl on, "mn." for minute, "mvl" for nillinmoles, "nol" for

mol e, " Monoflcslshiitiey equals mdles effipiptspkiphprodudediie Hreedaciion nikist ivised by

Vevol et ofalfhdles of tﬁ?élsaw?nsﬁaﬁfw@&%f?fa% R BRI lonigREY o BT AP 2

or BPC12 re A r ents an aryl oxide noiety derived from an
aryl al 8’6&%’1‘31@8“@‘ U‘Bﬂg?ﬁilptfe\im m | arly phosphorochloridite is

referred topbynBR? hh%tth'é %Ml%mﬁff& eiul suliFaut@! oridsMsiAhRd, %@bﬂ@n@&yl groups:
A2PC1 or ABPCI vyne gmd] B,represents an - 19- aryl oxi de noi et y

derived feoimdR’ aR |R°aRc,d‘hoR (e, @ RphémrbR} is midsperidonfly gnhestadolrem theogroup

phosphor s ol 1 P08, SBESLSF o, &RHSE Tl AP DSTEDRAY o,

l'i qui d saapta, éarrmylbgy reefRkikoRy, MrltabenylFEkylexd 6P Coxagold] aﬁﬁmbmm;u@nmule
(%) for di phosphlte = 100% x [sighal area integral_ of the 31 P NVR

si gnal ( s) NesEPhilpmddBingery! gﬂo‘{l’é}u@ﬁdop R 8 pginaonepidhe bistrabpamrrowngy
the 31P NWR signal (s) for all detectible phosphorus-containing
conpound@)34] whekxinmpled ¢f teidipmcarghtie apamphmpusmg @mrmlenbasg: mbﬂgﬁmﬁ@m may be

may i ncl £ hor d| chl.o t,e hor chl

di pho spﬁlldgg?,(ﬁ%ﬁop% P?u Wﬁ‘%eéelﬂgﬂd%t eancﬁg f% eBFlz}cE:g,ly seiedted from the

t ri phospRidpeonfiSihe @thl thl (GO RIROLAESC tbfc]gi@ltyecddﬁd@lsenﬁy beRterdaRy dMRatic amine
measur enent. [00Q60] Bi saryl conpounds of Structure II1, IV, and V, for

exanpl e cglﬁéomﬂwﬁa wrample pstidine: o aay be gompiagtions of ﬂ‘éﬁ&fb’éﬂgw @myies comprising

sui t abl

compounds T &l R it 3 e olsdicbline  Rbne RN fliBNekgic pirogen
coupl i ngtoads rhée Qo ailelﬁapmnﬂmmnmﬁi of the eﬂtmﬂ@ﬂgﬂmmdml aphtimalo, N-H bonds.
respectively. E‘n%fta npounds .of Structure V nma ? pre%rgid by the
parti al %WB@ Siuﬁlﬁaéefrtlf'lﬁé’i%%’h‘"e%‘ﬁ@ﬁdfi N@N B %ptﬁ’tlﬁﬁ?t gl Refagile.

oxi dative coupling of the corresponding tetrahydronaphthol conmpound.
Exanpl ed00856:  OCyatacong madiods Gharthdl) Resyaie pealoabed Briehatbesh. Ratippeus fow, or

[0061] Tg%omrrPnaa(t\’En %% semlebatc% a"%ld' HRHHERS MW 1%53534] Fro?%xﬁﬁplgffeécﬁﬁé IRYsar 'yl

compound continuously or discontinuously to a stirred vessel comprising the

phosphorochloridite and tertiary organic amine. For example, feeding the bisaryl compound
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Et 3N, toluene |Ib Ha, Ma 0.30 Et3N, toluene 9 Et3N 0.14 Ha, ilia 3
Et3N, ilia 0.17 Ha 4 Ha 0.26 Et3N, Ma 5 1l1la 0.12 Ha, Et3N 6 Ha, Et3N
0.31 Illa, toluene *Feed addition at -40C. Rh all other

exper i m%gﬁii uofugg%l b 1 @By +§ﬁbuia@9ﬁggtloﬂa‘lcﬁmgﬁﬂﬁ5 l:&ﬁﬂlh&saﬂnfw of a mixture of

conduct ed i nsi Inert at ere glove ustng wat er
the phosphozochloudlte and tertiary organic amine.

[0036] The phrase “stage of the contacting” for the chemical reaction of this method has its
usual meaning wherein an initial stage of the contacting is when all three reactants,
phosphorochloridite, bisaryl compound, and tertiary organic amine, first come into contact and a
final stage is when the reaction is terminated, for example when water is added to the reaction

mixture to separate a tertiary organic amine hydrogen chloride salt from the diphosphite.

[0037] The first mole ratio is equal to the moles of phosphorochloridite in the reaction
mixture divided by moles of bisaryl compound fed to the reaction mixture. To obtain high
selectivities to the diphosphite of Structure [, the contacting is also done by controlling the
feeding during all stages of the contacting such that the first mole ratio is at least 2. Below 2
molar equivalents of phosphorochloridite in the reaction mixture, the formation of
triorganophosphite co-products can increase which decreases the selectivity to the desired
diphosphite. During the stage of the contacting of high phosphorochloridite conversion, for
example between 90% and 100%, higher selectivities to the desired diphosphite may also be
achieved by controlling the feeding such that the first mole ratio is between 2.1 to 2.7. The
phosphorochloridite conversion is defined as 100% multiplied by a total moles of
phosphorochloridite in the reaction mixture at the stage of the contacting divided by a total moles

of phosphorochloridite undergoing the contacting by the method.

[0038] The second mole ratio is equal to the moles of basic nitrogen atoms from the tertiary
organic amine fed to the reaction mixture divided by moles of phosphorochloridite in the
reaction mixture. To obtain high selectivities to the diphosphite of Structure I, the contacting is
also done by controlling the feeding during all stages of the contacting such that the second mole
ratio is at least 1. Below | molar equivalent, the formation of triorganophosphite co-products
can increase which decreases the selectivity to the desired diphosphite. During any stage of the
contacting, higher selectivities to the desired diphosphite may also be achieved by controlling the

feeding such that the second mole ratio is between 1.0 to 1.5.

[0039] In the absence of significant water (> 300 ppm by weight) entering the reaction
mixture with the bisaryl compound, the tertiary organic amine, aromatic hydrocarbon solvent,
hydrocarbon solvent, or a combination of these members, the first and second mole ratios may be
controlled within these values by knowing the total moles of phosphorochloridite to be contacted

and adjusting the molar feed flows of bisaryl compound, for example, over a specific amount of



solvents and reactants. Al feed solutions are stored over activated
nol ecul ar sieves to exclude traces of water, for exanple | ess than
300 ppm by wei ght water. Phosphorochloridite is taken froma single

source o

ohosphor Bp o T AR R ek St AR P Ay By il ieigrayge
2004/ 056a8Bles €y alabyb alsdoliuie ridction m&xm&tbﬂfléMR ahd hqtmlc&hﬁjimd)gaphy
source. [0063] Each experinent uses the followi ng feed and charge

anount s [@ml] CoNmedthérakpQRsof tﬁénﬁ@ntﬂ)rpfheaeoﬁta%@n%’@ @k mleMod occurs at a tempelatule
phosphorochloridite Ha solution in tol uene tion density 0.87

g/ mL), avidgn g tesipesator eorallxget listask ihyhaleftrhend Nﬂvgl)n of diabte loninjoshar @Flﬁ-’éﬁ@f the
(solution densi 4 4 yi

1 a sorter ntioY raihe s BetneudSosdicieede et Sh ARl RTRRHE Ry psed
t ol uene in fRrridhx Bl @sudd of Tﬁble andn 6theBagpoctg odihetiRtn€iog, the Raddidediitee
the reactor to increase the volunme of the initial reactor charge and
enabl e Bathes compripesiadtydrgegrboagelyentandribe boifing gpinhghihg reachien mytre at one
nol es of r t i r

by 1 ot P HORLERS] ARG Lo RRARRAR drife BRRGOD DL P hon
about 2 .SalveIEQﬁa)elﬁa:ﬂi’ltiﬁﬁudeﬁeme tbamctmmnbsme twith the phadspholoesloalitd dsdacyl
nitrogen atoms fromthe triethylam ne charged t e reaction mxture
di vi ded CBRPPERICIHYY SE2BHC HRAWE %‘F’&BHFBIPBHPP%HE %ﬂcgéafm% % REIIERAERPE
m xt ure yghSe abethesl- 25. Al experinents are performed at +5C except

for Experinent 1* which is run at - 40C. After feed addition is

compL L, LABILESLA FUIDULER, A5 SHLAIEE M GOS8 0% i

sanpl es, wjthdrawn dusing|feed additi on, at _different reacti on st ages
and once t?‘}n ePE’ﬁEWSE{ gture reached rtf‘g?ﬁ{ Z{aé?g%re at the end of
the run, age anal yzed via 1P NVR Using T phenyl pROSPhT ne _oxi de

(TPPO) as Y & W Cst an d<1;1(|l & qo@rb(ﬁ]éi%ﬁﬁ‘i”tﬂeﬁf t@"éleéﬁ%ﬂly‘é‘}xéu%{l atm)

phosphor us{Tonta i Mg_conpounds. ANy _detectapt e anpunts of
cycl ophosphi t el¥d BLE€1- ok5 &‘d@latbocblﬂi@ qum‘l qfﬁ%whm@ lmmla(f alme

during the rexperttents—ar ptestrret—to—pe—dertved—fromthe

i ntranol ecyl ar 20 eatld°Gn of 20f€ tormplespiint « thateeciednates Y1 atm)For

the d| ffer ant add: t: oh—hpdes rli St ri hllf i ons nf M| or pr nrhlhf S an:j

To5 )

i ntermedi ates dsitd nweand af 2&IC @ddbdilipaneo MBPRatiesh hikokabl emd. | The

acidi c pho<:lnhnruq-rnn'r alni ng f‘nm’mundq of Structure | Xa_ Structurge

Xa, and H3PO3 g & sHyraed 4 l_r‘ﬁlod(;eh%rae&ﬁm 1%ﬂt§&fa‘a¥t§irb’mﬁ&uw'{ﬁ aﬂn{) al |
tables. Al so reported at different reaction_stages IS a cunulative

5.3' ectivity (SE&.}%L t he DF%“ Oéléﬁ)%?(}lpteof(ﬁlé)&%%& ﬁlﬁttkﬁé atl .he

bi saryl corrpound efined as no di phosp ein cfion

m xture divyide es g ed to the reaction
mi xture. Thr ougw WPEeactl . %‘i‘“‘r&ﬁ@ A g OB e Far R OS] Ao on
of the bisaryl ound "0-Q 0-, ‘y be 1 ncorporated rnto threeiof
t he phosphor us? é Ri ng ci')?r&) erdoiimgpeint offheiggetiommitypg (1 atm)

cycl ophosplite; nunopnospr rte Tntermedirate, and diphosphite. So at a
speci fic react PO st&BEe, t hé0°§b10@b01mg EOI(HSE“Ltble fetacthmelmmrgcﬂh@mm)on of
t he di phOSphl te—fromthehisar yl CGWpﬁunu =—1606%x—di-stribution O/P)
for di phosphit &5to [HI°6t ri Qubi@hto(L8)ilifiopoiays thpltrastdn mextre (1 atm)
d| Stri but| (m_@'@) for mprnhncnhi ek Hi st ri hllf i oh IOAD\ 'Fnr

di phosphi te]. &bternaty vel Y60°td"105a SEHRCHdiM 6fychéfi9e)éctlikﬁ1 ﬂ@&@@m aeg) from
a mass bal ance_anal ysi.s.. [10065] For t he reaction of the present

i nvention, |ess than 30% of the total phosphorus in the reaction
m xt ur e (P84T0t Aaother aapest of Hes iaventionds themecthprhwhereinbe ewrtciingjoggurs at one or
;ﬁog:)ﬁg;hﬁésle g%lq LIJ&EI% 1fa£ @g‘ otfﬁ%glfjégptto%%d&g ’themqlgl dp%#vﬂté pﬁh@%eal:t?ﬁ? 1511)85&% with a
consi st lsﬂ]@ct@sﬁtﬂdﬂ@é&ﬂ’)ﬁ("/@&d 200%R (R )he (W21 ,coRpOiRhg, Jor eR(aﬁBBe) &tw@en 80% and

100% from the bisaryl compound, for example between 85% and 100% from the bisaryl

compound, for example between 90% and 100% from the bisaryl compound.
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to a toluene solution containing 1 nolar equival ent of the bisaryl
conpound Ma at -35C in a dry-atnosphere environnent. The
nonophosphite i nternedi ate sol ution contains 65% nonophosphite, 1-2%

OrcL SPTABPAL! = 1 a0 AR e e

conpoundsmyiidsian]chiti sie aomogitvdsdivchibon o ene dibataeorsaicityidorragoe setvatn reay be
at a te erq}gye f 735C:mLthout(g cggn%p in qu conposi.tion even

when sag%f’%% PE i BTARE CPBSIISHAT CertP Srnfigmatie Bydraqas RAFYPLAE. A

par al | el,,gaeRb6n kSPint fi’ﬁayﬁ%%@e%f%ﬁ@ﬁ;‘i@fh‘érg?oﬁ;ﬁéon@@tiﬁ‘g%ﬁd}gﬁgﬁcPR)'?er&rlSﬁn_s whose

time show no detectable’change in the concentrations of nonophosphite
i nt er redpding pand ichatwephdS phindd 408 € ki atmbsistie phagsurguant i t ati ve
conversion is observed over a tine period of 68 hours. A freshly

pr epar ed063jophasghértepedibéthadaveatien sothe tiedodi fartbdr@naghriaing c3oieH1Angl the

used for, each experinental study.of its reactivity, [0069]1ln an

initial f‘%@ﬁ’@rﬁi‘lﬁé Fagﬁ‘_éspﬁﬁ%%lﬁﬁé%F?*Ee?%t@ﬂldéaﬁea?gtl\?LQI sﬁdaéto 602 moles per
monophogighiif el r@éc%BHEQRﬁ}@%ﬁ'ﬁigﬁhé Med Sf thé BaLRindiir@n ﬁh& bfdcRloriliite

mol ar equi val ent each of phosphorochlioridite and triethylam ne at

- 10C t o co2@Gio1BlEey (¥t IR Apahytbe shasphoivehlogdidt corvesoins denesiheoig0%

titati ; I f .t sphite int di at th
di phos p RS AT RIByT PEC SR HERGTE HuS SRS T sk e 5 8 s
havi ng @o3d&i IR ik b a ak@UuboRs aﬁﬁwmdr&wﬁéridif@ﬁld%@@lngftﬁé célhﬁ:tingtbﬁr the
P

cycl ophosphite Vila, as the nonophosphite internediate on the pathway
t o di phostiid e\ndtigy 2epachofihs épanteeisdkpaeihod of thepredoesaipeg mbeeein the

i nternediate solut.i,on_cont.ai.ni ng..0.024 I Q sphi.t e s o
it or o geBoR bR AR Rl e (A7 A B8 g TRNBPIRRRE ihin i wagpogomivee
room t edpehf@ihdrseige Af tiRrcodicihdthesin plesshdriailorlifbcohvdrkion is from 0% to 90%.
nonophosphite i nternedi ate had been converted to cycl ophosphite

(Tabl e 4gogaxanphBothddaspdd oS HRAREMEER I the MckiRRERIHBS dompkibRg Qé@l%%}ﬁ@ b@ryl
0.16 mmol triethylamine with the sane result, indicating that the

i nt r anolcewped wdbepliosphapcitondip aghid et betweaneiPaawl 1 Gmakr equivalents per
catal yzed b as Tabl e 4 ampl e ,12) ... However en solution Qf

o- 024" migr tsia i e i Englet ar PR SRl BBl MO AR ey heon
to a m Foueemgile Jedido ME0isani0ROPBOSRNOE: piaisphdrechlatiditond Ped@tatheen 0.5
FI 20 in toluene (Table 4, Exanples 7-10), 40% deconposition was

obser vedéhil § mokar eguivlentsast batHe i ntranol ecul ar reaction sl owed after

an initial period and displayed a zero order Kkinetic behavior. Wen

t he samt0®3ber i Apothengapeqt epdwtivEniian e aisthoddertbdr copipaisiig|feaditethe biseryl

i ntranol ecul ar, reacti on, of nephosphi.t e J r i ate o

| st ant SREBuE PIET LAt B RIS A R RE R B iy compgund and
bound byytkeabyn stlhese Tax pediotRbbs sdlead nay Heltgderabous sadetédasmdiy gogp

di phosphite synthesis, the intranpl ecul ar reacti on of nongphosphite

i nt er me@PREEIEO! baeagagydl Gytodor aliphabic. braashed agslig Gsyo fyap! hhgtag, gnsubstituted
pr oduct b ) f he I water . | or &dit. .
T e SRy B LR RS 00 CIRLCE A3 PRSRARS R 1 s
but ret andl€qtd Gt dnbstpnesd ermeatofhytirdcetboyd. afhenieydrédsitag solvent may be selected from
superstoi chionetric ampunts of triethyl am ne, during diphasphite,

synt hesit¥ $PUP FPHGIPE Sh e rYHOSE BRDBERGITA RPHeEn T0°C R 1hSec
phosphor,gehl.geiidik&uean | i mt nmonophosphite internedi ate conversion

to cycl ophosphite. Wen phosphorochl oridite concentrations drop bel ow

a thres lim t:1.C. e B j f i
ronophodttile 1 Apa R LE b ek D Pl B oD el el the
become kéavebvh adktuye Daimpetoniprises arehgter liguitl udaqehtepbitaetigy fadiiat doarpraed

| ead to significant cyclophosphite build-up. Exanple 14: Dipho ite .
Synt hesiP§oIpge R Sm'rm&%é%aﬂ@aaflflaa &tlean ot *FBIE)%EE' é‘i‘%ﬁ‘gt% the S@ﬁ@gﬁﬁ%? wherein a
monophosphf &% ihfPeRETBHAE tRtW fie WBpdUlguitSs RO s Rid ReBUR FRARE Somfrises

providing rotational energy to the stirring shaft to mechanically stir the reaction mixture. The

term ‘““upper liquid surface™ may also be viewed as an interface between gas and liquid phases.
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Cycl ophosphite (Vila) 136.8 Mnophosphite (Vla) 136.4 Di phosphite

