H GHLY SELECTI VE PROCESS FOR PRODUCI NG ORGANODI PHOSPHI TES CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clains priority fromU. S
Provi si oraib 20ppil281at i ons Serial Nunbers 61/171, 290 fi | e#corusaqoioB112d, 2009
and 61/171,295 filed on April 21, 2009. FIELD OF THE | NVENTI ON [ 0002] The

I nventio I | ' Lhes.
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nylon is adiponitrile (ADN). ADN is comrercially produced via

hydr ocyanati on of 1, 3-butadi ene and 3-pentenenitrile (3PN) in the presence

of a catalyst conprising nickel (O and phosphite Iigand. The phosphite

| i gand used commercially is a nonodentate Rhosphite, such as a

triaryl phosphite, CROSS-BIFERENCE TORERY TESDPEIESAJdONS g as cat al yst
precursors for the reactions. Although useful, nonodentate phosphites can
result in relatively |ow catalyst activity and rel atively high nickel
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reaction for preparing a phosphorochloridite, (RO2PC, fromthe reaction
of PO with ROH in the pBASKGROIINB QETHRINVENJAON am ne. Then in a
subsequent reaction, a difunctional alcohol, such as HO Z-OH, nmay react
wi th t 90Bhos phbeywiotiroedidictie therprodustion of nylon is adiponitrile (ADN). ADN is

commercially produced via hydrocyanation of 1,3-butadiene and 3-pentenenitrile (3PN) in the
presence of a catalyst comprising nickel(0) and phosphite ligand. The phosphite ligand used
commercially is a monodentate phosphite, such as a triarylphosphite, that forms nickel-ligand
complexes serving as catalyst precursors for the reactions. Although useful, monodentate

phosphites can result in relatively low catalyst activity and relatively high nickel consumption.

[0004] Recently, significant improvements in nickel catalyst activity and yield to 3PN and
ADN have been realized by using catalysts comprising nickel(0) and bidentate phosphites as
ligands. Bidentate phosphite ligands, in general, contain two phosphorus donor atoms that may

form cyclic chelate structures with a single transition metal.

[0005] Bidentate phosphites, also referred to as diphosphites in this specification, of the
general structure (RO),P(OZO)P(OR), are of special interest. Traditionally, such diphosphites
may be synthesized by a first reaction for preparing a phosphorochloridite, (RO),PCl, from the
reaction of PCl; with ROH in the presence of a tertiary organic amine. Then in a subsequent
reaction, a difunctional alcohol, such as HO-Z-OH, may react with the phosphorochloridite in the
presence of additional tertiary organic amine to produce (RO);P(OZO)P(OR),. A function of the
tertiary organic amine is to neutralize the HCI co-product in both reaction steps through the
formation of a tertiary organic amine hydrogen chloride salt. The nature of ROH and HO-Z-OH
as well as the conditions chosen for each reaction step may influence the selectivity to desired

products, (RO),PCl and (RO),P(OZO)P(OR),.



presence of additional tertiary organic amne to produce (RO 2P(0QzO P(OR) 2.
A function of the tertiary organic amne is to neutralize the HO
co- pr oducwoiniopiastadr eact i on steps through the formnati onprofi/ts2¢1008i136 y
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as the ions osen for each reaction step uence 't
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(ArO 2P(QZzO) P(QAr)2 where Ar and Z are substituted or unsubstituted aryl

gr oupsobPO07]U &) IBtenPAEBDENR67 Probfilks 2 procpssdivt the prapapitioness for the
preparation of organodi phosphites of,the general, fornula {Rld% )
P( OzO) Feartjshospiites PhthrEchsidl formyla (B PRRUCZTPEOB 3¢ PR ot gigisiferent; o

aryl ggut%%ﬁ%eh?)ggg%l}%{g&ég%ﬁl%gu 38 discloses that |ow tenperature and

Vi scosity 0O e below O0C, for exanple between 00C and -20

20047 080980 o Rbels DRt St R EORpBRuRL BREASSRTRLAY ploncl MR T2

2004/ 0 s a process for*prepa m Xt ure
conpr i §d1Hg 0PC JRNERne IO BaFRE 0T hidyads, afd sigreficintlyed ofa@tirfparosiingd process
(R1O) 2P(OZO) P(OR1) 2 by contacting a first reaction product, conprising

( R1O) Pmplexitya t enper at ure bet ween about -25 0C and about +35C with about
one half nolar equivalent of HO-Z-OH in the presence of an organi c base.

[ 0010] [008%Jor diIWIQI2ZPO4ORETSS also deserésd aporcess 1oF pisperingvicryds bgandvBixiiecess f or

prepar i ng. o phOSBRLE o84 RAl iYL SPIR RLARLE RRmbSRbS bRSZOIORES By

refere
contacting a first reaction product, comprising (R1 O)PCl, 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 Structure I,

Structure I
comprising the steps of:

contacting a phosphorochloridite of Structure II,

Structure 11
with a bisaryl compound selected from the group consisting of Structure III, Structure IV, and

Structure V,
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SUMMARY COF THE | NVENTI ON [ 0011] The present invention provides a nethod for
produci ng a di phosphite of Structure I, Structure | conprising the steps
of : cont awoi2ny/@23PRosphorochl oridite of Structure |1, RecOUI@G0/0RAT6 O
Structure Il with a bisaryl conpoups sgl ected fromthe group consi sting of
Structure IIl, Structure 1V, and Sfruc ure, V,Structure Il Structure |V
Structure V and a ertiary org& € Rcorrpr|5| ng a bagsc nitrogen atom
or a plurality of hitrogen atons duce a reaction m'xture conpri si ng
a di phosphi te B D i ~

one contacting ng
the bisaryl coRp

organi c am ne el ure to the p

and t he contacy iR S Edone by cont .0 PG ﬁwf eedi ng R 3
nole ratio is at 4ast 20dur|ng%ll st ages of the contatlng wherein the
first nole ratio iR defined as nol es ® pRbsphorochl oridiRé in the reaction

m xture divi de%truXture I Structure IV Structure V
and a tertiary organic amine, comprising a basic nitrogen atom or a plurality of nitrogen

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

wherein,
the contacting is done by at least one contacting method selected from the group consisting of,
(). 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 the method is characterized in that the contacting occurs at a temperature from about 10°C
to about 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, R4, R’, R®, R7, R%, R, R, R“, and R'? is independently selected from the group
-3.



nol es of bisaryl conpound fed to the reaction mixture, and a second nole
ratio is at least 1.0 during all stages of the contacting, wherein the
second nowe 20awi28743s defined as nol es of basic nitrogenpratrarsgoosnré he

bhosphor SERFAS o Tardeen: 67 Bab ERshraey o iRl e ol filit
char act ejdez@daitidatyiieily, Ed1BodlRoNyAGyJAELAAGT; WIkSloafboRyl, 6XxGelR i, drhide) @hdet 10C
to about 1100C to produce the diphosphite in the reaction m xture with a

sel ect i vinesgapiat wedhalggayhaeunoevs O-Qr itedipnien of thedvserd samPoykkr ei n, t he
selectivity equals noles of diphosphite produced in the reaction m xture
di vi defp0dg] t otk reasties maktutereasbfustherdonursp otileast oo armmatin fydieearbon solvent.
phosphorochloridite; and wherein in Structures | to V, Rl and R2 are the
S amrsl of00d3Bf f erwtmetlsadhhiihdiodecdcontrolling tibsfeed mtohdhatrionbsstinelstrate islbegvesnps;
each of R 3, R4, R5, R6, R7, R3, R9, 0., RL1 agnd Rl2 is i.ndependentl
sel ect éd 19 2JAYiRE U s&g&&? g %Oelr%ean%wﬁlﬁmR}@émoraﬁﬁef@%ﬂ)we,rﬂﬂaf S,
aryl OX?%%Qﬁ&qf)@%r yﬂh@%ﬁos AbtoshiRNiite Sor¢RXYGH ik Xhis a@ReBL Al subRERAREWEONYs
car boal koxy, aryl car .om?l , al kyl carbonyl, oxazol'e, am ne, ‘am de, nitrile,
mer c apd%ﬂned an ?gﬂ% Inﬁgepi;dd tyreotopd modasef Gh@pliotoshlgriditain the reattiethaiiprsat the
conpound. The reaction m xture further . rise.at .l east one
o oat Metydo e SERRD > Pl rS et Risaonfit RIS e PR ¢ e
feed sygihetrh@hod he first nole ratio is between 2.1 to 2.7 during the stage
of the contacting wherein phosphorochloridite conversion is between 90% and
100% ho j di j j |

4PhosiRokeER] IGPRNR iRt hbidich aiehtiHB At
aspect ?spdefi neg as ncl)t(;)éocg%lﬁlgﬂ ﬁ)%?él Elgd gghg@t ot al 10%%?(55&& RGN
phosphthaoohtqmri o G.82 nolesIper litenntthoreantion mixuradutihg thststage ob thetdoptactang act i ng

AV de g s bhoab SrodRortaite Son PSSR IS Bt oBb, SR AR! Ak 16e GQREGCT 1 N0

the contacting wherein phosphorochloridite conversion is from 0% to 90%, the feeding is

controlled such that a phosphorochloridite concentration in the reaction mixture is greater than or
equal to 0.03 moles per liter, for example is greater than or equal to 0.04 moles per liter, for

example is greater than or equal to 0.05 moles per liter.

[0015] The phosphorochloridite concentration can be 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%.

[0016] The method can include controlling the second mole ratio from 1.0 to 1.5 during any

stage of the contacting.

[0017] The method can include 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 by the method.

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

comprising the bisaryl compound and hydrocarbon solvent.

