WO 20101123747PCT/ US2010/ 031192 TI MW SELECTI VE PROCESS FOR PRODUCI NG
ORGANODI PHOSPHI TES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains priority fromU. S. Provisional Applications Serial

Nunber s 61%&%?@” led on April 21, 2009 and 61/171, 2&5#@&@2? 3,
, f s°to

April 21, LD OF THE | NVENTI ON [ 00021The inventi©

S e R L PN e T

adi ponitrile (ADN). ADN is commercially produced via hydrocyanati on
of 1, 3-butadi ene and 3-pentenenitrile (3PN) in the presence of a
catal yst conprising nickel (0) and phosphite |igand. The phosphite

| i gand used commercially is a nono dentate phosphite, such as a
triaryl phosphite, t ﬁélOg%Wl]q BERA BXASATENNSng as
catal yst precursors for the reactions. Although useful, nonodentate
phosphites can result in relatively |ow catalyst activity and

rel ati vepyomi 9hTiak siidkattdNEPHic iy fbR004] ReeRBuAYApplicbné B&aN Numbers
i mprovenentsS in nickel catalyst activity and yield to 3PN and ADN
have beer/¥7d00 fited apAmd i2&ag26éataa¢ %’1’%1,%%@?4 &t Aprindle K% 0) and

bi dent at e phosphites as |igands. Bidentate phosphite |ligands, in

general, contain two phosphong@pTﬁﬁ@Em may formcyclic
ngle transition mataw

chel ate structures with a sing . [ 0005] Bi dent at e

phosphi t[@sez)al SPhd iBFedkibe ekldes B89 pedBBIEPMRL ERfhdsi of Bigansiseb Hiteat i on,
of the general structure (R0)2P(QZO P(OR)2 are of special interest.

Traditionally, such di phosphites may he syn ) y a first
reaction for preparing a BWPQ%%QE%%EW 1, fromthe
reactio PC13 . with ROH jn_the en f.a terti.ar gaiH.6 ;. am ne
Then inn[g&iadbse &3%?%%%eﬁ@e£rﬁug %%nccﬁﬁgg)gllgﬁ*ﬁ%n%h&%( Su h%améﬁ 18

Hdod Z- OH, cofmlyeréiﬁmﬁpm&ﬁdeh vidigdpoosphar atﬂ;ﬂ-gﬁthdibmaeanﬂﬂ—ﬁehen@ﬁ‘e'ﬁ@@em i the
addi tional tertjary. organic, am ne to produce (R0)2 OPLOR) 2.. A
Funct i orBTEIET ! SabPL TS LB PRSP i Ity The DIENTe Ll ted
CO- pr odUsghmrhdiciliPf B alealibie phapSitd, icaus B thRAphabhRd, tHanfodhs Aickdlighal ¥

organi ¢ am ne hydrogen chloride salt. The nature of ROH and HO Z- OH
as wel | espleFes Besvine oy st pissarors S thegesrtioan Aol s liagnadaitittence

the sel %%%é%%%%%&&%%%&@gs&ﬁ%@% R Rl b idufdBhien.

WO 2010/ 031192 [0006] U. S.” Pat ent . 5,235,113 an

WO 96/ 22 fo e O8Em : ch 1
U S. Pat @ﬁ%&ﬂNo. Rg&é@%@ﬁéﬁ%{]@c 0sS esggtgﬁ%%eg&ﬁ?gﬁt%%%‘gﬂy%?g%g?a% ?glﬁl a(I)l(T;1
a di phospbBiNtlevebewtrealizedibpugiN)aRb{sGropREicRE 2ickkD) andbidentate phesphitesand

Ris 3,6:di~t-butyl-2-naphthyl . VO [

mul 11 derbd® gRdeie PRI Mg Wit SPRn AP RSG  BRE gt may
wher e Ar foa @ydlicathela®sbattides vitll a@nglensmbisivn tistabd aryl groups.

[0007] U.S. Patent No. 6,069,267 provides a process for the

pr epar at jogos]of BidanedihpRese alse ffatedbas giphesbhitesfin thiddpacification, of the
(R10) 2P( OZO P(OR1) 2 wherein RlL and Z are, d|fferent s,ug‘%gitu ed. or _.
unsubst i el FRRNOZQBEI neresE sscHsmisest o @ditiguady. fu¢hdinhggphites

X " T . e 0
exanp! o Laf bEBRIEBEDS) 4 irsteal R o L R O e o o
pr ocess wacpinefiPC}s. wiflOROH] ithe3Be4n@ T 28O tiaty ougadivsuning cBhen ips sbegmerttor

i . | 1. d, m xt S bi d h hite... .
Pl Gands " Sedtiies S wst O STkl e o R DBt B b G o5 wBy PR e
first repgbdnedoPidaiieail terGioRirimiddnibEirBGice (RO),B(OEMPEDRY, U A @ioneethe

about -25C and about +35C with_ about one hal f nol ar equival ent of

1- 10- Z- CiSTiiagy PrEanis padnse o nsutralize dheglRl co-pradust iy ket rppoticnstegs thgpugh the
there is A siopl e, a ch'}{)%- ' Z-
cli phospﬁoﬁltnggﬁg?%t%rgv rc rre(?%%% P%‘rﬁr-é&%a ent |d??%ge?%%faﬁg%§re éﬁlgﬁgezs OH
SUMVARY  @FwilHEs thuNitoohchdaed i T rpactioe siep imay arituenss the spldctivty ta desired

products, (RO),PCl and (RO);P(OZO)P(OR);.
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Rl -ap-R1L P-0-Q0-P \O R2-0-R2 Structure | conprising the steps of:
contacting a phosphorochloridite of Structure Il, RI-0 P-C1 R2-0
Structure Il WD 2010/ 123747PCM52010/ 031192 with a bisaryl conpound
selected fromthe group consisting of Structure Il1l, Structure IV,
and Struct we2010/1237484 Structure V and a tertiary orPeRUL0EM3NO?
conpri si (06 baﬁ&miehrmesmsau@mm $4/2098R, foyexamplel ﬁm@gaemheastyﬁmﬁsxs o
produce g, IIO tur a di sp e of Str

na at 1 Babiorbis” Brd bient Se S hmuaS AR Rt bF pepHaldusledippptie
m xture sediRefuldR @?P yﬁh@r@mss hag1 ofd PEOR-008RxA, 2 naphthyl. WO
P(OR1)2(OR2 P(CE? @%? , a co boﬂ%h of Structure V'aP aﬁd
conpound @? S8 disclogesesyntheses m@@ﬂ@?\tﬂt@hqsp@afqnp fihe&HPO Structure

Vi as”uch!&gnz(gctm A%%erc? ) dFoRs Eﬁtﬂ&d%%%&uﬁs‘ﬁnﬁ@cfirgeg%@'ét by at

| east on ect ed omthe group consisting of,

feeding igrp S%fy'pa&gmg%g%gbgv Btk Bl iARSRBREARRler | di te and

tertlary nirc amne
organodiphosphites of the general formula (R'O),P(OZO)P(OR"), wherein R' and Z are different

substitited or unsubstituted aryl groups

[0008] WO 2004/050588 discloses that low temperature and viscosity of the product mixture
below 0°C, for example between 0°C and —20°C, add significantly to operating cost and process

complexity.

[0009] WO 2004/091780 alse describes a process for preparing a crude ligand mixture
comprising bidentate phosphite ligands of the structural formula (R'0),P(OZ0)P(ORY); by
contacting a fivst reaction product, comprising (R*O)PCI, at a temperature between about

—25°C and about +35°C with about one half molar equivalent of HO-Z-OH in the presence of an

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 Strocture I,

R'—0 0—R!
\ /
P—O—Q——O——P\
R2—0 0—R?
Stracture [

comprising the steps of:

contacting a phosphorochloridite of Structure II,

Structure I



(ii). feeding the bisaryl conpound and the tertiary organic am ne

separately or as a mxture to the phosphorochloridite; and the

contacting step is carried out by controlling the feeding such that a

first nol e\xfcf'ieﬁ&.%ﬂat | east 2.0 during the contacting St&
no

. . . B If55 "
the first . i I hade
the reacti onvginﬂ%( J%%yl&?’ elgg‘geﬂéf%%cﬁg es tg?g%?%g%%%%%uuﬁ éﬂ tﬁgét?tﬁew ’
reacti on matdifiteacture V.and the contacting step is carried out by
controlling the feeding such that a secpnd nole ratio is at least 1.0
during all stages of the contacti ngRst ¢p, Wherein the second nol e
ratio is defined as_pmoles of bagic Al LAQIR
organic amne fed t9 the reaction
phosphor ochl ori d¥¥ e~ PRt he reactiOAT

-3

is

one control netRSd™§ele griougsreonsi sti ng of ,“{(i yoH
controlling the {)eei nﬁssuch that ydie flirst nphe ratiggisifrom2.1 to
2.7 during the s 6f the contacti Ng ¥l n phosphor o origi te
conversion is frQaQe%and 100% anq i ]
such that a pho%ho oc%l oridite cofcentfratlion'is great®r tthan or

equal to 0.02 nol esRber liter in the raActR?on m xture durR‘hg t he
stage of the contacting wherein phosphorochloridite conversion is
from0%to 90% Sohetwed]I |ess thdlir@devedV t he total PlmodptoYus in
the reaction mxture is in the formof the at |east one

phosphor us- camtlaitertisrg oegajprancog Comphidnged basicmitSigen etour @s floralify ofndrogne
at | east one phosphqrus-containing co-product, Rl.and, R2 are the, sane
I b A R e T
ap, Rs, Rs,piRéphomiss-coffinikd &-prbiuct ndle rebdticanin®d sdf¥tdd@rdnSthe group consisting
independent]f selected fromthe g’rou consj sting of hydrogen, alkyl,
aryl | het or SRORERIL SLORHORD) BE0R Do RIOR b4 PBRGUCHIRGATIYHR, and 2
acetal , car%g;o\gh@gy 098], kKoxy, aryl carbonyl, al kyl carbonyl,

oxazol e, am ne, am dge, nitril’e, mercaptyl, and hal ogenyl groups; and
"0-Q0- is a dianion of theybisaryl, wherein the bigaryl conpound,

the tertiary organic am ng; Qr a conbination of t e \gi saryl conpound
and the tertiary organi c@am ne;—@Rit acting the ghosp OR%oridite
further conprises a total Nof/from0 ppmto 300 ppi wei ght of

wat er. [0012] Anot her aspect@of the invention is t h& met hod wher ei n
the reaction mxture further conprises at |east one aronatic

hydr ocar bon sol vent. [001¥ruHBreYsphor ochl ori di t¥EEHES®i on in this
met hod and subsequent aspects is defined as 100% nmultiplied by a

total nol eswb?felﬁhosphorochl oridite in the reaction mxture at the
stage of the contacting divided by a total noles, of

phosphor ochl otbp gentecting slep toiaripdonebix s heagicane santpgting peethadispigeted from the

[ 0014] For e e stage of the contacting wherein
phosphorochth'ﬁ?cki(:?atsleS C%Eﬁi?/ersi onis from0%to 90% the feeding is

controlled in contrgl .. j ol :
T concent r afyortorAg e Spah it d { At BE RN hd iy
to 0.03 nol es per |dorgatic athine, sdanpl e is greater than or equal to 0.04
nol es per liter, for exanple is greater than or equal to 0.05 noles
per liter. [001%fy-ofecdi@implbiaryl Bomﬂ%?tﬁndhﬁ@&eﬁrﬁirbergaﬁﬁtaﬁﬁﬁd RPariBR oL b
phosphorochloridite conversion is fromQ%to 90% the feeding is
control l ed i n cont r@Xetnda phesphorechleridifat a phosphorochloridite
concentration in the reaction mxture is from0.02 to 2.0 noles

nom; ) . per
liter. [0016]duddhe eandiichipe geels cenied bt oenkolling thederdingrsheh thetrpefitstanelaeptio

| fio _ . ) . .
"ol "2l et dalink ulruiid 08 AR 98Pl s QIR s o
nol e rati o phoshhavthloiitedn theveattion mixtale|divddsadysndaés dffvisanyd odmagdund gd to the

reaction mixture,




[ 0018] The bi saryl conpound can optionally be fed to the
phosphorochloridite as a bisaryl solution conprising the bisaryl
conpound and hydrocarbon solvent. [0019] I n one enbodi nent, the
reaction m xture further conprises an upper |iquid surface, the
contacting further conprises providing a stirring shaft conprising at
| east one inpeller attached to the stirring shaf erein at | east
one inpel | er "’P’éiW%ioéfaéﬁnﬂfé‘?ﬂﬁlcfﬁégB‘b‘&@rcoP‘i‘%{}P%'%%%ﬁ“\Ag‘éé?ChéHﬂ atsﬁ%?n% II.IOIG
feedi ng furifghs GOMRN 1.6 8y MetAbNEr thObHdcARB ke Wefkin the sécBBd Slold Tatid1g
shaft to nechanically stir the reaction mxture. [0020] The bisaryl
sol uti on cadefined pomales 9f hrsicinitepgen atos BB BEEY RTESRicEMiRe T8¢ toythe Feagiign
one m xi ng nE . t E‘f@ﬂ QNS St .

f eedi ng theﬂﬁ%@g%ﬁ(@%@ I%%%{jg to %Fﬁgrog@gg{ﬁf%ﬁ%n% I%‘Itidlglrlagng %{/e’eal%%e upper
liquid surfacg by .fl.ow.n h i Sal ' t.

liquid distriBetki Hsa‘fhﬁg“uc{seﬁ‘g‘?‘g%s e %?Jé%ﬁdﬁ%é’o‘?%‘?ﬁl‘!‘gﬁ“gﬁ\)’e%&%?‘t“f“ggg?m
a portion ofnetHag selpp&d frim g glogldchsistig of, feedi ng the bisaryl
conmpound to the reaction m xture above the upper liquid surface by

fl owi ng the bi saydong6lling eMeddifpaugtithat the €as moteneatid isdtond?2.dits 2.7 idhtitgthe
t hat di sperses the bisaryl solution over at Iealit (ﬁ portiqon of th
upper surface and f&&%iohdheqeatacing vhgrsin ghesrhpreciipridiie copversien s &om TUR
m xture bel ow the upperobd- g d surface; feedi ng the bisaryl
conpound to the reaction mxture by flow ng the bisaryl solution
through at |east; |08 \REh fal SHERPEREHRIRAE ¥bncSRitdtioh Ygreat
toward an i npel l(gféﬁ%gé%?%&lebfgﬁé%@%e &ppgr Pi qui d‘surfaI::e; ] Wegreater
feedi ng the bi saryl theoopeymabtotid2t theles peaditar dmthairsectieremixpure Peigibe stage of
bi saryl solution through at |east one fe | i 7 . dj. )

bi saryl sol ution to%ﬁr"gmﬁaﬁ% St Héghcfsglcl:%gée%orbdggSév%hsé&ul%)%g%ﬁ% gbﬁ?oc?’ :
surface and feeding the tertiary organic amne to the reaction

m xture by f“ththg the tertiary organic am ne through at |east one
feed |ine thalesdliha®Gd% of iR tb@aY pHosphonarig drireaciinn méxtinewaindhaford wp telacleast
| ocat ed bel ow the upper |iquid surface; and t he bisaryl

sol ution f uPRfBROSERAFET-FLAnIgE c9-BdPCty portion of the tertiary organic
amne fed to the reaction _m xture and feedi he bisaryl co und to
e eact i oA B Gy 50 L sy P S e e aFotoe:
conprising the tertiary organi ¢ anm ne, thrqugh at |l east one feed Jine
that direct Rt#d Bjag il Sa%l%tql%ﬁeﬁtowt&“ﬁa C}gﬁﬁﬂiﬁl’ﬁt&fﬂe 0‘88?%’5&8%%%\?5‘“95’
the upper |ige gk BURF ager’ ROORLR® [10032] AR ek iiep@@tntBfseleb@d from the group

invention is the method further conprising precipitating a terti az;li)éﬂ
organi c ami rRentistihzogén brdipean, dalkglal ervk.r SaerRELlr eBdPTon MRPIRTIEYd R HES:
the contact lQ&XFL&%§Je@ﬂ%m%&y%§g?&}boaﬁ<okgggn&y@dm QkylcirbbRA, SBLAEhmine,

further conprisrng pertormng-t cont act at a"tenperature of the
reaction ni xdmide firdenmi@@ptd, 4kDIGlogedP2apupsnanhe®-Opeca dighiopd the bisaryl,

invention is_the nethod wherein. the diphaosphite . ro ) :
reaction m x‘f’fﬁl n\rﬁet H‘S y]s‘éqnétt’:oflp%tp?/t%%%;\é’ggmf ogéicf’?fo%&% rg%gtogug]% bisary!
bi saryl conpeiidund\h@d ehd, tetiing selagiet iniiney cemaaing tiel sispiorochloridite further
di phosphite produced in the reactigon mxture divided by total noles
of the bi sargﬂm%ﬁsp?o@%%%?ﬁl&@m@3998%#55%&‘8@%%dite. [0025] I n

one e nbOdi(}ﬁtTﬂt Ofsnber dsg&?éi? B thQ thvehtith it tHeShe B Phdidh R r@:a%tiﬂ@ﬁ:x’fb@t%ie F@¢her

at greater an 2.0 In stages of the contacting step and the
second notamprisas 4tdeassongaiomatic hydrosarbey sditeat: than 1.0 in all stages of
the contacting step. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0026] The

di scl osed[0823hod The pladsplsorbechleridite nphwersordin g iiethod ehdeitbsammensraspestsss fadmed

produci ng bj tate .diphosphites of Structure.l .conprising.the o
01 “cont act A RBLEh B OB c1er cf Enspher ¥ BFRGH:Eh inE a7 St o
conpound gglceghatheldinged e Bt0HR1E eNphdbhdreehtdridie nbddrgoig the bontacting by the

Structure IV, and Structure V, and a tertiary organic am ne,
method.