(la) 133 Triphosphite (Villa) 137 POP 128 H 0.5 *Aiis

2, 4-di met hyl phenoxi de i n these conpounds. Exanple 15: D phosphite
Synthes Nan tr L o
[ 0075] Pﬁé’é’y%é eglre%sdfl“ “e%%a% .s)g@‘{r:{%r%i{ehsc’f@é?J%F"Qﬁﬁ‘gw%{%g“al gRTEYy o the stirring
di scl OS@I@hﬂ a)\Ge 20044 DHOREDpratuR Gnd nfoitely khewh iidddiati on nethod in its

si mul taneous addition version instead of the 32-step alternating
portionpeersi OnARSthERAPRY 81 At 1&\%}1@69%@ m%ﬂQ)d?Jf M ReesphapesithARddi te
solutlon conprising about 380 nmol gxoroch oridite and about

20 nmol cefiptifing feeéma-the bisayhssdyian te. therrhfgp petlpmditet by & lerat pricoddixdng method

2 L t not de a dry atnosph |
box. o0 bate HBE RGP Ity al ont s of triethyl am ner i the

respect tot ?&dﬂ@tﬁ@b@ gfﬁ@&iﬁfﬁuiﬂfto prasphinesikles hishvkehe @iRr Bgsi@durface by
prior to the addition o solution of bisaryl conpound Ilia in

t ol uene flowieg the bisipng seftiomBureehaat %aS&Wétﬂﬂﬁﬁd@féﬂbuM gt dispasesche bigaryl
using a bi saryl conpound to be
fed is B@QE&fég%ﬁ%%ﬁﬁgﬂ%ﬂn$T@UﬁgF®%:%gggﬁ%gg&%or 100% conver si on of
phosphor ochl greditigttie Bisatyheorhparakl ts tiageadiontiieturealsdviealle ufpeatifiidBurface by
sanpl es are taken periodically _during the feedln of  the bisary
conmpoundo¥sIg E Brﬁawﬁé?lu&l%ﬂw@&w SRsipepiaed lﬁ%@u@hﬁ@ﬁ?lsﬁ?fsﬁ t&%llawwl
conpoun r fof er.ent

bott 1o (uny Eonag: SE BB ney e bR SR AT g Bl e S e I LR o e
dlstrlbuﬂmnmuHMMpNﬁEhhmﬂmsm$pdmpm$mmﬁ&eﬂer|ved from 31P NWMR

measur enent s .( Tabl 0077 | evel s of POP and, a

Phosphor ue. o Gtk Glusho ot Deieq Rh S Bt bf Raviabe T saiptian
are bel ygy&ch éthars?eQﬁél feed [IREMILGF HiRdctd Me bRGyS %Tﬁﬂlérpﬁmta?&ﬁlﬂhﬂiéﬁeﬁﬁgat@& Below
not believed to reflect water contam nation of the reactor contents.
For th|ﬁkﬂg&@bh@ndamﬁnalculatlons of phosphorochlorldlte

phosphor ochi e Crp kR Pl FreBREREMRERohE by Rling e by peydon
basel i nehrs@PPdtatdsothRENBLN AT diRltesRE biserydBslutibPResphid Bysdllgn@ksted Below
t hese neasurenents, a correction is nmade based upon the anmount of

tri phos B 4neex hgHd swéacsead ifesdingihe sty GEamnEr 4N &0 Bigreastign Snistuepbiafening
the val 'tI% t@%ﬁ&%%@%@ ahﬂ?et thitlh ﬁg%: [e%%so%effggd hde! tHﬁQﬁﬁ%E't's e ﬂeﬁla%ﬂhgl éggltnc amine

phosphor us ution duri di phosphite 'synthesrs os a

resul t ofwardaophpdihideatediiebrnidivpper lapity anficeantio cycl ophosphite. I'n
ot her words, an .additjonal, equivalent of cyclo hos hite. s forned for
every additi SiftsB¥RO Hoérf’tuﬂ%fiﬁcﬁwéléﬁattéeaétt?sl&l of dpdrrtasiiin aptye fed

the exp% {haBR1iBg Eﬂl%%d%@(ﬁ‘ll§ hRrdidad G foathé %cﬁ"cﬁn IQDQ@I% b?mc!vhno the

(Exanpl e 14), 1n Exanple 15 the monop osp ite internediate Vla'is

obser vedthsatyl aolphms phoray chinprikidg tlee tevaceotgraitiaonne thrabghust 1GasO8naskd line that
and bel iL.on, m xture, i n t . cases n hite

"t er medi 8 et g (e ﬁﬂﬁ‘P}’A‘?%' l%@gﬁﬁlﬁm 5 L@pg@ e R Pl ng

i ncreas t he_cycl ophosphite As the data d

Tabl es 30%1%&1 108qTrib RiA¥ag H{eﬂ@daar%ameapf &9@#&%&%%%0 l‘rPééleétPerS%ted

phospho I rs f
b phos%ﬁﬁg A ﬁ%ﬁo@ﬁﬂ}l}’ s Qfﬂ) Elgsar%j? k cdii‘??éé 1% Oélgaggﬁlfaha@ organic amine)

phosphotlootloatiletist encigad hn@ ﬂﬁ‘ndn apoibt 1i§8idrimwhrden ipipeBgpHocadbahbadew dict wper

is left and th rena der of i sar onpou d.

(compar SavadSe) PRLbOPEnGe pHSH Micrbag BRORBL b i ErIpse e Tn o

(96% sekgshieMi hikitd SRelofehdtes@ o mi&AFROPEHmixMol Eth@bikaryN€mpound or bisaryl
solution with the phosphorochloridite may result in localized high concentrations of both bisaryl

compound and monophosphite intermediate of Structure VI resulting in poorer selectivities to

diphosphite.
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phosphorochloridite is consuned, the remaining 12 muol of

nonophosphite internmedi ate was converted to cycl ophosphite. It

appears that such an intranol ecul ar reaction of the nonophosphite

i nt er meq at ¢.88%:1, 5, t L regd: J [N

product /208 oL fRLHh N SEPRIEHATE e BRI e PUERTPbRpe from the
nmonopho$art eodipewnrp O¥ietinemtiokr o the heethcelimharciethd msary hengadnd i thatertiary
period of the bisaryl compound, the anmount of  nonophosphite . .

i nt er nedrEE aé]ﬂla?sOY&rYBFf%%?aﬁ‘ﬁP@ﬁhegﬁi’& &thpa’cm%al}dgtg% feréary peapfppmine,
before ghouGRNMEpRIARoBERYEfiRe &fySisel 885k AR EOTRbEL 200 phR0KAiBht of
this case at the 505 e scéléf tﬂgw?%eoretichlIgegxpectegbagéﬁkfboﬁ)

bi saryl vatarpdilthd bisaS0 compdinds thactrsiany drpartibemdet ect euntanaiomtofolie bisaryl
phosphor ochl orj dit 380 mmol ) and no. negatiye di screpancy between
Phe"bal comapan dafedssimy PiElsclate RistAr Db PhowLaryhOBaNp supe LB
convert ¢ghbrighg bh 8ropRe PHEFR&BLALE By drcdrBorPRIRNY, 8Ren 15X 3RhBorl R the method
Di phosphite Synthesis Under Concentrated Phosphorochloridite )
Condi t i ovisrdiptReplution kpmpasgsertpiabal fromidmipnato 14 mPoahp Weighs obwatent Pripr to

hi gher startin fofo] tration f.qr .t.he osphqorochl oridi te sol uti.en
(0758 oSS e tatfng SRRSE GRLEal it WS B e AL aBra gy et BBmothe
(0.5 M wenslsorhpdidlreiditaiettty ofdagiciige BY bhdse sbpasatonl disallatonOfrebfiopic
enpl oyed to avol d possible m xing problens with the thick_ suspension
of tri etdiillaliem eomgel o BndEd la@e@tgmi sy egerid ofhes nedinds kgovaa Biesdr v
addition. The sanme equi pnent is used as in Exanple 15. About 1.15

equi val ¢S] of A dietion lod thei tersiarywprginic eypecs t¢ eeutihbzate ditlad-pndutin &

phosphor ochl ori.di t 939 d_phos rodichl or.idite (29 are add .
o or "t s et B ol e S AR T e a8 i b8 en RpReBE R s
bef ore thetisfdidel@tedfcatthn Mates ahy lin$© labidl@mIBFE dREER tricd (120 Ha@fredlck
phosphorus species. The anount of bisaryl conpound added is

det er ni sRlEcthytiastie dinhpsiite ftqmathehisagicospoupd ApeBensspeqt ef Hgdnyagmgon is the

di stribut.i i . [ i,S.deriy . " .
s ol OSSR AR Sl ORISR e om i
| ess comsetish otixtofe duping phospirctiagi Thesqiadioatof tHeaeiyict @pinds phiiieeanks
expected using .a nore concenirated phosphorochlorjdite saol ution, )
However SORgGHEARN GRS TAPE ' Eﬂ“ﬁ_ﬁ‘ﬁﬂb% i Veé‘B%‘@r‘Wﬁ?‘L‘ftP EFectriiata g gfiary organic
conpl et Qe M‘r@geﬁ%ﬂio@id@%aiﬁgﬁhﬁhg?é!icf?é(n kheufeel atively high |evels of

hydr ol ysi s products, POP a , observed during the addition of the

bi saryl oun ' . - f.or i
part 4 BRTE oo no St B e G 1 PRI e oA PO TR et Rt
pr oduct snapkogphe@serbdntainind@-pedadtiin thereadtivneniatute fddexted from the group consisting
phosphor gchl or.i dite. .S 1.S. reflect i the corrected

hosphorbERPEDI ARV L ST Ao e ke S BROGE Shisre VABy i a2
and 13. LA biiSecas b yaliol ysis products are assuned to be present

in the reagtor and were only partially a result of sanpling

procedures. [0082] The appunt of hydrolysis produgy can be estinated
by the transformation o rEg'ksaryl to diphosphite‘zT\Qonophosphite at

hi gh phosphorochl ori dig'e copueigg®n, or the abgence phegA . After
adding 0.38 nol ar equi val efts of bisaryl conpouny, felative to the
total noles of phosphoro¢hl oridite undergoing theQeaction, the 31P
NMR anal ysis shows a pQgﬁghqrei di stribution of 396di§ﬂ@sphite, 2%
cycl ophosphite, 10%tri BrMe and a 4% t ot alPBFHG A vsi s

product syR,.and H If the entire anount of 4% hydrol ysis products

are present in the reactor, an additional charge of bisaryl conpound

equal i ng t he ;ampuRtsoef o fMAEAkNRHoSHIREQANGhe 2RQHIN AR e GANBELIRAGF the at least
di stribution. meV%r,o?% fﬁelﬁ?§%§?y5|s %roguékg afg at ?gég% e atieas
parti al loye geophatusdohtaomgpiepplocigridiced diotrethd ueitagirighéos axguhpladess than
Pr Ocedurﬁ% (?idtg(le %c:te(ﬁr;a%!os;) Io?t%rix lthecl'%a tg)%qgix%}g%scsl tl!;a%a’ﬁ)t% \clJ\'th total phosphorus in the
reaction mixture, less than 15% of the total phosphorus in the reaction mixture, less than 10% of

the total phosphorus in the reaction mixture, or less than 5% of the total phosphorus in the -

- 16 -



100891For Exanple 17, where the bisaryl conpound is added at a rate
of 15 equival ents per hour at -20C using a substoichionetric
triethylam ne charge (0.89 equival ents) and i nadequate m xi ng, the

f | oph hi dur.i i 9
s SoBIERIRRSRI) b L LB 9ok oSG SR Pl

tri et hylfim me.coadegnmat e m xing, and a bisaryl addition rate of 5

equi valents/hr. In this case, onlﬁ 2.1 nol % cycl ophosphite is forned.
The resi®®33]in Trla%méel’atwns}ﬁdwse'ﬁa@,yW?efﬁﬂawmge%@mpéﬁéﬂ@alama10éﬁﬁer@fed to be
triethyh@ﬂh&f i s added, the detected cycl ophosphite concentration is
not greater than about 7.8 nol % by 3 IP NVR The slower addition

rate ( _ 5 equivalents / hour) at +20C is preferred over the faster
addition rate (15 equivalent / hour). Using about 1.1 nolar

equivalints ?f triethylam ne per nole of phosphorochloridite charged
to the flask prevents a neasurabl e conversion of

nnnophosghite i nternmedi ate to cycl ophosphite. during the bisar

|
addi t i otVRhse. Tlgomﬁthesiﬁéﬁliphesﬁlstemthe%aﬁs%é?w@miﬁigénea%&hitsgnqﬁ applicable
t i t h i . . ) H - f H .

Lot Y B o EXATRARS: OB G BERHIES ShORle BB ANERe Eramples

cont am hat alenapghlicalrig td tipkosphiteewith fiiféxpe siene hisiraee nbiphesphisésdeitle Esasteric
althougg,there S no i&ﬁicﬁtion of significantly different |evels of
hydr ol y&irgeaAndehpde WRMESent s (-2% of total phosphorus in

NVR saanQ§} different levels of water contam nation m ght have al so
cont ri bl@¥d]t o Pirkosbitespntbesey were parirped Ewhieh|the mhitive sprusappiionggtios of
atypi cal__r Lt far. di ' [ S | NCEe.: . .
cupor - SR thonh e ipBURE RS AUAINERYE irBih to evusts the mpact on product
Exanpl escl2@in29. Sgxtesis addde@mpvkitiongf RetreoncphdsBits aityrimedited tverzralddat es

for a Sterically Bulkier Anal ogue [0090]1n Exgnpl es 26-29, the.

fracti o Grigaied tIBtaﬂélt*BEﬁgE f@a‘—emﬁﬁwﬂfﬁﬁ%1@5%@1@@%@%8%}%@1&@ %EH_Eg

cycl .Op.h(aﬁﬂlla?]siﬁte sﬁﬁthgﬁﬁ RaORSHRY ind BBy eirg:liﬁlgﬁﬁen‘%’s! Vh&E e prRYMHdrd loridite
conditions tor the bisaryl conmpound is examned for a nore sterically
bul ky amahwmgtretiaf wei ghts ghitaatrhted, drmonkdibitamal mguenoéntSted. ctheseetpsriawnts

ohospnoAL o s Sl o o SR T ane: 8 OUPS on each
2-i - /1-5-neth h id deri df th .. T . )
RS PSRRI I R N AR (R
Ma Wit hgfhe, 5 g@&éﬁ&@% HME?&ITHv%% %atcﬁo¢ L@EQ%. §eﬁkﬁﬁ@n}/is(aﬁ§i8%as Whieh

inturn i1s derived fromthe reaction o 13 wth thynol and
2, 4- xy| enndralided|Sahéme | upd ekdrs/the pbbsphotrehlonidge §$terdteralllay, thaibiggryl compound

t hynol oup mght facilitate.the elimnation o ree aryl. ohol

£ om ¢ neS GBIk diergorastBismo e Tacd e Bionihind aDaits Faidisthisdshooke 1)
cycl 0p_hqmyclc@,hﬁnﬁtustcﬁ@e\vxhd)9ﬁ-@@51-yb/41&mol,fiﬁrﬂﬁ@t:as@@,mﬁbﬁm Sligihfiehg from
sane tinme, causi ngi a reduced reaction rate to the nonophosphite

i nt er nedheplwspliraehlyediteg andithe apfcliciepkasahidycligicdirpNddphi t e conpound

la. Qther aryl oxi de groups of conparable steric bul k woul d be

expected to provide conparable results. [0091] For the synthesis of

di phosphite Ib, the sanme nethodol ogy as for the synthesis of

di phosphite la is used. Followi ng a nethod di scl osed in published

pat ent applicati on WO 2004/ 050588, the internedi ate

phosphorodi chloridite BPClI, of Schenme V is generated by feeding one
nol ar equi val ent each of thynmol (as a 2 Msolution in toluene) and
triethylamne (as a 2 Msolution in toluene) separately and
concurrently to one nol ar equival ent of a PCl3 solution in toluene.