[0019] The reaction mixture can be mixed, for example, stirred. If the reaction mixture
further comprises an upper liquid surface, the contacting step can further comprises providing a
stirring shaft comprising at least one impeller attached to the stirring shaft wherein at least one
impeller is located below the upper liquid surface, and the feeding further comprises providing

rotational energy to the stirring shaft to mechanically stir the reaction mixture.
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by the nethod. [0014] The feed can be controlled such that a
phosphorochloridite concentration is greater than or equal to 0.02 noles
per |iterwonotone3steacti on m xture during the stage of treTasRM1Q0811N§

wher ei sphorochl oridite,conversion.is from.0%;t % r exanpl e,
duri ngﬂpﬁ@ost nbe?h‘f%@a%mﬁfz?‘?%i%f?gﬁﬂg %ﬁ:orgslspaﬁggrsglgﬁg%%ol %Igt e comer si on
i's frophdiphdiocilOaite tieat l@8HbHRMnixsn gGREthH O bdl @B dli6H thd@buRconsisting of,

phosphorochl oridite concentration in the reaction mxture js greater than
or equal t ofeedipg thedhisssylsrempopnéio the sackionampiterciaboysy tba paper diguid grfags®ial to

0.04 | ] ' . :
per 11 By oetiisp ot ERETRL Fpd BBl R0 Ak AT, Bl ARUALS WL 12070 02

and 2-§b_1ﬂmhﬁhﬁzep@trleisitﬁpbrtiﬁﬁ&Itl&up@mclﬁqlﬁdhsurfwcépre during the stage of the
contacti ng erei n phosphorochl oridite conyersion is from0Q0%to 90% [0016
The met hod f&fIng g RispsylomnoBrg forfge P9l TERG e ABPE s PPRFT B SB?’%C% 1.5 !

dur i ngaan ch&Y8ar { sditonGRRuEE b 108 ohORAl dkifouiBitRadiGRACd MEbuds1 f eedi ng
i dheg o HRNER

t he bi saryl® conpo rochloridite at a feed rate bétween 0.04
and 10sotudic@rover bt least e pbeioper theawpper suefaat andefeeding dtedbrtionyt @rgagé amine to the
phosphor ochl ori di t e undergoi ng the contacting by the nethod. [0018] The

bi sar y¥ea6t6?¥pt8{]‘rt|‘éfeﬁi’8]ﬁw © g%"r?@u‘tdﬁgrfg‘%sphorochl oridite as a bisaryl

sol ution CoppfingiNthitdifl BhHRGNA (HRERALIH ANGuRLYREARDAR bRk 8Bllatioh 0019]
The reaction mXture can be m xed, for exanple, stirred. If the reaction
m xt ur thrdughtah Bastommedddas that dinogte thel igpuyldobition deveard ph émpdler fecated §elobep can
furthey conpr.ise oviding a stirring shaft conprising at |east one

i mpel | uﬁg‘lrprehﬂ%(gsq?%c?’he stirring shaft wherein at |east one inpeller is

:O?g \elllt gid ] gel Rudinh ehd FIRRY! dohfpaufd sothé asetiodmiktid®yffRedhthelbivatyigslutonpr i ses
through at least one feed line that directs the bisaryl solution toward an impeller located below
the upper liquid surface and feeding the tertiary organic amine to the reaction mixture by flowing
the tertiary organic amine through at least one feed line that directs the tertiary organic amine
toward an impeller located below the upper liquid surface; and
the bisaryl solution further comprises at least a portion of the tertiary organic amine fed
to the reaction mixture and feeding the bisaryl compound to the reaction mixture by flowing the

bisaryl solution, further comprising the tertiary organic amine, through at least one feed line that

directs the bisaryl solution toward an impeller located below the upper liquid surface.

[0021] The method may include limiting the amount of water present in the reaction mixture.
For example, the bisaryl compound, the tertiary organic amine, or a combination of the bisaryl
compound and the tertiary organic amine, contact the phosphorochloridite to provide a reaction

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

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

from the reaction mixture during the contacting step.

[0023] The method may further include producing 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);, P(OR?)3, a compound of Structure VIla, and a compound of Structure

VIib,



rotational energy to the stirring shaft to nechanically stir the reaction
m xture. [ 0020] The nethod may further conprising feeding the bisaryl

sol uti on wo 2tvei2ptiesphorochl oridite by at | east one m xipng/usedinosiigel ect ed
fromthe group consi stiag of, feeding the bisary) conpound to the reaction
m xture above the uppe(\r \l quid surface by flowhg\the bisaryl solution
through at |east oneqliquipd—dprtri butor that Qli spePseORhe bisaryl sol ution
over at |east a portidQ gt the upper liquid suN aée; feeding the bisaryl
conpound to the reactio® mi xture above the uppe©Oliquid surface by flow ng
the bisaryl solution rQu t least one |iqu i Lbutor that disperses
the bisaryl solution %G%crqmg{{”?aeast a portion :)%tgicgueréh]g%er surface and

f eedi ngnébg, tertiary organic amne to the reaction mxture bel ow the upper

liquid surface; feeding the bisaryl conpound to the reaction m xture by

f1 owi ng lerethan $owrf thegplat Phnsphomsinghe eactienmixtrds ndbeifarmRd thaafdeast onset s
the bisaryl sol uti. t i I 0 el ow t he upper liquid
surfacél;ms%}éoe ?‘ﬁ%’lt%lﬁlglggg ggér;é}fc %)r(%g%gln%ﬁ{l(t)ﬂet%g{a?{gn ‘tion mxture by flow ng
the bisaryl solution through at | east one feed line that directs the

bi saryl sol ution t oVBETATDEDNPESCRIPTHONt@H THHL INVENTTOYYer |i qui d surface
and feeding the tertiary organic amne to the reaction mxture by flow ng
t he t e[00R4fy dihgasclosedmataot ivlatagte aasimpleaasit] highly sedeadive prrscssat Pi@lverEs s t he

tertiayy aorganic I ne.toward.an _inpel l.er .| ocate I 1 qui d
sur f a(a:%'fjelgﬁtg%ﬂ S%}q%fﬁf’%tr%m%?rﬁtlicefﬁlpﬁpg %erSt%)Sr?grc ?Igaécgﬁgg Vﬁhtg S o%;c%goglrdktlk gﬁ of
t he t egirhdtiné IPWERAIEsafTIcBRpb @A deRcicddroneaetdreup donXiktiioSichctigeding t he

bi saryl conpound to the reaction mxture by flow ng the bisaryl solution,

r urt heﬁu@@wprwsamiﬁtm@rﬁ & enchp W@q}rg@ﬁgaéﬁwiﬁ@,cwéwgwlb&ﬁw |nét&¥|ten gt?ﬁn ﬁl"reed )
upper Pyl EhRabdraephE3 frofl ko MURNE BRplEREr s BE R nount of

wat er pfireseRtl. Sohdniel sheae tigeneratizddutation scheme for the process, including a

monophosphite intermediate of Structure VI and monodentate triorganophosphite co-products,
both cyclic and acyclic, of Structures VII and VIIL, respectively. In the Structures herein, R'and
R? are the same or different, substituted or unsubstituted, monovalent aryl groups, for example,
substituted or unsubstituted phenyl, naphthyl, anthracenyl, and phenanthrenyl groups. The
bisaryl compound HO-Q-OH may have the following structures,

R4 R4
¢ o4
RS OH OH
HO RS HO ! ‘
R3 R5 R3
R4 R8 R9 R4
Structure 111 Structure [V Structure V

wherein each of R®, R*, R>, R® R/, R® R° 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 O-Q-O is a dianion of the bisaryl

compound. For example, linear, branched, and cyclic C; to Cyg alkyl; substituted or
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For exanple, the bisaryl conpound, the tertiary organic amne, or a

conbi nation of the bisaryl conpound and the tertiary organi c am ne, contact
t he phosphoroohi2sT4ddite to provide a reaction m xture ceatraiseémwg3azé otal of
fromO m Dy Wel of; WARHEE T t fhod Loaclude
preci p#%p%tﬁgtegggé(???ga%’ %@Sg#eg Ja{m né)(gﬁt%érd gg%tﬁ]céﬁ%}({{g’elsaf’t rcgénl%taﬁ(g
react i eyeligicyttolOgs alkiylbxyg linbr and btachédd, ®t@p alkpREAS; stibetitoet oo dnsvhytithtedt her

i nclude producing at |east one phosphorus-containjng coproduct in the
reacti 5 P%ﬁimcmltc acelalss PRt AT IRE RS H Bitgs! %Hﬁsérlé Wi%@a%slpxg(lmil} %@R%}eﬂ;

P( CRIM Rl toﬁi Ry; AbGRBPUPEhAbstBhbl € W €, r}1Barb&id; dhdcompound
of Struct%}’rcggvfl f,%gtcrgﬁb%%)ey’\ﬂ}a Struct uSr eS VI ba\/\herlesi n%’ Ireggql’t han 30% of

t he t oswdstifuhaisphosuistifued Gietor@aalkylombon®t ure is in the formof the at |east
one phosphorus-contai ni ng co-product produced fromthe contacting. DETAI LED
DESCRI 0RS§N Ofn THaHirk\P\IT thiNe ¢20:2i4bd aetich sshtns athe rRtikaldntrltizt es to a

sinple and highly_ selective_process, faor producin identate di phosphites of
St r uct piresphorg qiks (SGuetHes Lrrspds Wfthé‘&%aéﬂtcpﬁ’@m&%pﬁQs@féﬁéﬂﬁ%?‘?"bqtgg of
Struct P bt I ; ng sting of
st ruct 8 4rStts B A G R o P i Al el PPN e i ne.
conpr i siifagleaediasi @gmit nngencabmsiny a baspl nitragdnt ajorofor apturdige of aitwge: atows,

" howsih 4 & doramrosgiing St ghy SomenEeRiE. Rrecprub et AR figh >
monophgspRil k@nd Mk 8RB 8f e BhosphérdelifigiteAvitR itk MRAAARHALR]. The

triorganophosphite co-products, both C¥C| ic and acyclic, of Structures VI
and VI mopoplespietstinteahsdiate fStrintursiMIpeantheseithst edant inRRimelgaulmdy with opp@osdme or

g IX ;];rg |r gc?uti\’zalgngcI l?)% %ﬁgsghgrgcﬁgﬂ&?est% bg&&el thg Eigsqfed ﬁ?p@l%\s/ﬁliteerzgtr%ﬂrle 19, TP HR3n rgag{
intramolecularly to produce the cyclic triorganophosphite co-product of Structure VII, which is

referred to in this specification as the cyclophosphite.