[0014]  For example, in the stage of the contacting wherein phosphorochloridite conversion is

from 0% to 90%, the feeding is controlled in control method (iv) such that a phosphorochloridite
-4



wherein each of le, R4, Rs, R6, R7, Rs, R9, Rio, Rll, and K-12 is

i ndependently selected fromthe group consisting of hydrogen, alkyl,
aryl, heteroaryl, aryloxy, heteroaryloxy, alkyloxy, alkoxyal kyl,
acetal , carboaryl oxy, carboal koxy, arylcarbonyl, alkylcarbonyl,

oxazol e, amne, amde, nitrile, nercaptyl, and halogen | groups; and
-0-Q 0- ¢(§1C@E1t@ﬁamﬂd~he mcmmmamﬂemmlmdquatm%& b per liternfos example

Yo cis o e ek Pafly Qoel e RSB AR [ B e

br anchedperaitet. cycllc C to Cl18 al kyloxy; linear and branched C2 to
C18 al koxyal kyl ; substituted or unsubstituted YO Cig cyclic
acet al s; [08L8st | Fot edmpie, imnbel ltagd dfuhechbn@GétitOwhdSinphodpharoyhlodyite donnasitn is

branched, and, cycljc YO Ci 8 oal kox tituted or .
unsubst i @81[‘12)%7 @%quﬁ ﬂ&LC%C‘HPW&&? f C%‘ESP}I%%QS h%“éE%B’f a phosphorochloridite
unsubst i faHcetratidn TS AR c@ddnixaRE R 0. oh@&%]xﬁdinestﬂa@h{et rst step of the
general i zed reaction schene, one equival ent of the

phosphor getépr i dint Eeeli %%ié?fcb&{ Be ddnlroll QBGER th B s@oRd ﬁf?aié’r'an&f%%ﬂ&'[‘@ to 15
HO Q 011 (an abbreviated tormof Structures I, 1V, dV) to give a
monophos fiingeany mtage ﬁ%thf: aemEaqtisg stapt E@r@anpie the fagiling s @ntreﬂctd wicly that the
organi c ?e%&?rnofé s%r'o%l bflg Id&nr(rl;%aﬂ ey oiaﬁ'le con ctmlg;%{eur ality of

nltrogen SUC r| of gandam neeor a ter gTOI’TB.tI C

"eact] onlWE7E e TOHBEHD T bbb Prhe

monophos aintih&ousﬂir@lhmmﬁiraoﬁsﬁhﬁruﬁi atrafratdlshfficRnt fohmmit &bfchﬁen&a&mbf a
internol ecularly wi.th one nore equiyval ent of phosphorochloridite to

gi ve t henﬁégﬁhoganimnaﬁl&eﬁm’fw SesetiarcY Linghg jeactin migtuge, Apqiags pspect of the
i ntranol gedfm lyufeqnda&da%ﬁﬁeﬂcbﬁ SYR d;; fedihf HRNEARAIRDAS MM 1e0- Pr oduct

of Structure VII, which is ref erre to 1h this 'specification as the
cycl oph oB@iph@ocmmﬂz@m fepd zate her@Ten B0H 4l TRmalgpeqRivalRis-1or hour pelgfiveo

e e

reactlon he

cach of 10181 C IRRABRESARA G L GRS PRSP RIS R, R Bl
fromthe scpihkuspdrmr;mxshngcbha wsarg. compomretsandmlydmearbmpstoétem.

phosphorochl oridite conversions, the aryl alcohol may react with

anot her eMuPyal dmbn@émlpﬂmmahmﬂabm wixtuee futhgi aomnpirises amaipperi lquid surface,
triorgan hos the co uct of tructure VI.I1, which %s referr d to

in this SFeeh Fé‘%%ﬁa&g“?ﬂ%@sﬂ?"b B P AITAE SHAll OmPRTPgAb at gpejmpelie:

react i onagichtde tHOREARS S Wikrdif bl 488 Shedineilésr it fdSe@balb@ gk | 515]_1c91fld
both the bisaryl conpound and t he phosphorochlorjdite neede for

di phosphF€acss Bd s feeHng Ruthpripeprisey RreYiHipg rotationabenergy taithsribigng shaft

from t he JRl.gaf v QRO @SmAnfresul t of the production of
triorganophosphlyes of Structures VIl and VIII. Cenerally, nore stain

bul 'k in gapobi s Sf Hélbéﬁ.f}rgg&gﬁ%g ﬁi}%ﬁ%@%ﬁlﬁr@? g(lédt%g %ﬂﬂgﬁéﬁo?och%dﬁgﬁp at 188t one

bi saryl conpoun S 1n greater
anount s mﬁﬁMgmuﬂgdnebunéﬁhnUhegmMppmwubngof[0029]It is to be noted,

in the case where and le are not. the same, R1011 or R20H may he

[ ost from ¢ he NSRRI Sl e BB DE s G PO fapgurtace by
i ntranmol ermligg the BRET haticaBrobius 1eReode/IRRIEdidttibabe@RisperYs e biRkeH
or R2011, or a mixture of both. Likew se, the cyclophospbite of

St r uct ur €0l Yy atlsatt aipartion obfee upperdUCRITART: et y as drawn i n
Structures Vilg
S ructur oo e by Byrl BT R ROM e o ot

( R10) 2PClilosnuig @R@B}@P@mutlcuﬁbromgh pespoid lejunbdigtribatucthst difpeSes the bisaryl

P(D1Le) o{ GRBJO PYoRd e Bptieo s e Wi o0Ro T PSSt 6 ks mins o e

reactlon mixture below the upper liquid surface;




[ \/\ QP-OR10 P-OR2 00 Structure VitaStructure VIII) [0030] The

i nventi on does not depend upon the nmethod for the synthesis of the
phosphorochloridite, which are known in the art. Phosphorochloridites
may be synthesized by stepw se reaction of PC13 with aryl al cohols,
1110H and R2CH, in the presence of a suitable organic base to first

prepare a ph%g;{g@% @4 bﬁQx‘yPEdn%chﬁd td B¢ reRXRIRhiR ok SIPIRGHZ xheflﬁslabcn\sadudﬁy

further reacti prepare the phosphorochloridite, for exanp

( RLO) ( RoGydREh at Ikt ohe Plest h@qﬁletscbmré ehethisesy] galutpn (QFeidae @Peﬂes@%%& pelaw
synt heseél fBEé_FFQ% Rhgrechloridites of Structure 11 are disclosed, for
exanpl e, icati on WO 2004/ 050588. [0031] Schene Et shows a
general i zed rfeahhgthabsaai‘yénm;ﬁcmmd hytdie odagtéinsmigfure hpflowing the bisaryl solution

Phe phospFBieBen ety 42 i mpEter R i tondr b b R St AR Rl
to gener al@pp&iluR sRITAGRRA TedmG IRy @ithlNe s mﬁmld@theﬁtatmmimrxmm bXflawhg

X), phosphorous acid, H3PO3, and aryl al coho g g_&t fromthe
phosphor Befitraiydrgagic appas ISP RbleaT RRGIcPdIRG ﬁ’d{}’ egl &5 AR ORI T AR

initial Hsufeel giam a
phosphor %@%‘?‘%@Pﬁé@e@& Oﬁ%{hgﬁp 1% St rﬁct Sre Xl), also referred to
in this speci ﬂn@&Hyosolmtsorﬂ?fmcr[comgﬁieBm least & poiien bthe Eriiqry opggaic g fed

where 12.1 and R2 ar not

hyar ol y S ICTB e Bt e sHonh IR hPoL ey ML oS by b ingdhe
aryl al cohaly] ggnemhateder @ndgingitid et cﬁganmmde afroftlr meaw@eX¢edmy that
be 12. 10H or R2ZOH, or a ni xture of hot ég;{ow%)ethe aCl

phosphor @!sfﬂ@‘o%é?isﬁw%&ﬂk%%&yﬁf& agfmpglier YRS U %lﬁfafﬁ?l or

an OR2 noi ety and may be a mi xture of conpounds.

2010/ 12370023 %/Irl US2010/ 031192 0 R1-0'+ H20RLO, + H20| i+ H20 P-C
-)...P-OH -0.-, RONr H3P03 R2-0- HCI R2-0- RI OHR20 ' .Eto

P-Cl 11 RAORIR: chnatisr rapept oty inyensipn Schemehed f‘[ré’ﬁé%f]%}fﬁgﬁ’éf‘&f% ngd

phosphor Q&HL:& pé‘t{ﬁ{réée%hloﬁﬁé EASRS tHeHackiBh FAfTBlc@aHh@Mhe LOREIINGN
rate for conver: on 0 rmnophosphlte internediate to

cycl ophoigﬁgﬁ ﬁ%% L/é}ﬁifoh\!é fhY refholl g ufiesdrhgl i} fetfosmAg the
decr ease horoc or| dite concentration, the rate for
conver si montatnngmammmspﬁtheeeacmlemﬂé@w&o@l i(bcdpéh‘ogohl te is

i ncrease red to LiteB0 Sroduced in th
Furt her N&ngﬁpd% X asspoigt{})t??hgﬁgv@?%lrsqu%hﬁ?%ﬁg %lggeor Pty fcﬁ)i;0 \L/l\(/:éqt é? ©
cont ami na&a@lonaﬁfkummLﬂeqsmmmy)bmeanoﬂ)%ﬁnChmO&r from the blsaryl compound, wherein,

528:2? ?;u P ﬁ%i?c%?f%}rfl Ign Sépg$%§n }?%8% c%r!a éedaifxtthe ac(fl%b Mtﬁ{esdn;ﬁéd G)htﬁtal

concent r ajbRPofhe bREYIERGINAS Politdcting ﬂie@hogﬁoﬁat:monmtd he r eact | on
m xture is necessary to achi eve naxi rmm%le ec tl#orf% to the d
&

di phosphi K8251Li nin eiggmbrdimcahelcht IRyeqtoR. Bp ffsh 2o deéaﬁ?fﬁjflg & dréfer than

| nt er med 2% bl mi'sta 8 fﬂl@%oht%hn%‘s&b%@Me%e@nﬁ%cﬂa:m&@%ailﬁmhddﬁt greategthan 1.0
formation ucts such as the cycl ophosphite, the

tri phosphutaé],st@asjoﬁibﬂmmmaﬁtspt hereof. [0034] Wi |l e obt ai ni ng high
selectivities to the diphosphites of Structure I, the present

i nvention provides a e
limtations, |dent|f|g§$ ‘Q%‘@D%jstent S{éﬁggg?%? gtrl;gog\l)

2004/ 0505§§h26]  The disclosed method relates to 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 IV, 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 . Scheme I shows a generalized reaction scheme for the process, including a
monophosphite intermediate of Structure VI and monodentate triorganophosphite co-products,

both cyclic and acyclic, of Structures VII and VI, respectively. In the Structures herein, R' and
-6-



[ 0035] The present invention provides a nmethod for producing a

di phosphite of Structure I, R1-0,0 -R1 P-0-Q0-F \O R2-0-R2
Structure I -10- WD 2010/123747PcruS2016/ 01192 conprising the steps
of : contacting a phosphorochloridite of Structure Il, R1-0 P-Cl R2-0
Structure, I with a bisaryl conpound sel ected fron1the group

consi st i RjarotheSemeet differdnt, IspbsBtutestermnenbstituted dogivaleot arylegratps Rr exRnple,
Structur LiL@ary 9 Nk C n1ne r|s basi

o 1 ogentirdhied P ARyButiibd bt R AR caficRhy, SRR T 2205,
m xt ure bmmm&mmumgthGWQhﬁSphymEWQteﬁmmw@@umaahnsmhere|n, t he
contacting is done by at |east one contacting nethod selected from
the group consisting of, (i). feedipg tdte bisaryl conpound to a

m xture of phosphorochlmdite and tgrtijary_organic amne, and (ii).
feeding the bisaryl ggonpound and® ERGrdry organi c am nge eit her
separately or as A %#re to the R rochloridite;

contacting is don- 3
nole ratio is at_d®ask 2.0 during alRf? stages of the ca
wherein the flrs? dl e PHtio i s defined| ask¥ol es of
phosphor ochl ori diote2pRPhe reacti ofOwg a. dirlt ded byHO
bi saryl conpound fE ' and as
ratio is at | easg® [

.
Ccllon

diring al

fromthe tertiary organic amne fed to ‘heRreaction mixturé divided
by nol es of phosphateeillori dite in tShectoed®t i on m xt ur eStructure V

wherein each of R>, R*, R, R%, R7, R?, Rg, Rm, R 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 "O-Q-O" is a dianion of the bisaryl
compound. For example, linear, branched, and cyclic C; to C;z alkyl; substituted or
unsubstituted Cs to Cyg aryl; substituted or unsubstituted Cs to C;s aryloxy; linear, branched, and
cyclic Cy to Cyg alkyloxy; linear and branched C, to Cyg alkoxyalkyl; substituted or unsubstituted
C; to Cyg cyclic acetals; substituted or unsubstituted Cy to Cyg carboaryloxy; linear, branched,
and cyclic C; to Ci5 carboalkoxy; substituted or unsubstituted C5 to Cyg arylcarbonyl; and
substituted or unsubstituted C, to C,g alkylcarbonyl.

[0027] In the first step of the generalized reaction scheme, one equivalent of the
phosphorochloridite (Structare II) reacts with a bisaryl compound HO-Q-OH (an abbreviated
form of Structures I, IV, and V) to give a monophosphite intermediate (Structure VI). A
suitable tertiary organic amine, comprising a basic nitrogen atom or a plurality of nitrogen atoms,
such as a triorganoamine or a tertiary aromatic amine, is present to neutralize the acid (HCI)
formed from the reaction of the phosphorochloridite with the bisaryl compound. The
monopbosphite intermediate (Structure VI) can then either react intermolecularly with one more
equivalent of phosphorochloridite to give the desired diphosphite (Structure I), or it can react
intramolecularly to produce the cyclic triorganophosphite co-product of Structure VII, which is
referred to in this specification as the cyclophosphite.



and the nethod is characterized in that the contacting occurs at a
tenperature from 10C to 110C to produce the di phosphite in the
reaction mxture wwth a selectivity between 70% and 100% from t he

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

di phosphi t evpzaadused i n the reaction m xture divided byP@musp10/H8118%
of the bisaryl conpound contacting the phosphorrthioridite; and
wherein in Shructures Ito V, R and R2 are the saneMor cgi féerg t,
substituted oP—tRkubstit it QmPdvalent aryl group;F;"'_e ch¥of Q{% R4,
Rs, R5, RZ-ds, RO, Rio, Rri, and K-12 is indegsngently selected
fromthe grouh) consi sting of hydrogen, alkyl, aryl, heterqaryl,

aryl oxy, heteloaryl oxy, allkiM:8R¢V al koxyal kyl, acetal, cafboaryl oxy,
car boal koxy, aryl carbonyl, al kyl carbonyl, oxazol e, am ne, am de,
nitrile, nmercaptyl, and hal ogenyl groups; d -0-Q0 is ajdianion of
t he bisaryl conmpound. [0036] Exanples of tértiary organic am nes
conprising a $ingle basic nitrog‘g;eﬁ atommay be a (R)(R') (R R
conmpound wher ¢i , gtz l_la?_d a arg. igjependently sel ect ed from\phem
group consi stigng of Cl "3 Cl0 a yl/ an to C10 aryl ragi cags, /may
be a tertiary{aromatic am ne conpgund, for exanple pyridi pe, R6TGray
be conbi nations of tertiary organic am nes conprising a single bagic
nitrogen atom Tertiary organic aniMés conprising a plurafity of
basic nitrogen atons nean that all basic nitro en atons of the ]
tertiary organic amne contain no N-H bonds. A npl e of such ?O_R
tertiary ' ine is NN,N ,N -tetranet hyl et hyLengdi am

[ 0037] Con?ﬁalg)ﬁahél‘g)g} hods (i) and (ii) may be perfor/madéi nagne_%?-_ghtch,z
continuous flow, or a combination of seni-batcR?*afd continuous fl@wR
nodes. For exainpl e, feeding the bisaryl conpound continuodsly or

di scontinuously to a stirred vessel g%rrglregfnl ng the

phosphorochl oridite and tertiary orgafft® i ne. For exanple, feeding
t he bisaryl conmpound continuous|y qr discontinuqusly to a tubul ar
reactor dHRSHi siTAg Em %ﬁ@aq‘qoa\;g?gqe mPHoPLASHES IBtF“:%‘/q‘Féa?e Brotites ot
phosphor achl gL irdhdnSratbybBphdsphive AR kR0 RFOH, @03 8fidihaciora e
"stage of ‘the contacting” Tor the chem cal reaction o thléﬁgﬁ%a&&?l

has its whesphonesldenidits. vikidesethan gemplaemhespherosyerdie cORETHeH
when al | iy ess GAAGAL mif R REAAGRIAIAE 1o Brofb Yyche ERREAGhGRIe

tertiary organi ¢ am ne, nt o _con_tact.an_ I na stae IS
when t he cogamduicionf Stmctieer Villly sdisl is febarred saimshie spaeifisatien 28 the wpkasplete. (Tyis

the reaction nixture to ar at i ar Vi i i .
o ac ki o S FROA BB PAALE: 1, Dby
equal to dohpommd £a tefphphdepkbibdaid wedsl oediphosphies preductioromdidwenselectivities
di vi ded by nol es of hisaryl, coppound fed to.t reactj.on m.xture .

bt ai - hityFegiameaag eREbS b Moo § atp et of idleBrosbhites
cont act i Ng gkSciftes YIORNSTRY FRAENP nhdrd gtedidiBulk inltBe bisdA compound, the
2010/ 123747PCT/ US2010/ 031192 f eedi ng during all_ stages of_.the

cont act i rhosphorpchlosidite, bebath thotbiseril eorppaung andsthg phospherpeijoridifgresyitpin greater
nmol ar equj val ent-s. of rQc idite in the reaction m xture, the

formati onan%{}“n%roltfg}og%aﬁg °§€%ﬁei°t8§ﬂ{’:d§{°%‘r oducts can increase which

decr eases selectivity.t.o.th L ed di i i n
tage of URBlcont B phEbEH Rt SsiaRet B iF A S ol 100 may be
exanpl e bRivReNHEA%nantthsAIiR Yntetriegdinges ofSeuemtd Vi ihitlesintramelbeila esictieg and thus

di ph hi t I hi db trolli t f.eedi h.t hat
h 1§t baBpeashipgol Fehoe RUSh opitiOR or s TR Bl JPRaP e Re G o Ete
conver si Oﬁﬁ’}t@‘r‘ﬁ?‘ﬁ% Yg?xgaﬁﬁt%&%(ﬁﬁ"! JriaRIORE GhdPty 8 &R in SRlcABesVITa and VIIb.,

phosphor o e reaction mxture at t he stage of the
cont act i nBurthenhateshiyid shetphipshorrshlesditt, (R RISV RRGeratde piiebet dsrdaryés ng

the contaghiog by, § BeoIBED IS wb QM. 1SS HERRE sHRfe RAnAy R 88 bR
fhe group consisting of POR')(OR%)z, P(OR'),(OR?), P(OR");, P(OR)s.
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WO 2010/ 123747PCT/ US2010/ 031192 Table 1. Suitabl e Tenperature Ranges

for the

Contacting Step of the Di scl osedMet hod. Tenperature Range

Tenperature Range 10 to 110C 10C to a boiling point of the reaction

m xture
m xture
m xture
m Xt ure
m xture
m xture
m xture
m Xt ure
m xture (
m xture
m xture
wher ei n

(1 _at 15 to 110C 15C to a boiling point of the reaction
(1R YEF¥0 110C 20C to a boiling point of thBCHERLYIHO?
(1 atm 25t010 25C to a boiling poi of the reaction
(1 atm 30 t 0 9 a boiling pafnt gf reaction
(1 atm) 35t 5%#0 a boiling p & /o tcﬂ?reaetion
(1 atm 40t01 40C to a boiling po:\@ of the reaction
(1 atm) 45 to 110C 45C to a boiling point of _the reaction
(1 atm 50 to BEodusidla o a boiling poftiectEe e reaction

1 atm to 110C 55C to a boiling point of the reactlon
[@QS(Ht rr) Tmn’mum d@smtﬁqpen@um@a mgthpfbfm thegntberds efdbect i o

ﬁ.«, (ﬁ‘f; A @059194%&%0&&@&{@&1%9%éupfphs&%of&ﬁﬁﬂ&ﬁe%%ﬁets%&m 8¢

rig occurs at on
stepwise reaction of PCl3 with aryl alcohols, R'OH and R*OH, in the presence of a suitable

organic base to first prepare a phosphorodichloridite, for example (R0)PCly, followed by further
reaction to prepare the phosphorochloridite, for example (R'OYR*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.