The 2 Mtriethylamne solution is fed bel ow the surface of the

reaction m xture. The resulting phosphorodichloridite solution (>

98% BPCE) is treated in the sane fashion with one nol ar equival ent

-17-



Exanpl es 30-39: Reactant Concentration and Water Contam nation
[0094] Triethyl am ne |l evels in conjunction with water contam nation
play an inportant role for the selectivity to di phosphite. Water
contam nati on during di phosphite synthesis can result in the
formati on of aci di c phosphorus-contai ni ng conpounds derived frpomthe
phosphorochl oridite. Wereas excess triethylamne and
phosphorgchl oride pronotes the fornmati on of phosphorus-cont

aci d anhydri de.\ POP, the acidisphosphorus-containi ng ) Yas var
formed (pr ehtially under hHe conditi@ﬁs. In most)caber%F 2
adventitlio both POP 'dmfd aci dic

H present. [0695]The g
concentrgtion 3 ubstrates al so i npa
selectivity to the di phosphite. di scussed in a previous 9

while not tolimt the scope of the invitation bz/;{yécitation of

phosphorius- clont

theory, selecl@avity is believedlao be directly relafed to t¥l@8 inter-
| ar reactions of the nonophosphite#internediate. The
tal yzed conversi on of the npnophosphite inter{nedi ate

d_.andl bas riven conyer/st f
@ iTe i | i evedEt d .
i é’slj,go | f\ aci d cat gl ysisTis©

ps, Shi gher dilution ghould 2
gaﬂon to cycl ophosphi tjle and

dilute experingnts, unless done in the &bs¥nce of traces of |water lla
should result In lower selectivity to di phosphite. [0096] Futt her nor e,
unt act ed bisaryl conpound in the reacti onMilaxture may al so play a
role in the/ catalytic deconposition of nonophosphite, for exanple @s
a carrier fo uiﬂ ntitious water, facilitating the hydrol ysis jof
phosphor ochl okj_g

deconposi tjon hy drogen bondi ng between water and the
phosphor usicont ai pidhg conpounds. Therefore, feed rates gz
bi saryl conpound ‘shoul d be consi dered when expl ori ng the li npact, of
phosphorochlogh ite concentration and water contam nati
selectivity t phosphite. 100971A series of experi meats

i nvestigate the inpact of concentration (varied by the concentir n

of feed solutions and reactor charge) and water contam nation\s
conducted, wherein the triethylam ne anount was kept approxi mately 2
constant at 1.4 nolar equivalents of triethylam ne per nolar

equi val ent of phosphorochloridite. [0098] The 3P NVR resul tg for each
process step of Exanple 30 are given in Table 16. In Exanple 30, to

i nvestigate the inpact of water cont3ehenstllbn, a reaction solution of
phosphorochloridite Ha is deliberately exposed to water before the

addi ti of00Sogp oA récsaf ythearnpothe tyiflysnaapd phicsphbdrochldiifliee ¢SStructure Ila is
synthesized jn a stepw se fashion as prevjously described and as, . .
di scl os&PWmbHaR i SHER!ERIEYE B ead! lﬁbﬁ)iﬂﬁﬁ)‘s’b%@%ﬂn@e phespprochloridite
2, 4-xyl : i i [ \ 3G .
B e R B S A T
phosphorcomhbwrdsdbtrectset UXa e X8ubseglenfity aryB6lcoimd) indhiswadeet,4-aykenol, and

added t e action m.xture followed b .4 | ar .equi.val ent s of

e T ot ny R ahDre PR e BB R R cHtuTE d it el Hrau it Diadits (Grycture
resul t s xRy hhigodRE ABhbQhofls-cbat b aadidixthRiee g@@wﬁlwga}, alsBir®@rred to as POP.
conpound or conpounds (presumably Structure | Xa of Schene I'V from

hydrol ysis of the phosphorochloridite). In other words, 31 mml of

at | east one acidic phosphorus-containing conpound (assuned to be

that of Structure |IXa) is detected by 31P NVR in good agreenent with

t he anobunt of water added. This nethod is used for the other

and intranol ec
rate of acid-c
to cycl ophosph
t he nonophosph
determ ne sel e
fast conpared
favor nonophos
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[0102] The results in Table 22 are nore dramatic where concentrations

in the reaction solution are about one-fourth of the values found for

standard conditions. Although these experinents (Table 22, Exanples

34-36) show significantly, | ess water contam nation and | over | evel s

of aci dit_phosphorus-contai pi nq conpounds,_the anDunt of

cycl ophsp fgr et r ang riom, 20130% f hey of ast*éC f eeq Mat es_|_ PO
ui val ent s| pery’hour) for fhe Sarf compotind. ¥
he sl'Gher an peeti on=fAj se bi saryl addition ( able 22,

Exanpl es *37- 39) result in a significant!reduction in cycl ophosphite
formation, pnly 5%to 8% of,the total phosp ) us. Exper i ment al
Section 101U81Additional expetimental detail <fare provided in this

section. Unless otherwi se noted all experinments are conducted in a
standard j acketed baffl ed 50D yllndrlcal round bottoned gl ass
reactor (ID5 1/4"; H=9 1/2) with a three-necked gl ass
cover. The overhead stirrer 8shaped as a plus sign (+)
formed by two panels attached 2shaft at the cross point (al
angl es are 90 degree). Each pf the two panels is 58 nmlong, 20 mm
high and 3 nmthick, Al solutions of triethylamne, thytnol, and

2, 4- xernoI in tol ene ane nmade /n a ybox and stored over nol ecul ar
si eves. gl ass eated i ven overnight and cooled in a
dr ybox antechanber and-Tinally flushed with dry N.).

[ 0104] For quantita |ve N analy is, 0/250 nL of the organic |ayer

W thout tertiary organic/amne h drog n chloride solids and 0.600 nmL
of a 0.01 nolar solution of triphenyl phosphi ne oxide (TPPO in C6D6
are conbi ned and anal yzed byXl81P NMR (Ti = 5 sec.). [0105]Bi saryl
conpound ilia may be prepared by any SEghﬁbI§¥synthetic means known
in the art, for exanple as disclosed i at ent Application

Publ i ca 2003/ 0100802,

i so- pr oiéf% ?ﬁ@i‘%‘gﬁ%ﬁéﬁ&?‘w?‘é"%ibﬁ‘é{% frv%lwclteeﬁfﬁalweﬁﬁn foree gt Bgence

of a m's@@s'éh@eﬁlt TEYE NTROM @b Bh&@hgﬁé RBRRiBnE ORRETundL BNEHRE1ERIRL YStSthRture
provide the desired bisaryl ound. [01061Preparat|on of a copper

di am ne Xganzd HMsiO4 me d@mmdl@e@iw clieely a¢reeieoted byt T€Tis thelBddes. 35, 7983.

A copper halide, such as CuCl, CuBr, Cul, or CuCh, is added to a

m xture [@ﬁ:S&iI cohetill be ual gaigedréthdu Gtpucang shatvein tededchen delgmienard tsvo-
slowy ter the. addi.tion.of the diamne, air is sparged .

© hr ough ATRESIATRL GPESHTI0oi0G P erPieRp o o IEs B et Ry pegut chemmical
product phidd dahlo@t@dn txapRb@ss &f crdf@&fr}ﬂcufﬂti%ﬁﬁ Bg&rih A Glodf@ose shown. For

t et ranet hyl et hyl enedi am ne, N, N, N -tetraethyl -1} 3- propanedlanlne
and N, Nexhmple, ltoeﬁttnoa@bhwtl the eberecatbambons] beawear tha i ord 3 -paskipng af dieybiphenyl
can be are i by. contactin hal i.de

G Bt e TR st b By 1 B Ry FroSRRR S o O 155 RE oLt Rgmproyimiy
coupl i ngo e@arlehed and t&dalmi tRYpheghi@tchntot tigd Rhediatlc Wdidl atong APPBIdentate
conplex of a diamne in an inert, preferably gfrotlc sol vent such as

di chl or &bidiaridic teis) Jadetatehisordbeivrenia, thomt g weaiisctihplanssberpaiqms of the
pr ef er apl [%ch?él% b%ﬁae{d’\tg aaSH{GIl@ﬁ}@taEQfoH‘} higher than the reaction

t enper at etween 5C and 100C, for exanple ar ound

hydr ocatbBiT sol vel aiga??ef{vaaaﬁ{%ﬂse%aﬁhﬂ oo ar Pyeeiratbh iy i A

Wi th agquesits’ o Beichtrafdnd °O Fored G AR IR 51 8€ S QST € FhMNYuARAGEY, “HHTH: ‘@S’ for
the sodiumsalt of ethylenediam netatraacetic acid (EDTA). The

product hewy “Kst iferkalogyany ¢ Msiior okt coycangigigs{ qIn Zermpwte, [oros8] ke
subst t%@ﬂn&hE“ Jhl’zfoll RGO RP 1%81403§5hf?ét B! ﬁ&%‘o{;}%sﬂmx i&%—ﬁ%ﬂ%‘?@&?ﬁ-&%w
, ror “exanple by

any sultable syn etl Cc ITE&I’IS e ar

al kyl at iMINVd, ot MIBDIpper 13 gartydr editilon Hyoudight MéytrpmVdbe reGdlhflofimg @sinute.

955-985), G. Thjene Verlagb Stuttgart 1976, teaches general nethods
Phosphorodichloridite is abbreviated as APClg or BPCl, where A and B represents an aryloxide
moiety derived from an aryl alcohol (e.g., phenol); similarly phosphorochloridite is referred to by

Structure numbers 11, Iia, or IIb or abbreviated as A,PCl or ABPCI where A and B represents an
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200 nL (200 mml) of 1.0 M PC13 solution in toluene via N7 pressure
and a doubl e-ended needl e. Under vigorous stirring, a solution of 100
m. (200 mmol) of 2.0 Mtriethylamne and a solution of 100 nL (200
Mol ) 0f 3o 0adMuloBrived Rl HERST §i'f:§hcﬁ‘ééj.g.g pRERA abisl¥uARd to varions, |
concurrently via peristaltic pufp at 2.22 nL/m'n. During the addition
peri od whespheasicoonitienygecas as & persentwil iitali phosblmtusSE aapattibhenixture are

triethyl amne,|s added. bel e surf .while the thynol i.s added
Lhove { e Rl b atrie U NG Gt i sug B Sreckie ARttt g
ol )  OokxAnPleM dikiri@tiiyd BAP R afhodbhse EUtd0onx Pigddd Qreltinit 2800 # R SP)NPR
2.0 M2,4-xylenol in toluene are added separately ang concurrent|

Vi a per Siepallifer @inbasphite]7 (K af fhaistenalersomtsgran s bl B N ResigoeKsfor all

Bxampl o CCpo1Sp RsPPEvhitpld g oS RRRHRN G208l ool nine

3. 1% coes@pbir@B n@fy ihtledd Ped, )glﬁosﬁlﬁﬁd@idhlbﬂdﬁézﬁbﬁ@i]:lhoﬂﬁhﬁﬁi@k@,dﬁ hosghite,
phosphorodi chloridite (BPC17) to phosphorodichloridites (ABPCI 7). 3.1

nL (6 2muABhosphite Erpedige, eyqlenhioyphitel Wpbasiite NBOD, apd ) reppgungs, if detectible
SO|Utip@§6#y“$9?Mﬁ%?a ]%Héggeq separately and concurrently, then
o)

253.8 in riethylamne is added under the surface over

appr oxi y 5,mnutes. The action .t er. re is cooled to -.20C

A Sobut TbY R {squbiiop! SBER BT REPSLR: Siphielit At Sraeto
bi saryl seQeRAUNE, nsy 86 gepharddyReriseiald dhtREaRndinsdRAWNE ©oBd] Fopd&mple
given in Table 15. After 100% of the bisaryl conpound is added,

wi t hi n bisgivhoemBowds ohstruetaredlli and LY ang be pigpared ke the odative rewlmgiod the
stirred oy - ' : 1L i S

o appr S g RRERE AR A0 ert TR, THAGH A Rpb { ARG v
washed wiaytbelbébandd h2lec pardiabhydie @ahafiar oSthaitnuwpsndiAf bnplsapladoaipongd or
the organjc .phase, it_is washed with 150 nL of .1 N agqueous NaCH.

Af ter s@pERUYS RYPHAGOLIG SATTESPAdiES (ctiahyfrengpidid GOWPPWG 50 i of

bri ne. 0113%For Exanpl e 27, 260 mml of triethylamne is added under
the rea 116 Qndexpf Additivpandaigdntive GanesmyragioniRatiass. The
reaction tenperature is cooled to -20C. A solution of 91 nL (91 nmol,
29. 709 {00s] bi sHreyimpeeimddumig)atio con@niviiiirsiatigs olctorfpouenganin amalatene i s

added vi ristal.tic punp under the conditions given in Table 15. ...
Ator 1608EroEhRrEE Y Eiamad Fa PRdketr R A S Drltor PR digpron
react i 0Ad&asPhRd¥eshérdeNorddine aatXiod o€ rdastasitsiis tatkd Rlihd Re@LaAGHE SRS up
sanpl ed again. The reaction mxture is washed with 150 nL H70 and

st i r r edch@ge 5Tkl diedcatey which swiraiels) #ig addnd (ragthsr.df paEssthan pae jsdisted) as
washed wi . ! S After. ing. t. e
phase, 1ieditg W B R BIUERHRRIE THE oo TRDY A5 DR b EET o
concent pakadodnack¥amaplat i on at 45C. [ 0114] For Exanple 28, 260 nmmol of
triethylamne is added under the reaction m xture surface over
approximately 5 mnutes. The reaction tenperature is warned to +20C.
A solution of 93 nL (93 mmol, 30.36 g of bisaryl conpound) of 1.0 M
bi saryl conpound in toluene is added via peristaltic punp under the
conditions given in Table 15 over 6 hours. After 100% of the bisaryl
compound i s added, wthin 2 m nutes another reaction sanple is taken.
The m xture is stirred over the weekend and sanpl ed again. The
reaction mxture is washed with 150 nmL H20 and stirred for 5 m nutes.
After separating the organic phase, it is washed with 150 nL of 1 N
aqueous NaOH. After separating the organic phase, it is washed with
150 mL of brine. [0115] For Exanple 29, the 31P NWR anal ysis indicated
that a 2% correction of the feed is needed and appropriate anmounts of
triethylam ne and xyl enol were added. 246 mol of triethylamne is

t hen added under the reaction m xture surface over approximately 5

m nutes. The reaction tenperature is warned to +20C. A solution of 91



(both triethylam ne and 2, 4-xylenol) is needed, and the additions are
made. 63.5 nmol of trlethylanlne is then added under the surface over
approximately 5 mnutes. Instead of cooling the reaction mxture, the

oo o 3. oMeE B A B i Pt eGP PR RPRR 6 on 1 s added

as for ExanplexadpleAl t&d NieSaldi [SBEMREOMROMNE) | SAaastdad Rehdier CRASE bPT]
mxture is stirred flor 2 hours, |sanpled, then allowed to stir over

t he weekend. | Thé* rea_cti dha. Hi@(ture is vv@rJI@ed up as for Holdnpluen84. Thg

final organi et+ayer evanorated—at Cand—ptiped—d n

over ni ght . 22.215 of '@Ey dilow s Pod is obtalneaﬂiﬂg gg?%or

Exampl e 36, the general @ﬁ@pedure of Exaaple 35[1s TollqﬂggHaA 2.3%

correction to_the feled is made. [After addition of 64 mml

triethylam ne and war mktgNtldla+2QC, 93 M17(23. 25| ol , 7. SQIag of

bi sar yl conp StHe—oef—0-—25—M-bi-sar yl cermpound—t+Ha—solut acered

with 480 rpmstitring over®4 hours. Af g bi sar conpo%%g-gghltlon

is conplete, [ThesTeacti oni XTUI€ 1S S{iyhr ed overnlght gadeLRen

wor ked up as|for Exanple 34. The final organic layer is evaporated at

45C and punped down undﬁa]ﬁdéuun1overnﬂgﬂt. 21.? g of Hlmstdludne yel | oy
h

SOl | d |S Obt :ned rn’l’)Q’]Enr EManmnl A 27 t

oaonor
LLLLLL I_I\(J.II’JI A>3 JT, TG uCIICI AT 'JI \PAVA VAV LV | vy

Exanpl e 35 i srtal ddawiﬂl atNaOEDrFaclli dierte@pdrhigertg debd Rldnkeessa?y. The
reaction mxture is warned to +20C. 72.49 g (20.79 mol, 6.79 g of

bi saryl [ggympound) eQ{)eiﬁfn(thggle%Ed&?écb’ihsu@@Q@Qﬁéﬁc&tlhbélﬁeﬁmléﬁé % sthg water-free
toluene is added intermttently under 480 rpmstirring g of this
0.25 M b@ls’amty kné yaplonind Adbofeed santions aa@lﬁe@d@velr achiviigd e lepudir 3@ ves to exclude
21 On;t rer;;ﬂé‘cec?f‘)fr Wﬁ%e ct %Ongalmalﬁ"f%sg rtlllq% Sﬁ)tO' r {g}l?ya%g dfl-"‘lliosﬁfa](ge%l]lgng* 0 1i?aken

hours amghni Qemgwsbulrce &Ipaferdqurﬁ)‘ld%lhrm@ﬂﬂi PCI«hiﬁﬂ comarnea Ige G(pepﬂmpﬁbroamo@due
nore of this O, | ution

hour s, éhcﬁufi#e‘%“f&mh%hléq%rﬂaéw Wéﬁwﬁ@ﬁtw 0§094/{=?6%880f CMP@E@P‘@B% ¥ila is not
bi saryl is added over 1 hour, and the renni nder of
this goP&%ﬁ%EH@QS% K b]("?"\[;gr 2 hours. [0124] For Exanple 38, the

{ E?gt L;{il%(?ﬁgliu't [ %}% e%h%.luﬁge@palrje?% g&}&xﬂﬁ%? l%%gé ﬁ%ge %151%111%3 ?n%crncentl ations:

sol uti onsion ot@ﬂawem@moamqm heofihsadciloriaepawontise ivtol@he |(§b1mm1mat3aﬂ) 87
dried over sieves for days prior_to their use in the synthesi

react i o8/mighéd-. Agemﬁaa? Oé\flé!éféhﬂa@lr@fﬁ\@aﬁﬁlueow i%uerlé KaO@w deA?lerQ 83hg/mL),
concun- gnfy 2 g?ﬁ)?s%@l %91511 % Iﬁfsoﬁﬂﬁgngﬁ[%}: 30 X de%g %b @H*/ Q@ﬂsgsand

3.3 % cofTecti tr| anlne an
mol of 8tasi @bmlmm NEor Bxaniyées Htldlb,chnd\(aeﬁ Gépgjwfdxiun‘m mrbyad&ecmonhﬁ e8¢tor to