R'—0 R'—OQ
\P—CI + HO—Q—OH —— P—O0—Q—OH
RZ—O/ R?>—0
I I, IV, and V Vi
0 / R'—0
/\ R2ZOH + Q  P—OR! P—clI
S R
Y Vil Y I
R'—0 0—R!
P(OR")(OR?), 2 /P—o——Q———o—F< 2
R>—O0 0—R
Vil l
Scheme 1

[0026] The intramolecular reaction of the monophosphite intermediate produces one
equivalent each of the cyclophosphite and aryl alcohol, R’OH, that originates from the
phosphorochloridite. At less than complete phosphorochloridite conversions, the aryl alcohol
may react with another equivalent of phosphorochloridite to give the acyclic triorganophosphite
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substituted or unsubstituted phenyl, naphthyl, anthracenyl, and
phenant hrenyl groups. The bisaryl conpound HO Q OH may have the foll ow ng
struct ur esp28twnstare 11 Structure |V wherein each of R8I/UM10851176R6, R7,

R8, R9 Rl R | nde n I : -

consi st9RY B?t Q%&H%%‘Ee %g ‘Y(h"fh BAFY re&iﬁ ﬂ)ﬁs ecﬁ? aﬁgn %%@;ltﬁ I%'%ts @ﬁ%gffﬁ “oxy,

al kyl omrmlé@@wﬁéa&ydn of&ﬁ@ﬁﬁhopmapmseaﬁ&hﬁe@ate @ahbmwenmss @pticths lbmmyyll

al kyl car bonyl , oxazol e, amn nitril e mer captyl, ~and haﬁ tg !
q: 11 S

gr oups corapind)au hej nhogpharashidsidite rleftdeé fwl | dphapphigoprodumiign apd fovest &
I near
"6 bioPE ARSI 0, B4 Chnb By Bt o ROl ietoarrpiaBpepiphatod

br anc hefStnﬁmﬁes:YHI and VAI1. tGen€iallg) kyteaxeric Hullnmahe bisarybeampived, ti2 to Ci
unsubstitu et.a

al koxyal I cyl ; substituted or ed o O8 i
subst i PIERSB%OYS?M iliﬂi)g’f bath thepigayylicgmppeyn %%Pb?%ﬁ?r?cﬁ%ﬁ@éﬁ%eg‘afsdﬂ@F?é‘li?r and
cycli Calgg‘ll{tfogﬂO?BW 1Y oo- H@&Itg_tut ed or unsubstituted C7 to G 8

rbon t

aryl ca tute or unsubstituted C2 to C 8 al kyl car bonyI .
[0025] [doggjshel{lst e RUER lﬁhteséageugﬁ&sﬁza' @d af SR e ﬁécﬁ%ﬁm el ent

of the phoroc oridite ure | reacts with a bi sar conpound
HO @ Q‘ds’(maﬂﬁ@ﬂheﬂ(b@b@;ﬂnﬁedﬁtﬂmﬁdlz& ofiStruct@s Mllih thelivramaoldcifr l‘bm:t@hvzmdahus

m)nophosphl te t di at t VI
i e, e GiEgrr Pleghal B P BN PihbiuE BPUTaIL g U e BEBSP B
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mor o equicoaTaos B ChRiG e rtRar s op et S hee SaB RS Rbl o" °"
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tri organophosphite co-product of Structure Vi which is referred to in
this specification as tBe cycl ophosphi te. o)
\ 7 Na_oR?
Q\ /P—0R1 Q\ /P—OR
o} o
Structure VIla Structure VIIb

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

for example, in PCT Publication WO 2004/050588.

[0029] Scheme II shows a generalized reaction scheme for hydrolysis of the
phosphorochloridite. Instead of reacting with the bisaryl compound, the phosphorochloridite
may react with water in a sequential manner to generate acidic phosphorus-containing
compounds (Structures IX and X), phosphorous acid, H3POs, and aryl alcohol originating from
the phosphorochloridite. The phosphorochloridite may also react with the initial hydrolysis
product (Structure IX) to form a phosphorus-containing acid anhydride (Structure XI), also

referred to in this specification as POP.



RI-O>1 #\ P-d HO @ OHP- OQMH/ /| RR-d>2_, IIlI, IV, and VM VIII
| Schenme | [0026] The intranol ecul ar reaction of the nonophosphite
ilrlte[]nediwt)eé(:p]vnduees one equi val ent each of the cycl oplrospalseaie/nands ar vyl
al coho . that orjgi.nates from.t | dit@|. .. Ak an
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tri organophosphi teco-gr oduct of Structure VI|I ich,is referred to in

: wh
this spensratedalangvithsthe Rempeundf SoMFEE Xamak be Rt PHASReOH: 8F 2 PUHERS Yn of t he

nmonoph hat.e. 1. ot P | 1 i | 1
compounaandce s SRR b oritty nile Ty BRFoimisRle X e RARRE R, and
| oner sedreORF wioidte snd may he a diiptucsgitiongpoiindsm t he bi saryl conmpound as a
result of the production of triorganophosphites of Structures VII and VIII.
General ly, nore steric bulk,in the bisaryl conpound) the

phosphd®'56hl or i ditd0 or bd W Q he bi sat fkOconpound #hd t he H0
phosphor oc BBl diteTesul ts_ i PgPHat er—amdunt s, of  ROHbr gamopitos phHsBO;
co-proR%eCs. [0027Hclt is R®Che notedR'on t heREBSe pher e-RI0ENd R2 are not
the sane, RIOH or R2CH may be | ost from the nonophospha e internedi ate of
Structure Y in the intranolepyul ar reaction, and txus the free aryl al cohol
may be RIOH or R2OH, or a m xture of both. Likew se, the cycl ophosphite of
Structure VII may contain an QRL or an OR2 noiety as drawn in Structures
Vila and VIIb. Furthernore, srouhq_bhe phosphorochloridite, (RLO (R20 PO,
not be pure but al so include \

P=Cl 1
R2-0
Y
R-O o OF
N
P R
R2-0 O-R?
Xl
Scheme I

[0031] Empirically, as phosphorochloridite conversion increases, the intramolecular reaction
rate for conversion of the monophosphite intermediate to cyclophosphite increases and
selectivity to the desired diphosphite decreases. At high phosphorochloridite concentration, the
rate for conversion of the monophosphite intermediate to diphosphite is increased compared to
that in more dilute reaction conditions. Furthermore, dilute solutions offer additional opportunity
for water contamination and subsequent formation of acidic phosphorus-containing compounds
which may act as catalysts for the undesired intramolecular reaction. Methods for limiting the
concentration of the monophosphite intermediate in the reaction mixture is necessary to achieve
maximum selectivity to the desired diphosphite. Limiting the concentration of the
monophosphite intermediate in the reaction mixture is also a method to limit the formation of co-

products such as the cyclophosphite, the triphosphite, and combinations thereof.

[0032] While obtaining high selectivities to the diphosphites of Structure I, the present
invention provides a method for overcoming the temperature limitations, identified in U.S.

Patent No. 6,069,267 and WO 2004/050588.



(R1O 2PC and (R20) 2P, the triphosphite co-products of Structure VIII may
be selected fromthe group consisting of P OR OR2 , P(ORIMOR2), P(OR 3,
P(OR2) 3. woromyu2s®3Vila Structure VIIb [0028] The i nventrcorusdaes3nos depend

upon t Hﬁ(}?{gﬁ ; h glﬁjtef Q%Rﬁtggﬁeﬂl% Efo%fiifea Al &S AP glzﬁggﬁg %g@g@h‘{g% sphib@h are

known osphorochloridites may y stepw se
reaction of PAA3 wth aryl ,al cohols, RLOH and R20H, in the presence of a
sui tabl e organic base to R r_sp\prepare a phosptoradichloridite, for exanple

(RLOPA , followed by further pea i §-gepare t he phosphorochloridite,
for exanple (RLO (RZOPC, whighis re reSent®&d here as Structure I1I.

Sel ective syntheses for pR3spOorochloridites 00-StRcture |1 are disclosed,
for exanple, in PCT Publication WO 2004/050588. [0029] Schene Il shows a
generalized reaction schene for hy tB%CS‘}g? of the phosphorochloridite.

| nst ea g i t.th the bisaryl conpound, the phosphorochloridite may
react g\ﬁoﬁng\}mgsﬁgsg\tsequenti al manner to generate acidic

phosphor esitacting aiphosphomehipoditelsf $iBtatwretlires | X and X), phosphorous aci d,
H3PG3, and aryl al cohol originating fromthe phosphorochloridite. The
phosphorochl oridite may al so reacR'W®h the initial hydrolysis product
(Structure I X) to forma phosphorus-corgai@® ng acid anhydride (Structure
Xl'), also referred to in this specification as POP.[0030] It is to be
noted, in the case where Rl and RR?ar® not the same, RIOH or R2OH may be

| ost during hydrolysis of the aci di%ﬁg%)ﬁund of structure I X, and thus the
free aryl al cohol generated, along™w e conpound of Structure X, may be
RLOH or RaRHbifakyl dombaird R1cefed BRinbtheldrdigidonsistiidef Sficelir€ I11, Structure IV, and
phosphor us- cont ai ni ng conmpound of Structure X may contain an ORlL or an OR
nmoi et ySandureaY, be a mi xture of conpounds. IX X

R4 R4
hod o4
R® OH OH
HO R® HO C] ‘
R3 R5 R3
R4 R8 RQ R4
Structure III Structure IV Structure V

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

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

wherein,
the contacting 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
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Xl Scheme |1 [0031] Enpirically, as phosphorochloridite conversion
increases, the intranolecular reaction rate for conversion of the
nonophospiotelvnsasmedi at e to cycl ophosphite i ncreases anl/usedeoBilvéty to

t he desired di phosphite. decreas t. high pho orochl.-ori di

concentrat i oﬁ,sgcttoﬂgp’}oa\? wRup s atﬁ%aﬁf/gp éfiﬁgﬂg 8@ SftageeS o neo%c}?nlgas? %ﬁé’t"gﬁe}rﬁ?é}}e@di ate to
di phosphi t@cdil thole r/ASE de SRR MeSled 6F Yabiathittdpefafotnsdidrbl tie teeAacy organic
conditions. Furthernore, dilute solutions offer additional opport unity for
wat er contaaming & to theaisertivn paiztpiedivided biranglerofghosphiomechloridite m the reaction
phosphorus-ﬁﬁ\t_ai ni ng conpounds which may act as catal ysts for the

. e . L
undesired T anol ecul ar reaction. Methods for limting the concentration

of the nmichbasditectiaftosiredinther tha cohactingactiroat ariextperagure Sroneaest HI°EC t o
achi eve maxi num sel ectivity to the desired diﬁghos hite. Limtin

{ . h
concent rigtdbent [J0°¢ frpivdnsihe diphpnbite Hi Be feaghiaR By tHre g ¢ ée&%%tﬁvgﬁ%ﬁ{‘x?gﬁr eis

al so a ek ad; § §ook 158t thk RGaf@cBBbbHy; of coproducts such as the
cycl ophospﬁl ﬁe, t}ﬁe trtl phogaﬁict e? and conbi nations thereof. [0032] Wile

obt ai nj B% high selectivities to the di phosphites of Structure I, the
p_refsenYV_ ﬁ%n_tlon provides a nethod for overcom ng the tenperature
!26814; ggbggge [chg%igfﬁtyfeﬁﬁﬂs mbdlesloBdipRasphite phelucdl 0GR @6aticandiire divided by

) The present inventjon provides t hod for producing a
di phos phiotad msfessiftheckipgr gompoyond @Iﬁactmgﬁh@@@@@?@ el \ o R2 Struct u?e |

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’ RS R, R®, R%, R 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.