[6031] 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
compounds (Structures IX and X)), phosphorous acid, H3POs, and aryl aleohol originating from
the phosphorochloridite. The phosphorochloridite may also react with the initial hydrolysis
product (Structure IX) to form a phosphorus-containing acid anhydride (Structure XT), also
referred to in this specification as POP,

[0032] It is to be noted, in the case where R’ and R? are not the same, R!OH or R°OH may be
lost during hydrolysis of the acidic compound of structure IX, and thus the free aryl alcohol
generated, along with the compound of Structure X, may be R*OH or R*0H, or a mixture of
both. Likewise, the acidic phosphorus-containing compound of Structure X may contain an, OR!

or an OR* moiety and may be a mixture of compounds.



nore tenperature ranges of Table 1 to produce the di phosphite in the
reaction mxture with a selectivity between 75% and 100% from t he

bi saryl conpound, for exanple between 80% and 100% from t he bi saryl
conpound, for exanple between 85% and 100% from the bi saryl conpound,
for exanpl e¢datinesnr790% and 100% from t he bi saryl conporowhis2010/031192

[ 0044] Anot her aspect of the jnvention is the nethodwherein the
reacti onF«‘ﬂiQture f uHpher co?lin ses at +lHe@st one ar ¢mati cthiydr ocar bon
sol vent. ThePaCbnmatic—hydr ocar Po®Hol VE'n't"‘nayB?e,sB\Obbt et~ T7om t HePO;
group coR&@ting of HEH to @BCar omat i cRigHir ocRFBonsy The RROHMAL C
hydr ocar bon sol vent nmay be selected fromthe group consisting of
aromati ¢ hydgocarbons whose bo ing point is betwen 70C and 145C at
at nospheri c pressure. [0045] Anot her aspect of the invention is the
met hod further conprising contfolling the feeding such that a
phosphorochl oridite concentratijongispgreater than or equal to 0.02
nol es per liter in the reaction mxtqg_ecpur'ng the stage of the

cont acti ng wherein phosphorochljorj gl_{ére conversion is from0%to 90%
Agai n, the phosphorochloriditejco sion is defined as 100%

mul tiplied by a total noles of yphosphorochloridite in the reaction

m xture at the stage of the contacting divided by a total noles of
phosphorocl al oridite ungirfgoi ng the C?%ﬂ‘ acting by the -14- WO

2010/ 123747PCT/ US2010/ 031192 nef-hod. ot her aspect of the invention
is the method of the preyi dUs aspecﬁ wherein the phosphorochloridite
concentration is betweeR*® 02 and 2. R%I es per liter in the reaction
m xture during the stage of the contacting wherein

phosphorochl oridite conversionXis from0%to 90% [0046}Anot her
aspect of the invention is the nmethod further conprising feeding the
bi saryl conpound to the phosphorochlShf®ede at a feed rate between 0
04 and 10 nol ar equival ents per haour, relative to total, np

| s of .
phosphor WRBbr | Empiashiicie gbrwaO PRI CAEYETIRR B5ToRRe CppRgROleqely: resction

exanpl e, i i i ; aGhbedbdidde at a
Food 1ot EpE celf R mAh oo RN, SERBRIPLAT |

[ 0047] Anetlaeivitgspibe tesitd tipbosphitedrcrassesi At high phesphergclilpridilgepncentration, the
conprising feeding.the bisar : OGRS lehili S
a bi sar yF’gg gqrﬁf’]?vggsl%lo‘%pt% %??I%L?ﬁ%%lﬁgg@ V 9“8:5&;‘%8%&% agg %éreggg’g %ﬁd%.
sol vent . tfEie Myddderrbetons andiohs. ythendiy, diloeanlvters offst edsditiogalappagtunity

t he group consisting af linear acyclic,.C5 to0..C18 ali LC. . br

neyol | o G RS pe O G et el i SR gl BB
al i phat i Gyhigithss dck b QeI RYChot B GhddsiBedGhGaradb@idatreation Meetheds ot limitingthe
to Cl10 aromatic, and 6 to Cl18 substituted aromatic hydrocarbons. .The
hydr ocar 58ReestRiAa vt (rpayorsEh e EER et TG, BB SGeRg g actieve

hydr ocar Rong, WHQSERAY ?6 1 dBGeA HiphSspRRd, WeBRiTH e a6tiderk:86h 8t the

at nospheric pressure.”[0048] Anot her "aspect of the invention is the

met hod ofmétophqepkitd intesmedige o thevsertionmmiz e is else #imsthodite Hmitdhe fgrmatiop of co-
conprises_a pper_|i qui C . t act j.ne. onpri ses
provi di nd’r%‘{l“gtéisﬁaﬁ Eﬁéﬂes?{% ﬁc I‘rrlr?;el’l%sfsitl:1 E %é%gltdc%%giaﬁér%se IeeO?' at t ached

to the stirring ft. wherei.n at Il east ey : b ow
t he upperfﬂﬁ‘{éui d ?P%@&ﬂgilh% Sle]ﬁ?%t“f@e&}?ﬁ{g% dfléjﬂrsPﬁLeﬂre ?J(;:fC)SrPBl i éugeggihg%é\%@dé ing
rot at | onahy@Aek Giovides & RRMSH ifsridvardosihgfifie teaperembelithitzaiohy idehtifiedih &l.S.
reaction mxture. The ter moéﬁ&%ﬁ | iquid surface" may al so be vi ewed

as an i ntRatenadle. e g ¥ 038%-d phases. Apparatus (inpellers,

stirring shafts) and nethods for providi ng rotational_, nerh&y tﬁg
stirring BR8]t nEle preseskineention provisies apstied ferroga Sk ghicite |
the art. [0049] Anot her aspect of the invention is the nmethod of the
previ ous aspect further comRlsOng feeding the '57;R1yl solution to

t he phosphorochloridite by at Iehgt_8@Qm;_>83_anet hod sel ected from

\

R2—0 0—R?
Structure I
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bi saryl compound. Anot her aspect of the invention is the nethod
wherein the bisaryl conpound, the tertiary organic amne, or a
conbi nation of the bisaryl conpound and the tertiary organic am ne,
cont acti ng horochloridite further conprise at f 0
ppmto 3&)0“%%§ %QS%;% gpt of water. If the bisaryl conpo éﬁ?szﬁwsh@ﬁn
tertiary OFganrc a A&, or a combination of the bi saryl conpound and
t he terti abytacimgarphospoideklotigitd etBtiuotutd @, phosphorochloridite as a
sol ution conprising an aromati c hydrocarbon or hydrocarbon sol vent,
t hen another aspect of the inventiBHi & the method wherein the
solution further conprises a total of f ppmto 300 ppm by wei ght
of water. Prior to the contacting with/the phosphorochloridite, water
may be at |east partially separateR*@®mthe bisaryl conpound and the
tertiary organi c am ne by phase seps{rgct#grﬁ distillation, azeotropic
distillation, contact with dried nollécul'ar sieves, and other nethods
known i n twieh @bikaryl MEp30idNe2E3d 4-6RGhé F:bbR 0dM 633 dORn{cORSA], AtrhistamtIVomd
of the tﬁertiar{/] organic amne is to neutralin the HCL co-product in
the reactf®H®'xture through the formation of a tertiary organic
am ne hydrogen chloride salt This fkmcfli; on accel erates reaction rates
S

and limts acid-catal yzed chem stri ¢ hat may reduce selectivities
Rnot her aspect @i the

to di phosphite fror’rkghe bi sar y| REQepQurig

invention is the nethod, further -@ g precipitati q tertiary
organi ¢ ani ne hy¥rggeaRchl ori derda OmoHhe reacti o Re during
the contacting. T d
contacting in tHE
precipitate a tpst
reaction m xture.
further conprisigag™progduci ng at | eas
co-product in the rga )
of P(OR1) (0R2)2, P(DRI)2(0R2), P(ORI)3R' PMR2)3, a conpoufid of
Structure Vil a, smghaegonmpound of Sgtudirdl¢ VIM 0 / 0\ S@uitu@Rr Q P- OR2
\o/ O Structure MI1aStructure VI h wherein | ess 1\%}@{;(&0% of the

total phosBAGIRET PR IR CPPAIFRER bASK THEOgeR 2foRuot gy Rigroggn
| east ongoRH Qs PRS2 FABA MixAfe 6anhs ipiRspecRdrhegmt he _
contacting. For eicanple, |less than 25% of the total phosphorus in
the reac{pQ8inm xture, less than 20% of the total phosphorus in the
reaction mxture, less than 15% of the total phosphorus in the

reacti on rihgeentasting isslone hwef leasbpusteontaetinggnethodyelpsisA diomsthe gropp gonsisting of,
reacti on m x{ UkE;: I%%ﬁ, gﬂg the : ' .
reaction m 'u{r;egdl{lgﬁﬁer}? t éE 0 n‘%g g?@% & at %?Egds??%§%§$}%£%d£ﬁapforgmc
phosphor us- contminnjang co- product produced fromthe contacting.

0054] The i nyepti. i S.il trated he foll ow Ex I i ch
bre not i nt GHoBatE Heieophg R sty S iR R g s
di phosphi te syni@sisthebhépBorothiiditepn i s general . It is nost

applicable not only to di phosphites having steric hindrance, for

exanpl e t @ddhgerutishng i dops by ¢natrpllingfhedec clythal applicable to

di phosphites w I en j ‘E}?fﬁédﬂ‘ L phesahd 1 Ss
steric hi ndrang?Stgé]%éﬁiﬁﬁﬁg%ag{digflp Sp il?ess0 V\% Bt Wiro 0 k<8
2010/ 123747 RaHk uS204 &m8d 1920]ed 66 oBpmhwhphidite insthetdhetmaniwmredivided by
perfornmed in ich.the relative concentrati.on ratjios of amne to

bi saryl conﬁﬁ%ﬁo 6szﬂﬁ8§’ﬁﬂﬁ+ngéﬁ4@r %’ie?‘élo {E{Fa?‘? d to evaluate the

i mpact on pr odyedcoR@mBRirhivd fs¥t le@t NINRSihE aid Bid gddRE EHEROBh Stind whdreih e
nonophosphite internmedi ate were al so investigated. In addition, the

concent r at i cc@ e rafigribiiiaadni meles pf tasiswirazer alqws fiog the sHESHAeeEc
synt hesi s mﬁnﬂ@fydtt&{h%%doﬁ?ﬁm?&ﬁﬂe il i S @g&s@h%ahsﬁ@%é the reaction

phosphorochloridite concentration was ncentrate
mixture;
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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;

and wherein in Structures [to V,

R and R? are the same or different, substituted or unsubstituted, monovalent aryl groups;
each of R*, R*, R°, R® R’, RS, Rg, RY R', 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.

[0036]  Examples of tertiary organic amines comprising a single basic nitrogen atom may be
a (R)(R’)R’"IN compound wherein R’, R, and R’ are independently selected from the
group consisting of C; to Cyg alkyl and Cg to Cyg aryl radicals, may be a tertiary aromatic amine
compound, for example pyridine, or may be combinations of tertiary organic amines comprising
a single basic nitrogen atom. Tertiary organic amines comprising a plurality of basic nitrogen
atoms mean that all basic nitrogen atoms of the tertiary organic amine contain no N-H bonds.

An example of such a tertiary organic amine is N,N,N’ N’-tetramethylethylenediamine.

[00371 Contacting methods (i) and (ii) may be performed in semi-batch, continuous flow, or
a combination of semi-batch and continuous flow modes. For example, feeding the bisaryl
compound continuously or discontinuously to a stirred vessel comprising the
phosphorochloridite and tertiary organic amine. For example, feeding the bisaryl compound
continuously or discontinuously to a tubular reactor comprising continuous flow of a mixture of

the phosphorochloridite and tertiary organic amine.

[0038]  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.

[0039]  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 I, the contacting is also done by controlling the
-12-



| a Schenme HI [0058] A reaction schenme for the hydrolysis of the
phosphorochloridite of Structure Ila is shown bel ow. As an
alternative to reacting with a bisaryl conpound, the

phosphorochl oridite can react with successive equivalents of water to

gener at e aBURYBLphor us- cont ai ni ng conpounds (St r uct UrEESPRPILAY

Xa), as faeding @Iymgraﬂégawﬁf the coplaeting suph thei the Spmole ratiods phlget 2 BRlew 2

H3PO3. P i dl : i jr st of et h
IBS@P&%{EF&SS Q)? gft?dr shﬁor&ﬁﬂor%g?ﬂ e ?&at:tieé\{ Gkl end fofRdtiRlort he

hydr ol ysi's pr cture to produce a o )
phos phortisrgenerhaiphite go-productacdmitirease whishdeotaseethxbelyctiviy toahe désred ed

to as PCR. 2010/ 123747PCT/ US2010/ 031192 . Xl a S I 9L The
narber | MEASEPs ORGSR R S CeAbHES phep B ie someion L
subsequeshmpriUeteen F0% ang 1 0%, kRS pdieutivihies nthatairaddiphophitndsy afo be
Structure Dia, of Structure Xa, and H3PQ3 ar surm%d and_col sclfx'évely
" epr eseriebveyby sanizpling s eabiesuch PaBo S mafarPieys D EEEM Fod 1 T
the Str ﬁ@fgkﬂ]ﬁ?@ﬁﬂﬁ%édﬁvé niERERLPA PONEIREDRL Loyl B0l dbregsi onal

representations o ree-di nensional nolecules and that rotation
about chswsmgekochlondie indhe wedion niirtutdes thecitage of the comagjing divided by a total moles

cbout °t e BeaRe B R AR BRI R A 88 hod f one of 1 he

bi ph I [,dgi f .uct I i.ng.the t h h

at ome. ) OGP o P oriladle ieasrarl § admbRtodib Rur R R RO B RO frRe
phosphi t &%&ﬂi@ﬁﬂﬂe s 18 itpGtedcBioR mk e devi SRl Y melk G phbsphotdcilefidiad i the
fashion. The term"bidentate" is well known in_the art and means both
phosphorigg-tignatisiues Torbiain bigh selentivitiss ifbe dipbosphids oigitectis athe gppipsting is
[0061] Ge(ﬁg{ (fcjnf:gp legﬁo'l]jltﬂg' i ReMRE glflﬁﬂo ré a?zlgkgacgg%?f: the G&M‘rjﬁé’fﬁgﬁ tHaf B is@dnd mole

i ncl ude conc. ation, degree
Cel si us, ratie gt least 1f delayglimeddr equigalynt, thedformaiion ¢fririorganophesphite corprodictsy

kilogram_ "M for l.ar _concentratio "mhn st nute, . " ’

11 ol 8 s o TR B RS RC B O e Bheg Bbohb Y, wing D agd & e

I nt er medioataetind, highetseleatiwtidd to thé desiredrdipiosphitepmytaldode apideted pg comrdlEngoihe
by wei ght, .and "rpml for revol utions. per .mnyte.

Phosphor mﬁf‘ﬁpiﬂgﬁtfl’ésf*?nﬁ %R?ngsgﬂt”g?n/&gd?g'sgr BPC12 where A and B

phonon ) BT | Sk S Bresreiuiientmtie i o R By Petphy Gogircie el

number s dnbxturk hiith tAY bibdr{ cBfpaRld, i@t o?nﬁ?aﬂﬁﬁe e, AonABPEIdrvbiec shivemd
B represents an - 20 ddi V\Dp201f)l 1237%P US2010/ 031192 aryl oxi de

moi ety desidreraebonseliverinoraropmbinetiohef these mpmbepsyba Sirst andresend mefe rajios may be
various JALIATC .

phosphor ﬁglﬁ?iri] are a?%?%ﬁilﬁn%S% ? lﬁ% gﬁglg gﬁntgglsﬁpgg B‘E’?‘“ﬁ%@%ﬁ%ﬁtﬂtg b?? 1c I%ntlz\llﬁseRd
anal ysi samffadiustingyihi thodafpiddlofs ofibisty] sosamund dorrxample eoverd speeitiaapioapt o

di stribution,(%)..for diphosphite = .100% X [Si I of
the 21p KpoaAlrgnayeRl roieBy SHR b SsRrbe dorte b SO e AR P
i nt egr al sanfpdés tb bealkPhNMBidiegeih @Sk tufcdsy AP NMIR tetliquid ¢hromatography.
phosphor us- cont ai ni ng conpounds], wherein all detectible

phosphor [gg4giont & sth&thssa T RAsvdREYn, tRCddneheti e method occurs at a temperature
phosphor odi chl ori di te, phosphorochl oridite, diphosphite

monophos Bihing FRpEEedragedisted i the MfbasssicelmngfiTabls d p i pther aseyots of e H
conmpound i.f .d i ﬁf%e&- : %Q%%} i :
cogoundgwg o @ggﬁ}}rﬁgﬂ IOF%GF%@%#% : faz)EfgﬁE%%rrp et&ﬁ}ué C rrpa?ltfg %hSted
St r uct ur & théarightdpndeolpne pATade hyInantyer aspietiabf the syventie, the rerstiorsmkeiaran

in the art, For exanple bisaryl c nds, of St ure ll1 .and DT may
be pr _epaﬁ'g%’%ﬁpniﬂ{’?%@é‘fﬁ n%@ﬁﬁ?g‘ﬁ‘g%ﬁ%lﬂlﬂg P@Bf? AR grXiuTe at one
substit ua@ﬂ)sp&e@gl at@ PG TR 8 @lboilin REbf e hydrodditeasylvert OMRE a€fon
Structure V may be prepared by the partial hydrogenation of the

cor r espofelveng nsy ba prtodeteddeimbznsertion mexinwayith ke plnspharecilosiditefasaryl

compound, tertiary organic amine, from any combination of such members, or independent of

these reactants.
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Feed Rate (nL/mn) Added to Reactor Charge of 1* Ha, H a 0.30 Et3N,
toluene | b Ha, 1ga 0.30 Et3N, toluene 2 Et3N 0.14 Ha, Lila 3 Et3N, M
0.17 Ha 4 Ha 0.26 Et3N, Dia 5 Illa 0.12 Ha, Et3N 6 Ha, Et3N 0.31

WO 2010/123747 PCT/US2019/031192
Table 1. Suitable Temperature Ranges for the Contacting Step of the DisclosedMethod.
Temperatore Range Temperature Range
10 to 110°C 10°C to a boiling point of the reaction mixture (1 atm)
15t0 110°C 15°C to a boiling point of the reaction mixture (1 atm)
2010 110°C 20°C to a boiling point of the reaction mixture (1 atm)
25t0 110°C 25°C to a boiling point of the reaction mixture (1 atm)
30t0 110°C 30°C to a boiling point of the reaction mixture (1 atm)
35 to0 110°C 35°C to a boiling point of the reaction mixture (1 atm)
40 to 110°C 40°C to a boiling point of the reaction mixture (1 atm)
45to 110°C 45°C to a boiling point of the reaction mixture (1 atm)
5010 110°C 50°C to a boiling point of the reaction mixture (1 atm)
55t0 110°C 55°C to a boiling point of the reaction mixture (1 atm)
60 to 110°C 60°C to a boiling point of the reaction mixture (1 atm)

[0043]  Another aspect of the invention is the method wherein the contacting ocours at one or
more fempera’rure ranges of Table 1 to produce the diphosphite in the reaction mixture with a
selectivity between 75% and 100% from the bisaryl compound, for example between 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.