=

Al nroecoduro G'IF

under the surface of t sal.ution. he regctiqQn. m xture

+20C.  73ne252 fhesvabipp | of fhegpgalyeponsiatiaAnd o hris SBring- opgagh of e
bi saryl eﬁﬁaﬂﬁéiﬂéj tl'ﬁ@to?aq’ EﬂbtlésCHT phBspel déﬁﬂﬁld'ité cﬁ&@&fitd tH& ?t{a@ﬁ ﬁ ﬁﬂtﬁﬂé d‘i’\héed by
peristaltic punp under 480 rpmstirring. hi s bi saryl

conpounGMstthoﬁbmsyhdumdnmﬂ@hmge®0uw@lamﬁomﬁumnnuse@mﬂZQ d%n@aéldﬁhﬁw

this 0.25 M bi sar, sal ution i ver .4. hours, and, t

s ur o capp RS STl TRe ) b5k Bt oG o8 T ot ulish e

sol uti ORedcBoRAdS@rO%SIded bg@&ﬁﬁn@lﬁﬂ of ﬂ%sﬁh@ibé&ﬂ@mﬁtd dhaBRd QY efeteitiilon mixture is
Then 5 g nore of this 0.25 M bisar npound solution is added over

2 hour s abeiid -2n Adgkpdrnets ge @elémmeﬁlu@ 6 Q sxegpbfos dxprrimenpdumeich is run at -

solutlo b hour ea ur

For Exang e Sy e Sefiedp "nieed et Pl PRI Bcby MELARE R0
pr epar edempertadaee @By@mhdaﬁdlpléd&nﬁe&o%trl et hyl am ne (100 nmol)
solution in toluene, the 2,4-xylenol solution in toluene, and the

bi saryl jggggyou nﬂeﬁfﬁbﬁﬁﬁ&ﬂué §hn§}9é§1 QMBS Eir in@%é?i"eﬁfdltﬁin%‘f ardraf re?aceia]y Stages
pI’IOI’ tO their use in the synt esi s reaction. genera proce ure
and once the reaction mixture reached room temperature at the end of the run, are analyzed via
3'p NMR using triphenylphosphine oxide (TPPO) as an internal standard for quantitative
analysis of phosphorus-containing compounds. Any detectable amounts of cyclophosphite VIia
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Exanpl e 43: Tenperature Study at 10C [0132] The phosphorochl oridite of
2-4-xylenol, ALPCI wherein A is 2,4-dinethyl phenoxide, is synthesized
follow ng a nethod disclosed in W2004/ 050588 to produce a 0.4 M
phosphor Oridit -Ut+ 0 . 4% A v d1% LNy .
Prosphor B ks D £ A5 A8 SR rgd HAGIARL Wb o
phosphorntichtamotichiar Sattidn ehhamdndphdspliiteantcagedix@Vant Fopthe different addition
triethylamne, hut for Exanple 43, the tenperature of the reaction

mi xt ur e TeRfep st Reiong of fag psydugtspng inpEradirteorBe A sHeAdditmTas gported
is 10C. ; ixS i ! ph Y i i P
AR moadh Eoigap dfbe ALl Y b AEIOARABUR o BHRRA RS Himcis PUESLhE R 24 Rng
st udy oftl;ECgapd smamdd atid rgresentdaatollactsel yewst iH/1 inallttablel. phies pdpotted badifferent

fromthe bisaryl conmpound by the pr t t hod does t crease as
the t enperlphFBEsS e selﬁa'pﬂfﬁﬁéfﬂﬁaf.o?ﬁwr aistn g P@fﬂ&?ﬁm the
[0135] | i STR0 BRI 1955, AANA as hftfes! TS ORI 1% (4 Rad iR YrC ATRIIHSoles

toluene as the aromatic hydrocarbon solvent. In Exanple 44,
t ol uene obthethisarpll conpound fadgp tlmceactiontrhixturs al moagle thehpabtios af bepresent

o0 Yot X, UGS 1t SR RIREPASIE Y Bl o0l
02004/ %Qﬁﬁ%r@%mﬁaﬂﬁn@&%ﬁ%&dn@ Q5B Ul b ahelcSaopneaphited Hgby@%mmwe

is feed to this phosphorochloridite in the presence of triethylam ne

t o produetererdiospHidtmhopehitel Fogb appedilsoreacten segeathe velestevity(@Ebe &riiom

sol vent _a iner. r t riet ] / 0

o e M SATE R0 BRSE BRI A5 B PEED o

cycl ohexanespgtie /Moiseibdtibh (%R for toclsplidsphixadptritttioh (B adini@ivhBosphite +

[ 0136] The toljom@n are addjtional exanpl es of enbodi nents of the

di scl os&éstiitiond e Tetenppkosalite]] gdismanvely plhesisisctieibomashs deletpigeq fipg a mass
produce%amﬁgéggﬂ L. \/ P-0-QO0-P/\ R2-00-R2 Structure | conprising

the steps of contacting a phosphorochloridite of Structure Il, R1-0

P-Cl R2- .jtru | AL j ' . d, sel f )

or oup ALt § nEbrdhEsalion 1RT ftecth 3fYetlio fTER IYRRE R SRl HOTI: in e
reaction mixture is in the form of the at least one phosphorus-containing co-product produced
from the contacting, wherein the at least one phosphorus-containing co-product, is selected from
the group consisting of P(OR)YOR?),, P(OR"):(OR?), P(ORY);, P(OR?)3, a compound of

Structure Vla, and a compound of Structure VIb. The total phosphorus in the reaction mixture

O 0
AN AN
Q P—OR! Q P—OR?
ANV ANV
O 8]
Structure Via Structure VIb

in the form of the at least one phosphorus-containing co-product may also be calculated from
such measured distribution (%P) data with an adjustment for the amount of triphosphite, if
present, entering the reaction of the present invention with the phosphorochloridite, designated
“triphosphite impurity”. The “triphosphite impurity” is not produced from the contacting of the
present invention, but rather the contacting of PCl; and/or (RO)PCI; with an aryl alcohol as
discussed earlier. So at a specific reaction stage, the % of phosphorus in the form of the at least
one phosphorus-containing co-product = 100% x (sum of the distribution (%P) for each
phosphorus-containing co-product ~ distribution (%P) for triphosphite impurity) / [sum of the
distribution (%P} for each phosphorus-containing co-product — distribution (%P) for triphosphite
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R4 R4 Structure V and a tertiary organic amne, conprising a
basic nitrogen atomor a plurality of nitrogen atons, to produce a
reaction m xture conprising a di phosphite of Structure I; wherein,

t he contacti.ng one One ont act t hod sel ected
from t héMgyidp %aﬁwgpgfen Q%PHIPY 4 5>sphf’fels Hgepele legpthe Pylradp Msdatido of dable
m Xt ur e cofpcph 9? EMPR&QL o igi 'f&‘?n @ﬂ‘ﬂe LElhdt 3hY pREBRBHS- B Mg &P&oﬁbét)‘ 100%

feeding the'b ound he tertiary organic am ne either
separ at al(y. m +é758%1 rﬁ%()t/l{b eno 7t8%—rﬂ’i/®§[ﬂ5cﬁ%bh boih.dAttematyedy tthe’ of

contacti IS don edi n uch that afirst .
ol o T aPPOTErL Mdbun of Bt s oS e g LR EBNE PRy ¢ ermined
wher ei npRRalkbingth H@iﬁlcﬁsaﬁ@ﬂé RoinShd RhEMRON AUl @8vPie- }f)hase high- p1essu1e liquid
phosphorochloridite in the reaction mxture divided by noles of

bi saryl chiomptegieplived to the reaction mxture, and a second nole

ratio is at least 1.0 during all stages of the contacting, wherein

t he sec¢dboiol eharlﬁiahmlé S e l%e:(fthstombIphsspélbxdsasimlmfdrmehe atobargosphite

fromth tertlar amnefedtoth |on mxt e .di vi ded
by mol e Jugin B8 18P }t’(ﬂ’Ptaéd il it 5 EtRhg Wm%?aée &bt seme e,

met hod ’I%eqit% E&ALRY b?ﬁfé El, bhﬁ@@l‘l(ﬁ@lﬁiﬁ@éﬁﬁtg%lﬁﬁﬁ%%ﬁﬁn@m addition modes
tenperature Trom 10C to produce the di phosphite in the

reacti om’imexbm}depwf nwnaplmspbm VIﬂ wgs Sbléstwet@i oBsample 200%61E pbasithheochloridite
bi saryl . .wherei,n, thes VIt | es of

o phospit SRR LR & oot coleBpr BRI kR B ot ihes

of the m&@buésFﬁﬂélﬁ@é%ﬁﬁdﬁWﬁC\M% tbh?@%)%é RPAIt aght i dfhiol ghite Whe hedilonal
in Structures V, Rl and R2 are the sane or different

subst i t GiEwspritaaye {sted tvig b Intrrprdeallas geactipy pf Heougnephesbie aﬂerl:@dl%\/h
R5. Rs, , 2
oaepondorrielyoBisiavamolpoua repction fo sarorisifiy 1 rafbpuThe e HfiohS
aryl, haicﬁgmriwfﬂs atdydxouss, tridtylamied, stbmx))f ,wlﬁilkmbpmducaﬂie@mmddydulal reaction

acet aI car boaryl oxy, car boal koxy | car bonyl, .al kyl carbo Cg
oxazol e & the, cahizae, bynfnermgore Mo lPhO”é%’i%PIFPéPIBQ«SHWOﬁ‘? upsspegiatly

10-Q 01 uh§e1acogﬂl?1@h§)@rh8fe btls}%gyé ki, Vﬁ@{)ﬁ(ﬂd 1@%E@%%etﬁi‘ﬁ%@alﬁ&m?phm(?_lchlondlte in

[0138] Exanpl e 45 is repeat rein the reaction m xtu
conpr i seﬂm é:lseﬁceaﬁtwadmel ac1drcqﬂ1iospﬁwymi?r cmm%nbmg cempvants, thExarmpidecifar reaction of

[ 0139] le 45 is re rt.her co ontrol].i.ng the
Foedi ng BRI B R oile S 1oD SR el S0 e B2 ekt g
the stage,®Rtuibher €e &ﬁ%&}m HhAr R RREBINATeEHIEN SibbtBclfOn¥R Shdintsof
bet ween 90% and 10
bisaryl compound leadlng to quantitative conversion of phosphorochloridite is usually limited to

smaller scales, especially under dilute conditions, and vanishes starting at the 2000 ml. scale.

Examples 7-13: Synthesis of the Monophosphite Intermediate and the Intramolecular

Reaction

[0067] Monophosphite intermediate Vlia is synthesized independently and its reactivity
investigated by *'P NMR spectroscopy. Under reaction conditions in which the bisaryl
compound is added to phosphorochloridite and triethylamine, the monophosphite interimediate
Vla was not observed by’'P NMR spectroscopy. However, the monophosphite intermediate VIa
is observed in the reaction mixture at low phosphorochloridite concentrations, which corresponds
to any reaction condition providing high conversion of the phosphorochloridite in the reaction

mixture.

[0068] Therefore, monophosphite intermediate Vla is synthesized by adding a toluene

solution of 1 molar equivalent phosphorochloridite Ila and 1.25 molar equivalents triethylamine
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Exanpl e 48: [0140] Exanple 45 is repeated further conprising
controlling the feeding such that a phosphorochloridite concentration
is greater than or equal to 0.02 noles per liter in the reaction

m xture durin stage of the contacting

phosphor®8 Fﬂlts?gqeofp o8 ShvER MO PR qf%%t@xaryleseﬂémﬂuad Jgaat-35°Cina

[ 0141] Bgan %
concenF?a I on ?@ﬂhétﬁgﬁﬁ 1?d9 gﬁgﬂgﬁﬁneﬁﬂﬁﬁggﬂt?%@bﬁ@%g% %n?g%étion
m xt ur e nthophesphhe ISI%@@ciothdsbmt@dﬁ?/@.dlphmhmktetnéIIﬁ% t11phosph1te (1 elative
phosphor ochl ori dit onverS| nis fr %.t0 90%

[ 0142] EXSRSTEAUES G tBgRcRhegP o e &%fg‘ti?hioél?fmj) ) "&%&S piflin this

Eanl o e e R o R i
the bi saeydonyoripourden ohehangHesphorookd triodint tematrauré fed B HMR analysis. A
ol o5 o UHELERGHGEH Broar L ETRHABTG B 4] KRBT LR AR e B g s s ble

[ 0144] Expamlesn 4R doﬁcér@@aaﬁsedtlﬁw@has' hee WREnsddnge 5ReEIcRGhbSRItB ALY hour
conpound to the phosphorochloridite as a bisaryl solution conprisin

t he bi s&byquastitapve ﬁ@l\arﬁdolhwbwafrdomr 8 dimeereriod B% Afppers5 3 freshly prepare
[0145] E)§11a0m%HleosBﬁ1te mlteim%81 {e 50] %(131 L& Istglf_i:td a?—af%c qn e mf8<rt ugﬁaex lémnen{al %tudy of
conprises a QU d surTace, con 'ng onp

provi di mg réacttity.ri ng shaft conprising at |east one |npeller attached

to the stirring shaft wherein at |east one inpeller is |ocated bel ow

t he uppegodo) qui B SUhfiAFSpeARent AR lﬁaﬂgyhagﬂﬁt@ Gﬁt@ﬁﬁed@é?ma §f3§m|aﬁapﬁo§pm&
rotational energy to the stlrrln t to mechanically stir

react i omntainxadistesolEicmisiteatsd thh[mn@@@ér}pn@a@umiqn@p@tcé@hmﬂmmhloudﬂe
conpri si_n e, oL.ut i e pho roch
at | eastan%%rée‘%hnﬁ%lgm e @chit ﬂbe;é:t g'gbﬁﬁﬁ%eﬁ# ?Wéﬁg&‘ Pgl E)IE §§ﬁ§’ |“§atC 1% S&P%lon Hows

f eedi ng qttiitﬁttéll\&&fo}ﬂre@i@ﬁ'@@tlfa:dntbrﬁ)phbﬁ)hiteaﬁéﬂnﬁﬁhdﬂ Wi tHE eiphbhere iRGependEit]y
l'iquid surface by flow ng the bisary solutlon t hrough at | east one

li qui d dtcapﬁrlwgéhe §HRGIES, dfh%r@étegé%d %SH@V%@arEINM&Smft upl-dp e lpwesthan
a porti r 0
The r et on B MR RES: b b RERL i 2R AhaRAY b ARTRAKES b

bi saryl dgdlosthien t hrough at |east one liquid distributor that

di sperses the bisaryl solution over at |east a portion of the upper
sur f ace (@) f el @phlae dx@etimaiitya aiogaphopieits m&nﬁledlhﬂ&%ohﬁaﬁ'E:bl(ﬂzﬂxmng 0.024
m xture bel ow the upper |1 quid surface; feedlnagthe bi sary

conpou neimtl@} pprRophesRbite demisdials @ tlpens Birsatpdrwith BE8 anyel Kb ﬁl@n grxed at room
h h f
throug &B gtgﬁ. éfgﬁeﬁ Q.Oqﬁﬁitg EQF sttﬂﬂ'{ll 01)6 o?ﬁlteﬁnlsﬁc})g)lhgg;@zt% %g%%%ldtgté R4Y been

toward an ocate e upper
f eedi ng cbﬂm&nﬂaﬁ sacydlophospte{d@allo 4 Beamead ). obhisexperinenbis 1*&1bamidng tlieh@esence

bi saryl | ution through at .| east one feed.line that directs
b1 sar o1 LB G aR FSTEA AR il Tt TSI BE T Dl pBRE S PsRegion of
surface 11%?1@Pﬁ&%ﬁit@91té1ﬁﬁdfa?€ﬂs n8f dar YAy B & HARPIEAG! IRfvever, when a

m xture by flowmng the tertiary organi ¢ am he through at 'east oné
feed | i nelutivapf @m%umolt}ﬂtesuhemhmnyhtgagtaﬂtlé nzmprteiethylearioe aratdderrbtelahenmue

o Eher oR BN nird PR Phauir e e R RE Gid R8B! BREYs eBled Emples

fed to t7h1€0)rmubmlﬁﬂsxmr\@asmgemaﬁﬁhmm thginktsaryd mﬁ@lmstwﬁtdl felctidh@lowed
reaction m xture by flow ng the bisaryl solution, further conprising

t he ter @ftaran I@rtgiéﬁmeocaaﬁdrfbswtmd@@gw ertley leingic kohavipr e hen He sematexperiment

Slprpg(r:t isl‘,%agl? O&a&ﬁ i he SREHLL Py eﬂWrgm@nthE e e 5L Qﬁ&g%ﬁh'a?phlte

intermediate was mstantaneous (Table 4, Example 13).