[0034] Examples of tertiary organic amines comprising a single basic nitrogen atom may be
a (R")(R’")(R’**)N compound wherein R’, R”’, and R”*’ are independently selected from the
group consisting of C, to Cyo alkyl and Cs 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.

[0035] 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.

[0036] The phrase “stage of the contacting” for the chemical reaction of this method has its
usual meaning wherein an initial stage of the contacting is when all three reactants,

phosphorochloridite, bisaryl compound, and tertiary organic amine, first come into contact and a

-11-



conprising the steps of: contacting a phosphorochloridite of Structure II,
“1- i \ P-d R2- O Structure Il with a bisaryl conpound selected fromthe
group comnsping3@B Structure [11, Structure IV, and StPaTtuse@o311% r uct ure

11 Stepucture.lV Structure V. an t ' L o | sing a
basi c fﬁlaﬁl’g 58}? ‘_51?6 r#%feagtmﬁ} Y rteg{n??aie%? grnq&% élg&%&%&aﬁ%ﬁ%o prt(g uceéczm{r}eact I on
M Xt ur @i@orRRe k&jafile & tediifhosghld@niaé hiurbpai dhl@ide;sali@heihs dighosphdient act i ng i s
done by at | east one contacting nethod selected fromthe group consisting

of , (i JoosteediThg frfiendit SAYS cGRNMROUBhlR 0T pibsphifcRhiefidRRSRARRe6H oridite
and tertiary organic amne, and (ii). feeding the bisaryl conpound and the

terti amyxteveghviiled kyminakss of bisenyl eumpnuad &d toghe wgctipnixturee Te @btapehigh

h h hl i di : .t h ' ' ' [
P honP P RISV b b Sippshi b SERGLAT {13 2ohgHRNEARY dBRIH Srdifhalfie | Ped! N9
cont aCfejed‘iﬂﬁ dwhes gl RatR>Tid @htadbh@suchlths thesfidehbRedtias artdag. dielow 2

phosphorochloridite 1n the reaction m xture divided by npl es of bisaryl
conpourglar eguivalents ef phogplqrechlorditeyp dhe rsplionduixing hofosmptign ¢f i s at | east

1.0d u{rf.o?gang{ﬂllosﬁﬁi?eg&s-prgﬁuét?ganciﬁ&regs%t\if}ﬂ&l dURELE e Eéigctivity to the desired
diphosphite. During the stage of the contacting of high phosphorochloridite conversion, for
example between 90% and 100%, higher selectivities to the desired diphosphite may also be
achieved by controlling the feeding such that the first mole ratio is between 2.1 to 2.7. The
phosphorochloridite conversion is defined as 100% multiplied by a total moles of
phosphorochloridite in the reaction mixture at the stage of the contacting divided by a total moles

of phosphorochloridite undergoing the contacting by the method.

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

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

[0039] In the absence of significant water (> 300 ppm by weight) entering the reaction
mixture with the bisaryl compound, the tertiary organic amine, aromatic hydrocarbon solvent,
hydrocarbon solvent, or a combination of these members, the first and second mole ratios may be
controlled within these values by knowing the total moles of phosphorochloridite to be contacted
and adjusting the molar feed flows of bisaryl compound, for example, over a specific amount of
time. Alternatively, control within these values during the feeding may include withdrawing

samples to analyze the liquid reaction mixture by 3Ip NMR and liquid chromatography.

[0040] In other aspects of the invention, the contacting of the method occurs at a temperature
within a temperature range listed in the left hand column of Table 1. In other aspects of the
invention, the contacting of the method occurs at a temperature within a temperature range listed

in the right hand column of Table 1. In other aspects of the invention, the reaction mixture

-12-



second nole ratio is defined as noles of basic nitrogen atons fromthe
tertiary organic amne fed to the reaction mxture divided by noles of
phosphor owbl2oro/dB14e in the reaction m xture; and the nerh®aSe&10/031176

characterized in that . th ' t . .e f b oC
o abolliER GORPISGS pAStIEE T h e b UL BT OL B OUT &f PEAREL N YO th o
sel ect higidsyhetMRSY) i/ PI618NGs 4 B&HnE poift biBe By@Eacatbort R NThe MftR6@kHbn t he

selectivity equal s nol es of diphosphite produced in the reaction m xture

di vi desblissnt sy dle intprdasedsinta the resicten Jixteisipduhe Phetpharachipgiditpdisaryl

phosphorochl aridite; and wherein i Tl t - e the
e ofoBr ey ey B ol A Sh i Sh BT st Bentbest shadcpfelt & 2
each ofhefBread¥nts. R5, R6, R7, R3, R9, R10, Rl1l1l, and Rl12 is independently
selected fromthe group consisting of hydrogen, alkyl, ‘aryl, heteroaryl,

aryl oxy, NehRI O WaBKYrenPelitilr®Rangdl fkPthy @dkietin@S@h dF theadikE1ORIWM B,

car boal koxy, aryl carbony alkyl carbonyl . oxazole, anmine amide, nitrile,

mer capt yl Af? || groups; and | i;ani on of the bisaryl
Fg’%@e &Eé;g%%ée FhfrdtireR Higd y

(t:)orr_poun_d. E of tertiary organic amnes conprising a single
asic nitrog a y RICR)(R Y . rein\R|, R, d
F\"('j zca:ge I hde r{agﬁm(gasel 28'?%80??"%ﬁ?%ﬁ%lmgérﬁag%cggﬁés{?&%% (g:@lﬂr& to G Zlnkyl
an tof Go aryl radicals, nmaype a terti ar onat i ' d, f
xanple. pyri Aot 161C mybd 30/t RRHNGRSTbY LFEFARyEaN BT nes

conprising—a singte bastc niTrogen atom Terti arqy organi c_am nés conpri si ng
a pluralify o0 ®adPe ni tr 3§&ntat barkingraint efiae rearfionasiteredl #idgen at ons of
t he terti gpry—organtc—amne contarn no NHbonds—Am exanpte of [such a

tertiary prgadito 1afiGe ils 28PQItd\k bodling pointefithi ywaetidryingiendi(hptnme |

30 to 110°C 30°C to a boiling point of the reaction mixture (1 atm)
35t0 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)
4510 110°C 45°C to a boiling point of the reaction mixture (1 atm)
50 to 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)
60to 110°C 60°C to a boiling point of the reaction mixture (1 atm)

[0041] Another aspect of the invention is the method wherein the contacting occurs at one or
more temperature 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.

[0042] Another aspect of the invention is the method wherein the reaction mixture further
comprises at least one aromatic hydrocatbon solvent. The aromatic hydrocarbon solvent may be
selected from the group consisting of Cg to C,g 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.
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[0035] Contacting methods (i) and (ii) may be perforned in senmi-batch,
continuous flow, or a combination of sem -batch and continuous flow nodes.
For exanpWe,2ofoersi4dg t he bi saryl conpound continuously ecTdiss@onsiinaousl| y

to a stj d vessel conprising the .phos roghloridite.an | organic
ai ne. [%‘{3 ex ,ra?pggtg‘?fjﬁge F‘%@ntbolnslgﬁﬁ? Irgéég?%@ﬁthgr o) rﬁn:%hn o‘%gf@ﬁ%? By ©f 9
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m xture of "the phosphorochloridite and tertiary organic am ne., [0036] The

phr aselites st e resptioraixdwsdatng thystags of theeoptieindwhereidbosrioreslangits et hod

has it | . i ei Nl Nhtl -.of : t | inpohen
ot TRARL A e oL iblior AR S Lok AR GER RERLCH, fBpa )
or gani muéipliee by hitstal mgl@sref phvspharesil@riditedn theabaatioh nsiktugeatitbe sthgmofithe
reaction is term nated, for exanple, 6 whe ter |s added to the reaction
mi xt ur eoniastiag gaidaddyz ol Er}oéfisffgg@%’ﬁ@@cglﬁ% e F%%&E SPEPFES BEPE from

the di pRASANSthet S3Elor IEn{ddiith ik Sachid & thep@Gal adpeiiiRrRlRS Of

phosphorochl or I'n the reaction m xture divided by noles of bisaryl
gprrﬁouplﬂbsphﬂo?}ﬂorﬁdim dopeathiation 5 betwirea. 0. 0Poand Guinpldsipghlitseingbe reactioremixteret he

I phosphite of Structure |, the contacting.s.also done.by c roldo ng the
f eodi nlguwthﬁataaq ot G Htactive hreriE Bhosgeeiory oS B ARG REHE FP Cp 0018 Fat 1 o
is at |least 2. Below 2 nol ar. equival ents of phosphorochloridite iin the
react i B4 xt dimother pepepipiiag ingpntin 1¢ Fhed?ﬁg%g‘ﬁ'g@%ﬂm@m%gﬁ?‘g%@?@%

I ncrea . Lyl | | ' Durin
the. ot S o o B L PR § B RSy B pey 11110
Sx aLrpI b(;}tb,eﬂeimie D%l andeskIPUpsphbgiobloridat enddrgaitg the cootatting Wbt method.

i phosphite npy _al so be achjeved by controlling the. feedin ch th t he
first HoNEaRRts Fefees %‘Eﬁf "2’.“3?‘1“83? ep Hlﬁlf?gglﬁﬂgltt%%t‘rﬁ %?(?]éﬁ%‘?uléet%’fﬂ\a/%? si on
i s def et Adlat OQHe M piHogd by a total noles of phosphorochloridite in
the reaction mxture at the stage of the contacting divided by a total

mol s Rfo4RN0S RIALRE DL 8lih &intBRR g0 tind A ARBEAGT R et diRg IRAGR
compound to the phosphorochloridite as a bisaryl solution comprising the bisaryl compound and
hydrocarbon solvént. The hydrocarbon solvent may be hydrocarbons selected from the group
consisting of linear acyclic Cs to Ci5 aliphatic, branched acyclic Cs to Cig aliphatic, unsubstituted
cyclic Cs to Cig aliphatic, substituted cyclic Cs to Ci aliphatic, unsubstituted Cg to Cyo aromatic,
and Cg to C;g substituted aromatic hydrocarbons. The hydrocarbon solvent may be selected from
the group consisting of hydrocarbons whose boiling point is between 70°C and 145°C at

atmospheric pressure.