[0044] Another aspect of the invention is the method wherein the reaction mixture further
comprises at least one aromatic hydrocarbon solvent. The aromatic hydrocarbon solvent may be
selected from the group consisting of Cg to Cys aromatic hydrocarbons. The aromatic
hydrocarbon solvent may be selected from the group consisting of aromatic hydrocarbons whose

boiling point is between 70°C and 145°C at atmospheric pressure.

[0045]  Another aspect of the invention is the method 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 phospherochloridite
convetsion is from 0% to 90%. Again, 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
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ma, toluene *Feed addition at -40C. For all other experinents, feed
addition at +5C. [0064] All experinents are conducted inside an inert
at nosphere gl ove box using water-free solvents and reactants. All
feed solutions are stored over activated nol ecul ar sieves to excl ude
traces of W HYBH exanple | ess than 300 ppm by wei ghPCT{EFA}0/031192
Phos phorseedr Awrfithes aspech offleainyeniim i the methed @gﬂw El@vwwmfé avhereERi gh

PP phos et AR A AE S BRARRY S A1 Bl ofr AR ML Bt mprpre
i's not prhmsg e stage piiihs cantaging wheraicphosplROGE]cEdth cawpmion nefivm 0%ete S0te

followi ng feed and charge anmounts and concentrations: 25.00 g of a
0. 30 nol @4M ﬁh@hqsrhqﬁe@tdsﬂ the incterition kaths nieﬂbdcﬁ:rthemdm;immgefee(ds@ the bmmryl

denotty 8ol Bkl Bty & 0p M K0S BTG OB A TR

conpounchold, talage tb‘ftdtﬂﬁndlé‘s 6f%hb'®ﬂ@foéﬁi@h&i€el &ﬂerg@iﬂ% tﬁey:o DaShg EQ/tHe—ﬂleﬂlé’de
8.65 g of t'ol uene. For Exanpl es 1* of toluene are

Sidad t e kEamEadeing the baepLepsREonHbioTh HhpEshoFooHieBIRitHp T EAERERISE 0.5
char ge a#ﬁl%’h?nti e Qi%%l %[HHI ng. For each of these experinents, the
S0 8sp oro

t ot al e I'ori'dite charged to the reaction m xture
di vi ded ota les. o sar

m xture lfaéfgboufm %;as?_e0£ Otke)dellec o];rmog ﬁ%@gﬁ{e&)ﬂl Sglrﬁl%rr%ﬁ?oépq} #gef?%d?%%%]?ae%l
of basi ccdmgon@@ﬁﬁh@@hmmofmhmmhe add iwetrhlysioamtbﬂ eom}_lsrmh@etﬁe blearty]h@mpound and

reactio ivid t ot al | es of sphor oc

char gednle OPé ¥to ﬁ'gﬁﬁi@mﬁa@% %WYP%& Eahbmé% a? CE WP
per f or ”E&mﬁ f‘i@lﬁé&%@cﬂ: @ tﬂég% metbranchwac%hd 8, ol aiphaué%ubsumted
After feed addition i s co he reaction m xtures are allowed to

come to CFYGb%CH trfpe pkphatie S@’%@)’w@?@h@ eniol (el alinhetc, pprbstitpied 66 joHer STOMBHC,
m xture a?ag 146 %’wt %&Mé@%@m‘lﬁf& hitfodafifods, aﬁ%%’d@%w@&n thfzén%a% be 5&&%‘&6‘}}1

stages and once reaction m ture reac omtenperat re at the
end of tthe group commisting nfhydradrbonawidde bhiRg peinhiy befvweph #0R¢] qdd4piii acte

oxi de (TPPQ) .as an internal standard for quantitative anal ysis of
phosphorﬂ]g:lo taPe SI%C conpounds. Any det ect abl e anounts of

cycl opho or__addi t.i tr. hi.te VI

Corl oPnORBR, > Kol asiar ot buditien it BeRetian R IR GR ekl ¥ e

i nt r anol edtodmikRechiiter comptibg aﬁﬁlﬁlﬁb@ tmqslﬂrsuﬁf@;e; thé edrmting fig thed @mplieds

the different additi on podes, .di s ri bution roduct g )

i nter m&rawé@g&ﬁwsaﬁfacmw% agt; QB ‘%P%leF %fﬁg?%déaﬂf eSS fgw eFfig at
aci di ¢ plogBROMYRNGAR lo%!at@& B&oﬁ%@%@%ﬂ supkabd) Ghihe ety Al @&mmes

Xa, and H3PO3 are sumed and represented coll ectlvely as "H' in al
tabl es. Mogidinedpiotionsdenpretiofthestamng shef éa mevhasicallesti fhy T&“@QWP@W‘PV Ehe

sel ecti vjty %%@{-L%L%uﬁdﬂgl IBEQQH&E%% inaslfaﬁgmgﬁﬁ%%% fhﬁ&i

bi saryl co as nD es o osphite e re ctlon
m xture Appawlasi(xinyeﬁmsl etdrriof slndfis) dmdsaat‘yddscfmmmdndg fadationel emh:gyrt@ﬁacsﬁmng

m xture. .,Through the action of t t |n ent.i on, the dianion
of the bﬁ@ﬁr‘%ﬁi"&ﬁgﬁtﬁ‘ﬁu Om4HP IS an%t%g ﬁ{ted into three of

t he phos us-containin npounds listed, i bIe t he

cycl ophoﬁwﬁﬁ ﬁabﬁa%%ﬁ? ‘?‘??P%‘?Drﬁé&iea“f‘%ho‘g‘?f& fﬁ%‘éspﬁ%?“’t%ﬂ‘f%ﬁf at a
speci fi C Oidedit, @b1s§1@?so‘§@do%% théiphy &Fab])loﬁﬂfeﬂ leREtQEb!S efhod
the dip ite from the bisaryl conpdoun 100% x di stri.bution (%)

for di ph@@md@omﬂ{ecﬂr@mrqomﬁngmf( %) for cycl OphOSphI te +

di phosph t o] . A Pe RN IRRAL Befubhlbatt ke kil Meuig s oy
a nass bgbangahabisdrylsolitioh ﬂﬁ&?ghl;w Ieaithbﬁe hq«ﬁd ﬂis&ﬂmm'r ﬂtahas}p:lrﬂs dretbmaryl

i nvention, |ess th n 30% qf Fé}g totaglﬁ horus in the reaction
m xture FRUEQR QyeRat ‘Eﬁsmﬁ‘?m% ¢ UPRSE HE AW4SFos phor us- cont ai ni ng

co- product pr aduee thelti QM1 thep& Rk Heirf@tioABiGE AbdvehAippbeRfld SPBce by
flowing the bisaryl solution through at least one liquid distributor that disperses the bisaryl
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[ 0070] Ther ef ore, nonophosphite internediate Vla is synthesized by
addi ng a toluene solution of 1 nolar equival ent phosphorochloridite
Ha and 1.25 nolar equivalents triethylamne WO

2010/ 123747PCT/ US2010/ 031192 to a tol uene solution containing 1 nolar
equi val ent waj 2datyestivsaryl conpound | Ela at -35C in a drcraistuspbEsze
environ ; aggéga ok Sheluph&'siRsH §HeQ8ttiG9 k@it Snbidfo the
mnophog%%ogw% Yo c%@?ggﬁggglﬁiu?%? S%eg%%ﬁ%g%%i te, grgd gflg%

t r i phos pheadten fuistust helow the nprem ligvitisemeen7% nonophosphite and 3%

cycl ophosphi te).. The, conpg i thi I, Sive %}:ﬁ{g j hate
solution are tg%dé‘ﬁﬁ tge B’tsargp ?Oglﬁgg?ﬁohﬁéeﬁ%%b% W thout aﬁgﬁigﬁggoiﬂﬁg?he
CoNposi t ihedhgh WElBastbe fesdling thst daves thabiveq] sautiondoward ap expellor locates belrp
NMR anal ysis. A parallel sanple kept at roomtenperature for an
extended%ﬁépl?eéé!%‘gsﬁfar?@ show no detectable change in the

concent r at i Onge®ho P BRAFDSHHSR iothSlaRbhatiemas ) RywhobbbimR] fobution

wi thin 1 hour but quantitative conversion |s_observed,ov‘§]fr3 ati

period ofhr@@hiablenst onenfeed breihyt direetp thedisar RIFERFIPHA N impellhigenteq Relow
solutiongis store - ! : g ' Y -
itsr eac{lﬁe\}ﬂ’v qf%@%ﬁe%g%@&%g#% 2%“%&,’[% I ment ,Q?r%%n%%%r%isphi tycef.f owine
i nt er meditati@tiMyarg@hicaminnhpings pitdstonerfeat linedhat tizedothe tektisy prganie amingd

with a mxture of | ar..equiyal ent..each of phosphorochloridite and
triet hyl SmaFEaimpeHey i pslor %W%E%}B‘ﬁf“‘%ﬁzaﬁﬁal ysis of the

reacti on sol Uyl 8RS0l Yeritek Edthpiites QRS 1Soriidh ¢ffthd tegiaryorgyplirompiie fod
internediate to the di phosfphi_t e Lndegcendentl reconfirmn tg]% o th
speci es, tatharacicermixawe anst Prdineige hisgyicomprund iﬂF‘tre%PSBEPﬂﬁ.m%é’Y FyR8 the
lover th r i . }%a hid, {rhGucARNeRR 8sPRbd Bne that
i nter md?ﬁ?‘é’p%ﬁlut{°ﬁéﬁ%t§%‘ﬁ%§h%£‘%?gﬁ%§ ﬁi e. an%%’/Z] I r%Hg_ separat e
exper i medirectatharbizsayhadpivhtevdrd teimpelipdpentasidielay da versn liayif swérco. 024
mrol nonophosphite intermediate in toluene is treated with 0.28
nM11120 [ad56h niFeethe atixing arthodsyerarales & liguidistrlgorginglide sozzleapsrforgied

10% of the nonophosphite interngdia ; : :
cycl opho%ﬁ?’tagggwgmﬁ&ajﬁx éﬁ%&ng"‘i’f%% lﬁﬁ‘ﬁs@g%gles(raﬁﬂnl\éﬁ%ﬁ c?ésé rgpogg%né%m}nﬁe)
t he presensghal 1dstbae MBEalling thaeditegtsaln lmiddotvard dnémpeltee lacatsdibtlow the upper
indicating that the ingranol ecul af reactj.on.of hosphi t e

i nt er mediligpig spg’aqqaqayélg{paqwg G&giﬁnb’ﬁ’s‘éng( ‘ﬁéé%qéquifi @%ﬁ%&%%tf&l devas
when a s@liikAniQfngQofldt iRaMRhetPh SRR, PO @itk dfehebishri) cdipommdlor bisaryl
triethylamne is agdedtoam'xture of _0Q.024 | _nonophosphi

i nt er nedisalutiomwih thepbospheroshlondiiemaygrankiia Iqopligs Qigh copseapf Oébe%}’i?afﬂ
40% deco Sﬁ@%ﬂ&%ﬂg%&ﬁﬁ@ﬁ%%ﬂ&ﬂt{bﬁ%@%@mmﬂg@n bodreeRb@6Hsas

reaction ter aninitial period and di splayed a zero order

ki neti c higghasploie. When t he sane experinent was repeated in the
absence of triethylamne, the intranol ecul ax reaction of .
nonophosb#31¢ i rueprinkuly tretendsaleinmental tmibo s eqtivisy tecthe desirrd diphesphity from the
[ 0073] Whi_l.e not want,i 0_be bound. by th i

to the cOTERISPBHO el Rar bb LA ok e hefRiDRE bIRY! Sorelh,
i ntranol afgiehiary Sattit oRinef ornmoaphatahofttes bistrel oveagbatdenil shectertiatyyzgatichy
acid and, nost likely b hégrol si.s products .deriﬁd%frigowth% 300 b
react i on astingugeripcting dhe mhlpidiie; /oORPHR §i] ¢igzem U ppm to SUU ppm Y
phosphor o Gatef i AL e}@&g jo@fic lafhideddila dofhbidaion of the
absence %Q%@ioggﬁ%ﬁa%mr%gn%ﬁqgglgggdrng’e%%n t giggirﬁesenc’e of )
triet hyl dsisang.cotipong asd fertstisiyohiamstmine isfebtarthesphesphorqcBlopifiteasiafelution

Che. phos HHBTEEIE O ARRLS SRIOTTI RO T a® IR i RO the €
conver si ofvéfdios ¥CthORBAS Rihkin tHhethds ke coapdses i titdl of famdapir @300 nsm

drop below a threshold limt, the catalytic intranolecular reacti
of the mobopHesishvater Riertadh Gavfé?ﬁnzslwlﬂbtgaﬁhqs@?%? %E}?p water may be af least

partially separated from the bisaryl compound and the tertiary organic amine by phase
separation, distillation, azeotropic distillation, contact with dried molecular sieves, and other

methods known in the art.
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202 APCl12* 182 A2PCl1 (Ea)* 164 Cycl ophosphite (Vila) 136.8
Monophosphite (M a) 136.4 Di phosphite (la) 133 Triphosphite (VIIIa)
132 POP 128 HO0.5 *A is 2,4-dinethyl phenoxide in these conpounds.
Exanpl e 15: Di phosphite Synthesis Under Non-Dilute, Non-Concentrated
Condi ti ons T7}PH3sphorochl oridite Ha i s synthesi zed FelTHMAG142
net hod di08%2os ed finstiootbe tiEY S8nia sining igtogehialize EtHGFRPBIt Webhod

S SRS e by s g .

phos phorfondtionra-ckdretesehativh catescmtpiniiis iacig-cafalyaed @8Oistaasdhat ofay reduce

phosphor ochl. ar.i di t.e, and, about. 20 | of the - .27 - . s
2010/ 12§?%?%&‘%‘7%%§@§67P3§3§9‘§ ﬂi’%‘?‘ﬁs"ﬁ?ﬂ?i"é@‘ ﬁﬁoghe’é%BS‘Ft}‘/’\%ﬁﬁn‘{eE“%”a’P Mg
out in anghdd AeBE@mpHEHE prefibltatig dtbitiayUrgdnitsdntife Bydisgen hTweidP fadtr fom the
gl ove box. [0078] About 1.06 nolar equivalents of ,triethylanmne, with

respect fe#stionauigateskripgthesaniattings ThasrieHon stihe briiay prganig apingsad 4
orior t ' b . . . _
t ol uene?GO%lEe égeegllS ér%&gﬁéet(ﬁg I}%lalg’gér% Ip%(l)%gﬁﬁgﬁg%llﬂ%{t%iion i| {s&%e%%dgﬁe(ggamc
usi ng a guané bydrbgenchloridgpsalifim thetredctiommintireof bi saryl conpound to be
fed is predeterm ned and cal culated to allow for 100% conversi on of
phosphorfeesd]or i AndtRerakpechet the matntohdgbe ofethbt durtheaampmisingReainting at least
sanpl es are_ taken peri,odically during the feeding of. fhe bisaryl . .
c o oun e g pE G SRR GO I B fedsHB S TR Sels ot PDARe Gpatspising
conpoundyraddriOR*deteri(0RY), byor he Pt £k esthprind WeS@kbure Vitahandfeed
bottle (which 'had a potential error associated with it). The

di st ri burompaued ofgHosiroY e speci es was derived from 31P NWR
measurenents (Table 8).

O, 0,
/N SN
Q /P—OR1 Q\ /P—"OR
\0 5
Structure VIa Structure VIIb

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. For example, less than
25% of the total phosphorus in the reaction mixture, less than 20% of the 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
reaction mixture is in the form of the at least one phosphorus-containing co-product produced
from the contacting.
[0054] The invention is illustrated by the following Examples which are not intended to be
limiting,
Examples

[6055]  The method of diphosphite synthesis of the invention is general. It is most applicable
not only to diphosphites having steric hindrance, for example the diphosphites of the Examples,
but also applicable to diphosphites with different steric hindrance, diphosphites with less steric
hindrance, and unhindered diphosphites.
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[0079] The high | evels of POP and aci di c phosphorus-cont ai ni ng
conpounds H seen in two of the reaction sanples are believed to
result fromerror in the sanpling technique and are not believed to
refl ect water contam nation of the reactor contents. For this reason,
for cal cul @ig RNgi128f47pPhosphorochl ori dite concentrati on, PeORIS2010/034192

| evel s a[lb&@cc%gﬁ@sghift@srynﬁése@ kerremasdd i fihithttee relativiBdRcentatibnutiionofi s
not suff nt to achi eve baseline separation between triphosphite +
and di phasiphiotbisagsil gmpcsmﬂﬁpmm@@r%h@é#wgﬁt@?edam%ﬁ%%ﬁﬂﬁ P%°E°’h%‘88“°
based upon th mount . .of i <nhi ; HRESte were also
phosphoﬁ%@ﬁ?ﬁ ig??ﬁm%V%gﬁéé#gﬂgﬁg%bgﬁﬁkﬁggﬂ%gﬁgghgﬁgﬁnption that an

i ncr easenfetigdted. (1 additiir, eheicandeheativhad fleonaroplisphite ipfgrmesipieidiingg

di phosphite synthesis os a direct result of . i Hloridit
i nt er meddiBRASPRE %SFSOWP%OB&?@% A EEI5H P{ 254 L#P%%)ﬁgér}é \;\I% i? %i@SP horec Ol_q ©
addi ti onglp.efuivik8Hine! careltopaosHdhidiviecsnd asmerhcémratedy 8hgse experiments
addi ti onal equivalent triphosphite observed. [0080]Simlar to the

exper i mesnd thrir eetgere paeseried indhe folgWEgFEPS-at i on of 0. 067 nol /L

(Exanmpl e 14), in Exanple 15 the nonophosphjte internediate Vla is,.

obser ved[0857ja pNostsif drecsntroneni resubbwee A ﬁa@@ﬁlgﬁr&&r%’g@%ﬁ&% 0@9@&%@?