[0071] While not wanting to be bound by theory, these experiments lead to the conclusion
that during diphosphite synthesis, the intramolecular reaction of monophosphite intermediate is

catalyzed by acid and, most likely by hydrolysis products derived from the reaction of water and
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Exanpl e 55: [0147] Exanpl e 45 is repeated wherein the bisaryl
conpound, the tertiary organic am ne, or a conbination of the bisaryl
conpound and t he tertiary organi ¢ am ne, contacting the

phosphor chI 0 conpr.ise a.tot of fr m 0 300

ishe el R e T A M R TR T S PR R Y
conpri 5'1&91&%3%3tri%'ptrc%%h&gofamétﬁ?ﬁahﬁﬂé’ [@§19%EUﬁérs@dTbFﬂ@m'@b{fira%ﬁﬁlﬂtscd}'lt@éthﬁﬁmme
salt fromthe reaction m xture durin e contacting

[ 0149] Eﬁanpg diphgsjihéte sppbediedattiog fiver thc@mar)rlspmgomdm@dhﬁ ghesphoregldpridite can
ol ot oatht Bhone g BBl BERERERARG Ebn bl RSt AheRiftisyentoridice

P(OR!I') 3 colfcaidtichs Ro g@ﬂ@@%ﬁle@lﬁol&ﬁ‘rﬁﬂ Tthtr@ta\ﬂ e 111&@1@0@6@1@1‘7&@@{% &fthe
Structure Vlib, /0\ P-ORL V/0O\ QP-OR2 o Structure VlaStructure
VI b whern@aqn@phosphlt@%elimdwtea@%@rﬂhﬂhtérdeétbarltu@ihblgmm 0% basomeinasigelly on

0 S8 P Cho B OISR SENLAADO i

specificatio conc hav Wlth reference to
specififﬁ@%ﬁwomﬁﬁe?@r’ Siad e SRREHEPH IS 5 the ar
appreci ates _that, various nodifications and changes can be de . ,
wi t hout [W&ért i i@ detegping e WsgiRd mop %Sprhﬂr/émlm?ﬁlaé%b@lsfup dig ygg diphosphite
forth '3yﬁtﬁ§s1§ 'a%rsrse alHRYs eﬁ?&f?}h&% A ohdud b RRE Skl 3%&%&0&@1 dQFE:I: ina

regarded’ in an |I rative er than a restrictive sense
such rm@ﬂduedmklmﬁssyamge pamenaetitht arabefoimationdd duili-thinono plespliepeatenfiediate

I nvention 151 nmbodi nent.s h bee cribe

hbove. s S iy Hag o R TRARTRGE. M RHORGE SR RO F Sl i wolar
speci fi %a&wr@m)%tdme%e L) %ﬁ[‘ﬁ)ll?eﬁi@'ise@éa%cﬁw&ﬁ 3b aRéSE p%ﬁ%?; tewladrd) 6mL ofa
enbodi nents aré possible without departing fromthe sCope of

i nvent i & 1\’{!@125 ] 4Bane s¢lugon mtthblﬁma@ivh@]ﬁ afest a @ﬁd\ﬁ%“&l’lﬁmﬁ@h@m in toluene at
probl ens h e W t

erbodi méR# XI%PB V\agn 89 §3% %}1)18 e 5’f | owmg& f&aém Ocﬂgfl 1?@ %fﬁllthetsg method disclosed

probl enss pamd;ha@yplﬂﬁaﬁaﬁ BB 20041030588y Tﬁak@etuaﬂm)bﬁmﬁi stiuedad\aadafmiems mL
or solution to occur or become nore pronounced are not to

be
const r uéepcty agd keptat caf°C.  Bauicrding phosabeephlpadity whytipnshgred A or al |
the cl a'p%sphmochloudlte and 5% triphosphite by >'P NMR. This solution is then treated with 1.16

molar equivalents of triethylamine (10.6 mL, 0.5 M solution in toluene) and kept at +10°C. At
this point, the phosphorochloridite concentration is about 0.067 mol/L.. With stirring, a 0.5 M
bisaryl compound solution in toluene is added at 0.1 mL/min in 0.45 mL portions for a total
amount of 4.24 mL (0.46 molar equivalents). NMR samples are taken at several stages of the
bisaryl compound addition. When the monophosphite intermediate are observed by *'P NMR,
the addition of bisaryl compound is interrupted until the conversion of monophosphite

intermediate 1s complete.

[0073] Table 5 gives representative >'P NMR resonances of the reported phosphorus species,
the distribution of which, as derived from 3P NMR measurements, is give in Table 5. The 3p
NMR resonances of the reported phosphorus species are applicable to the results for other
Examples as well. Table 6 shows the corresponding differential conversion, which indicates

satisfactory mass balance accounting.

[0074] The build-up of significant amounts of monophosphite (> 1% phosphorus) at a lower
limit phosphorochloridite concentration of about .03 to about 0.02 mol/L in the reaction

mixture, as seen in this dilute experiment, is consistent with standard runs under conditions
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[0153] It is to be appreciated that certain features are, for clarity,
described herein in the context of separate enbodi nents, may al so be
provided in conbination in a single enbodi nent. Conversely, various
features . th re,,.for brevity, desg¢ribed in the cantext, of .a si.ngl.e
ermhodi mVE g St i ites Sl B g gorRe SRy TodeSena B M Eand
sub- combahir@ion, bvidi@rsufficed® LeARBahmeMaliseasths ﬁl@d}ﬁ?hééphft@ﬂﬂ@mediate is

i ncl udes each and every value within that range. (% "HS 066 E L6

L. 86 6@eumulging (> 1% totd phogphor) enes pf@@phqroqu%dltq cogeentigtipis falf belpgy about

E86 6'0%3"11'10%/15{'%8‘ example below about 0.02 mol/L, in the reaction mixture. In this particular
dilute experiment, the critical cyclophosphite concentration accompanied by monophosphite
intermediate build-up was reached at about 58% phosphorochloridite conversion, reflecting the
addition of 56% of the total bisaryl compound feed. Reducing the bisaryl compound feed rate
will affect the amount of monophosphite intermediate build-up since the diphosphite production
will catch up with monophosphite intermediate production. If the concentration of the
monophosphite intermediate has built-up, decreasing the bisaryl compound feed rate is a means
for limiting the concentration of the monophosphite intermediate in the reaction mixture. The
decrease in addition rate may be gradual or sudden, and may be made in a continuous or a non-
continuous manner. Once the excess monophosphite has reacted away, the addition rate of the
bisaryl compound can be adjusted, that is, increased or decreased, to a rate sufficient to limit the

concentration of the monophosphite intermediate in the reaction mixture.

Table 5. Phosphorus Species and Their Representative >'P NMR Resonances

(ppm) Relative to Triphenylphosphine Oxide Internal Standard.

Phosphorus Species *'P Resonance (ppm)
PCl; 202
APClL* 182
ALPCI (TTa)* 164
Cyclophosphite (VIIa) 136.8
Monophosphite (Vla) 136.4
Diphosphite (Ia) 133
Triphosphite (VIIIa) 132
POP 128
H 0.5

*A is 2, 4-dimethylphenoxide in these compounds.
Example 15: Diphosphite Synthesis Under Non-Dilute, Non-Concentrated Conditions

[0075] Phosphorochloridite Ila is synthesized following a method disclosed in WO
2004/050588 using a concwrrent addition method in its simultaneous addition version instead of
the 32-step alternating portion version of Example 14 to produce a 0.27 M phosphorochloridite

solution comprising about 380 mmol of phosphorochloridite and about 20 mmol of the
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triphosphite. This experiment is carried out in a 2 L reactor under dry N, but not inside a dry

atmosphere glove box.

[0076] About 1.06 molar equivalents of triethylamine, with respect to the detected amount of
phosphorochloridite, are added prior to the addition of 1 M solution of bisaryl compound Illa in
toluene. The feeding of the bisaryl compound solution is executed using a peristaltic pump. The
total amount of bisaryl compound to be fed is predetermined and calculated to allow for 100%
conversion of phosphorochloridite at the final stage of the reaction. Reaction samples are taken
periodically during the feeding of the bisaryl compound solution. For the reaction samples, the
amount of bisaryl compound added is determined by the differential weight of the feed bottle
(which had a potential error associated with it). The distribution of phosphorus species was

derived from *'P NMR measurements (Table 8).

[0077] The high levels of POP and acidic phosphorus-containing compounds H seen in two
of the reaction samples are believed to result from error in the sampling technique and are not
believed to reflect water contamination of the reactor contents. For this reason, for calculations
of phosphorochloridite concentration, POP and H levels are accounted for as
phosphorochloridite. If NMR resolution is not sufficient to achieve baseline separation between
triphosphite and diphosphite signals in these measurements, a correction is made based upon the
amount of triphosphite from the previous phosphorochloridite synthesis step and the valid
assumption that an increase for triphosphite in the phosphorus distribution during diphosphite
synthesis os a direct result of monophosphite intermediate conversion to cyclophosphite. In
other words, an additional equivalent of cyclophosphite is formed for every additional equivalent

triphosphite observed.

[0078] Similar to the experiment performed at a starting concentration of 0.067 mol/L
(Example 14}, in Example 15 the monophosphite intermediate Vla is observed at a
phosphorochloridite concentration of about 0.03 mol/L and below in the reaction mixture. As in
most cases, monophosphite intermediate accumulation (10 mmol) i1s accompanied by a
corresponding increase in the cyclophosphite (3 mmol). As the data displayed in Tables 9 and
10 indicate, the amount of cyclophosphite formed at 88% phosphorochloridite conversion equals
the additional amount of triphosphite formed during the bisaryl addition. At 88%
phosphorochloridite conversion, about 53 mmol of phosphorochloridite is left and the remainder
of the bisaryl compound (49 mmol} is added (compare Table 9) resulting in an increase of 51
mmol diphosphite (96% selectivity from the bisaryl compound). After all the

phosphorochloridite is consumed, the remaining 12 mmol of monophosphite intermediate was
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converted to cyclophosphite. It appears that such an intramolecular reaction of the
monophosphite intermediate at 88% is triggered by small amounts of hydrolysis products and
most of the catalyst is consumed at about 50% of the monophosphite decomposition. For the
remainder for the addition period of the bisaryl compound, the amount of monophosphite
intermediate stays approximately constant at a level of 11 mmol before slow conversion occurrs

after reaction completion.

[0079] In this case at the 2000 mL scale, the theoretically expected amount of bisaryl
compound (190 mmol) reacts with the detected amount of phosphorochloridite (380 mmeol) and
no negative discrepancy between the calculated and actually needed amount of bisaryl compound

to convert all of the phosphorochloridite is observed.
Example 16: Diphosphite Synthesis Under Concentrated Phosphorochloridite Conditions

[0080] In this experiment, similar to Example 15 but at a higher starting concentration for the
phosphorochloridite solution (0.35 mol/L), the bisaryl compound is added as a more dilute
solution (0.5 M versus 1 M previously). The more dilute bisaryl solution is employed to avoid
possible mixing problems with the thick suspension of triethylamine hydrochloride solids
generated during the bisaryl addition. The same equipment is used as in Example 15. About
1.15 equivalents of triethylamine, with respect to the detected amount of phosphorochloridite
(93%) and phosphorodichloridite (2%), are added prior to the bisaryl addition. The
phosphorochloridite distribution before the addition of the bisaryl solution amounted to 95% of
all phosphorus species. The amount of bisaryl compound added is determined by the differential
weight of the feed bottle and the distribution of phosphorus species is derived from *'P NMR

measurements (Table 11).

[0081] When compared to the previous rumn, less conversion of monophosphite intermediate
to cyclophosphite is expected using a more concentrated phosphorochloridite solution.
However, 3% cyclophosphite formation is observed after reaction completion. This could be
explained by the relatively high levels of hydrolysis products, POP and H, observed during the
addition of the bisaryl compound. Hydrolysis products POP and H are accounted for in part as
phosphorochloridite. It is assumed that 12 mmol of hydrolysis products are present in the
reaction mixture and the phosphorochloridite. This is reflected in the corrected
phosphorochloridite mass balance and conversion columns of Tables 12 and 13. In this case,
hydrolysis products are assumed to be present in the reactor and were only partially a result of

sampling procedures.
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[0082] The amount of hydrolysis product can be estimated by the transformation of bisaryl to
diphosphite or monophosphite at high phosphorochloridite conversion, or the absence thereof.
After adding 0.38 molar equivalents of bisaryl compound, relative to the total moles of
phosphorochloridite undergoing the reaction, the 1P NMR analysis shows a phosphorus
distribution of 83% diphosphite, 2% cyclophosphite, 10% triphosphite, and a 4% total of
hydrolysis products POP and H. If the entire amount of 4% hydrolysis products are present in
the reactor, an additional charge of bisaryl compound equaling the amount of hydrolysis product
should not change the distribution. However, if the hydrolysis products are at least partially
generated from phosphorochloridite during the sampling procedure, additional bisaryl compound
should react with phosphorochloridite and change the phosphorus distribution. In this
experiment, adding an additional portion of 10 mmol (0.013 equivalents) of bisaryl compound to
give a cumulative addition of 0.41 equivalents does not change the phosphorus distribution.
About 3% of hydrolysis products remain and it is assumed that about 3% of the phosphorus
present during the addition of bisaryl compound can be attributed to phosphorochloridite

hydrolysis to produce POP and H.

[0083] The source of moisture causing hydrolysis during this run is unknown, but based
upon *'P NMR data, it is believed to be most likely a result of water-contaminated triethylamine
added immediately before the bisaryl feed is started or a result of a moisture contaminated feed
line for the bisaryl solution. Consistent with previous results, the onset of significant conversion
of monophosphite intermediate to cyclophosphite is observed at a phosphorochloridite
concentration of about 0.02 mol/L. where instantly a phosphorus distribution of 4%

cyclophosphite was detected.

[0084] Relative concentrations of phosphorochloridite to bisaryl compound are important for
the formation and accumulation of monophosphite. If monophosphite accumulation is
accompanied by adventitious hydrolysis, decomposition to cyclophosphite can occur under
acidic conditions. Mixing and feed rates would be expected to influence local concentrations
especially in highly viscous reaction suspensions as at the end of the bisaryl compound addition
and could potentially impact selectivity. These factors are investigated using a 500 mL baffled
reactor with overhead stirring and cooling mantle in a setup similar to that described for the 2000

mL scale experiments in the previous section.

Examples 17-25: Amine Concentration, Mixing Rate, and Bisaryl Addition Rates

[0085] Parameters for evaluation in a first set of experiments are amine concentration,

mixing rate as determined by the rotation speed of the impeller on the stirring shaft, and feed rate
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of the bisaryl compound at two different temperatures. Triethylamine, PCl;, and toluene solvent

are used as received (anhydrous) from Aldrich.

[{0086] For all the runs, a correction of the feed is made, where necessary, to remove any
phosphorodichloridite APCly, where A is 2.4-dimethylphenoxide, as the phosphorodichloridite
reacts with the bisaryl compound to produce cyclophosphite. Phosphorochloridite distributions
are at least 90 mol% of the total phosphorus as derived from °'P NMR measurements. In an
initial attempt to provide conditions perceived to cause substantial monophosphite intermediate
accumulation and potential conversion to cyclophosphite, the critical reaction parameters are set
to low temperature, insufficient agitation, fast feed rates for the bisaryl compound, and a

substoichiometric triethylamine charge.

[0087] To determine the necessary amount of excess tertiary organic amine, the range of
0.87 to 1.37 equivalents of triethylamine is investigated where one equivalent was defined as the
amount of available chloride in phosphorochloridite A;PCl and phosphorodichloridite APCl, if
present. The triethylamine is added to the phosphorochloridite directly before the addition of the

bisaryl compound.

[0088] Two different mixing conditions, defined by the rotation speed of the impeller, are
studied: 470 rotations per minute (rpm), resulting in ample mixing as indicated visually by a
good vortex), and 240 rpm, conditions where a vortex is not observed. Two initial temperatures
for bisaryl compound addition were investigated: +20°C and —20°C. It is appears that especially
at high conversions of the bisaryl compound, the monophosphite intermediate is consumed
slowly below ~10°C. The addition rate for the bisaryl compound is also varied. The bisaryl
compound is added to the phosphorochloridite at two different feed rates of 5 molar equivalents
per hour and a second faster feed rate of 15 molar equivalents per hour, both relative to the total
moles of phosphorochloridite charged to the reaction flask. It appears that reducing the feed rate
for the bisaryl compound at the onset of monophosphite intermediate and cyclophosphite
formation seems to reduce the rate of cyclophosphite formation and allow for monophosphite
intermediate consumption to produce diphosphite in higher selectivity. Diphosphite synthesis
conditions and resulting cyclophosphite distribution are presented in Table 14, where
cyclophosphite %P distribution reflects the percent phosphorus measured as the cyclophosphite

as a fraction of the total phosphorus detected by a *'P NMR measurement.

[0089] For Example 17, where the bisaryl compound is added at a rate of 15 equivalents per
hour at —20°C using a substoichiometric triethylamine charge (0.89 equivalents) and inadequate

mixing, the amount of cyclophosphite formed during the reaction was 12.9 mol% by *'P NMR.
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Example 22 is conducted at +20°C using 1.34 equivalents of triethylamine, adequate mixing, and
a bisaryl addition rate of 5 equivalents/hr. In this case, only 2.1 mol% cyclophosphite is formed.
The results in Table 14 show that, when at least one equivalent of triethylamine 1s added, the
detected cyclophosphite concentration is not greater than about 7.8 mol % by 3P NMR. The
slower addition rate (5 equivalents / hour) at +20°C is preferred over the faster addition rate
(15 equivalent / hour). Using about 1.1 molar equivalents of triethylamine per mole of
phosphorochloridite charged to the reaction flask prevents a measurable conversion of
monophosphite intermediate to cyclophosphite during the bisaryl addition phase. Both
experiments with substochiometric amounts of triethylamine, Examples 17 and 24, produce
significantly higher levels of cyclophosphite, 12.9% and 19.7%, respectively. Water
contammation during this series of experiments is not considered and although there was no
indication of significantly different Ievels of hydrolysis products between experiments (~2% of
total phosphorus in NMR samples) different levels of water contamination might have also
contributed to the vanability in yields. Example 25 represents an atypical result for diphosphite

synthesis since a super-stoichiometric amount of bisaryl is added at a high rate.

Examples 26-29: Excess Amine, Mixing Rate, and Bisaryl Addition Rates for a Sterically

Bulkier Analogue

[0090] In Examples 26-29, the fraction of the total detected phosphorus species present as
the cyclophosphite, as determined by 1P NMR, under different addition conditions for the
bisaryl compound is examined for a more sterically bully analogue of diphosphite la. In this
analogue of Structure Ib as shown in Scheme VI, one of the 2,4-dimethylphenoxide groups on
each phosphorus atom of Structure Ia is replaced with one 2-iso-propyl-5-methylphenoxide
group derived from thymol. The diphosphite of Structure Ib is obtained by reacting bisaryl
compound Illa with the mixed phosphorochloridite [Ib of Scheme V (ABPCI) which in turn is
derived from the reaction of PCl; with thymol and 2,4-xylenol. Relative to 2,4-xylenol, the more
sterically bulky thymol group might facilitate the elimination of a free aryl alcohol from the
corresponding monophosphite intermediate and increase cyclophosphite (Structures VIla and
VIIb) formation while, at the same time, causing a reduced reaction rate to the monophosphite
intermediate relative to that of the analogous diphosphite compound la. Other aryloxide groups

of comparable steric bulk would be expected to provide comparable results.