[0046] Another aspect of the invention is the method of the previous aspect wherein the
reaction mixture further comprises an upper liquid surface, the contacting further comprises
providing a stirring shaft comprising at least one impeller attached to the stirring shaft wherein at
least one impeller is located below the upper liquid surface, and the feeding further comprises
providing rotational energy to the stirring shaft to mechanically stir the reaction mixture. The
term “upper liquid surface” may also be viewed as an interface between gas and liquid phases.
Apparatus (impellers, stirring shafts) and methods for providing rotational energy to the stirring

shaft may be selected from apparatus and methods known in the art.

[0047] Another aspect of the invention is the method of the previous aspect further
comprising feeding the bisaryl solution to the phosphorochloridite by at least one mixing method

selected from the group consisting of,
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[0038] The second noble ratio is equal to the noles of basic nitrogen atons
fromthe tertiary organic amne fed to the reaction m xture divided by
nol es of wbaesphasmshl oridite in the reaction m xture. TecohtSai/obiigh
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hydr octheietiaryoirgam aming thivseibeh [pashgnepseline that fieectsdhe tary o ga0I5rNiEE one
at nosp oev&ﬁ%%]ﬁnah@ho'c%eiﬁah Vt%%{lfpﬁgﬁ%'g'ﬂhﬁ?%p qit of the hydrocarbon

sol vent".™™ rocarbon so _ roduced into the reaction
m xture witthettaryRoRpb0fRte eomstisee at 1biss apyitionafdetadiart egtniaamimrigdni c
am ne, from any conbi nation, of such nbers, or independent of ,
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.

[0048] For the mixing methods, examples of liquid distributors include nozzles, perforated
pipes, and downcomer trays. Also, flowing a liquid (bisaryl solution and tertiary organic amine)
through at least one feed line that directs the liquid toward an impeller located below the upper
liquid surface may help ensure efficient mixing of the liquid with the phosphorochloridite in a
turbulent mixing zone of the reaction mixture. Poor mixing of the bisaryl compound or bisaryl
solution with the phosphorochloridite may result in localized high concentrations of both bisaryl
compound and monophosphite intermediate of Structure VI resulting in poorer selectivities to

diphosphite.

[0049] Surprisingly, water is detrimental to the selectivity to the desired diphosphite from the
bisaryl compound. Another aspect of the invention is the method 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. If the bisaryl compound, the tertiary organic amine, or a combination of the
bisaryl compound and the tertiary organic amine is fed to the phosphorochloridite as a solution

comprising an aromatic hydrocarbon or hydrocarbon solvent, then another aspect of the
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these reactants. Table 1. Suitable Tenperature Ranges for the Contacting
Step of the DisclosedMethod. [0041] Anot her aspect of the invention is the
nmet hod whwoebn/RBe3cont acti ng occurs at one or nore tenperatSarie/osanges of

Table 1 to, pr. he di phosphite in th t ] ] i th
M S e e R S AR R R R
bet weepy &0 ARCy 00 %:{dr nnk RBntakiSial With SR HREsHMrochRIdRY AvMEEmDEby@aamsB5% and

100% from tthe bisaryl conpound, for exanple between 90% and 100% fromthe
bi sar ypartigigpespadted[fona e bisaotlisempawskand the tertinsy prapgietangne Pxrhase net hod

wh inth ' 1 Xt ; ' - I |
nyar ocaPBoRaTYAEoR Tt Bl e PRAE LR 8] b RPie SORSAUATAL, ¢ om

t he gr gehogoRrREdvatinftBe 8. C6 to C18 aromati c hydrocarbons. The aromatic

hydr ocar bon sol vent may be selected fromthe group consisting of aromatic
hydr oc o?ﬂ;s ‘M‘Rﬁl@ti&%i*th@@kr@e&?% dnie DEhVRED néQPHzaH HEBG-plodadtimaeher i
pressure.[0043] Anot her aspec o% the invention is the method further
conpr i saettpnooixture tirpugh thihforfratidi afja teutedry oreanicangne bytiegacil@idedakt.e This
concengtration is greater than aor. equal . l i i.h the
react i Cfﬂr‘i’r}&cﬁPlgra%ﬁrI?% °p ﬁagess%“%dgm a%fckéﬁ%lgﬁ%gc&%ﬁ%% pcgéter%l "hh%aude

phos phgu Qg tRE itcdéli%)ﬁos@ﬁﬂ!é’ﬁbﬁi tBEbissryf s AnB% aspgetiof thetineention is the
phosphorochl oridite conversion is defined as 100% nul tiplied b tohal

mol es wiethod depies compTiEng oiecWitpling hiertagy e15281 ARG HYEOZH" Cthf-%ld@t%‘é g“’%’rt fhe
cont act | di vi t . ol f 0 q it goi ng the
cont acﬁaﬁgonbrf/u ¢ rg(aunlg’%{%@g '08&%%%1%2 rﬁ%sS glg%tgho@?‘ﬂ%%tg{%a?%nﬁ%lg@%ﬁ% nmet hod of
t he prestitavtiag a5 e preselierdiamhytieapbnosglentachinethiods togpredpicans teatidry orgagic
between 0.02 and 2.0 noles per. liter in the reaction m xture during the

st age dninekadroger sllpridgysalifermithe TBHOOPRYXIERI ori dite conversion is from 0%
to 90% [0044] Another astpecjt of the invention is the, et hogqqfi urt her
conpr i HI0AY] f eciotyr asnsctidhe ipvertinngs theqnethod RethehersmMismeonpdicing atdeast a

feed r gx&eephljo%ﬁl\ll\olergsr-lco%ta(%ﬁng %g-p%gdquinqﬁe Fe%'ﬁ&%ﬁé%é sBiELted from the group consisting
of P(OR")(OR?),, P(OR),(OR?), P(OR")3, P(OR?)3, a compound of Structure VIla, and a

compound of Structure VIIb,

O 0O
/N SN
Q  P—OR' Q\ /P-—OR
\O/ o
Structure VIla 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.
[0052] The invention is illustrated by the following Examples which are not intended to be

limiting.
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hour, relative to total noles of phosphorochloridite undergoing the
contacting by the nethod. For exanple, feeding the bisaryl conpound to the
phosphor owbl2oroddt4e at a feed rate between 0.5 and 10 mpcaruSequiosalent s per
hour. [0045] Another aspect of the invention is the method further
corrpriéﬂﬂ@ll}féedi ng the bisaryl conmpound to the phosphorochloridite as a

bi saryl solution conprising the bisaryl conpound and hydrocarbon solvent.
The hy 083k bdhesenthedaf digkipsplitersya @gpg@ﬁg&gﬁl%{s@a@ lordt Pﬁ’é"%%ﬁ]ﬁable

consi spi SR ink Gtefs &lthPbakipte thB UAMEHRRe6GE ERafkplet,0 C 8
al | pha{"ustc%}ﬁ‘frﬁ’sdﬁéyﬂs?’?ﬁlhe?g%%%gﬁe?%h%sd%g 'CL Al phat i ?m s%}ggtf i tut ed c%l.i c C5
t o G 8bwtlalyhpplicablatosiifivsphitet edth@hfferontodersriandranceadigh@phites Witlglost#isii¢ t ut ed
aromatj ¢ hydrocar bons. The hydrocarbon sol vent maybe sel ected fromthe
group BBAENGS AAE UM qu’é’g?%’g]ﬁ%s'v\hose boi l i ng point is between 70C and

145C at at nospheric pressure. [0046] Anagther aspect.of the invent.i one is the
ot hodIWB4E he TP BN SSALISERSIR P RPHEE WHEH BIA RO SORFBIRIRT RIPS O
conpri gﬁﬁleﬁgb{é?&ﬂ:o%f)@%g?? ﬁfé'%s ﬁ&l%chlﬁﬁ&t&@%re%ﬁb@% dMfbRahe GRMHRE b BB duct

providing a s n rising at least one inpeller ‘attached to the
stirri pgecivaft Syithesis andatecorepsstitions thenpehohosplgtelinlermatbtbsietanlsche upper
liquid surface, and the feeding further conpris rovi gi r.ot ati onal

ener gy nvesttgaeds {1 pdditien, dhegopcs aﬁﬁ‘&ﬂﬂ%ﬁ@%ﬂnlo %Sf’ﬁf?e 't%ﬁe 13%?1ugﬁgm xture. The
term’ hith GutfksiUnd ARG itolBYindl SRPE bNREhiahaR thepiasshagecliaidren gas
and i g@?ggppLag%ﬂs. SAppar at uls (ilrI}peI | ers, is)ti rring shafdtq}g) and net hods for
provi diogentedtmnivesaliluteneongyntrated, kenen-ililwte aad serpencapijaterde Ehase expeanientsm

appar oL ue 300 TS ot KN b SRR fQ04T] mmother aspect of the
AT MR N it R R et e
to t heyf RACL QR T SheRAY R i 18adiRRRENdn I W Hedb T & haldgous to the

generalized Scheme T and includes the phosphorochloridite (Structure Ila), the bisaryl compound

(Structure IIIa), the monophosphite intermediate (Structure Vla), the diphosphite (Structure Ia),

the cyclophosphite (Structure VIla), free aryl alcohol, in this case 2,4-xylenol, originating from

the phosphorochloridite, and the acyclic triphosphite (Structure VIIIa).
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flowi ng the bisaryl solution through at |east one liquid distributor that
di sperses the bisaryl solution over at |east a portion of the upper liquid
surface; Wweedinmg3tdhe bi saryl conmpound to the reaction mpkTIS@0IQEMES t he

upper liquid surface by flow ng the bisaryl solution throui;iit | east one
t

liquid distributor that disperses the bisaryl solution over I t a
portion of the upper surface and feeding the tertiary organi nefto the
reaction m xture bel ow the upper liquid surface; feeding tlheg b ry

conpou to tNe reaction mty n

| east ¢n line that di Jtgut he bisaryl solutio

| ocated b Roe upper |i‘quild surface; f 3ing t he bispryl
reacti qn mfxtgre by Tl owi ngytheohki saryl solution thro H| east one feed
line that dirgé@s the bisaryd “sglution toward an inp cated bel ow t he
upper liquid surface and feeding the tertiary organic amne to the reaction

m xture by flow ng the tertiaﬁy organi ¢ am ne t;é?yéh at | east one feed

rough at
an i npekl er
conpound to the

by flowi ng the bisa

line that dilleects the tertiarMaorganic amine to d an inY@ | er |ocated
bel ow t he upper liquid surface; and the bisaryl #sol ution further conprises
at least a portion of the tertiary organic amne,fed to th eacti qn

m xture and fleeding the bisaryl conpougd){o the=Y{eaction y\ fl ow ng
t he bisaryl sjol uti further conpri @; the t iary NEgaji|c e\l pci

t hrough at | one fee fine t hat e@ _tMde bisaryl sof utionft rd an
i npel I'er | ocaf edNBtel ow t rf1iquis sufface. [0048] Fof Yhe nixing

| es of |iqui I stributlor g
and downconer| trays. Al so, flow ng &

net hods, exa cl ude nozzl es, per¥foratéed pipes,

d (bisaryl solutfjon adl@tertiary
organi c amne) through at |east one feed line that directsYthe |iquid
toward an inpeller |ocated bel ow the uppéali qui d surface may, hel pyensure
efficient /m xing, of the liquid with the phosphorochloridite fn a