and below in t reacti \ I i S is JERIB espbi te
\%QFJ@ aﬁ?ﬁ-\ﬁ% X inQfe @é&#}_ﬁgﬁc@ﬁu LBeD SEchERS BF is BRR

i nt er medt Ion I's acconmpani ed by a correspondi n
i ncr easegdndrating Sefiehophasnitides tePhosghorodklotifiés (&m@u&ﬁbﬁut@awl [fompoun:
Tabl es 9 and 10 _indi cate,, t he, anpunt., of C j - 0
phosphor GERFEES e g“"d%?ﬂ?@?%sp & EFH?CE&? @S@gﬁoﬁzﬁ% &gnr%%ﬁo? ﬁ%%
tri phosphj ichge t7ig), Bics afyy Alcat@tliid thimcass,4-8§emol, originating from
phosphorg%% ﬁ%%%ﬁ%ﬁggﬁétrsion,)abog?WSB | of horochloridite
is left theghosphorelnetidigernddhe payeligiriphesy %Fﬁ%‘ﬁ # mmol) is added
(conmpare Table 9) resulting in an increase of 51 nmol di phosphite
(96% sel ectivity fromthe bisaryl conpound). After all the
phosphorochloridite is consuned, the remaining 12 muol of
nmonophosphite internedi ate was WO 2010/ 123747PCT1t 352010/ 031192
converted to cycl ophosphite. It appears that such an intranol ecul ar
reaction of the nonophosphite internediate at 88%is triggered by
smal | amounts of hydrolysis products and nost of the catalyst is
consuned at about 50% of the nonophosphite deconposition. For the
remai nder for the addition period of the bisaryl conpound, the anpunt
of nonophosphite internedi ate stays approxi mtely constant at a | evel
of 11 mmol before slow conversion occurrs after reaction conpletion.
[0081]In this case at the 2000 nL scale, the theoretically expected
anount of bisaryl conpound (190 mmol ) reacts with the detected anpunt
of phosphorochloridite (380 nunol) and no negative di screpancy

bet ween the cal cul ated and actual ly needed anount of bisaryl conpound
to convert all of the phosphorochlorklite is observed. Exanple 16:

D phosphite Synthesis Under Concentrated Phosphorochloridite
Conditions [0082]1In this experinent, simlar to Exanple 15 but at a
hi gher starting concentration for the phosphorochloridite solution
(0.35 nol /L), the bisaryl conpound is added as a nore dilute solution
(0.5 Mversus 1 Mpreviously). The nore dilute bisaryl solution is
enpl oyed to avoid possible m xing problens with the thick suspension
of triethylam ne hydrochl oride solids generated during the bisaryl
addition. The sanme equi pnent is used as in Exanple 15, About 1.15
equi valents of triethylamne, wth respect to the detected anount of
phosphorochloridite (93% and phosphorodichloridite (2%, are added
prior to the bisaryl addition. The phosphorochloridite distribution
before the addition of the bisaryl solution amunted to 95% of al
phosphorus species. The anount of bisaryl conpound added is
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WO 2010/ 123747PCT/ US2010/ 031192 of the bisaryl conmpound at two
different tenperatures. Triethylamne, PCl3, and tol uene solvent are
used as received (anhydrous) from Aldrich. [0088] For all the rins, a
correction of the feed is made, where necessary, to renove any
phosphor odWéh¥1d74e APC12, where A is 2, 4-di net hyl phePfekPEp810/43819¢ he
phosphorodichloridite reacts with the bisaryl conmpound to prgduc

cycl ophosphite. Phosphorochkridite distributions are at | eagt | %
of the total phosphorus as derived from 31P NVR neasur emnent a
initial tenpfy to provide itions perceived to cayuse sulist/am i al
nmonophosphi i htermedi ate a | ati on and potenti al s? on t/o o
cycl ophosp pkle critica ion pardf®ters are”sef to I‘ow
tenperature, i npuf ficitent AL hpn, fast—feed™rates e bisaryl

conpound)\ and g subst oi chi ong
determ ne*t he necessary anoln
range of 0.87 to 1.37 equival ents of triethylan;;ifks i nvesti gat ed

[C.triethylam ne charge

where one equilgal ent was definilld as the amount of /avail abfla chl ori de
i n phosphorochloridite A2PCL and phosphorodichl gfidite AP 2, if
present. The tiethylam ne is added to the phosphorochloridit

directly before the addition of the bi Yl co und. [0090]

different mxi tions, defined the r ion spegd of pCl
inpeller, are died: 4 t at i ons-PHi ﬁlnug rpm, resjuliting i
anpl e m xi ng ag i héiscat ed Y, .00 d—vortex) and |2 rpm/a
conditions whede a vortex i$§ not obseg!ﬂo Two initial tenperaturés

for bisaryl cogpound addition were ifiv&StYgated: +20C and |-20C. llat is
appears that especially at high conversions of the bisarylY conpound,

t he nonophosphite intermediate is consundlasi owly bel ow -10C, The
addition raye for\the bisaryl conpound is also varied. The bfsar;
conpound i g a i
rates of 5!nol

Rii val ents per hour and a second fa
of 15 nol aR equi val ents per hour, both relative to th aol es/ of
phosphor och{ ori di charged to the reaction flask. |t af t hat
reducing the feed rate for the bisaryl conmpound at t of
monophosphi t e yger medi ate and cycl ophosphite formatig 5ot 0
reduce the rate of cycl ophosphite formation and allo '
nmonophosphite i nternedi ate consunption to produce di phosphitle %:é
hi gher selectivity. Diphosphite synthesis conditions and resyltiRg/ ,
cycl ophosphite distribution are presented in Table 14, where
cycl ophosphite % distribution reflects the percent phosphorus
measured as the cycl ophosphite as a fraction of the total %hosphorus

detected by a 31P NWVR neasurenent. figr Exanple 17, where the
bi saryl conpound is added at a rate o 15 eqU|vaIents per hour at

- 20C usi ' Gl By Ll B0 89S fure I
equivaleﬂﬁsé |na gsﬁg@kﬂ%ﬁQ%ﬁ%ﬁgpﬁe anDE%t %%gcyé?%phos chre ITa is

f or med ddmmmﬁddnaAiﬁmﬂ&mmﬁwmsﬂﬁﬁﬁ&m@h%&b@@@@ﬂmNNﬂ&ﬂmihmnMdeﬂMka

conducted at +20C using 1.34 e al ents of tr| th uat e
et © ot BPE she MhpraraRY ol BB SR bl heib RS e iRy
case, OnbompouhddYettss m@mmm &s&né}ﬁasfm@gtﬂalcam ih @EYEdsS 2j4kyleabl, endl 4
show t hat, when at | east one equivalent of triethylamne is added,

the det eEbReb. c%b@ﬁnk@mbbﬁﬂtt@ca@@}ﬁ@éwt with 8¢ frg of e bgﬂ@b}tS@rpr?c}ﬂaﬁ (Smisinre
7.8 ol ﬂ?hm?gdﬂ
at +r2rgc ?%5%? éjgog]rlér‘\%% ho%}% the faster a ﬁ%ﬁg?‘gﬁﬁ%rg?ﬁ@v%é‘ﬁ%a egrtf? aifd.

hour). Using about 1.1 nolar equivalents of triethylam ne per nole of
phosphorochloridite charged to the reaction flask prevents a
measur abl e conversi on of nonophosphite internediate to cycl ophosphite
during the bisaryl addition phase. Both experinments with
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| b Schene VI [0095] The robustness of the di phosphite synthesis

met hod for this nore sterically hindered di phosphite Ib, relative to
di phosphite la, is tested under the prem se that anple triethyl atnine
limts the conversion of the nonophosphite internediate to

cycl ophosphid apndes; nost circunstances. | n Exanpl es 26p@9uszbiv@siiez
entire trjethy am ne charge is added to the phosphorochloridite lib

in the reactd o flasko(t i arai+neoto phQsp roc+hI(§)ri i [I'b nol e
tlog 1. 4% i nisn betdre fdhel add tiSH of bi sakydo,
e

rati o wa iv 1
conpound} Ma JcoPmenced, 31P resul ts indifcat’ed that the fisé"of at

e
| east 1.3, nol af 2equi val eRt s of Hrieﬂﬁ&&gnine, relative to the
phosphorochloridite Il b charged to the reactor, successfully limts
conversion @f the sterical lahi ndered nonoplasphite internmediate to
t he cycl ophosphites of Structures Vila and VIIb. Exanples 30-39:

React ant Concentration and Water Contam nation [0096] Tri et hyl ar ni ne

| evel s in conjunction with er_tontam nation play an inportant role
for the selectivity to diphdgs F@i ct Witker contam nation, during

di phosphite synthesis can rgsyltl yn the formation of acidic
phosphor us- cont ai ni ng conpounds derived fromthe phosphorochloridite.
Wher eas excess triethylam ng and phosphorochl ori de pronotes the
formati on of phosphprus-g¢ontai ning acyd anhydride, POP, the acidic
phosphor us- cont ai ni ounds rmed WO

2010/ 123747PCT/ US201 % Q2 ?ﬁ;lﬁtially under acidic conditions.
I n nost cases of adventi t/i ous el cgntam nation, both POP and
aci di ¢ phosphor us- cont ai Ang conpoun Zare present. [0097] The

absol ute concentration of the reagents and substrates al so i npacts
the selectivity to the di pho&phite. As discussed in a previous
section, while not tolimt the scope6§{ thgginvitation by a
recitation of theory, selectivity is bemGdy (o be directly rel ated

to the inter- and intranol ecul ar reactigns of the, nonpphosphite
|t er mediMB8]  THEe PHEBSTOIE SIS TRRTTEOR B SIS S1ESGT OGS of (e

monophos giiek &bt AIRAE Hhah&dit ?hc%‘sﬁﬁér@@%%ﬂhé Son S dSofiTAGEmAANa ofStticture

and base-driven conversion o e nonophosphite internmediate to
di phos phiXaeatidsH6k awesstimed 20¢ eadleptively waieestadyt Wi thgi [shsE phi t e
synthesis. If acid catalysis is fast conpared to all other reaction

steps, hil@68} dilt will bereengoigrditbpitho Sirvabirepowp i the reastien sreemenes two-
I g R P RO AL

t he absence 0 wat er, result in lower selectivity to
di phosphitoads 20088} Eutht helavdesto giverwafigwetidpi diffeping Gompbesa dhavn. tHes

reaction m xture al I a role i a Is 1]

of 1 nonoHBRp piatof gl Ba Pl b ait el BR300 BRI ity
facilit atyrasi g%ﬁ)ub)éﬂsﬂr]]c)tﬁ‘éﬁa @ﬁlugjhgﬁ:cm@rb@hdsdpbmdhﬁﬁms iimgfeaabnl,)uemagserpmﬁmity
sol ution and the nonophosphite deconpositipon roge ondi

Dot ween vapR aisHer KR oY Be3ROSPHO RS D AP HUEE SpoHR TS » Dlentat
Ther ef or e f e dkatBS i Rhtalen & WiISEHoW 16 HERAUAE el oth fifsHORS st the
when exploring the i npact of phosphorochloridite concentration and

wat er corifgandimdbidd toasiggkatdlatony t o di phosphite. [0099] A series of
experinents to investigate the inpact of concentration %vari ed by the
concent r adéX) of Géreed ablobvitticns ssedrinl thedables andoipegifietion ingluda { =t for about,

contam nation, s conduct ed, rei he Lriethyl am. . »lkept
appr oxi mat“8h§ t"(ﬁﬁ%"rcﬁ%?a%ﬁil’ Ffﬁ@ Tt VA S’thtﬁsgr %ﬁﬁfﬁn@ﬁkﬁ‘;#ﬁ% gogr
nol ar  equighal“Ret iflkdiBRAmDIIEr Estlihdir cdhdetratida] GOfnHer @ikikteNiRmoE <ol t s
for each process step of Exanple 30 are given in Tahle 16. Jnogﬁ%unl)l e
30, to i rmdkmplgat @l Her malsadviowphomebis” fenihe menAriosrIpte fermedics tore
sol ution re Loridi i ' ) Sr Walier
before the ’éﬁ%ﬁ%?@?f @ ep%or;pg%?grary ncbzfrr‘g%%ﬂrﬁ’gﬁpi I"a. fogf&p&ﬁ%s% )
Phosphorodichloridite is abbreviated as APCl; 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 II, ITa, or ITb or abbreviated as A;PCl or ABPCI where A and B represents an
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t he deactivation process to formPOP is slower since

phosphorochl oridite concentrations are | ow at increasing
phosphorochl oridite conversion. Free acid is present in higher
concentrations over a |longer period of tinme during the bisaryl
addi ti on, WRIEHEBE7 ncreasing the observed rate of nonBEHBSHHIEBE2
i nt er nedirgoride oreiaty dertyad fromanerd plroby ¢ £-ephanb n Distuuigns o varous

cont ani ngt.i f ol - I 0 i ons
ot o ptos ookl S0 o SR A MU RR AL LACTRRARIAL 0000
ppm wat emedsyredidly ghntitziver BNMRsingipsi$ oizaliiuidisaptpbsiin the reation tiixtirey For
drop even when 1. 4. nol ar ui val ent.s o i et hyl am ne are.use i ng
G P oo Fkatb ey o fisibion S 3o didhoRP B cloghen et R el SriS SPalk,
the requiigRIBNbBdiPRosPRitR Isﬁﬁfﬁf@ﬁﬂ' diital 881 AR AP S EIH MU ignal(§) fdadl e
18, sone results from Table 14 are suppl enented and conpared to_ those

f r om Exadficiblemhesphermpreemstipiag compamndelovrherein el deisatile phasnhasussentagning, d

17. Th j i I . . ] .
excess o tEeraipIdh i E hOEhE BichBliRhe bAShATL AR AR, ffor RESe"
anount ohomophdiphiteimtsmbdiateseyconhabhie) riphosphaeROR) tandEH rcomponnds, DGeteantible

triethylarni me . present during the addition of the bisaryl conmpound.
ExpeHInﬁﬁé%mﬁ?ﬁd&%ﬁﬁym?ggels of aci di ¢ phosphorus-cont ai ni ng

conmpound ow hj gher |evels of cycl sphi Tabl e 18, Exanpl es
31, 24, @Héﬂzs_ E@gwgmm@ﬂéﬁ%%@ea% Iﬁgﬂgd,ﬁé 4 ,?Of%ﬁﬂn@ }he_t‘}a?ﬂpwé% s
tertiarysifcaal g, Hiy Be preﬁ%@lgﬁnyt Juit@18 ¥ B SheafiAlthoR@lih thRlatty For example
conpensate for higher acid (Exanples 30 and 31 as conpared to

Exanpl esbigatyleneoposids ofStruature S ppbemde b preppred bydhy ghidativegoupling of the

triethyl anm . I . [
A e R A i
bi saryl meypomaphrédEiedhs hatibldydegeedion phitha c8OGpepinglstahthobeanommod ar

ignifi d i.n t di ph ni t ti Vi duri t he bi I
addi 1 orpee iR o e SrbeRnREe SoRSHESHL Y Sttimlier (et s are

f t d t he, | t t ti Oof tants i
Phe. pr ocbrieBr L argey e ATBAGh Rt BeBAver BRoemRpa N8Pt ot 1 vi ty duri ng
th ddi ¢ f.1he bi I d. I 30 _and 31 ar,
0 oo eEl SLEb o R O S B e e
equi val epHosgHorsiAREaRe fOsifirflchfhbbend callodiict $ldcticitdid eiilben t1abughhi different
bi saryl conpound, made in portions. The distribution _of phosphorus
speci es {dion moer whetd ghe pdergf peditonaeaskars s v na ieifrgs é%ffﬁﬁ%‘iﬁ
r epr esentiaeheasrable indiSatél Wifeh inBted AR GrehAdd o dBRAR 1S 3hn odd is IRRE) as
d Exanpl es. Exanple 32

ot her rel ate isinitially run as for Exanples
30 and 3feedin whes atesiae)dn g reactas charba i hivesyringe nuawchet ratpoimtrahimdn, is fieo
reaction_m i iy ded into two portions, one being one-fourth

t he voluﬁg&{ﬁggﬁ%ﬁgmgg%) and the other being three-fourths the vol unme
(Exanmpl e 32B) of the undivided reaction m xture. The one-fourth

vol ume portion remains in the reactor and was diluted with dry
toluene to the sane volunme as the three-fourths volune portion, which
is not diluted. After the sanme nol ar equivalents of triethylamne are
added to the diluted (32A) and undil uted (Exanple 32B) reaction

m xtures, both Exanple 32A and 32B portions -37- WO

2010/ 123747PCTM52010/ 031192 show adventitious hydrol ysis of the
phosphorochl oridite equival ent to about 20 mml of water, the only

di fference being that reaction solution concentrations differed by a
factor of 3. To both phosphorochloridite solutions of Exanples 32A
and 32B, the sane relative equivalents of 1 M bisaryl conpound
solution in toluene are added in the sane fashion as described in
Tabl e 16. Al though the ampbunt of noisture intrusion on the nore
concentrated Exanple 32B (Tabl e 21) appear to be higher, only 2. 4% of
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[0111] Exanple 15 is carried out in a 2 liter baffled, jacketed
reactor with overhead stirrer, N2 blanket, and two feed lines froma
peristaltic punp. 200 nil, of 2.0 MPCl3 solution in toluene is
charged into the reactor using a cannula and positive N2 pressure;

t he sol uti Wbieﬁe/%ﬂtbed to +5C _Under vigorous stirri ng,p@mbmmhﬁm of
202 m, of 2"@#}4i,fﬂ/ﬁs@é}%%i%ﬁ%nhﬂ!i%%h%@&?fcﬁ'ﬂaﬁpﬁm-@' on of 200 nL of
ol”imn are _adde