[0091] For the synthesis of diphosphite Ib, the same methodology as for the synthesis of
diphosphite Ia is used. Following a method disclosed in published patent application WO

2004/050588, the intermediate phosphorodichloridite BPCl; of Scheme V is generated by
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feeding one molar equivalent each of thymol (as a 2 M solution in toluene) and triethylamine (as
a 2 M solution in toluene) separately and concurrently to one molar equivalent of a PCl; solution
in toluene. The 2 M triethylamine solution is fed below the surface of the reaction mixture. The
resulting phosphorodichloridite solution (> 98%, BPCl,) is treated in the same fashion with one
molar equivalent each of 2,4-xylenol (as a 2M solution in toluene) and triethylamine (as a 2M

solution in toluene) to generate the mixed phosphorochloridite of Structure 1Tb (ABPCI of

Scheme V).
© X

7
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Scheme V

[0092]  According to >'P NMR, the resulting phosphorochloridite IIb solution comprises 92-
94% of the phosphorochloridite ITb (ABPCI) and about 1% of the phosphorodichloridite (BPCL).
This phosphorochloridite b solution is then treated with triethylamine and the bisaryl
compound I1la according to the reaction conditions indicated in Table 15. The phosphorus
distributions (%P) for each Example are also given in Table 15. Reaction pathways to the
monophosphite intermediate (Structure VIb), the diphosphite (Ib), and possible cyclophosphites
(Structures VIla and VIIb) are shown Scheme VI. The relative amounts of the possible
cyclophosphites are determined by the reaction conditions under which they are formed and the

steric bulk of the 2,4-dimethylphenoxide versus 2-iso-propyl-5-methylphenoxide groups.
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Scheme VI

[0093] The robustness of the diphosphite synthesis method for this more sterically hindered
diphosphite Ib, relative to diphosphite Ia, is tested under the premise that ample triethylamine
limits the conversion of the monophosphite intermediate to cyclophosphite under most
circumstances. In Examples 26-29, the entire triethylamine charge is added to the
phosphorochloridite ITb in the reaction flask (triethylamine to phosphorochloridite ITb mole ratio
was 1.3 to 1.4 equivalents) before the addition of the bisaryl compound I1la commenced. °'P
NMR results indicated that the use of at least 1.3 molar equivalents of triethylamine, relative to
the phosphorochloridite IIb charged to the reactor, successfully limits conversion of the sterically

hindered monophosphite intermediate to the cyclophosphites of Structures VIIa and VIib.

Examples 30-39: Reactant Concentration and Water Contamination

[0094] Triethylamine levels in conjunction with water contamination play an important role
for the selectivity to diphosphite. Water contamination during diphosphite synthesis can result in
the formation of acidic phosphorus-containing compounds derived from the phosphorochloridite.
Whereas excess triethylamine and phosphorochloride promotes the formation of phosphorus-

containing acid anhydride, POP, the acidic phosphorus-containing compounds are formed

A
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preferentially under acidic conditions. In most cases of adventitious water contamination, both

POP and acidic phosphorus-containing compounds are present.

[0095] The absolute concentration of the reagents and substrates also impacts the selectivity
to the diphosphite. As discussed in a previous section, while not to limit the scope of the
invitation by a recitation of theory, selectivity 1s believed to be directly related to the mter- and
intramolecular reactions of the monophosphite intermediate. The rate of acid-catalyzed
conversion of the monophosphite intermediate to cyclophosphite versus base-catalyzed and base-
driven conversion of the monophosphite intermediate to diphosphite is believed to determine
selectivity in diphosphite synthesis. If acid catalysis is fast compared to all other reaction steps,
higher dilution should favor monophosphite intermediate conversion to cyclophosphite and
dilute experiments, unless done in the absence of traces of water, should result in lower

selectivity to diphosphite.

[0096] Furthermore, unreacted bisaryl compound in the reaction mixture may also play a role
in the catalytic decomposition of monophosphite, for example as a carrier for adventitious water,
facilitating the hydrolysis of phosphorochloridite in toluene solution and the monophosphite
decomposition by hydrogen bonding between water and the acidic phosphorus-containing
compounds. Therefore, feed rates for the bisaryl compound should be considered when
exploring the impact of phosphorochloridite concentration and water contamination on

selectivity to diphosphite.

[0097] A series of experiments to investigate the impact of concentration (varied by the
concentration of feed solutions and reactor charge) and water contamination is conducted,
wherein the triethylamine amount was kept approximately constant at 1.4 molar equivalents of

triethylamine per molar equivalent of phosphorochloridite.

[0098] The *'P NMR results for each process step of Example 30 are given in Table 16. In
Example 30, to investigate the impact of water contamination, a reaction solution of
phosphorochloridite [1a is deliberately exposed to water before the addition step of bisaryl
compound ITa. Phosphorochloridite is synthesized in a stepwise fashion as previously described
and as disclosed in published application WO 2004/050588 using 2.0 M 2.4-xylenol and 2.0 M
triethylamine separate feeds to a 1 M PCl; solution as an initial charge to the reactor, which
provids a 0.27 M phosphorochloridite solution. Subsequently, 30 mmol of water are added to the
reaction mixture followed by 1.4 molar equivalents of triethylamine, relative to
phosphorochloridite. The water addition results in the formation of 15.6% acidic phosphorus-

containing compound or compounds (presumably Structure [Xa of Scheme IV from hydrolysis
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Tables 16-21. Upon addition of 1.4 equivalents of triethylamine, most of the compound of
Structure IXa reacts with more phosphorochloridite to form POP (Structure Xla) with about 3%
phosphorus remaining as acidic phosphorus-containing compounds. Under the overall basic
conditions resulting from using a considerable excess of triethylamine, the cyclophosphite
formation during the addition of the bisaryl compound remained negligible at about 1-2% and
the total selectivity of diphosphite from the bisaryl compound is about 97%. However,
compared to previous runs at the same concentration, the addition of the bisaryl compound to the
reaction mixture in this Example was conducted in portions. About 65 g ofa 1 M bisaryl
compound solution in toluene (72 mmol = 0.75 equiv. for 1 equiv of A,PCl) was added in stages
(see Table 15) to avoid build up of unreacted bisaryl compound. Addition rates are 0.23 molar
equivalents/hour followed by 0.06 equivalents/hour and 0.03 equivalents/hour with time intervals
between the addition periods of at least 2 hours to assure complete reaction of each added portion
of the bisaryl compound. Despite considerable water contamination (30 mmol compared to 192
mmol A;PCl), the excess triethylamine provides ample protection for the monophosphite
intermediate and avoids significant loss in selectivity, as evidenced by the relatively low

cyclophosphite distribution in the samples (maximum 1.6 %P as cyclophosphite).

[0099] Similarly in Example 31 (Table 17), the water is added and dissolved in the first
portion of the bisaryl compound feed. Again, as indicated by the 3'P NMR results in Table 17,
over time a similar amount (28 mmol) of acidic phosphorus-containing compound of Structure
[Xa is formed. However, the transformation to POP is significantly slower and higher levels of
the acidic phosphorus-containing compound, presumed to be of Structure Xla, are present during
the addition period of the bisaryl compound, as compared to Example 30. Although the same
excess of triethylamine was used, about ten times as much of the monophosphite intermediate is
converted to cyclophosphite (9.9% of the total phosphorus) compared to the experiments where
the water is added before the addition of the bisaryl compound, and this causes a diphosphite
selectivity drop from 97% to 85%. While not wishing to be bound by theory, one possible
interpretation is that in addition to binding acidic species, triethylamine retards the
intramolecular reaction of the monophosphite intermediate by transforming acidic phosphorus-
containing compounds, such as those of Structure 1Xa, into non-acidic POP type structures, thus

inhibiting acidic catalysis. If water contamination is occurring from the bisaryl compound feed,
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the deactivation process to form POP is slower since phosphorochloridite concentrations are low
at increasing phosphorochloridite conversion. Free acid is present in higher concentrations over
a longer period of time during the bisaryl addition, therefore increasing the observed rate of
monophosphite intermediate conversion to cyclophosphite. Maintaining water contamination of
the bisaryl compound below 1% and toluene solutions of the bisaryl compound below 0.1%, for
example between O ppm and 300 ppm water by weight, avoids a significant diphosphite
selectivity drop even when 1.4 molar equivalents of triethylamine are used during diphosphite

synthesis.

[0100] With less excess triethylamine present, the requirements on water contamination are
more stringent. In Table 18, some results from Table 14 are supplemented and compared to
those from Examples with controlled water contamination from Tables 16 and 17. The
experiments with deliberate water contamination but larger excess of triethylamine illustrate the
compounds effect of the amount of acidic phosphorus-containing compound of Structure IXa and
triethylamine present during the addition of the bisaryl compound. Experiments with higher
levels of acidic phosphorus-containing compounds show higher levels of cyclophosphite (Table
18, Examples 31, 24, and 25 as compared to Examples 30, 21, and 22) but excess tertiary organic
amine, such as triethylamine, can partially compensate for higher acid (Examples 30 and 31 as
compared to Examples 24 and 25). As an estimate derived from Table 18, at triethylamine levels
at or below 1.02 molar equivalents triethylamine per equivalent A,PCl, the water contamination
of the bisaryl compound feed should be less than 300 ppm water to avoid a significant drop in

the diphosphite selectivity during the bisaryl addition phase of the diphosphite synthesis.

[0101] Experiments are performed to address the impact of the concentration of reactants in
the presence of hydrolysis products on diphosphite selectivity during the addition of the bisaryl
compound. Examples 30 and 31 are performed at 20°C, with 1.4 molar equivalents of
triethylamine per equivalent of phosphorochloridite, and with the addition of the bisaryl
compound made in portions. The distribution of phosphorus species (%P), including the acidic
phosphorus-containing compounds represented as “H”, is given in Table 19 for Examples 30, 31,
and other related Examples. Example 32 is initially run as for Examples 30 and 31 but before
adding triethylamine the reactor contents, the reaction mixture is divided into two portions, one
being one-fourth the volume (Example 32A) and the other being three-fourths the volume
(Example 32B)} of the undivided reaction mixture. The one-fourth volume portion remains in the
reactor and was diluted with dry toluene to the same volume as the three-fourths volume portion,
which 1s not diluted. After the same molar equivalents of triethylamine are added to the diluted

(32A) and undiluted (Example 32B) reaction mixtures, both Example 32A and 32B portions
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show adventitious hydrolysis of the phosphorochloridite equivalent to about 20 mmol of water,
the only difference being that reaction solution concentrations differed by a factor of 3. To both
phosphorochloridite solutions of Examples 32A and 32B, the same relative equivalents of 1 M
bisaryl compound solution in toluene are added in the same fashion as described in Table 16.
Although the amount of moisture infrusion on the more concentrated Example 32B (Table 21)
appear to be higher, only 2.4% of the total phosphorus is found as cyclophosphite, whereas the
more dilute Example 32A (Table 20) showed 11.1% of the total phosphorus as cyclophosphite.
At the same time, higher relative amounts of acidic hydrolysis products are observed under more
dilute conditions (Example 32A as compared to Example 32B). The estimated concentrations [H
cone. (mmol/Kg)] of acidic phosphorus-containing compounds, based upon P NMR

measurcment, are overall very similar.

[0102] The results in Table 22 are more dramatic where concentrations in the reaction
solution are about one-fourth of the values found for standard conditions. Although these
experiments (Table 22, Examples 34-36) show significantly less water contamination and lower
levels of acidic phosphorus-containing compounds, the amount of cyclophosphite formed ranges
from 20-30% for the faster feed rates (0.23 to 5.1 equivalents per hour) for the bisaryl
compound. Surprisingly, the slower and portion-wise bisaryl addition (Table 22, Examples 37-
39) result in a significant reduction in cyclophosphite formation, only 5% to 8%, of the total

phosphorus.
Experimental Section

[0103] Additional experimental details are provided in this section. Unless otherwise noted
all experiments are conducted in a standard jacketed baffled 500 mL cylindrical round bottomed
glass reactor (ID 5 %47; H = 9 %) equipped with a three-necked glass cover. The overhead stirrer
impeller is shaped as a plus sign (+) formed by two panels attached to a shaft at the cross point
(all angles are 90 degree). Each of the two panels is 58 mm long, 20 mm high and 3 mm thick.
All solutions of triethylamine, thymol, and 2,4-xylenol in toluene are made in a drybox and
stored over molecular sieves. All glassware 1s heated in an oven overnight and cooled in a

drybox antechamber under vacuum and finally flushed with dry N».

[0104] For quantitative NMR analysis, 0.250 mL of the organic layer without tertiary organic
amine hydrogen chloride solids and 0.600 mL of a 0.01 molar solution of triphenylphosphine

oxide (TPPO) in C¢Dy are combined and analyzed by 3P NMR (T = 5 sec.).

[0105] Bisaryl compound Iila may be prepared by any suitable synthetic means known in the
art, for example as disclosed in U.S. Patent Application Publication 2003/0100802, in which 2-
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iso-propyl-4.5-dimethylphenol, is oxidatively coupled in the presence of a molecular oxygen-

containing gas and a copper diamine catalyst to provide the desired bisaryl compound.

[0106] Preparation of a copper diamine catalyst is described in Tetrahedron Letters, 1994,
35, 7983. A copper halide, such as CuCl, CuBr, Cul, or CuCls, is added to a mixture of alcohol,
such as methanol, and water and the diamine is slowly added. After the addition of the diamine,
air is sparged through the mixture with vigorous stirring. The solid catalyst product is filtered.
Examples of useful diamines include tetramethylethylenediamine, N.N,N’* N’ -tetraethyl-1,3-
propanediamine, and N,N,N’,N’-tetraecthylmethane diamine. Alternatively, the catalyst can be
prepared in situ by contacting the copper halide and the diamine 1n the solvent for the coupling

reaction.

[0107] The oxidative coupling can be carried out by contacting the phenol with a copper
complex of a diamine in an inert, preferably aprotic solvent such as dichloromethane, toluene,
chlorobenzene, or saturated hydrocarbon, preferably one having a flash-point higher than the
reaction temperature, at a temperature between 5°C and 100°C, for example around 30°C. The
product is generally isolated by dilution with a saturated hydrocarbon solvent, filtration, and
optionally purified by washing with aqueous mineral acid or a copper-sequestering reagent such
as the sodium salt of ethylenediaminetatraacetic acid (EDTA). The product may optionally be

purified by recrystallization.

[0108] The substituted phenol 2-iso-propyl-4,5-dimethylphenol may be prepared by any
suitable synthetic means known in the art, for example by alkylation of thymol or 3,4-xylenol.
Houben-Weyl, Vol. 6/1C (pages 955-985), G. Thieme Verlag, Stuttgart 1976, teaches general
methods for the alkylation of phenols with alkenes using homogeneous and heterogeneous acid
catalysts. U.S. Patent No. 3,037,052, for example, discloses the use of macroreticular ion
exchange resins containing sulfonic acid groups as catalysts for the alkylation of phenols with

alkenes.

[0109] Example 15 is carried out in a 2 liter baffled, jacketed reactor with overhead stirrer,
N, blanket, and two feed lines from a peristaltic pump. 200 mL of 2.0 M PCl; solution in
toluene is charged into the reactor using a cannula and positive N» pressure; the solution is
cooled to +5°C. Under vigorous stirring, a solution of 202 mL of 2.0 M triethylamine in toluene
and a solution of 200 mL of 2.0 M 2,4-xylenol in toluene are added separately and concurrently
at a feed rate of I mL/minute via a peristaltic pump. The triethylamine feed is delivered below
the surface, while the 2,4-xylenol feed is delivered above the surface. During the addition

period, the reaction temperature is maintained at about +5°C. A second 200 mL each of 2.0 M
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triethylamine solution in toluene and 2.0 M 2, 4-xylenol solution in toluene are added separately
and concurrently via a peristaltic pump at the same feed rate as before. A correction feed of
triethylamine solution in toluene and 2,4-xylenol solution in toluene are added as necessary
based on >'P NMR analysis of the reaction mixture. Quantitative 'p NMR analysis of the
organic phase is conducted to determine the mol% phosphorochloridite. The reaction is then
warmed to 20°C and the stirring set to 900 rpm; and 200 mL of 2.0 M triethylamine 1s added at 1
mL/minute. 195 mL of 1.0 M bisaryl compound solution in toluene is then added above the
surface at 1.5 mL/minute via peristaltic pump. Reaction workup is to quench with 300 mL of
H,O while stirring vigorously for 10 minutes. The organic layer is separated and washed with
300 mL of 1.0 M aqueous NaOH solution. The organic layer is then washed with 300 mL of

saturated brine solution and quantitative 3'P NMR analysis of the organic phase is conducted.

[0110] Example 16 is carried out in a 2 liter baffled, jacketed reactor with overhead stirrer, N>
blanket, and two feed lines from a peristaltic pump. 200 mL of 2.0 M PCl; solution in toluene is
charged into the reactor using a cannula and positive N, pressure; the solution is cooled to +5°C.
Under vigorous stirring, a solution of 200 mL of 4.0 M triethylamine in teluene and a solution of
101 mL of 4.0 M 2,4-xylenol in toluene are added separately and concuwrrently at a feed rate of 1
mL/minute via a peristaltic pump. The triethylamine feed is delivered below the surface, while
the 2,4-xylenol feed is delivered above the surface. During the addition period, the reaction
temperature is maintained at about +5°C. A second 200 mL of 4.0 M triethylamine solution in
toluene and 101 mL of 4.0 M 2,4-xylenol solution in toluene are added separately and
concurrently via a peristaltic pump at the same feed rate as before. A correction feed of
triethylamine solution in toluene and 2,4-xyleno! solution in toluene are added as necessary
based on *'P NMR analysis of the reaction mixture. Quantitative 3Ip NMR analysis of the
organic phase is conducted to determine the mol% phosphorochloridite. The reaction is then
warmed to 20°C and the stirring set to 900 rpm; and 62 mL of 7.2 M triethylamine was added at
1 mL/minute. 338.5 mL of 0.5 M bisaryl compound solution in toluene was then added above
the surface at 0.1 mL/minute via peristaltic pump. Reaction workup was to quench with 300 mL
of HO while stirring vigorously for 10 minutes. The organic layer was separated and washed
with 300 mL of 1.0 M aqueous NaOH solution. The organic layer was then washed with 300 mL
of saturated brine solution and quantitative 3'P NMR analysis of the organic phase was

conducted.