Py ST AYN

3

Villa O Fo

la

Scheme I1

[0056] A reaction scheme for the hydrolysis of the phosphorochloridite of Structure Ila is
shown below. As an alternative to reacting with a bisaryl compound, the phosphorochloridite
can react with successive equivalents of water to generate acidic phosphorus-containing
compounds (Structures IXa and Xa), as well as free aryl alcohol, in this case 2,4-xylenol, and
H;PO;. Phosphorochloridite can also react with the first of the hydrolysis products (Structure
[Xa) to produce a phosphorus-containing acid anhydride (Structure Xla), also referred to as POP.
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turbul ent m xing zone of the reaction m xture. Poor m xing of the bisaryl
conpound or bisaryl solution with the phosphorochloridite may result in

| ocal i zedwbiz2gtv/eerasent rat i ons of bot h bi saryl conpound aoa/useeiopbasehite
internedi ate _of Structure VI resulting in poorer selectivities to

di phosphi [ 0049] Sur ly, water js detrinental to the selectivity
to the(d ed di ph®sphi t m t heHBi sar cor,?poun'd-!zOAno as eﬁt of the
i nvent il on~¥5 otk et ho i /P He brsar Rfound;—The térod af y 18°%gani ¢
am ne, A clonbi nifi on\ of 't he, bi sayyl conpound and the ter'tiary organic
am ne, tontacting the phosphorochl ori @te further conprise a total of from

0 ppmto 300 ppm by weight of water. If the,bisaryl conpound, the tertiary
organi ¢ ame, or a conbi n¥fi on of the bis:¥?l conmpound and the tertiary
organic amne is fed to the phosphorochloridite as a solution conprising an
aromati ¢ hydrocarbon or hydrgcarpon solvent, then another aspect of
theinvention is the nethod N\n the solution further conprises a total

of fromO ppmto 300 ppmb méﬁﬁg P ofllavat er. Prior to the contacting with

t he phosphorochloridite, tar ¥ be at |east partially separated fromthe
bi saryl conpound and the tegrtiary organi c am ne by phase separation,
distillation, azeotropic di'stillation, contact with dried nol ecul ar sieves,
and ot her net hods/known\in the/art. A0050] A function of the tertiary
organic amne is fto utiral i ze(t co-product in the reaction m xture

t hrough the forndti Pa~d-ePiga of gani ¢ am ne hydrogen chloride salt.
This function accel erat reaclion rates and limts acid-catalyzed

chem stries that y réeduce selectivities to di phosphite fromthe bisaryl
conmpound. Anot her aspect of the invention is the nmethod further conprising
precipitating a tertiary oKgani c am ne hydrogen chloride salt fromthe
reaction mxture during the contacting., Th el ection of the tertiary
organi c am ne and contacting in the dg§§gﬁ of a hydrocarbon sol vent are

methods to precipitate a tertiar rganic . .
[0057] P The%umbering of compounds s ogvnr}n the schemes is used in some of the

subsequent Tables. The acidic phosphorus-containing compounds of Structure IXa, of Structure

Xa, and H3POs are summed and collectively represented by “H” in the Tables.

[0058] It will be recognized that the Structures shown in the reaction schemes are two-
dimensional representations of three-dimensional molecules and that rotation about chemical
bonds can occur in the molecules to give configurations differing from those shown. For
example, rotation about the carbon-carbon bond between the 2- and 2’-positions of the biphenyl
bridging group of Structure Ia can bring the two phosphorus atoms in greater or lesser proximity
to one another and can allow the phosphite ligand to bind to a single metal atom in a bidentate
fashion. The term “bidentate” is well known in the art and means both phosphorus atoms of the
ligand are bonded to a single metal atom.

[T
i~

[0059] General abbreviations used in the Tables and specification include for about,
“conc.” for concentration, °C for degree Celsius, “equiv.” for equivalent(s), “Hr” or “hr” for
hour, “Kg” for kilogram, “M” for molar concentration, “min.” for minute, “mmol” for
millimoles, “mol” for mole, “Monophosphite” for the monophosphite intermediate of Structure
VI, VIa, or VIb, “ppm” for part per million by weight, and “rpm” for revolutions per minute.
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 ABPC] where A and B represents an
-19-



am ne hydrogen chloride salt fromthe reaction mxture. [0051] Another
aspect of the invention is the nethod further conprising producing at | east
one phospWororyIR8MTBai ni ng co-product in the reaction m pcums2eeloegnved from

th isti PCOR X 2 OR1 ,
Tl Bl AT T, g o
St ruct %&&Mrﬁ?c%ﬁhﬁig%peéﬁ@ss%% at&%ng’gf:]{%%i Pﬁ&ﬁh&ﬁ§ &l 2 RAGERAALUFe bt t he

reacti xture I's i'n"the form of the at |east one phosphorus-containing
co- pr otheasurgst yogeetitativo P NV Raonalysis off adquidsampledigm ée reestionmhizire@sBerof t he

total phosph jn.t N ixture, | h % h |
phosp h%faﬁiﬁ?’%r‘#ﬁ]é{’&boggf%lé ﬁgrc 11"21?({# @FCXT ié(g% F‘ré%ﬁilt@%aagl %%ﬁ% 8% %{eaﬁ) %ﬁ/fggp hor us
I Nt hegibRAGH FRiFHO¥bNHS/ [sUBSS thd\@Pnal @fén GhtefraR fbothal' PPNBIROAGIAIS) for atlhe

reaction mxture, or |less than 5%of the total phosphorus in the reaction
mi xt ur detpasiblaphosphdras-eansdining sompoynslsh tvhsrran plh detpeidreBLasBRATES-APHY®S- pr oduct

produced fro he.c i I Qv | | .Sa:d.l b d by the
For | ou A BR b ARl s osp B! PSRd-piblorfide SRMBHES 1Yo,
The mepbachikpldicaheankdiite, Sylbhesphite,afipidsphite) POR, hahHicompemetsaif detettibls nost
applicabl e 3ﬁf’Ot only to di phosphites having steric hindrance, for exanple
t he di phtepH NMR glagemetanpl es, but al so applicable to di phosphites with
different steric hindrance, diphosphites with |less steric hindrance, and

unhi nd068] di FsspronpeundsodSapcoreolbdBhindeV siphexraade theepmpgerd of ned i n

whi ch e.relative con i . At 4 . I: Y, to

phospho SE Ol RebCREEbAEY bl aPuBhuAHAR, hBulty ok, SEEBRHASL
bisaryl compounds of Structure I1T and IV may be prepared by the oxidative coupling of the
corresponding substituted phenol and naphthol, respectively. Bisaryl compounds of Structure V
may be prepared by the partial hydrogenation of the corresponding binaphthol compound or

oxidative coupling of the corresponding tetrahydronaphthol compound.
Examples 1-6: Order of Addition and Relative Concentration Ratios

[0061] The impact of the relative concentration ratios of tertiary organic amine to
phosphorochloridite to bisaryl compound on product selectivity is explored through six different
addition modes where the order of addition of reactants is varied as the feeds and reactor startup
charge. Table 2 indicates which material(s) are added (together, if more than one is listed) as
feed to what material(s) in the reactor charge. The syringe pump feed rate, in mL/min, is also

given for each Example.
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sel ectivity. Synthesis and deconposition of the nmonophosphite internediate
were al so investigated. In addition, the concentration of the nonophosphite
i nt er mediwoeodursTg di phosphite synthesis was nonitor ed PCm/is261008H36 Of
exper | ment STURRN® NiffksBRANBRHAAAFEL RhikErf BRAGRLL 3d 0N was dil ute,
concentrated, or non-dilute and non-concentrated. These experinents and

thei r resul |t Exaafe prres@Matdalsn| Fbal Rak (0Wmig) §eatdais Read0bEharkbsf |of t he
experinmental results were obtal ned for the sypnthesis of the-diphoesphite

shown as Stfructtirella & Hae fpl 1 owi PG eactidn schefels tQhieBFe |11 |i s
anal ogous to—thegenerglized Sctreme | dTrnchudes | forochfjoridite
(Structure |Ha) ?'bthe birsi%rn;}? cofrpound (Structurie Ilia > {)[ﬁgl%ggnophosphite

i nternedi atle (Struc¢turegiiNa), [he di ghpsphite [(StructulleIlla), the
cycl ophosphite (Strtucture Vila free aryl algohel —in this case

2, 4-xyl enol|, oPi gi hat Bhd.iam { he phdsbhorochiloridite, &Rd the acydlic

tri phosphi tpe (\ﬁtlu&,twcli\é tH-ajt=aSct . [OOWW for
t he hydrolysis of fhe phosphorpchl or iug}ﬁje of Structure” I's shown |bel ow.

As an alternatisve fo reagiing Wth aisaryl qonpound]iat BN

phosphorochloridite can react Wth successivelequivalents of water{to
generate acl di & phospAls Bs8Ncont ai ni nd-tonpounds (St r #46018809 Xa and Xa), as
wel | as freée—aryt—atcohot,—nthis case 2;4=-xytenot,—andH3PCE:

Phosphor ochiBeed diddi¢ion an—4I€ o Foeatothwi ¢xpetiments, feed adslitianted HiY@r ol ysi s
products (Structure | Xa) to produce a phosphorus-containing acid anhydride
(Struciosse] Xl 11 expesiicnilaey coxdudted aside@R itdat dtkasptereglavdodrensing WattO88&] The
nunberi ng of conpounds shown jn the s‘%E@TEs IS, us

] . d in sone of the
subseqsiventsras) reactanth Al deediseluHRBSHA SOTRL Q6R ﬁ%wﬁteﬁgn%%ﬁwwags torexelufeict ur e
I Xa, Of,sd By%f&ﬁor example less than 300 ppm by weight water. Phosphorochloridite is taken
from a single source prepared from high purity PCl; and contained 91.6% phosphorochloridite
ITa and 8.4% triphosphite VIIIa by a method of WO 2004/050588. Cyclophosphite VIla is not

present in this single source.