2.0 M 2, 4- xyl ol tene separatefy and concurrently at
a feed rate ¢fEximpl/|HoetMateriah [aFmdRagt (@ilinm) quipddedThReaatorditagge ofi ne

feed is deli \WW —%—d—vcg-lﬁ = u feed TS
del i vered abdve fhe |surf&d82 puring tHé’additilon perid ,f&f 1€ reactli on
tenper at ure i[STARINT A Ngy @6 ab’out +56.30A secdnd 200exH, telaele of 2.0 M
-39- WD 2010/123747PCT/US2010/031192 t dethyl dnine-selution in
tol uene and 2.0 M 2,|4- xyEeNol spl utiof-ltn tol Uene are lpdH&d
separ at el y and—epnedrrenttysviara pergstartTopunp att sane 1 ead
rate as bef orle. corr?éﬁ’gﬁafeed of 'p'?ivet hyl am ne sol uPlgon in

t ol uene and 3, 4-xyTenol sm utioh in tegl2dene arle addedEgN, llacessary

based on 31P [N1VER. lanal yQi s_ofl t he reacti-op—nixtitre—Odanttative
31P NMR anal ysi s3of |t he dHgani c| phase®ld conduct ed t 0 Vgt e i ne t he
ol % phosphorjochiportditi, RIfE TEact ToQ3{S Then war neqf @ledde and the
stirring set |to 900 |pnT ’ard 200 nl o '%.0 Mtriethylani ne is adde

t 1 ni/ninutg 195 m of %0 M hi L] phsic tol
S then added HEOWRSET Fald o) St AR RE BRI RS, | D ene

punp. Reaction rkup.is . to quench,wth 300.nj i g
stirringlWgbr o%l W?’HPGW?T??H?P@?m’f’ﬁ%%?ﬁ%%ﬁm&é@%é%l esl%s}gedﬁ‘g1 yatel ree
and washgglvad ma30Rtants, afi fedsoMiiafi o siorcattt wtivard moleculivsicvesgaridude

| ayer is then washed with 300 m of saturated bri sol utj.on,.and
quant i t atrpees OB WpteniR cxmEPl 4558 thep 3PP Py wREet B }%P?%B@ﬁ@ﬁ’é@ge s taken
[0112] ' FeR G R i 'gmﬁy sl b€ coahdd B pRssisRirechioridit
react or E\}ﬁm%t %%%?%‘%‘?&%P{aﬁe?gﬁ, N%h Ian%ets, an(c)i t wo feedbﬁesI %c())nm;
peri st al Tlaend8rfh riphephits BHlabye methehd WoI2004/850 585 (Corisehesphie YHalgay

into the_reactog. %i ng annul a and positive N2 pressure; the
sol uti Onpfegeng(% esg 0 fg‘&g Under vigorous stirring, a solution of 200

i of 4 Qodfel "1 L0y LATLAG fed i HEBGiRHtbahn Shithé ARovks o Loften Dot O
M 2,4-xy|%ng i mtoruene are added se arately and concurrently at a
feed rat @50f ghfeio/3vinmiseM)iphosphprerhistidiiet Hasopitiop in thheng (splatien danpfnes7

feed is delj d I t.h f i \ 4 . i

ot | ver o @b b ot s e dan AR R e Qg i ufond [ SAER Benele PS4 B
t enper at W ¢ &';ﬁlla,@ mahdﬂgcboﬂab?@ﬂaﬂh sdiﬁﬁbnoiA tﬁLmr(mbiﬁgﬁ dﬁhsﬂng.%lff @/, and
t t hyl e solution Ln taoluene an 0 . -
e ks, S Eamdr o nat S i Sl b i B hiho
peri stal t, . RUWR alunlet 15ABIaf €8dor AluGe 28d HbIRbetter AigiDE! Botdacinofthed

of triethylamne solution in toluene and 2,4-xyl enol solutjon |

14 .
t ol uene amperies thedotalonelssefinjiomhswghlgndip: tofharepeon mirtupgdivided by
reaction jmj xture, ti ' b i 9ROAY GPHAESR
IS conductrfyégmp%safelf er '°He%§@§%%§%&‘§h%$%ﬁﬁ%?ﬁ%ﬁﬁ?§@f The regcti one
i s then vapekderdq RAGabmdles bitbasit nitrogagatems fiom thoBiethylamizmdhaged o thef
7.2 Mtriethyl am ne dded. at, 1 /mnute...338. 5 tnl.of Q. .
bi saryl cE#HE0FIEE ‘ﬁ‘?‘ﬁ"cﬁﬂ theaf %Pﬁﬁﬂgghﬁééﬂof%éﬁnggﬁ%&rgﬁ (t)?/tggff Ef‘ellgﬁoglur e is
at 0.1 nifinhise Al BxRBtdedts felpeoRibi +Repsickt ToMipktipenas whichdsmmah-
with 300 nL of 1120 while stirring vigorously for 10 m nutes. The

organi c | 476r Aftes foed pdditensid compleipathn eagchignmixbes ag allogied 1o ¢pmi 9 ERAH U

NaOH sol ution., Th ani t hen washed with 300 ralL of
sat ur at ed%eﬁiip?ﬁaf %@Pﬁ)i%gﬁsagn g%ﬁgcﬁp?oi%ti ve 31P NMR anal ysis of the

organi ¢ p wag canduct ed. 143 t il rdnPleh QM RB ges
gener al p&ggﬁdur Be%ﬁgn g Sgé T’?&éﬁg#a“gﬁgﬂ%g%? %%d;lﬁc% Xture were ‘g
and once the reaction mixture reached room temperature at the end of the run, are analyzed via
3tp NMR using triphenylphosphine oxide (TPPO) as an intetnal standard for quantitative
analysis of phosphorus-containing compounds. Any detectable amounts of cyclophosphite VHa
-922.




2, 4-xyl enol solution, and the solution of bisaryl conpound being
prepared in the drybox and dried over sieves prior to their use.
Sanpl es of the reaction m xture are analyzed by 31P NVR periodically
to determine the extent of reaction. In a tenperature-controlled 500
m. baffled reactor equipped with an overhead stirrer is charged 200

nv (200 ghgiditionhl thpikds B@@a'f&n{e‘d|dHﬁﬁ'§ﬂ1\é'e§pé§3ndﬁEs%§b&@§m?é@l@o Be derived from
doubl e- ended needle nder vigorous stirring, a solution of 100 nL

(200 rmoiby tgranplerulr raaptanfthemerophpiphie rmedial Vda. EoUheifferent argigion

mol ) of 5 t

e o By S gl R SRRt o
addi t i oningEablecH Tﬁwcrdaamitosmrusempehamgmmmde|Smlqumelé[aaSmE@raKd, anide

triethyl e 'S add d bel ow ile.t 2, 4-xyl enal i

ded B Sl hnitnl Sl A & M e i i biseent
m. (200 rea@ion sefge?is@ cvinblatied &Yécﬁﬂiltil@lﬂf) forah&plodtidtion oPthe HQMosPhité 20Pom the
nmmol) of 2.0 M 2 4@§ﬁ§$n0| in toluene are added separately and

concurr ehlﬁmy ‘fﬂﬂéPOB dtfinee apmeiss at diphosphifs nthe readijon pHraTqsBYided bymoles

mol of | adrd f&&i&hﬁ&g &Je"ﬁq&% SR Efié]
Trlethylanlne %% @% ? i add 36 eﬁ t he suF@g%é 018% e ggg%??on
m Xt ure owenticapthe dmwéﬂgp bisarpil nomp@deﬁbeQamay bainndrpomated inte thvee oiitble

to +20C sol uti.on . .bi saryl .
compoundpraPreriged s fomita bldhaPe 3 ueddoth SR EPrdambite
punp i nt grdtinktiant dnd diphdestite4 80 at Q?eﬁﬁ'brréacﬂ@n stéd, gle@f:le&thih@ (SEIQ) fo the
bi saryl conpound sol ution.is added, over 2 hours, then

added ovBIOUACogf eshiphosnhite fiom e disap semappugd &P Gt dls‘ﬂhutm“é@’m fOWD
2010/ 123 Héﬁgﬁﬂtyﬁ[%%ﬁ%&éﬁ @'ﬁﬁ) fRd E‘%&dﬁhﬂ?ﬂgn@ +Q1i fibdtidh $9P) For MdabsRspilite +

conpound solution is added over The reaction"mxture is then
washed wikstibegon (P)dpr digkaesphitpld Adteinatieedy. flgs sedeatiivityitmay be A¢tensrined from a mass

separat i nic phase, it is washed with 150 nth of 1 M
aqueous R%@%ﬁ%ﬂ?%gg separating the organic phase, it is washed with

150 nL o ne.
oxcept 0B ho" et B A REARAP prtdont BBl el Sy, S YT BpiSrus in e
war m ng teacH@0Gixtire stie de, folh) ofbm kit lofist vt ﬁrosplmnaadmhemrhmg d‘.d’Jﬁoém:lt ptddﬂdfbd

f 65 71 of 1.0
 omaounafipfithe atine Pt o Red Phe prERiR Diheifihg &0 Preing s sl fom
[ 0120] Ex éereupXdhsistingnf P{OR EOR DS PIOR" ) EEORAD P®18‘®3, PlORYgA cbxﬂpodiﬁﬂiﬂr ate

and concgrrent additions of trjethylamne and 2, 4-xylenol. At .that

poi nt i t SFECtHE ERmAA&FoRpoundet WC%Y% .@eﬁ%akphaspﬁw&aemﬁﬂ%wwe
of tdethylam ne and 2, 4-xylenol is needed, and this feed correction
i's made. ApprOX|nater Bﬂg ge-quarter of the rea{ﬂPon mxture is then
renoved using a cannul& an traﬂﬁferred to a ed n& b4 er
cont ai ner, where the nlx\ e iS stored in a fre (to be used in
Exampl e 328 see bel ow). d}; m xture remaining i the reactor is
sanpled for SIP NVR analysis, then diluted with dry toluene back to

t he sane vol une as bef oggudthfe YRITOVal by cannul @gudibeetty ! am ne (65
nmml ) is added under the reaction surface over approximtely five

m nut es; if e fiX6ULSatNOEAR ﬂhbq%nﬁrc@mal c%tﬂyrﬁﬁﬁcﬂgmymgbé ea&lhte from
mxture is warnmed to +20C and 13.4 ¢ of bisaryl

conpoundﬁu@ﬁm%mwﬁWﬂﬁﬂﬂamym(%Bh%@mwﬁhhmﬁ u@@mmﬂwuhewmomﬁp wipbosphie, if
added i n%?é.f%t %ﬂ?%‘fﬂ Xhé/ CQCTR)ﬂ Ifﬁ'}e?réseﬁt %EBOHG/% é%l%(:él I'OCngI Eﬁé %951%\%&%3@

g of thi compoun |on I'S a our’s
5 g nor e “aijtesphire &npﬂuj?rblm:& “ﬂﬁlﬁspt&ﬁ%pﬂﬂyﬁsxbupxedmmdma{md coMtiding bf the

m. of water and stirred for 5 m nutes ter s the organjc
phase, | PrYSERLARRHRD 56PE ihpsthe gpntggting 0&?@&@@6@5 8{@@ 2 W iyl alcohol as
separ at i Rgschfd 4rHENISe aPh @&Qxﬁc' rbackidn Yasd) et Mok Bho%ﬁhrm{s ﬁfthé)Fohﬁ %f the at least

[ 0121] For Exanple 32B, the solution is renoved via cannul a
one phosphorus—conta;mng 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
-923 -



WO 2010/ 123747PCl YUS2010/ 031192 added over 2 hours, then 5 g nore 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
ttiethyl am' ne is added, and the reaction mxture is stirred for 2

hours. ﬁ]l 92374'I;errper ature St udy at 55C [ 0128] The PCT/YS20106/031192
phospho r ®ulin @ord £ M&]ﬁfé@éﬁ%ﬁ%@&éﬁﬂﬁé &r PheAlataSin the last row of Table
2, 4- di net henOX| de, is’s esized followng a nethod disclosed_in

02004/ 0605@3% dfohespbetue in the BT fiieghlsass rae phosplmrisonteming Gorpdnct 5494%
A2PCL, 20412, 8%%@5 3094 R5HN LGRS S, TARRARYcl}, trd ABS

phosphoro oridite molar equi'val ents of dry triethyl ami ne
ar e addephdsphdrinein tigefotrh ofithé hidsdst mphaasphpwg-cottr@mmm H‘Wdﬂct may be determined

phosphor oc idite splutio e o]
ielpdpt R SR R R L S R R R
peri od ofnaRedbraghrours, a 1M sol ut| on of the bi saryl conpound Di a
in toluene is added to the reaction flask at a reaction m xture

t enper at gjoggpof Jﬁési omWAbpﬂlakotﬁ@sab@ho@E istth SRrfyim 6OHPORphdPhite
fed was predeterm ne and calcul ated to allow for, 100% conversi on of

phosphor dufrigshé etiurss oftheradditipn prd the emernt 6f riphesphidaipeiead by fis same value.
distri bn@h ghes?le%] ﬁﬂ%&&gplﬁﬂnﬁﬁfe% d ﬁ@go&a&é Yot SO A il WMBition modes

measur e hd are e 41: Tenperature
Study at w&&@bbﬂd@ﬂa]fﬁﬁmo pivasiiteorTo ehk arbisidita. l’::fEmmmle@}glvénm phogydp@thloridite

wherein Ais 4-dj et henoxi de,. LS ize thod
di scl ose# qdﬁe‘f/@%’@‘&?"é% 8°IBP93J335% ﬂl%ngtge%ﬁﬂ’? ﬁ%l”‘@wﬁ{gorl

sol ut i Onn(o%&% hatel%%uﬁ%ﬁlﬁ,wae%p A3F%, aid EBduY aﬂecycﬂoﬁﬁo%ﬂ}@md‘aﬂcﬁnékﬁl
is repeated with this 0.35 M phos&hor ochloridite solutiqn,and é,xageVIa

nol ar eqipbasnbife §Iecfﬁrqulvéﬁt fh nsmmelsculaTeastion Of 1he ManapPhngPhits ARt
tenperat ¥, ﬁer%ﬁ%téﬂrl EihGRGEEAR Jga,cﬁBﬁ' {s%uﬂﬁﬁlh 16Pendelid Eé)cﬁtrl@ﬁtea oW M

solution o conpoun istributions to phosphorus
speci es aogstute ﬂavv]e dnd exsess3ethyimize, bﬁéa@ﬁwlédbmﬂs Tedﬁ@ the mtpmgleayanrpaction

Tabl e 24, T
pﬁo S S hor 5@%%% 8%13?1826& b§§ TT%_ i1 %{logén % ik ﬁgté%q&r\lﬁllé contains %\gtlr%-ﬁﬁnds Especially
, 4- di r aehletlopitetimsiviere bisirs )mmp@mdmajidécbtol oiwihpigminerned Pesphiirecilaisitd in

|n W)2004 0 0588 r oduce 0.34 hos horochl di i

(87% A2P AP RGP TSP IREE TS T Bt Sl Eibton of
repeat ed tHE fubndphbsphile thtdinBdigs MIOAGE hbﬁppéhrﬂiﬁlcﬁﬁiﬂgrtcbmpet&ivd réla@ventol ar
equi val ents of 'ttiethyl am ne. e %;FJ on_bein t thge%[ﬂ era%urfe
o e rdusteer v I ouB T DR G SR O PGPS B AT B
bi saryl &ﬁ‘zd 1a6ing hudiigtivd éyﬂ%ergaﬁ of ShoBRRSRIRTdge &ﬁﬁﬂdll@&mﬁfe& to

derived fro NI\/R measur énents and are listed in Table

WO
2010/ 123mn@’rscm exetialiy wgker dilumerinditions, and wapeshay %i?fénsm}a%ﬂo&f) mggsale.
[ 0134] The phosphorochloridite of 2-4-xylenol, A2PClL wherein Ais
2, 4- ¢l i mEstwpydéschtd: dSenthésss of yie Mo pphodpliits Enmwgmée wid hednirpmelegalay
in W2004/050588 to produce a 0.4 M phosphorochloridite solution (85%
A2PC1, 495RPEYS 11% A3P) in tol uene. [0135] Exanpl e 40 i s repeat ed

with this hor.ochl or i l

equi val en[f’gﬁgjf t]% Pﬁ’??@ﬂf’ﬁ?g m’ﬁ%?%e%ols ét?wlgﬁmeﬁﬂgde%%%d E?}l&rdétrsé%&ﬁ?‘gtyof
t he reacti,pdtipitad s €p MR%CQ&@Oﬁddﬂﬁdema@fon&oﬂhﬁoﬂMm Whifthrthmrblsafyl

bi saryl corrpound i's 10C

dlstrlbutlonsio‘ %}phorUﬁ Ci es are
derived feopmogadis mﬂxﬁ@dﬁea@tﬁp@%ﬂﬂ%ﬂgﬁaﬂ%@ﬁy CrNORRBRQSP Bl Intermediate
[0136] The ng,ﬁ; whverS e Widn @%t&%ematetw
to di phos\p#u teq{ﬁ&#?%ﬁs?%ﬁ%/ I sa ér-:;?é OS%d b?/ t he p?%%g%l nmet hod i
does not Hebseewsdn the redvtion miRaEm at lawq:hpwhpmhleaél&bonmﬂé, which corresponds

d b Sol t EX
mxt ure T GreR BB sr LaY Pl e A o PR PR PRSIl i of BRGLAL
sol vent . Jn@(tg;é_arrpl e 44, the toluene of Exanple 40 is replaced with a

[0070]  Therefore, monophosphite intermediate VIa is synthesized by adding a toluene

solution of 1 molar equivalent phosphorochloridite ITa and 1.25 molar equivalents triethylamine

24 .



Exanpl es of Enbodi nents [0138] The foll owi ng are additional exanples
of enbodi ments of the disclosed nethod. Exanple 45: [0139] A

di phosphite of Structure | is produced, R1-0 /0O-RL P-0-QO-P \ID
R2-0,-R2 S t conprising the steps of: contactin

phosphor ocHd(;gﬁléﬁz%é#of Structure I, R1-0 P-Cl1L/ St rug‘fﬁpgmi—?’gﬂ%lt h
a bi sar yi agelpresaiitipoeetaping & meclaregquivalenh of fe Risesd gomppref s ffgagiC ma
Struct urcery-glnnosg'ﬁérggﬁﬂogﬂeﬁé TR thonb Hﬁgétﬁ{e%ty edBf soRfiorbbdtsihds, v

and a tertiary*organi c am ne, cO I'Sing a basic nitrogen atomor a
pl g_r alhl tmgﬁphﬂép?ﬁaga%ay@@pmmé’dﬂpbosphﬂeem 18a triphrsphite (relehy i si ng
a di phosphite g pucture |:. whergin t he.cont,.acting i.s by at
| east onl .nﬁ‘??ﬁ'iaﬁ%qsi%k °W%§8§PE{§? %@é &cﬁwll‘?ﬂlﬁofﬂi‘étg)g %60%8%5‘1%?‘%%%% ,

(i) . feedbghbhRitbintstyliae OMALH e babla afd kipeRneE oPBOAPMithanhlchiredid e
and tertiary organic amne, and (ii). feedi ng% t he bisaryl_ c ound
and t he thep@mpasitioneyervaenamales aferismed yaPHlEPRFaire iy aPPFi\ﬁ'i SiSg &

the phos ﬁfe%%ﬁ.% %leg{t bSooft Wngeiftnt PHACki-AGd perid@BfiRY stoRMd dRtdctabR

the feeding su
change in the concentrations of monophosphite intermediate and cyclophosphite within 1 hour

but quantitative conversion is observed over a time period of 68 hours. A freshly prepared
monophosphite infermediate solution is stored at —35°C and used for each experimental study of

its reactivity.

[0071] In an initial experiment, the monophosphite intermediate VIa of a monophosphite
intermediate solution is treated with a mixture of 1 molar equivalent each of phosphorochloridite
and triethylamine at ~10°C to +20°C. Subsequent NMR analysis of the reaction solution shows
gquantitative conversion of the monophosphite intermediate to the diphosphite, independently
reconfirming the species, characterized as having a *'P NMR shift about 0.25 ppm lower than
that for the cyclophosphite VIIa, as the monophosphite intermediate on the pathway to
diphosphite.

[0072]  In a separate experiment, a monophosphite intermediate solution containing 0.024
mmol monophosphite intermediate in toluene is treated with 0.28 mmol H,O then mixed at room
temperature. After 20 minutes, less than 10% of the monophosphite intermediate had been
converted to cyclophosphiie (Table 4, Example 11). This experiment is repeated in the presence
of 0.16 mmol triethylamine with the same result, indicating that the intramolecular reaction of
monophosphite intermediate is not catalyzed by base (Table 4, Example 12). However, when a
solution of 0,024 mmol phosphorochioridite and 0.16 mmol triethylamine is added to a mixture
of 0.024 mmol monophosphite intermediate and 0.28 mmol H,O in toluene (Table 4, Examples
7-10), 40% decomposition was observed within 16 minutes. The intramolecular reaction slowed
after an initial period and displayed a zero order kinetic behavior. When the same experiment
was repeated in the absence of triethylamine, the intramolecular reaction of monophosphite
intermediate was instantaneons (Table 4, Example 13).