[0111] For Examples 26-29, the following general procedure was used. Samples of the
reaction mixture were analyzed by *'P NMR periodically to determine the extent of reaction. In

a temperature-controlled 500 mL baffled reactor equipped with an overhead stirrer was charged
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200 mL (200 mmol) of 1.0 M PCl; solution in toluene via N; pressure and a double-ended
needle. Under vigorous stirring, a solution of 100 mL (200 mmol) of 2.0 M triethylamine and a
solution of 100 mL (200 mmol) of 2.0 M thymol in toluene are added separately and
concurrently via peristaltic pump at 2.22 mL/min. During the addition period the reaction
temperature is maintained at 5°C and the triethylamine is added below the surface while the
thymol is added above the surface. Under vigorous stirring, a solution of 100 mL (200 mmol) of
2.0 M triethylamine and a solution of 100 mL (200 mmol) of 2.0 M 2,4-xylenol in toluene are
added separately and concurrently via peristaltic pump at 2.22 mL/min. A reaction sample is

taken for >'P NMR analysis and further details are supplied below for each Example.

[0112] For Example 26, the 3p NMR analysis indicates that a 3.1% correction of the feed is
needed to convert unreacted phosphorodichloridite (BPCly) to phosphorodichloridites (ABPCl,).
3.1 mL (6.2 mmol) of both the triethylamine and the 2.4-xylenol as solutions in toluene are
added separately and concurrently, then 253.8 mmol of triethylamine is added under the surface
over approximately 5 minutes. The reaction temperature is cooled to -20°C. A solution of 91
mL (91 mmol, 29.709 g of bisaryl compound) of 1.0 M bisaryl compound is added via peristaltic
pump under the conditions given in Table 15. Afier 100% of the bisaryl compound is added,
within 2 minutes another reaction sample was taken. The mixture is stirred over the weekend
and sampled again. The stirring 1s increased to approx. 500 rpm for one hour and sampled. The
reaction mixture is washed with 150 mL H>O and stirred for 5 minutes. After separating the
organic phase, it is washed with 150 mL of 1 N aqueous NaOH. After separating the organic

phase, it is washed with 150 mL of brine.

[0113] For Example 27, 260 mmol of triethylamine is added under the reaction mixture
surface over approximately 5 minutes. The reaction temperature is cooled to -20°C. A solution
of 91 mL (91 mmol, 29.709 g of bisaryl compound) of 1.0 M bisaryl compound in toluene is
added via peristaltic pump under the conditions given in Table 15. After 100% of the bisaryl
compound is added, within 2 minutes another reaction sample was taken. The mixture is stirred
for three hours and sampled again. The reaction mixture is washed with 150 mL H>O and stirred
for 5 minutes. After separating the organic phase, it is washed with 150 mL of 1 N aqueous
NaOH. After separating the organic phase, it is washed with 150 mL of brine. The final organic

layer is concentrated by evaporation at 45°C.

[0114] For Example 28, 260 mmol of triethylamine is added under the reaction mixture
surface over approximately 5 minutes. The reaction temperature is warmed to +20°C. A

solution of 93 mL (93 mmol, 30.36 g of bisaryl compound) of 1.0 M bisaryl compound in
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toluene is added via peristaltic pump under the conditions given in Table 15 over 6 hours. After
100% of the bisaryl compound is added, within 2 minutes another reaction sample is taken. The
mixture is stirred over the weekend and sampled again. The reaction mixture is washed with 150
mL H>O and stirred for 5 minutes. After separating the organic phase, it is washed with 150 mL

of 1 N aqueous NaOH. After separating the organic phase, it 1s washed with 150 mL of brine.

[0115] For Example 29, the >'P NMR analysis indicated that a 2% correction of the feed is
needed and appropriate amounts of triethylamine and xylenol were added. 246 mmol of
triethylamine is then added under the reaction mixture surface over approximately 5 minutes.
The reaction temperature is warmed to +20°C. A solution of 91 mL (91 mmol, 29.709 g of
bisaryl compound) of 1.0 M bisaryl compound in toluene is added via peristaltic pump under the
conditions given in Table 15. After 100% of the bisaryl compound is added, within 2 minutes
another reaction sample is taken. The mixture is stirred for 1.5 hours and sampled again. The
reaction mixture is washed with 150 mL H,O and stirred for 5 minutes. After separating the
organic phase, it is washed with 150 mL of 1 N aqueous NaOH. After separating the organic

phase, it is washed with 150 mL of brine. The final organic layer is concentrated by evaporation

at 45°C.

[0116] Example 30 is performed as follows, with the 2 M triethylamine solution, the 2 M
2.4-xylenol solution, and the solution of bisaryl compound being prepared in the drybox and
dried over sieves prior to their use. Samples of the reaction mixture are analyzed by °'P NMR
periodically to determine the extent of reaction. In a temperature-controlled 500 mL baffled
reactor equipped with an overhead stirrer is charged 200 mL (200 mmol} of 1.0 M PCl; in
toluene via N, pressure and a double-ended needle. Under vigorous stirring, a solution of 100
mL (200 mmol) of 2.0 M triethylamine and a solution of 100 mL (200 mmol) of 2.0 M 2,4-
xylenol in toluene are added separately and concurrently via peristaltic pump at 2.22 mL/min.
During the addition period the reaction temperature was maintained at 5°C and the triethylamine
is added below the surface while the 2,4-xylenol is added above the surface. Under vigorous
stirring, a solution of 100 mL (200 mmol) of 2.0 M triethylamine and a solution of 100 mL (200
mmol) of 2.0 M 2,4-xylenol in toluene are added separately and concurrently via peristaltic
pump at 2.22 mL/min. At this point, 30 mmol of water is added and the mixture stirred for 30
minutes. Triethylamine (260 mumol) is added under the surface of the reaction mixture over
approximately 5 minutes. The reaction mixture i1s warmed to +20°C and a solution of 65 g (71.7
mmol, 23.4 g of bisaryl compound) of 1.0 M bisaryl compound Il1a is added via peristaltic pump
intermittently, under 480 rpm stirring. 40 g of this 1.0 M bisaryl compound solution is added

over 2 hours, then 20 g more is added over 4 hours and the mixture stirred overnight. An
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additional 5 g of this 1.0 M bisaryl compound solution is added over 2 hours. The reaction
mixture is then washed with 150 mL of water and stirred for 5 minutes. After separating the
organic phase, it is washed with 150 mL of 1 M aqueous NaOH. After separating the organic

phase, it is washed with 150 mL of brine.

[0117] Example 31 is performed as for Example 30, except that no water is added to the
reaction mixture prior to warming to +20°C. Instead, 30 mmol of water is added to the solution
of 65 g (71.7 mmol, 23.4 g of bisaryl compound) of 1.0 molar bisaryl compound Illa, which is

added intermittently via a peristaltic pump.

[0118] Example 32A is performed as for Example 30 through the separate and concurrent
additions of triethylamine and 2,4-xylenol. At that point it is determined by *’P NMR analysis
that a 3% feed correction of triethylamine and 2,4-xylenol is needed, and this feed correction is
made. Approximately three-quarter of the reaction mixture is then removed using a cannula and
transferred to a dried one-liter container, where the mixture is stored in a freezer (to be used in
Example 32B, see below). The mixture remaining in the reactor is sampled for 3P NMR
analysis, then diluted with dry toluene back to the same volume as before the removal by
cannula. Triethylamine (65 mmol) is added under the reaction surface over approximately five
minutes; the mixture became light brown on stirring. The reaction mixture is warmed to +20°C
and a 13.4 g (14.8 mmol, 4.82 g of bisaryl compound) of 1.0 M bisaryl compound I1la solution
in toluene was added intermittently via peristaltic pump under 480 rpm stirring. 8.4 g of this 1.0
M bisaryl compound solution is added over 2 hours, with 5 g more added over 2 hours. The
reaction mixture is washed with 75 mL of water and stirred for 5 minutes. After separating the
organic phase, 1t 1s washed with 75 mL of I M aqueous NaOH. After separating the organic

phase, it is washed with 75 mL of brine.

[0119] For Example 32B, the solution is removed via cannula from Example 32A and stored
in the freezer was charged via cannula under N» to a temperature-controlled 500 mL baffled
reactor equipped with an overhead stirrer. Triethylamine (195 mmol) is added under the surface
of the reaction mixture over approximately 5 minutes. The reaction mixture is then warmed to
+20°C and 31 g (34.2 mmol, 11.2 g of bisaryl compound) of a 1.0 M bisaryl compound IIa
solution is added itermittently under 480 rpm stirring. 26 g of the 1.0 M bisaryl compound
solution is added over 2 hours, with 5 additional grams added over 2 hours, at which point the
mixture is allowed to stir for 2 hours. The reaction mixture is then washed with 150 mL water

and stirred for 5 minutes. Work-up is as for Example 32A.
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[0120] For Examples 34-39, the following general procedure 1s used. Samples of the
reaction mixture are analyzed by *'P NMR periodically to determine the extent of reaction. Ina
temperature-controlled 500 mL baffled reactor equipped with an overhead stirrer is charged 200
mL (50 mmol) of 0.25 M PCl; solution in toluene via N» pressure and a double-ended needle.
Under vigorous stirring, a 100 mL (50 mmol) of 0.5 M triethylamine solution in toluene and a
100 mL (50 mmol) of 2,4-xylenol solution in toluene is added separately and concurrently via
peristaltic pump at 2.2 mL/min. During the addition period the reaction temperature is
maintained at 5°C and the triethylamine is added below the surface of the reaction mixture while
the 2,4-xylenol is added above the surface. Under vigorous stirring, a 100 mL (50 mmol) of 0.5
M triethylamine solution in toluene and a 100 mL (50 mmol) of 0.5 M 2,4-xylenol solution are
added separately and concurrently via peristaltic pump at 2.22 mL/min. 65 mmol of
triethylamine is then added under the surface over approximately 5 minutes. The reaction
temperature is cooled to -20°C and 93 mL (23.3 mmol, 7.607 of bisaryl compound) of 0.25 M
bisaryl compound Illa solution is added via peristaltic pump under 270 rpm stirring. After all the
bisaryl compound is added, the reaction mixture is stirred for 3 hours. The reaction mixture 1s
washed with 75 mL water and stirred for 5 minutes. After separating the organic phase, it is
washed with 75 mL of 1 M aqueous NaOH. After separating the organic phase, it is washed with

brine.

[0121] For Example 35, the 3P NMR analysis indicates that a 3.3% correction of the feed
(both triethylamine and 2,4-xylenol) is needed, and the additions are made. 63.5 mmol of
triethylamine is then added under the surface over approximately 5 minutes. Instead of cooling
the reaction mixture, the reaction mixture is warmed to +20°C. 91 mL (22.75 mmol, 7.427 of
bisaryl compound) of 0.25 M bisaryl compound IIla solution is added as for Example 34. After
this bisaryl compound is added, the reaction mixture is stirred for 2 hours, sampled, then allowed
to stir over the weekend. The reaction mixture is worked up as for Example 34. The final
organic layer is evaporated at 45°C and pumped down under vacuum overnight. 22.2 gofa

sticky yellow solid is obtained.

[0122] For Example 36, the general procedure of Example 35 is followed. A 2.3%
correction to the feed is made. After addition of 64 mmol of triethylamine and warming to
+20°C, 93 mL (23.25 mmol, 7.59 g of bisaryl compound) of 0.25 M bisaryl compound Iila
solution is added with 480 rpm stirring over 4 hours. After bisaryl compound addition is
complete, the reaction mixture is stirred overnight and then worked up as for Example 34. The
final organic layer is evaporated at 45°C and pumped down under vacuum overnight. 21.8 gofa

sticky yellow solid is obtained.
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[0123] For Example 37, the general procedure of Example 35 is followed. No correction to
the feed is necessary. The reaction mixture is warmed to +20°C. 72.49 g (20.79 mmol, 6.79 g of
bisaryl compound) of a 0.25 M bisaryl compound Illa solution in toluene is added intermittently
under 480 rpm stirring. 29 g of this 0.25 M bisaryl compound solution is added over 2 hours and
10 minutes; the reaction mixture is stirred for an additional 18 hours. 20 g more of this 0.25 M
bisaryl compound solution is added over 4 hours and the mixture stirred overnight, then over the
weekend. 10 g more of this 0.25 M bisaryl compound solution is added over 2.5 hours, and the
mixture stirred overnight. 5 g more of this 0.25 M bisaryl compound solution is added over 1

hour, and the remainder of this solution is added over 2 hours.

[0124] For Example 38, the reaction solutions are prepared in the drybox and the .5 M
triethylamine (100 mmeol) solution in toluene, the 2,4-xylenol solution in toluene, and the bisaryl
compound solution in toluene are dried over sieves for 3 days prior to their use in the synthesis
reaction. The general procedure of Example 35 is followed. After the concurrent and separate
addition of 2,4-xylenol and triethylamine, a 3.3 % correction of the triethylamine and 2,4-xylenol
1s made. 64.35 mmol of triethylamine is then added over approximately 5 minutes, under the
surface of the solution. The reaction mixture is warmed to +20°C. 75 g (21.5 mmol, 7.023 g of
bisaryl compound) of a 0.25 M bisaryl compound I1Ia solution in toluene is added intermittently
via peristaltic pump under 480 rpm stirring, 40 g of this 0.25 M bisaryl compound solution is
added over 2 hours and 20 minutes, 20 g more of this 0.25 M bisaryl compound solution is added
over 4 hours and the mixture stirred overnight. 5 g more of this 0.25 M bisaryl compound
solution is added over 2 hours and the mixture stirred overnight. Then 5 g more of this 0.25 M
bisaryl compound solution is added over 2 hours, and an additional 5 g of this 0.25 M bisaryl

compound solution is added over 2 hours. The reaction mixture is worked up as for Example 34.

[0125] For Example 39, the reaction solutions are prepared in the drybox and the 0.5 M
triethylamine (100 mmol) solution in toluene, the 2,4-xylenol solution in toluene, and the bisaryl
compound solution in toluene are dried over sieves for 3 days prior to their use in the synthesis
reaction. The general procedure of Example 35 is followed. After the concurrent and separate
addition of 2,4-xylenol and triethylamine, a 1.0 % feed correction is made for Example 39. 65.5
mmol of triethylamine is then added over approximately 5 minutes, under the surface of the
solution. The reaction mixture is warmed to +20°C. 70 g (20.1 mmol, 6.55 g of bisaryl
compound) of a 0.25 M bisaryl compound IIla solution in toluene is added intermittently via
peristaltic pump under 480 rpm stirring. 40 g of this 0.25 M bisaryl compound solution is added
over 2 hours, then 20 g more of this .25 M bisaryl compound solution is added over 4 hours and

the mixture stirred overnight. An additional 5 g of this 0.25 M bisaryl compound solution is
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added over 2 hours, then 5 g more of this solution is added over 2 hours, with an additional 5 g
of this solution is then added over 2 hours. At this point, 1.23 g of triethylamine is added, and

the reaction mixture is stirred for 2 hours.
Example 40: Temperature Study at 55°C

[0126] The phosphorochloridite of 2,4-xylenol, A>PCI wherein A is 2,4-dimethyiphenoxide,
is synthesized following a method disclosed in W02004/050588 to produce a 0.34 M
phosphorochloridite solution (89% A,PCl, 2% APCl,, 8% Aj3P) in toluene.

[0127] With respect to the phosphorochloridite, about 1.3 molar equivalents of dry
triethylamine are added to the reaction flask containing the 0.34 M phosphorochloridite solution
then the resulting mixture is heated to about 55°C. With mechanical stirring of the reaction
mixture over a period of about 2 hours, a 1 M solution of the bisaryl compound I1la in toluene is
added to the reaction flask at a reaction mixture temperature of about 55°C. The total amount of
bisaryl compound to be fed was predetermined and calculated to allow for 100% conversion of
phosphorochloridite at the final stage of the reaction. The distributions to phosphorus species are

derived from *'P NMR measurements and are listed in Table 23.
Example 41: Temperature Study at 35°C

[0128] The phosphorochloridite of 2,4-xylenol, A>PCIl wherein A is 2,4-dimethylphenoxide,
1s synthesized following a method disclosed in WO2004/050588 to produce a 0.35 M
phosphorochloridite solution (89% A,PCl, 1% APCl,, 9% Aj3P) in toluene.

[0129] Example 40 1s repeated with this 0.35 M phosphorochloridite solution and 1.3 molar
equivalents of triethylamine. An exception being that the temperature of the reaction mixture
during the addition of the 1 M solution of bisaryl compound is 35°C. The distributions to

phosphorus species are derived from *'P NMR measurements and are listed in Table 24.
Example 42: Temperature Study at 15°C

[0130] The phosphorochloridite of 2,4-xylenol, A,PCl wherein A is 2,4-dimethylphenoxide,
1s synthesized following a method disclosed in WO2004/050588 to produce a 0.34 M
phosphorochloridite solution (87% A,PCl, 2% APCl;, 10% AsP) in toluene.

[0131] Example 40 is repeated with this 0.4 M phosphorochloridite solution and 1.2 molar
equivalents of triethylamine. An exception being that the temperature of the reaction mixture
during the addition of a 0.6 M solution of bisaryl compound is 15°C. The distributions to

hosphorus species are derived from *'P NMR measurements and are listed in Table 25.
phosp P
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Example 43: Temperature Study at 10°C

[0132] The phosphorochloridite of 2-4-xylenol, A»PCI wherein A is 2,4-dimethylphenoxide,
is synthesized following a method disclosed in W0O2004/050588 to produce a 0.4 M
phosphorochloridite solution (85% A>PCl, 4% APCl,, 11% A;P) in toluene.