[0063] Each experiment uses the following feed and charge amounts and concentrations:
25.00 g of a 0.30 molar (M) phosphorochloridite ITa solution in toluene (solution density 0.87
g/mL), 4.42 g of a 2.0 M triethylamine (NEt3) solution in toluene (solution density 0.824 g/mL),
3.34 g of a 1.0 M bisaryl compound I1la solution in toluene (solution density 0.907 g/mL), and
8.65 g of toluene. For Examples 1*, 1b, and 6, 8.65 g of toluene are added to the reactor to
increase the volume of the initial reactor charge and enable better stirring. For each of these
experiments, the total moles of phosphorochloridite charged to the reaction mixture divided by
total moles of bisaryl compound charged to the reaction mixture is about 2.3. For each of these
experiments, the total moles of basic nitrogen atoms from the triethylamine charged to the
reaction mixture divided by total moles of phosphorochloridite charged to the reaction mixture is
about 1.25. All experiments are performed at +5°C except for Experiment 1* which is run at —
40°C. After feed addition is complete, the reaction mixtures are allowed to come to room

temperature (25°C) and sampled once more.

[0064] Reaction mixture samples, withdrawn during feed addition at different reaction stages
and once the reaction mixture reached room temperature at the end of the run, are analyzed via
31p NMR using triphenylphosphine oxide (TPPO) as an internal standard for quantitative

analysis of phosphorus-containing compounds. Any detectable amounts of cyclophosphite VIla
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Xa, and H PG3 are summed and col I ectively represented by "H' in the Tables.
[0058] It will be recognized that the Structures shown in the reaction
schenmes awe 2wodBT®NSi onal representations of three-di measiuseab/osalecul es

and t hat t atj.on, abouyt epi_cal nd ' [
cont 1 giadiRistel GPpRRRI yTHE iR QAR SRPer R at BrdslificTR] BGRB8l VI
car bonggantb@rolbang rertive entht htondph@pHit2int@esdiaicovia. Fbr theeliffiérpitexdgitiobr i dgi ng

group of Structure la can bring the two phosphorus atons_jn greater or

| esser I_ngfi?m Hisfribptipes Qfﬁwmpﬁ@gs %ﬂ@%@ﬁﬁ%&%@%‘ﬁé@bﬁi‘%@gﬁa é?i’&ftF@ bi nd
to a s - | ] Dfn?[ﬁ,m'] "< ndl S wel |
known %nﬁbﬁeeﬁgiﬁé %02%8 ﬁ%%sg’?grﬁgtcﬁg%@ﬁ%o us gétq%frr%ﬂ%?&?%ga’ Is%gﬁgg %%’Smgonded
to a ?H@mgarm@rﬁeagmnepma&@q cdntvaly aatih’ envdllanblon sAlss eeparted phdiffErent es and
specification include "~" for ahou "cone." for.concentratiopo Cf

degr eereeela) {iRges “S@qﬁ%@%latlﬂeogF{eéﬁY}ngE&%%‘(r ﬁe, progiatiog,o '%Tﬁ(}"lp %bglﬁ%{??ffom - f or
Ki | ogram .1 M ' St ' " !
R S R S

i nt er mefthab&agyl c@hpanklfedtorhe rédctagn wixtieb Thrqughithef rgactiparaf theepresent | i on by

wei ght, and "rpnf f lutj i . _Phosphorodichl aridit.e. i

Abbr v Pt Aot of R ettt Greadi, itk FPRRAREAEN S Dbt v o1

der i veghdshRsfuaBoRhikingdofRohds(Btdd. in TRHIR r39th)e;cy51b}mdbsghiheg nigheshdsphiehl ori dite
|

is referred to by Structure numbers |1, Ha, or or abbreviated as A2PC
olr AEPlrﬂteI’WQéJta@, m;](hﬁnhﬁphlé@r St pecifiarsachsy gagndicaelpciaty (&S fordhe an aryl

al coho e.qg., engl ) .. Distri A LOWSo : inin
speci egro.ggctgn.npog&%eeﬁﬁh%p hl’?eoﬁ(éﬁn t%u%lé%ﬂo?ousp O}ﬁﬁa Eollr@ac ?%ﬁﬁ(r%@ ngﬁ %)?e megsur ed
by ?Uaﬂf&)h%):@hité/ﬁ[cﬁstfiﬁltm(‘;/@)ﬁbly(‘gfbﬁ)pﬁéspagté in:ciﬂudbmﬁmm) fforanoidphosphite tH on

m xture. For exanple, a distribution (%) r diphosphate = 100% ' I
area i fiseigutipn 6P} foe diphohR %lltijﬂ%t‘r"@g'} ﬂ%lwe?%ﬁtlg{ﬁggﬁﬁ i%egfteﬁn’[@g 0%;(2‘ {’ﬂ%égg e
si gnal bAL&a ahgl&glgral s for the 3 1P NWR signal (s) for all detectible
phosphorus-cont'arni ng conpounds], wherein all detectible

phosp hﬂf()%g]' co ri:to?%hrél 19sbtion of the present invention, 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, wherein the at least one phosphorus-containing co-product, is selected from
the group consisting of P(ORI)(ORZ)z, P(ORI)Z(ORz), P(OR1)3, P(OR?)3, a compound of

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

O 0O
/N SN
Q P—OR Q P—OR
N/ N/
(o)} 0
Structure VIa Structure VIb

in the form of the at least one phosphorus-containing co-product may also be calculated from
such measured distribution (%P) data with an adjustment for the amount of triphosphite, if
present, entering the reaction of the present invention with the phosphorochloridite, designated
“triphosphite impurity”. The “triphosphite impurity” is not produced from the contacting of the
present invention, but rather the contacting of PCl; and/or (RO)PCI, with an aryl alcohol as
discussed earlier. So at a specific reaction stage, the % of phosphorus in the form of the at least
one phosphorus-containing co-product = 100% x (sum of the distribution (%P) for each
phosphorus-containing co-product — distribution (%P) for triphosphite impurity) / [sum of the
distribution (%P) for each phosphorus-containing co-product — distribution (%P) for triphosphite
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conmpounds nay include PO 3, phosphorodichloridite, phosphorochloridite,
di phosphi te, monophosphite internediate, cyclophosphite, triphosphite, POCP,
and H compountsi23i48 detecti ble by the 3 1P NVR neasur eneatr/USp@0m8117@i saryl
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moisture levels and excess triethylamine, both of which may reduce the intramolecular reaction
rate if it is catalyzed by one or more acidic phosphorus-containing compounds. Especially
under conditions where bisaryl compound is added to triethylamine and phosphorochloridite in
the absence of water or acidic phosphorus-containing compounds, the intramolecular reaction of
the monophosphite intermediate VIa does not appear kinetically competitive, relative to
production of the diphosphite Ta. A peculiar effect of seemingly substochiometric amounts of
bisaryl compound leading to quantitative conversion of phosphorochloridite is usually limited to

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

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

Reaction

[0067] Monophosphite intermediate Vla is synthesized independently and its reactivity
investigated by 3'P NMR spectroscopy. Under reaction conditions in which the bisaryl
compound is added to phosphorochloridite and triethylamine, the monophosphite intermediate

. Vla was not observed by’ P NMR spectroscopy. However, the monophosphite intermediate VIa
is observed in the reaction mixture at low phosphorochloridite concentrations, which corresponds
to any reaction condition providing high conversion of the phosphorochloridite in the reaction

mixture.

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

solution of 1 molar equivalent phosphorochloridite ITa and 1.25 molar equivalents triethylamine
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present in this single source. [0063] Each experinent uses the follow ng
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phosphor owbl2oro/dt4e¢ Ha sol ution in toluene (solution dersrtugs2@08311gé L) ,
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(25C) and sanpl ed once nore. [0064] Reaction m xture sanples, wthdrawn
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_ _ _ sphi'ne oxi de ) as an I nternal stan or
quant i itatdavgvignal ysi s of phosphorus-contai ni ng conpounds. Any detectabl e

anmounts of cycl ophosphite Vilaor additional triphosphate Villa forned

during [ME@* eX Af lah ABNAIExPERN Bt EHY IRGhop BosPRit@tdrvediafenaof B endnobhicsphitecul ar
reacti on of the nonophosphite internmediate Via. For the different addition

rrgges , irdérstediabrtolusion inireated with preiatvee of hmglar seeivslaeficaclkeal Rhvsphajochieridiet er

addi tion, ar eported wA. T o = taif,

compoutis Hsr R TE (g T8 % eyl RE oA A a Rl Bl hovs
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reconfirming the species, characterized as having a 31p NMR shift about 0.25 ppm lower than

that for the cyclophosphite VIla, as the monophosphite intermediate on the pathway to
diphosphite.

[0070] 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 cyclophosphite (Table 4, Example 11). This experiment is repeated in the presence
of 0.16 mmol tricthylamine 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 phosphorochloridite 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 instantaneous (Table 4, Example 13).

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

catalyzed by acid and, most likely by hydrolysis products derived from the reaction of water and
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with the osphor ochl ori di,t.e,,,desi gnated, "1 ri sphi | SPUBML YT e
"tri ph&é‘?)ﬁﬂﬁl]f’&'%%‘ifrtﬁ?gyi Eﬁﬁ\ép aﬂ?%%ﬁc dg%lh}uoo%c’?%% Iggr? gé)fl ng (I(:)]? Y]t ﬁlgi%r esent
i nvent LQARvalQH inft8lubRY arddNi®) ADRSIa& e i gedtbPHith 3nditemalcoN RN s 2asti ¢110.@mLaofd
al cohol "as discussed earlier. So at a specific react] ori s{ age, the % of
SO

phosph85ud tiiethylairesolation i teduege apgQ&iml of a 0.5 M 2,4-xyleno] solufion in toluene at
an addition rate of 0.1 mL/minute, following the phosphorochloridite synthesis method disclosed

in published application WO 2004/050588. The reaction mixture is stirred in a baffled, 125 mL
reactor and kept at —30°C. The resulting phosphorochloridite solution showed 95%
phosphorochloridite and 5% triphosphite by 37p NMR. This solution is then treated with 1.16
molar equivalents of triethylamine (10.6 mL, 0.5 M solution in toluene) and kept at +10°C. At
this point, the phosphorochloridite concentration is about 0.067 mol/L. With stirring, a 0.5 M
bisaryl compound solution in toluene is added at 0.1 mL/min in 0.45 mL portions for a total
amount of 4.24 mL (0.46 molar equivalents). NMR samples are taken at several stages of the
bisaryl compound addition. When the monophosphite intermediate are observed by 3P NMR,

the addition of bisaryl compound is interrupted until the conversion of monophosphite

intermediate is complete.