[0073]  While not wanting to be bound by theory, these experiments lead to the conclusion
that during diphosphite synthesis, the iniramolecular 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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a first nole ratio is at least 2.0 during all stages of the
contacting, wherein the first nole ratio is defined as nol es of
phosphorochloridite in the reaction m xture divided by noles of

bi saryl conmpound fed to the reaction m xture, and a second nol e
ratio i s awoerst231470 during all stages of the contact i PEL/USE081162
the secopspr@hloaiit® Tis ddedipsitionseaondres ff inhsibsent bf wigtylastimrist

fromthe tertiary organi¢ amne fed to the reaction m xture. di,vided
by ol esrebTasghin SHRSTORRGF AT VHRE TBREPrOp R mint Bl
net hod i & 3 4 dsfd stalfls HAethe OREAT Edrbube Sidl tBe pliosphorochloridite can
tenperature fr%rgﬁgl%io%gfﬁgh flosc to producebl?ﬁe dﬁb oo

‘ ( ) i phosph elpgvg@ép% ”ﬁ]ﬁ a
react i onlimitxaanophospltite intermedists qopyergion it qyelephospics PoRlpyidite
bi saryl cq und.: el el (WY AV ;
ai phospht CERRPIE R SHPEEST R oroshR RS, G L EGNRIERRRAR e | o
of the binsasphospbiiepmemediaieydithotghngtatded by kriséipfiomioe, lthw bécdine &inetigpdiyei n

in Structures,_ lto. V, ] and 12.2 are e . sane . ' , .
subst i t utERPEHEvE TS IO ‘Eé%‘jéa{mr%?‘%%qneaﬁb tfegfi?cr sl %aﬁlgfkﬁcieogjéﬁ&%?e %l,d-up.
R4,12.3, R6, R7, 128 RO, R19, Rl1l,. and R12 is.i ndependently sel ected
f r om t heExample 145 Hiphgsphite Hmt V&rﬁ‘&l@ﬁ?ﬁé’ﬂé?‘}dﬁﬂ?% , Iohet eroa)r/yl ,

aryl oxy, heteroaryl oxy, alltyloxy, alkoxyallcyl,. acetal,. . .. .
car boar yIt97§l capidslarmiasihe onfey PE‘&P%H%F’?}{%W‘?‘%‘F@% %Hﬁfgﬂ,’ dygipg Aiphgsphite
am ne, agiGe. i &l - ' DHRBY i GO fredRendiflorida

s a di a%ﬁg%mgg%%é ﬁ%ﬁ%ﬁ%ﬁﬁ%@%m g%: [ 0140] Exanpl e 45ai S
r epeat ed glohebei with einge ponpsond thodragsformagion vé buitimsronspliosphite iptgenedisiie
aromati c_hydrocatbon..solve Toanks '

r epeat ed“’ﬁég’f‘lﬂ%& S%Gﬁﬁﬂeg?’ng; con 8r%o ilgné‘ k4 wég%éé%fgﬁ%@g?hﬁghpa?3 {!fraoler
first nobguivasdtoinicudetueehmp. talubm i@ trZatetlwitng? slteenate pogdonsieadhind 0.6 mL of a

contacting wherei.n phosphor.ochl ori di nver si IS, bet 9
To0%  ExAnpdm By soperrnactrane S AT BN Barol iRy B B
cont r ol | qpgdditiéh heedonansusiiis, Halovanpihe shhxpharottiaiditd isyrehastmueintddidclose
is greater than or equal_to 0.02 noles per liter in the reab%}fil%n
M xture dupiighadEpi ool 2050 dde FeagoRTaRGrR S stned in batled, 125 mi

phosphor L ik lsatC BHNE B Qultihgt Yoth16ri @R pluER B d 99%
[ 0143] Exg%g+og%%' gatr ggdgt%ic?q\j\%t?legipﬁ%%&ghosphor (l)lchl oridite

concent r @hesphorioshltriditeesn 5%, tophesplitebyd By satytiops thep Eepéedvaithet-1on
m xture during.: £ & agtsd i °
phosphor &Qr%?r(? r%lué"{’l? Het§ é%%\g/%l ?lglln%t% et|l gggrj“ 0 ﬁits Ag?ﬁgﬁg%g/})t&u%) and ke}?t E.lt HoC. At
2010/ 12374 Peint, t1i5haphodtHle2diBcanphtatiy is fiigu)a.06kaniil.c Wi stigingep@adbd

furth i Si trol.li th L e rati .1 5
tor i g ansat symbgpd SRR iRt a R Q) HRiin'R 48 mr@ificns for ot

t ed sisihiien. .46 16laf @@ttiaRegts). HEMB areqisipoangbveral siapes of th
Lﬁggghgr ochl otp?gi?gmgg a I?%ga?%atebgtgyet msﬁjgﬂgp%ﬁ ng? 13 nol a‘L 3150 °
equi val erissrypepmprind addigem: Voen & 2o8PRIC tleé%tmﬁ:lﬁglﬁ FEHARSFSER PO T AR
under goi nge {48 ROFbRSY Q8hpoEX@¥Rhteraed until the conversion of monophosphite

intermediate is complete.

[0075]  Table 5 gives representative 31p NIMR resonances of the reported phosphorus species,
the distribution of which, as derived from *'P NMR measurements, is give in Table 5. The *'P
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.

[0076]  The build-up of significant amounts of monophosphite (> 1% phosphorus) at a lower
limit phosphorochloridite concentration of about 0,03 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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[ 0146] Exanpl e 45 is repeated further conprising feeding the bisaryl
conmpound to the phosphorochloridite as a bisaryl solution conprising
the bi saryl conpound and hydrocarbon sol vent. Exanple 53:

[01471Exanpl e 52 |s repeated wherein the reaction mxture further
conpri sesrrgV g& uid surface, the contacting furt T EFMHBLEEY
provi di righese B¢ aniiﬁgmgm@morehﬁmarg favg times pespgeengpied Fgepandent of sealerad
to the s IMARE ow
t he uppecﬁc’&l éllqw él’gl%’?jace gﬁlﬁﬁﬁhﬁ%g%g“ﬁ%g?urt ero%%%%%lrt% %ﬁﬁﬁ‘}ﬂ%"e?‘! di ng
rotatio rmbureadamgptl&a totaép]sctsphqrusj guestptiotphowchieolidmeanadntimptionsifall bdew about

comr | S10 Pelb SRR eR et Sy e b Sl B ot B o,

at Ieastdjﬂﬂﬁx@bmhﬂﬂ et Iopﬁdsﬁnitef d’o@&nh’ﬁ&at@ic@@iﬁp@iﬁdﬂdy&ﬁdﬂ@gh&f)hﬂe
feeding the bi saryl conmpound to t

t xt b th
[ qui o sarmaei it ETgeIhe wbarfetﬁnr%"e S&o%ﬁx%m%ﬁ&g@%v%lgwaﬁwﬁﬁg
l'iquid gdgﬁf&?h%ﬁg@% of (i botal! s@%ﬁ%&ﬁp(% Digs @ieﬁﬁcn%é‘tﬂs&?l Q¥floufd fela@?&?et

a porti e upper sur |ng t he bi saryl “conpound to the
reacti omﬂﬂmffeutrthe ahoung of memppp@hmt nmpmnddlsta bhiddap bycﬁﬂleduph@pbi@produmm

3: :geylses é‘hon ; Our'gglll%?lin%) ‘ﬂ"g?l’ﬁo ué%nd ??0 g?%l%aF&% e upper

surface ﬂ&ﬂ)ph@@ﬁit@ﬁtehh@dl&t@ hid laﬁﬂ-up,rcgaz@aszngam Bﬁaﬁypcohhﬁuﬁceﬁed ia@dis a means
m xture bel ow the upper |iquid surface; feeding.the bis

conpoundot Bmiting thesoneniation sdithe worgphesnbife iprmpdiatin e WaCE‘B} %’f"lﬁgﬁ The
through c?etcll:elafeaLﬁ tadcﬂf? ) 3’ %é?a&ugﬁtﬁ]r sHEdRCAR rﬁi}%e%a?i@ fyh co?ﬁih‘déds% a non-

toward an I"er ocate e upper lidquid surface;

2010/ 123:1:4&&@&3@@11@/ 03dclide excesseemorpgoaph@e pisseacied awemmmidlttoe rpthef the
reactio ture b W sar thro

toed | nbésa SOmpo 1}%1(:{111% ﬁ&]g%&gar ol % xféLsteé‘B{ er{c(%)e\%gedd{& r&%*&mﬁ eh?t%ﬁﬁm%@
| ocat ed datawratircofithpmondphasphite ﬁmmmeteamthefrmﬂm@mhe terti ar y
organic amne to the reaction mxture by flowing the tertiary organic
anmine through wblé S.thosp]itﬁ'ui Sediek b ThdheR epthisertative *THSMReR ¢sbamyes
organi ¢ am ne an | at e er liquid
surface; and &Pﬁ R io) n@ﬁ?ft}'l?ha iﬂﬁ&ﬂ%@ﬁ%%&&ﬁ at | east a
portion of the tertiary—organic_amne on m xture and
f eedi ng the bisasyl conﬁ@%?%gc”i“és???éesreactﬁ%‘i‘?oﬁ‘i‘%‘%?mpgl by flow ng the
bi saryl solution, furffher Toppfising the tertpgly organi c am ne,

t hrough at | east one feed |ine *that ditects the bi sary| solution
toward an inpeller |ocated I@é’lcézi\‘/ the upper i é&ﬂd surf nce. Exanpl e

55: [0149] Exanpl e 45 f yherefn—the aryt—cpnpound, the
tertiary organic am nJe, X’gﬁéml nati pn of t?{%fb. sary} conpound and

the tertiary organic Egﬁﬁ?h@mmd)g t he phasghorochloridite
further conprise a to from Q0 pomto 300 ppm-by—wei ght of water.

Exanpl e 56: [0150] Exan‘pM@nQI%wF@ltPé}E@gt &d furtR&A conprsing

precipitating a tertigrypi nydrogggs chiorigle salt from
the reaction m xture durin Ee C@zﬂl acling. Exanple 57f [0151] Exanpl e

45 is repeated furthey &dphassphntm@/ﬁa)od ci ng afl32 east ome phosphorus-
cont ai ni ng co- product W fromthe group
consisting of P(OR1l)(DPR2) 2, B )2(0R2), P(O 3, P(OR2)3, a

conmpound of Structure[Via, a{lfq{a conpouind of gqgucture|Vib, /0\/0\ Q
P-OR1Q P-OR2 o\o/ Structure ViaStructune 'Jib wherein

*A is 2,4-dimethylphenoxide in these compounds.

Example 15: Diphosphite Synthesis Under Non-Dilute, Non-Concentrated Conditions

[0077]  Phosphorochloridite ITa is synthesized following a method disclosed in WO
2004/050588 using a concurrent 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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| ess than 30% of the total phosphorus in the reaction mxture is in

the formof the at | east one phosphorus-contai ni ng co-product

produced fromthe contacting. [0152]1n the foregoing specification,

t he concepts have been described with reference to specific

enbodi ment syo blawesses7z, one of ordinary skill in the art mppuseiaBas:z

that var{RussphReli Tri€ @lpb@Rent 3 ChriddangRs TH eakfor TRIE AN, tatihot dieshieratdring

fromthe scope of the invention as set - 51 - WO

2010/ 1237 ampRbEra @ $19%031192 forth in the clai ns bel ow. Accordingly,

the specification is to be regarded _in _an illustrative rather(%ggn ?
ount of

restri ct [0938ls endboutddif raolpr esuivalents f Fietulamips Wathgespet dHe detecde

i nc udedﬂgﬁg{; r&hﬁégﬁlté GoPSiaed %féag\fgg%laaainoi OA-BRI dai¥n aﬁmﬁﬁ%loga?@ungr}gam

enbodi e ave been descri ve and are nerely exenpl ar
not |i ni tdhrege. e feedingaftthalysarili comppand solusian isorrecusidi using @ paristalgapump. The

' t hat pect d .enbodi _ . . ]
Gonar s 1 alpal et PG hRR PR B Y SR BT B Bl Rl Al (P 0%
advant aggsnverite of phasph@behldridito athb €83 shgy of the encittas Readtiod sarbplesaredakin

regard to specific enbodi nents. However, th epnefits, advanta
sol ut i ongericstiqshy Brringghe Badingelthe Bissryl @e@f’mﬁc}?%{’?u@?ay i‘"er&h%@am SB‘gﬁgﬁ?’ the

advant 39 GmolHt P Bisatld Ry Br R s QEtcREIRATBy (KR BRfRnAAOHILR df ME Gl BbttlO
be construed as a Critrcal, required, or ‘essential feature of any or

al | the ¢habinbad d @SRl error ssso@atbdwith ). e Eicatigributioatof pRasphores SPeigs¥ass
are, for _clarit i bed herei.n i he context of s t

enbodi neﬂ?ré‘,’edlrﬁﬁ’éigﬁ?ﬁlﬁ%@e%eﬂegégg?%g%nbi nat i o)ri in a g?ﬁgrg?ee
enmbodi nent .__Conver se ar...aus feat. hat . ' .
Gonor belbual T net Biederets 3 PO ni SR aRimhi e Bak CpRhie bkeon in gvo,

separ at ey e kedeflorBdyhptad BredRliBict ad fesult frbid kirbein, the efplienieehtique\iad arot
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E86 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 m the phosphorus distribution during diphosphite
synthesis os a direct result of monophosphite intermediate conversion to cyclophosphife. In
other words, an additional equivalent of cyclophosphite is formed for every additional equivalent
triphosphite observed.

[0080]  Similar to the experiment performed at a starting concentration of 0.067 mol/L
(Example 14), in Example 15 the monophosphite intermediate VIa is observed at a
phosphorochloridite concentration of about .03 mol/L and below in the reaction mixture. Asin
most cases, monophosphite intermediate accumulation (10 mmol) is accompanied by a
corresponding increase in the cyclophosphite (9 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. Tt 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.

[0081] 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 mmol) 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

[0082] In this experiment, similar to Example 15 but at a higher starting concentration for the
phosphorochloridite sotution (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 3p NMR

measurements (Table 11).

[0083] When compared to the previous run, 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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[0084]  The amount of hydrolysis product can be estimated by the transformation of bisaryl to

diphosphite or monophosphite at high phosphorachloridite 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 *'P 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 prdduct
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 fo
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.

[0085]  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,

[0086]  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

[0037) Parameters for evaluation in a first set of experiments are amine concentration,

mixing rate as determined by the rotation speed of the impelier on the stirring shaft, and feed rate
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of the bisaryl compound at two different temperatures. Triethylamine, PCl3, and toluene selvent

are used as received (anhydrous) from Aldrich.

[0088] 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
accurmulation 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 friethylamine charge.

[0089] 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.

[0690]  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 3'p NMR measurement.

[0091] 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 eyclophosphite 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 is added, the
detected cyclophosphite concentration is not greater than about 7.8 mol % by 3'p 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
phosphorochioridite 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
contamination during this series of experiments is not considered and although there was no
indication of significantly different levels of hydrolysis products between experiments (~2% of
total phosphorus in NMR samples) different levels of water contamination might have also
contributed to the variability 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

[0092] In Examples 26-29, the fraction of the total detected phosphorus species present as
the cyclophosphite, as determined by 31p NMR, under different addition conditions for the
bisaryl compound is examined for a more sterically bulky analogue of diphosphite Ia. 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 IITa with the mixed phosphorochloridite IIb of Scheme V (ABPCl) which in turn is
derived from the reaction of PCls 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 VIIa 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 Ia. Other aryloxide groups

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

[0093]  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 BPCI; 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 concirently 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 ITb (ABPCI of

Scheme V).
HO HO :g
g ?
PCl;  ——— o T o™
NEtg NEt;
Iib
BPCI, ABPCI
Scheme V

[0094] According to ¥'P NMR, the resulting phosphorochloridite IIb solution comprises 92-
94% of the phosphorochloridite ITb (ABPCI) and about 1% of the phosphorodichloridite (BPCly).
This phosphorochloridite ITb solution is then treated with triethylamine and the bisaryl
compound IITa according to the reaction conditions indicated in Table 15. The phosphorus
distributions (%P} for each Example are also given in Table 15. Reaction pathways fo 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 bultk of the 2,4-dimethylphenoxide versus 2-iso-propyl-5-methylphenoxide groups.
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Scheme VI

[0095]  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 Ib in the reaction flask (friethylamine to phosphorochloridite ITb mole ratio
was 1.3 to 1.4 equivalents) before the addition of the bisaryl compound ITla commenced. Sp
NMR results indicated that the use of at least 1.3 molar equivalents of triethylamine, relative to
the phosphorochloridite ITb 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

[0096]  Tristhylamine 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
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preferentially under acidic conditions. In most cases of adventitious water contamination, both

POP and acidic phosphorus-containing compounds are present.

[0097) 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 is believed to be directly related to the inter- 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 reéction steps,
higher dilution should favor monophosphite intermediate conversion to cyclophosphite and
dilute experiments, unless done in the absence of traces of water, shonld result in lower
selectivity to diphosphite.

[00698] Furthermore, unreacted bisaryl compound in the reaction mixture may also play a role
in the catalytic decomposition of monophosphite, for example as a cartier 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.

[0099] 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 phosphorochlaridite.

[0100]  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 ITa is deliberately exposed to water before the addition step of bisaryl
compound Illa. 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 cornpounds (presumably Structure IXa of Scheme IV from hydrolysis
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of the phosphorochloridite). In other words, 31 mmol of at least one acidic phosphorus-

containing compound (assumed to be that of Structure IXa) is detected by P NMR in good
agreement with the amount of water added. This method is used for the other experiments to
estimate the amount of purposefully induced hydrolysis and was noted as “Equiv. water” in
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 XTa) with about 3%
phosphorus remaining as acidic phosphorus-containing compounds. Under the overall bé.sic
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 tuns at the same concentration, the addition of the bisaryl compound to the
reaction mixture in this Example was conducted in portions. About 65 gofa 1 M bisaryl
compound solution in toluene (72 mmol = 0.75 equiw}. 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 corhplete reaction of each added portion
of the bisaryl compound. Despite considerable water contamination (30 mmol compared to 152
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).

[0101]  Similarly in Bxample 31 (Table 17), the water is added and dissolved in the first
portion of the bisaryl compound feed. Again, as indicated by the 3P NMR results in Table 17,
over time a similar amount (28 mmol) of acidic phosphorus-containing compound of Structure
IXa is formed. However, the transformation to POP is significantly slower and higher levels of
the acidic phosphorus-containing compound, presumed to be of Structure XTa, are present during
the addition period of the bisaryl compound, as compared to Example 30. Although the same
excess of tristhylamine was used, about ten times as much of the monophosphite intermediate is
converted to cyclophosphite (9.9% of the total phosphorus) compared fo 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 IXa, 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 0 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,

[0102] 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.

[0103)] 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
compotmnd 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 mixfure is divided into two pdrtions, 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 is 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
-37-



00'0 800 10'0- ITO (lowa v dOI 500 000 0'0 0.0 100- aro- 0'0 1700

| 0" O- Triphosphite Amol 2zl "0 50'0- ZWO> 0.0 100 0'0 50' 0 900-
D phosphite A ranol

WO 2010/123747 PCT/US2010/031192
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
phesphorochloridite 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 intrusion 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 ditute 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
cong. (mmol/Kg)] of acidic phosphorus-containing compounds, based upon 3Ip NMR

measurement, are overall very similar.