[0133] Example 40 is repeated with this 0.4 M phosphorochloridite solution and 1.2 molar
equivalents of triethylamine, but for Example 43, the temperature of the reaction mixture during
the addition of a 0.6 M solution of bisaryl compound is 10°C. The distributions to phosphorus

species are derived from >'P NMR measurements and are listed in Table 26.

[0134] The temperature study of Examples 40-43 show that a selectivity to diphosphite Ta
from the bisaryl compound by the present method does not decrease as the temperature is

increased.
Example 44: Hydrocarbon Solvent Study

[0135] In some Examples above, the reaction mixture further comprises toluene as the
aromatic hydrocarbon solvent. In Example 44, the toluene of Example 40 is replaced with a
saturated hydrocarbon solvent, cyclohexane. That is, the phosphorochloridite of 2.4-xylenol 1s
synthesized in cyclohexane following a method disclosed in W0O2004/050588 and the bisaryl
compound IlIa dissolved in cyclohexane is feed to this phosphorochloridite in the presence of
triethylamine to produce diphosphite Ia. In comparison to the aromatic hydrocarbon solvent at
the same stirrer rpm speed, the triethylamine hydrogen chloride solids precipitated from the

reaction mixture comprising cyclohexane are more difficult to stir.

Examples of Embodiments

[0136] The following are additional examples of embodiments of the disclosed method.

Example 45:
[0137] A diphosphite of Structure I is produced,

Rfmo\ O—R!
P—O—Q—0—R
/
R2—0 0—R?
Structure I
comprising the steps of:

contacting a phosphorochloridite of Structure II,
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R1—0O
\
P—CI
2 /
R“—0O
Structure I1

with a bisaryl compound selected from the group consisting of Structure 111, Structure IV,

and Structure V,

R4 R4
oY o4
R® OH OH
HO R® HO
} 98 - 10
R* R?
Structure HI Structure IV Structure V

and a tertiary organic amine, comprising a basic nitrogen atom or a plurality of nitrogen

atoms, to produce a reaction mixture comprising a diphosphite of Structure I;
wherein,

the contacting 1s done by at least one contacting method selected from the group

consisting of,

(i). feeding the bisaryl compound to a mixture of phosphorochloridite and tertiary

organic amine, and

(ii). feeding the bisaryl compound and the tertiary organic amine either separately

or as a mixture to the phosphorochloridite;
and the contacting is done by controlling the feeding such that:

a first mole ratio is at least 2.0 during all stages of the contacting, wherein the first
mole ratio is defined as moles of phosphorochloridite in the reaction mixture divided by

moles of bisaryl compound fed to the reaction mixture, and

a second mole ratio is at least 1.0 during all stages of the contacting, wherein the
second mole ratio is defined as moles of basic nitrogen atoms from the tertiary organic
amine fed to the reaction mixture divided by moles of phosphorochloridite in the reaction

mixture; and
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the method is characterized in that the contacting occurs at a temperature from 10°C to
110°C to produce the diphosphite in the reaction mixture with a selectivity between 70%

and 100% from the bisaryl compound;
wherein,

the selectivity equals moles of diphosphite produced in the reaction mixture divided by

total moles of the bisaryl compound contacting the phosphorochloridite;
wherein in Structures [ to V,

R! and R? are the same or different, substituted or unsubstituted, monovalent aryl groups;
each of R, RY, R’,R% R, R:E RY, R RM and R%is independently selected from the group
consisting of hydrogen, alkyl, aryl, heteroaryl, aryloxy, heteroaryloxy, alkyloxy,
alkoxyalkyl, acetal, carboaryloxy, carboalkoxy, arylcarbonyl, alkylcarbonyl, oxazole, amine,
amide, nitrile, mercaptyl, and halogenyl groups; and "0-Q-O" is a dianion of the bisaryl

compound.
Example 46:
{0138] Example 45 is repeated wherein the reaction mixture further comprises at least one
aromatic hydrocarbon solvent.
Example 47:

[0139] Example 45 is repeated further comprising controlling the feeding such that the first
mole ratio is between 2.1 to 2.7 during the stage of the contacting wherein phosphorochloridite

conversion is between 0% and 100%.

Example 48:

[0140] Example 45 is repeated further comprising controlling the feeding such that a
phosphorochloridite concentration is greater than or equal to 0.02 moles per liter in the reaction

mixture during the stage of the contacting wherein phosphorochloridite conversion is from 0% to
90%.

Example 49:

[0141] Example 48 is repeated wherein the phosphorochloridite concentration is between
0.02 and 2.0 moles per liter in the reaction mixture during the stage of the contacting wherein

phosphorochloridite conversion is from 0% to 90%.
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Example 50:

[0142] Example 45 is repeated further comprising controlling the second mole ratio from 1.0

to 1.5 during any stage of the contacting.

Example 51:

[0143] Example 45 is repeated further comprising feeding the bisaryl compound to the
phosphorochloridite at a feed rate between 0.04 and 10 molar equivalents per hour, relative to

total moles of phosphorochloridite undergoing the contacting.

Example 52:

[0144] Example 45 is repeated further comprising feeding the bisaryl compound to the
phosphorochloridite as a bisaryl solution comprising the bisaryl compound and hydrocarbon

solvent.

Example 533:

[0145] Example 52 is repeated wherein the reaction mixture further comprises an upper
liquid surface, the contacting further comprises providing a stirring shaft comprising at least one
impeller attached to the stirring shaft wherein at least one impeller is located below the upper
liquid surface, and the feeding further comprises providing rotational energy to the stirring shaft

to mechanically stir the reaction mixture.

Example 54:

[0146] Example 53 is repeated further comprising feeding the bisaryl solution to the

phosphorochloridite by at least one mixing method selected from the group consisting of,

feeding the bisaryl compound to the reaction mixture above the upper liquid surface by
flowing the bisaryl solution through at least one liquid distributor that disperses the bisaryl

solution over at least a portion of the upper surface;

feeding the bisaryl compound to the reaction mixture above the upper liquid surface by
flowing the bisaryl solution through at least one liquid distributor that disperses the bisaryl
solution over at least a portion of the upper surface and feeding the tertiary organic amine to the

reaction mixture below the upper liquid surface;

feeding the bisaryl compound to the reaction mixture by flowing the bisaryl solution through
at least one feed line that directs the bisaryl solution toward an impeller located below the upper

liquid surface;
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feeding the bisaryl compound to the reaction mixture by flowing the bisaryl solution through
at least one feed line that directs the bisaryl solution toward an impeller located below the upper
liquid surface and feeding the tertiary organic amine to the reaction mixture by flowing the
tertiary organic amine through at least one feed line that directs the tertiary organic amine toward

an impeller located below the upper liquid surface; and

the bisaryl solution further comprises at least a portion of the tertiary organic amine fed to the
reaction mixture and feeding the bisaryl compound to the reaction mixture by flowing the bisaryl
solution, further comprising the tertiary organic amine, through at least one feed line that directs

the bisaryl solution toward an impeller located below the upper liquid surface.
Example 55:
[0147] Example 45 is repeated wherein the bisaryl compound, the tertiary organic amine, or

a combination of the bisaryl compound and the tertiary organic amine, contacting the

phosphorochloridite further comprise a total of from 0 ppm to 300 ppm by weight of water.

Example 56:

[0148] Example 45 is repeated further comprising precipitating a tertiary organic amine
hydrogen chloride salt from the reaction mixture during the contacting.

Example 57:

[0149] Example 45 is repeated further comprising producing at least one phosphorus-
containing co-product in the reaction mixture selected from the group consisting of

P(OR"Y(OR?),, P(OR"),(OR?), P(OR":, P(OR?)3, a compound of Structure VIa, and a compound

of Structure VIb,
@) O
SN N
Q P—OR' Q P—OR
N4 N/
@] 0
Structure Vla Structure VIb
wherein,

less than 30% of the total phosphorus in the reaction mixture is in the form of the at least one

phosphorus-containing co-product produced from the contacting,

[0150] In the foregoing specification, the concepts have been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the invention as set
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forth in the claims below. Accordingly, the specification is to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are intended to be included within the

scope of invention.

[0151] Many aspects and embodiments have been described above and are merely exemplary
and not limiting. After reading this specification, skilled artisans appreciate that other aspects

and embodiments are possible without departing from the scope of the invention.

[0152] Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems, and
any feature(s) that may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential feature of any or all the

claims.

[0153] It is to be appreciated that certain features are, for clarity, described herein in the
context of separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features that are, for brevity, described in the context of a single
embodiment, may also be provided separately or in any sub-combination. Further, reference to

values stated in ranges includes each and every value within that range.
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‘What is claimed is:

1. A method for producing a diphosphite of Structure I,

R'—0 PR
P—0—Q—0—F

2 \ 2

R?—0Q O—R

Structure I

comprising the steps of:

contacting a phosphorochloridite of Structure 1I,

R1—0

\
P—CI

) /

R“—0O
Structure 11

with a bisaryl compound HO-Q-OH selected from the group consisting of Structure III,
Structure I'V, and Structure V,

HO R®
L.

Structure 11T Structure IV Structure V

and a tertiary organic amine, comprising a basic nitrogen atom or a plurality of nitrogen

atoms, to produce a reaction mixture comprising a diphosphite of Structure T;

wherein the contacting step is carried out by at least one contacting method selected from

the group consisting of:

(i). feeding the bisaryl compound to a mixture of phosphorochloridite and tertiary

organic amine, and

- 71 -



What is clainmed is: 1. A method for producing a di phosphite of

Structure I, R1-00-R1 P-0-QO0--P\O R2-0-R2 Structure | conprising

the steps of: contacting a phosphorochloridite of Structure Il, R1-0

P-C R2-0 Structure || with a bisaryl conpound HO Q CH sel ect ed
fromthe group cbEisikeding thsf bigryLetmuraang [and gt tetiiary peganig, angipg either separately
Structure .V’ R4 R4 or as%%nix ul%'e to f%telﬁaﬁgsgpll%l(‘eoch olriﬁgté;uc.t ure |VStructure V
and a tertiary organic am ne, conprisifng a basi ¢ nitrogen atomor a
plurality of nitrogen atons, to produce a reaction m xture conprising
a di phosphianéthefcoBtacting sieeis|carriiderug by contenlbuntha dedding sk that:s carri ed
out by at |east one contacting nmethod selected fromthe group

consi sting offirst mole ratio is at least 2.0 during the contacting step, wherein the first mole ratio is

defined as moles of phosphorochloridite in the reaction mixture divided by the number of

moles of bisaryl compound fed to the reaction mixture, and

a second mole ratio is at least 1.0 during the contacting step, wherein the second mole
ratio is defined as moles of basic nitrogen atoms from the tertiary organic amine fed to the
reaction mixture divided by the number of moles of phosphorochloridite in the reaction

mixture; and

the method is characterized in that the contacting occurs at a temperature from 10°C to
110°C to produce the diphosphite in the reaction mixture with a selectivity between 70%

and 100% from the bisaryl compound;
wherein,

the selectivity equals moles of diphosphite produced in the reaction mixture divided by

total moles of the bisaryl compound contacting the phosphorochloridite;

wherein in Structures I to V,

R! and R? are the same or different, substituted or unsubstituted, monovalent aryl groups;
each of R® , R‘;, RS, R6, R7, RS, Rg, Rm, R! l, and R'? s independently selected from the group
consisting of hydrogen, alkyl, aryl, heteroaryl, aryloxy, heteroaryloxy, alkyloxy,
alkoxyalkyl, acetal, carboaryloxy, carboalkoxy, arylcarbonyl, alkylcarbonyl, oxazole, amine,
amide, nitrile, mercaptyl, and halogenyl groups; and "O-Q-O" is a dianion of the bisaryl

compound; and

wherein the bisaryl compound, the tertiary organic amine, or a combination of the bisaryl
compound and the tertiary organic amine, contacting the phosphorochloridite comprise less
than 300 ppm by weight of water, whereby less than 30% of the total phosphorus in the
reaction mixture is in the form of the at least one phosphorus-containing co-product

produced from the contacting.

[\

The method of Claim 1 wherein the reaction mixture further comprises at least one aromatic

hydrocarbon solvent.



(i). feeding the bisaryl conmpound to a m xture of phosphorochloridite
and tertiary organic amne, and (ii). feeding the bisaryl conpound

and the tertiary organic amne either separately or as a mxture to

the phosphorochloridite; and the contacting step is carried out by _
cont r ol Bi ng’heheethed di rgy pueshdingdtlaim futhef icosprimpiecontplliogitke agcondasle ratio
2.0 during the.con i ng step, rein the first nole ratio is

defined as oF é@ tBh?%%%E%W&%%F\gfﬁ]&ichwfﬁlg H&reaction mixture

di vi ded by the nunber of noles of bisaryl conmpound fed to the

react i od. mDieunethodrnd Claina 3seteardt thel eactadn mixtsreafurthemsdmpri@esdanr ipygr liquid
the contacti r}g stleq;?, wher ei n_}tlhe second nole rati.o. i sid}afi ned. as

mol es of baYiTecenilie RIAFIRE SHEher COMPIRES Raviding § St ignheltcampeisg it dgpst one
the reacti gp Bl dtfaBhall ¥ BRGtRMnd BR:NWHBRSL Qf 1438 &% Bfipeller is located below the
phosphor ochl 8r| dite in the reaction mxture; and the nethod is

char act er i zgden hqiithatirfadee andtheateeding fouber nairisas parvpénatreiagofal energP @ the
to 110C to Pr__oqgtlj%le tthe i hoighg}%i_n .he reaction mxture with a

sel ecti vi t Y IBEEREAH O BESXHEASGHE PF SRR XS yI conpound; wher ei n,

the selectivity equals noles of diphosphite produced in the reaction

m xt ur e 5di Vilgedndtyod oifalClamnd eb Biththecdoisaing featipputhd Ooatyhctelngot hie the
phosphorochloridite: wherein in Structures Ito.V. . and R2 are y
Phe” bane omnampeBin b el les ok asabed Mo RSO ParerY e of
groups; each of le, R4, R5, R6, R7, R8, RO, R o, n

R, and R12 ifedimdhpaideyitdoynpeheed aad kiamnthenge abpvehpsipptd guidfsurface by
hydr ogen, al kyl, aryl, heteroaryl, aryloxy, heteroaryl oxy, alkyloxy,. .

al koxyal kyf%l,ovatz%f@l Disaryl 39084 wgllé*é?(@@atawowzlf Qw?wrﬁéﬁﬁ§Perses the bisaryl
al kyl car bonylioR ka0 feasPlbdlon 8IS mpi liduid Gurpdgr Captyl . and

hal ogenyl gr cl)lulgs; ané a(%@;@dg 0llls al gli,pgni o(ﬁ'l 0 1t € bisaryl conpound;

and wher ei e hi A'l t ryiar i 1 e .
combi nati on reeb e S, coBRBRNRG te ek bl aBL AP LB g Qe by
cont act i ng floveng s kayosihtan tidughco el ae li@ss dishibuid0Batpdispebygs the bisaryl
wei ght of water, whereby |ess than 30% of fthe té:) al . phosphor us in the
reaction miSRIUGPB oper artEeatgh%P@E‘)‘P%"@fhet‘ﬁ’é’elé%uf%aé‘éétl %ﬁ"?@mg the tertiary organic amine to
phosphor us+gont atdi g{tﬁgbngWQtugg%riqold&pgufagam the contacting. 2. The

met hod of aim1 erein the re m xture further conprises at
| east one ar | yar O | vent.. . 3. T t . .
precedi ng C g%%‘#%?@h@%ﬁ%g%{ﬁ? %lﬁl%g%cgltﬁtlﬁe %ﬁ%iofln‘gﬁitﬁ% @gggﬁ’glgram&%éem?%ﬂ (S)Olunon
from 1.0 taububh dutdasigoimnieedtiagahaf ditdee tertigeyl aduttinepwadl Thempeltdrddeated
of Claim3 wherein the reaction m xture further conprises an upper
liquid sur o5t thepgperditsd $1F§es ur t her conprises providing a stirring
shaft conprising at |east one inpeller attached to the stirring shaft
wherein at | dessingofle biagEl remnpeund elieagadivnonixtte Wpperving ggi bisaryl solution
surface, a j ther,co S i di r i .
energy to 9 ﬁrghg'lf i# f?e%g{g&%hge#@ IF‘% t%%tcﬁgegc:tscg I@gagli %h{&ﬂ)él @g‘%ﬁ ?Eg?illnp eller located
m xture. 5.beldvethariphadi@fid Sirfictadd fazdinaahe eongy osdand fre@dinthetrBRtion mixture
bi saryl solution to the_ phosphorochloridite by at | east one mxin .
Erwtertlary

met hod sel é¥tidepingdhs feridary osgapicynyredhiongh ¢f lcast omedaed Hoe thaedipds
conpound t ot L.On. M . i: U1 f by

f1 owi ng thg)rﬁ%}lg%%lgﬁl%tst%ﬁ%fi %EEP E&%ﬁg‘%\(@tﬁ east gﬁg} ﬁléﬂ%?‘%ﬁ %i%’s%ir%?but or

t hat dispers he_bisarvl .selution.ov at. le ortion of the .
upper 11 gt o e prabadtich et PRI 1k 4 B8Rhn 38R bRy StaahUmipe fed
m xt ure abaqyeéhd Rectappeixtlrt gud tedinpftae Bishyl Edapdiag b hiee RhaRnthixture by flowing
solution through at least one liquid distributor that disperses the
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6. The method of any preceding Claim wherein the first mole ratio remains above 2.0
throughout all stages of the contacting step, and wherein the second mole ratio remains

above 1.0 throughout all stages of the contacting step.
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