[0104] 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

[0105]  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 %°*; H =9 1) 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 is heated in an oven overnight and cooled in a
drybox antechamber under vacuum and finally flushed with dry No.

[0106]  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 CsD are combined and analyzed by 3P NMR (T =5 sec.).

[0107]  Bisaryl compound Illa 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.

[0108] Preparation of a copper diamine catalyst is described in Tetrahedron Lettets, 1994,
35, 7983. A copper halide, such as CuCl, CuBr, Cul, or CuCly, is added to a mixture of alcohol,
such as methanol, and water and the diamine is slowly added. After the addifion 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’-tetracthylmethane diamine. Alternatively, the catalyst can be
prepared in situ by contacting the copper halide and the diamine in the solvent for the coupling

Teaction.

[0109] 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.

[0110] 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 allcylation of phenols with
alkenes.

[0111] 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 PCls solution in
toluene s 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 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 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 3P 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 is 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 mI/minute via peristaltic pump. Reaction workup is to quench with 300 mL of
H,0 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 *'P NMR analysis of the organic phase is conducted.

~ [0112] Example 16 is carried out in a 2 Liter baffled, jackeied reactor with overhead stirrer, Ny
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, 2 solution of 200 mL of 4.0 M triethylamine in toluene and a solution of
101 mL of 4.0 M 2,4-xylenol in toluene are added separately and concurrently 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
ternperature 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
concutrently 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 3P 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 HoO 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 *'P NMR analysis of the organic phase was

conducted.

[01313]  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-xylencl 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.

[0114] For Example 26, the 31p NMR analysis indicates that a 3.1% correction of the feed is
needed to convert unreacted phosphorodichloridite (BPCI#) 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. After 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 stitring is increased to approx. 500 rpm for one hour and sampled. The
reaction mixture is washed with 150 mL H,0 and stirred for 5 minutes. After separating the
organic phase, it is washed with 150 mL of 1 N agueous NaOH. After separating the organic
phase, it is washed with 150 mL of brine.

[0115]  For Example 27, 260 minol 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, 26.709 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 stitred
for three hours and sampled again. The reaction mixture is washed with 150 mL H;0 and stirred
for 5 minutes. After separating the organic phase, it is washed with 150 mL of 1 N aqueous
NaOH. Afier separating the organic phase, it is washed with 150 mL of brine. The final organic

layer is concentrated by evaporation at 45°C.

[0116]  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 is washed with 150 mL of brine.

[01171 For Example 29, the 31p 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
bisa:rfl 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 gvaporation
at 45°C.

[0118]  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 3'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 PClz 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 24-
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 mmol) is added under the surface of the reaction mixture over
approximately 5 minutes. The reaction mixfure is 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 Iia is added via peristaltic pump
intermittently, under 480 rpm stitring. 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 stirted 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.

[0119] Example 31 is performed as for Example 30, except that no water is added fo the
reaction mixture prior to warming to +20°C. Instead, 30 mmol of water is added fo the solution
of 65 g (71.7 mmol, 23.4 g of bisaryl compound) of 1.0 molar bisaryl compound ITla, which is
added intermittently via a peristaltic pump.

[0120]  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 friethylamine 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 *'P 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 stirting. The reaction mixfure 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 Ila 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, it is washed with 75 mL of 1 M aqueous NaOH. After separating the organic
phase, it is washed with 75 mL of brine. ’

[0121] 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 Ilia
solution is added intermittently 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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[0122] For Examples 34-39, the following general procedure is 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 foluene and a
100 mL (50 mmol) of 2,4-xylenocl 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 sutface. 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 petistaltic pump at 2.22 mI/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 Ia 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 is
washed with 75 mL water and stirred for 5 minutes. After separating the organic phase, it is
washed with 75 mL of 1 M agueous NaOH. Afier separating the organic phase, it is washed with
brine.

[0123] For Example 33, the 3Tp 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 o +20°C. 91 mL (22.75 mmol, 7.427 of
bisaryl compound) of 0.25 M bisaryl compound ITfa 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 vellow solid is obtained.

[0124]  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 IITa
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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[0125] 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 Iffa solution in toluene is added intermittently
under 480 rpm stitring. 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 gmore 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.

[0126]  For Example 38, the reaction solutions are prepared in the drybox and the 0.5 M
triethylamine (100 mmol) solution in toluene, the 2,4-xylencl 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
is 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 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 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 gmore 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.

{01271 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 tolnene 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 ITa solution in toluene is added intermittently via
peristaltic pump under 480 rpm stirting. 40 g of this 0.25 M bisaryl compound solution is added
over 2 hours, then 20 g more of this 0.25 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

[0128]  The phosphorochloridite of 2,4-xylenol, A;PCl wherein A is 2,4-dimethylphenoxide,
is synthesized following a method disclosed in WO2004/050588 to produce a 0.34 M
phosphorochloridite solution (89% A,PCl, 2% APCl, 8% A3P) in toluene.

{0129] Withrespectto fhe 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 ITla 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

[0130] The phosphorochloridite of 2,4-xylenol, A,PCl wherein A is 2,4-dimethylphenoxide,
is synthesized following a method disclosed in W02004/050588 to produce a 0.35 M
phosphorochloridite solution (89% A;PCl, 1% APCly, 9% A3P) in toluene.

[0131]  Example 40 is repeated with this 0.35 M phosphorochloridite solutien 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 3p NMR measurements and are listed in Table 24.
Example 42: Temperature Study at 15°C

[0132] The phosphorochloridite of 2,4-xylen<;1, A,PCl wherein A is 2,4-dimethylphenoxide,
is synthesized following a method disclosed in WO2004/050588 to produce a 0.34 M
phosphorochloridite solution (87% AgPCl, 2% APCly, 10% AsP) in toluene.

[0133]  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

phosphorus species are derived from 3'p NMR measurements and are listed in Table 25.
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Example 43: Temperature Stady at 10°C
[0134]  The phosphorochloridite of 2-4-xylenol, A,PCl wherein A is 2,4-dimethylphenoxide,
is synthesized following a method disclosed in W02004/050588 to produce a 0.4 M
phosphorochloridite solution (85% AoPCI, 4% APCl,, 11% AsP) in toluene.

[0135]  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.

[0136]  The temperature study of Examples 40-43 show that a selectivity to diphosphite Ia
from the bisaryl compound by the present method does not decrease as the temperature is

inereased.

Example 44: Hydrocarbon Solvent Study

[0137] 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 is
synthesized in cyclohexane following a method disclosed in W02004/050588 and the bisaryl
compound [la 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

[0138] The following are additional examples of embodiments of the disclosed method.

Example 45:
[0139] A diphosphite of Structure 1 is produced,

Structure I
comprising the steps of:
contacting a phosphorochloridite of Structure II,
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with a bisaryl compound HO-Q-OH selected from the group consisting of Structure II1,
Structure IV, and Structure V,
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hod o4
R® OH OH
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Structare IT Structure IV Structure V

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

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

wherein,

the contacting is 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

-48 -



0O (a% ; clod 0 0 0 0 0 O O O O 0 O A2PCl1 Sol ution
oPaPI TY HO 'Airtba OS FO 000 0917'0 66¢c0 19CO 19L-0 19C0 1278.0
T 7Z8'0

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;
cach of R3, R4, RS, R6, R7, RS, Rg, Rw, R”, and R'2is 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 "0O-Q-O" is a dianion of the bisaryl

compound.

Example 46:

[0140] Example 45 is repeated wherein the reaction mixture further comprises at least one

aromatic hydrocarbon solvent.

Example 47:

[0141] 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 90% and 100%.

Example 48:

[0142]  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:

[0143]  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:

[0144]  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:

[0145] 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:

[0146]  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 53:

[0147]  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 fo the stirring shaft

to mechanically stir the reaction mixture.

Example 54:

[0148]  Example 53 is repeated further comprising feeding the bisaryl solution to the
phosphorochloridite by at least one mixing method selected from the group consisting ef,

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 Teed 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, firther 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:

[0149] 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:

[0150]  Example 45 is repeated further comprising precipitating a tertiary organic amine
hydrogen chloride salt from the reaction mixture during the contacting.

Example 57:

[0151) 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")OR?),, P(OR')2(OR?), P(OR)s, P(OR?)s, a compound of Structure Via, and a compound
of Structure VIb,

O O
/N SN,
Q\ /P—OR1 Q\ /P-MOR

(o] 0]
Structure Via 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,

[0152] 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.

[0153]  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.

[0154]  Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, thé 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.

[0155]  Itis 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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CP- 1 R2-0/ Structure 11 wi th a bisaryl conpound HO Q CH sel ected
fromthe group consisting of Structure Ill, Structure IV, and
Structure V, and a tertiary organic am ne, conprising a basic
nitrogen atomor a plurality of nitrogen atons, to produce a reaction
m xture conprising a diphosphite of Structure | and at |east one
phosphor YéhatdnElaimedig co- product in the reaction mixture sel ected
fromthe group consisting of P(0121)(0R2)2, P(ORlI)2(0R2), P(OR1)3,
P(OR2) 3l aAcoapedifoaperdusng adiphpwhie af Staiegual.conpound of Structure

VI b, Structure VlaStructure VIb wherein, the contacting step is
carried out by at |east oneR acting method sBre®'ed fromthe group
consisting of, (i). feeding the Yisgryl C_Qﬁip"g' dto a mxture of
phosphorochloridite and tertiary, or @3 \ and (ii).feeding the
bi saryl conpound and the tegeigyy organic an negsepRrately or as a

m xture to the phosphorochloridite; and the contacting step is
carried out by controlling the feediYfudwed that a first nmole ratio
is at |east : ' .contacting step, wherein the first nole
ratio is deﬁ&}l}gla&g%{hrgrgﬁeég&bf phosphorochloridite in the reaction

m xt ure di vi deshtinyingalpbespbérothilsaditel of Somgrorerdll fed to the reaction

m xt ure, and the contacting step is carried out by controlling the
feedi ng such that a second nole ratgbe—gps at least 1.0 during all the
contacting step, wherein the second nol& ratio is defined as nol es of
basic nitrogen atons fromthe tertiary gfgaklc anmine fed to the
reaction m xture divided by noles og{z_p sphorochloriclite in the
reaction m xture; and the method i's characterized in that the
contacting is controlled by at |eastgqpe.eqftrol nmethod selected from
t he group consisting of, controlling the feeding such that the first
mol e ratio is witherhisaryl compoung mﬂ-@gl seleeted frpgethe group eomsating of $ipegpture I
wherei n pho i di version is from 90% and 100% and
(iv). contro ﬁfg"’ hgﬁ‘#g@ﬁuﬁé%uch that a phosphorochloridite
concentration is greater than or equgl Rd 0.02 noles per liter in the
reaction m xture during the staggwof t h¢ Qpt acting wherein
phosphorochl ori dite gfonversion i 0 90% wherein, r* |ess
than 30% of the tgetal phosphorus 1i1 tion mxture ig igsthe
formof the at |ea3f 9ne phosphdfus-Etontfai M'ng co-prod i
Structures Ito Vst he, at | east on@'®phosphpr us- cont aia
co- product, Rl and the sane gor di|fféfent,, substitut
unsubst i t ut ed, aryl grolfs eactinetRR3, R4, HR
Rs, RO, R o, R', a Ié: i s i ndepende d
consi sting of hdeFogn, Ral kyl , aryl R’
het er oaryl oxy, al kyleky, al koxyal kyl, aget e, carboaryl oxyRr?

car boal koxy, aryl carbonyl, al kyl carbonyl, oxazole, amne, -73 -

amde, nitrile, mgredpeYir; and hal oggAydte@TUPS; and - OSfPubturé ¥V a

di anion of the bisaryl, wherein the bisaryl conpound, the tertiary
organi c am ne,anerat&i&@@gmwﬁg%m%ﬁﬁnga BREYAitr6 QAREIANEr ARdralifeof nitrogen
tertiary organic amne, contacting the phosphorochloridite further
conpri ses a atemg|to plodpeesnicartiop mMixgraIompyisine yliphebmtte obBtrygiyre [ and at least one

phosphorus-containing co-product in the reaction mixture selected from the group consisting

of P(OR)(OR?),, P(OR'),(OR?), P(OR)3, P(OR?) 3, a compound of Structure VIa, and a

compound of Structure VIb,
(8] 0
/N SN
Q /|='—~~0|==1 o\ /P—OR
\0 G
Structure VIa Structure VIb
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2. The nmethod of Caim1l wherein the reaction m xture further
conprises at |east one aromatic hydrocarbon solvent. 3. The net hod of
any preceding Caimwherein control nmethod (iv) further conprises
controlling the feeding such that the phosphorochloridite
concentrati afeden, from 0. 02 and 2.0 noles per liter in the reaction

m xture during the stage of the contacting wherein

phosphor ochl ofhk dbitectig Rép isSdabied dut by AieLlotedodBUindmethbesdirtdddebndthe
any preceding Caimfurf{her conprising controlling a second nole
rati o from §O9PCPSIUBEPh t he reaction mixture during any stage of the
contacting. 5. The nethod of any preceding Caimfurther conprising
feedi ng the bi s&yiredipgibehisaryt ePmpREng KSRGS Oh Pensplgredileridity ape ieatiary
rate between 0.04 and.10,0ml.al.qequival ents per hour, relative to
total noles of phospfioroc o?lgite under goi ng the contacting. 6. The

met hod of any pr, i: [ | Si i i.saryl
conpound to the(1 C%gdﬁﬂ%trhggﬁ@ %ﬁéggﬁggg Cgﬁg?ésrgr I%r%agﬁ%{rrﬁlgenéeg%ﬁgir}i&gi%a

t he bi saryl conpounnmtizaue tdshel phesphdrochisioditeent . 7. The nmet hod of C aim

6 wherein the reaction m xture further conprises an upper liquid
surface, the sethacdntdgng step BetrrRd Pt hys@mpriay ileh fogine Sich tHat 0 @rss hdfd ratio
conprising at ie?aast gne iﬁ;rqpel | er attached to the stirring shaft
wherein at [S&h&est YrHighs eantacing ep Rgroapibe Ry moleaspe i derige 3f moles of
surface, angpdspRoractlbrititelit! fePEIcti6® APErhS &Bviddd) 1HS18G0 K IcORMBburATES @the
to the stirring shaft to mechanically stir thé reaction m xture. 8.

The met hod &Rci@ugpyFef urt her conprisi ng addi ng the bisaryl solution
to the phosphorochloridite by at | east one m xing net hod sel ected

from t he grougndobaednsacting step is carrfed ottt brgycantrelling sher fpedingsnch thatla sasondmole
reacti on m xg.ur t:he roLigui rface flow n he .

bi sary sol itanectiY Fo ublipd HERE el s {8 e <ot 118 is dfined as
di sper ses t h®ldviof basyd nigogantatans Hymthetrilagastarc point falio die eiveion preire

surface; feedi.ng the hisaryl c und to the reaction, m xture above
the upper | P4 c&"%lﬂ‘?‘??&&%@”ﬁ@ﬁﬁﬁﬁ&%@%@QWPHEBW% t hr ough at

| east one liquid distributor. that. disperses the bisaryl solution over
nt Teast a pole st FrrgRcisied Rt BRGNS B CaRHO oE M 4 B P oL
organi ¢ am aRtiod stib&ed famlth®frolip ¥éndlsend6f, oW t he upper |iquid surface;

-74- feeding the bisaryl conpound to the reaction m xture by

flowing the bisaiiyl cfloUingaRe febdiay fithIhat kiRAEE BN rdtRAsfrbinel {181 during the
directs the bisaryl solution toward an inpeller |ocated bel ow the

upper |iquid surfac#age offtheenniastingwhespigphosphemeplotidie e vemien issiem P8
m xture by flow ng theidssapy! solution through at |east one feed
line that directs the bisaryl solution toward an inpeller |ocated
bel ow t he upper hiqui f Yale| i I: C A
o the react) on Mt ur il BERCARE ol RIRADAb Aol EhbL el aRR G SRR
at least one feed | ihe ot batal wi(@Limnsles e livirdmthelremtburixdmretdoviag the arage of
i mpel l er | ocated bel,ow the. upper .li uig surface; and. 1the bjsar .
sol ution further coff5i98 %ﬂnﬁo eé%{gpﬂ%isp %P&F%GCJ%fCOPYFéSl?%}S 05‘}9(?"3? éé\%h c
amne fed to,the reaction mxture and feeding the bisaryl conpound to
the reacti oS ure by flowing the bisaryl sol ution, further

conprising the tertiary organjic am ne, through at | east one feed |line
that directs fﬂ%&%ﬂé@%‘f Uit PP ReR RSP SHKEFE If Be'ae eWmd s pt least
the upper |igdbeophrhaEsntaifing EHSrdmENOd of any preceding O aim

further conprising performng the contacting step at a tenperature of

the reacti oR, ot 288 140 ik % hp ! afﬁiqﬁa

precedi ng al{&m mﬁlreﬁcn t he g%ﬂospﬁi taét]&g Ppr%&t%ggﬂn t re Xr(pé%%utc?’on

m xture with ti Vi - 9 f.,ggo - j .

conpound, vvngzr %P%ﬁztgﬁ em%%ﬁecc?%ﬁgﬁéégﬁ@g% esl{%%n%gigaphg’ggﬁ#%g%i Eroups;

produced i n eatteofiRaRf,iRONR AR R, &8,k V,iRdb dinb Rt i tralepandbmely sefected from the group
consisting of hydrogen, alkyl, aryl, heteroaryl, aryloxy, heteroaryloxy, alkyloxy,
alkoxyalkyl, acetal, carboaryloxy, carboalkoxy, arylcarbonyl, alkylcarbonyl, oxazole, amine,
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amide, nitrile, mercaptyl, and halogenyl groups; and "0-Q-O" is a dianion of the bisaryl,
wherein the bisaryl compound, the tertiary organic amine, or a combination of the bisaryl
compound and the tertiary organic amine, contacting the phosphorochloridite further

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

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

hydrocarbon solvent.

The method of any preceding Claim wherein control method (iv) further comprises
controlling the feeding such that the phosphorochloridite concentration is from 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%.

The method of any preceding Claim further comprising controlling a second mole ratio from

1.0 to 1.5 in the reaction mixture during any stage of the contacting.

The method of any preceding Claim 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.

The method of any preceding Claim further comprising feeding the bisaryl compound to the
phosphorochloridite as a bisaryl solution comprising the bisaryl compound and hydrocarbon

solvent.

The method of Claim 6 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 adding further comprises providing rotational energy to the

stirring shaft to mechanically stir the reaction mixture.

The method of Claim 7 further comprising adding 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 liguid 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;
-74-



10.

11.

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;

feeding the bisaryl compound to the reaction mixture by flowing the bisaryl solution
through at least one feed line that directs the bisaryl solufion 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 bisaryl

solution 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.

The method of any preceding Claim further comprising performing the contacting step at a

temperature of the reaction mixture from 10°C to 110°C.

The method of any preceding Claim wherein the diphosphite is produced 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.

The method of any preceding Claim wherein the first mole ratio is maintained above 2.0 and

the second mole ratio is maintained above 1.0 in all stages of the contacting step.
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