[0073] Table 5 gives representative 3p NMR resonances of the reported phosphorus species,
the distribution of which, as derived from 3P NMR measurements, is give in Table 5. The 31p
NMR resonances of the reported phosphorus species are applicable to the results for other
Examples as well. Table 6 shows the corresponding differential conversion, which indicates

satisfactory mass balance accounting.

[0074] The build-up of significant amounts of monophosphite (> 1% phosphorus) at a lower
limit phosphorochloridite concentration of about 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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triethylamne and phosphorochloridite in the absence of water or acidic
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nonophosphi te. i nt.er medi at e Vi.a.does not. ar.. ki ically conpetitive,
relati 9‘8%?‘6“33?08(? ?ﬁ B }“Oﬁplu(éte Hg%%ag? ltngﬁ‘?ge.ac%&p@% |g'ar ef fect of
seem ngly SUbTSaE)?eCShI Eg)hrgglt)ﬁc;rgs gprre%ﬂagtarsid %Leir Representative >'P NMR Resonances

(ppm) Relative to Triphenylphosphine Oxide Internal Standard.

Phosphorus Species >'P Resonance (ppm)
PCl; 202
APCl* 182
A,PCI (Tla)* 164
Cyclophosphite (VIIa) 136.8
Monophosphite (VIa) 136.4
Diphosphite (Ia) 133
Triphosphite (VIlla) 132
- POP 128
H 0.5

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

[0075] Phosphorochloridite IIa 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
-6 -
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-

phosphorochloridite. If NMR resolution is not sufficient to achieve baseline separation between
triphosphite and diphosphite signals in these measurements, a correction is made based upon the
amount of triphosphite from the previous phosphorochloridite synthesis step and the valid
assumption that an increase for triphosphite in the phosphorus distribution during diphosphite
synthesis os a direct result of monophosphite intermediate conversion to cyclophosphife. In
other words, an additional equivalent of cyclophosphite is formed for every additional equivalent

triphosphite observed.

[0078] Similar to the experiment performed at a starting concentration of 0.067 mol/L
(Example 14), in Example 15 the monophosphite intermediate VIa is observed at a
phosphorochloridite concentration of about 0.03 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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m xt ure oWoRomol2ar43equi val ent each of phosphorochl ori di PeTasdomnsarhyl am ne

t -10 0C ¢ 2 1 S | f oMl i
quant 1 FEDR B0 BparbRRGEH Efle- RO Flofafioich iy KGR ey 01 o7 showe

di phosplbghosphittaprnaanite yt $836 dNiigpered gy tiell apennts sf hydalysis pesduzgdnas
having a 3 1P NWR shift about 0.25 E/pm | ower than that for the
cycl opmestsHithecatalyss Is epnsymed dhepndpel the morprhosabitedesomrotiien piRribiy to

A1 Phosphlififer FAUPladifbd P8RRY BB ggg@isaﬁd, A8 ARRRPHERBILSsiHMeer medi at e

sol ution contal ni ng nono teinternediate I'n toluene is

t r eat ethtasinietiiate. sPB/s apmiox2@ely lkemstant xealeat! afdd nmmelnpdora slomeconfétsmn o2ourrs

m nutes, |ess than 10% of the nmonophosphite internedi ate had been converted
to cycP%eﬁﬁ%f’sCBHﬁlP%m?}?E‘E)‘?'e 4, Exanple 11). This experinment is repeated in the
presence of 0.16 mmol triethylamne with the sanme result, i(g%lcati ng that
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i nt r ants! coBvehAll pEthe PhOWhEIoGoH 1S 1SAPSENEG ni t i al period and di spl ayed a zero
order kinetic behavior. Wen the sane experinent was repeated in the
absencExample56st Piphasphite SymthesisindgrdrancentrptedZhosphey 06&0!?’6‘%?6 Srandifiomse
internedi ate was instantaneous (Table 4, Exanple 13). [0071] Wiile not

want i nfp086] be Ibtunexpsyinehi sinyilar fhExampg 8 birhasathighes alarting copeengatien 95 ithen
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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).

[0081] 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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upon *'P NMR data, it is believed to be most likely a result of water-contaminated triethylamine
added immediately before the bisaryl feed is started or a result of a moisture contaminated feed
line for the bisaryl solution. Consistent with previous results, the onset of significant conversion
of monophosphite intermediate to cyclophosphite is observed at a phosphorochloridite
concentration of about 0.02 mol/L where instantly a phosphorus distribution of 4%

cyclophosphite was detected.

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

mlL scale experiments in the previous section.

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

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

mixing rate as determined by the rotation speed of the impeller on the stirring shaft, and feed rate
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by 3 1P NMR the addition of bisaryl compound is interrupted until the
conver si omoabiomsmphosphite internmediate i s conpl ete. [ @OTA]S20ialbBbra7& gi ves

representative, 3 1P N es nc f th . ph h i

i ot r1 BT Bt SRR a5 e PG P A R UL SR eSS RoEh G | e
Tabl e greu}&pasqeée?veuwy@mpﬁgﬁ%mﬁcﬁ,he reported phosphorus species are
applicable to the resul'ts for other Exanples as well. Table 6 shows the

correspergl nNd g § | 3o oG OMbaIoF Ineddle] WH tth sdnadile ma
bal ancgmag]countlfn%ﬁ{e 00§74]60The1\6%tfi$ F}%[TS%(Y% sieb‘ﬁ?éfrigggﬁgsag}%g?\ét S 0191 hy Tes

nonophplspphdredi¢hofiditphBEhhwhers A &t2,adinvwleylphdnakide pisdhppitnspedipdichlaridite

concentrati o f . about 0.03,to ahout 0.0 I,/ Ly ' g

ceen 1aghpatafs biaSEgsmitR it p oA oo Rte b HEIERT Bl o *
condi t },anshane mhaerst tﬁ@ﬂ)teil?)hbépﬁbrdsaaaé@&edqjﬁﬁﬁ e MR heasurcnionBs Ban
concentrated. |ndependent of scale and concentration, provided sufficient

tri elt h@&mw@nptgo pswide qonditiophpeyheiEgshiorcauserfubsta mosophosplitc iptsraedisg (> 1%
tota 0S rus),once. ph horochl or i di & e ' bout
(ot BRSRAL Tl SAER A SNRLRENL O R IRFERAAELAND fuftbehrout
this ptﬁ)r lb}[)v_ctéﬁxﬁérat@td, Eﬁsﬁffﬁ%@@(’j bagirwil@h, fajtifeedimatek iferathe bigalyb pdrosqind; and a
concentration acconpani ed by nonophosphite internedi ate build-up was
reapheﬂlbablcélm&tﬂ‘églﬁot}%@@ﬁﬁéhﬁéﬁl oridite conversion, reflecting the
addition of 56% of the total bisaryl conpound feed. Reduci ngﬁ{ he bi saryl

conpoul¥87ked Toatetermind thafigassary #BOEHOE XCEST teTHarOPIRARIS BITIRS, fetrangretfi at e

bui | d- i t he .di.ph ' nrod i i . ' i
't er a7 it DS eoibEar TRt S Giihed sl klo ety SRRQPRAREN! £
I nt er npdbwit®f Baslabléichioridp in fiespRasElIgriditeA i any bhesphprodietlotidad AP&lgifi s a
means for limti _na:(t he concentration of the nmonophosphi %e I.nternedi ate in
the reprssinsnThe teictndamimpis added obe Phospherarilrpdits direstindy %%thgragéﬂ&a? nghe

SUddenbis%@ficoWouB& made in a continuous or a nonconti nuous

[0088] Two different mixing conditions, defined by the rotation speed of the impeller, are
studied: 470 rotations per minute (rpm), resulting in ample mixing as indicated visually by a
good vortex), and 240 rpm, conditions where a vortex is not observed. Two initial temperatures
for bisaryl compound addition were investigated: +20°C and ~20°C. It is appears that especially
at high conversions of the bisaryl compound, the monophosphite intermediate is consumed
slowly below —10°C. The addition rate for the bisaryl compound is also varied. The bisaryl
compound is added to the phosphorochloridite at two different feed rates of 5 molar equivalents
per hour and a second faster feed rate of 15 molar equivalents per hour, both relative to the total
moles of phosphorochloridite charged to the reaction flask. It appears that reducing the feed rate
for the bisaryl compound at the onset of monophosphite intermediate and cyclophosphite
formation seems to reduce the rate of cyclophosphite formation and allow for monophosphite
intermediate consumption to produce diphosphite in higher selectivity. Diphosphite synthesis
conditions and resulting cyclophosphite distribution are presented in Table 14, where
cyclophosphite %P distribution reflects the percent phosphorus measured as the cyclophosphite
as a fraction of the total phosphorus detected by a 3'p NMR measurement.

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

mixing, the amount of cyclophosphite formed during the reaction was 12.9 mol% by 3'p NMR.
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synthesis since a super-stoichiometric amount of bisaryl is added at a high rate.

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

Bulkier Analogue

[0090] In Examples 26-29, the fraction of the total detected phosphorus species present as
the cyclophosphite, as determined by 31p NMR, under different addition conditions for the
bisaryl compound is examined for a more sterically bulky analogue of diphosphite la. In this
analogue of Structure Ib as shown in Scheme VI, one of the 2,4-dimethylphenoxide groups on
each phosphorus atom of Structure Ia is replaced with one 2-iso-propyl-5-methylphenoxide
group derived from thymol. The diphosphite of Structure Ib is obtained by reacting bisaryl
compound I1la with the mixed phosphorochloridite ITb of Scheme V (ABPCI) which in turn is
derived from the reaction of PCl; with thymol and 2,4-xylenol. Relative to 2,4-xylenol, the more
sterically bulky thymol group might facilitate the elimination of a free aryl alcohol from the
corresponding monophosphite intermediate and increase cyclophosphite (Structures 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.

[0091] For the synthesis of diphosphite Ib, the same methodology as for the synthesis of
diphosphite Ta is used. Following a method disclosed in published patent application WO
2004/050588, the intermediate phosphorodichloridite BPCL, of Scheme V is generated by
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of the reaction sanples are believed to result fromerror in the sanpling
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obser ved'®8¥ ¥ phosphorochl ori dite concentration of about 0.03 mol/L and
below in the reaction m xture. As in nost cases, nonophosphite internedi ate
accurul ation (10 maol) is acconpani ed by a corresponding increase in the
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[0092] According to 31p NMR, the resulting phosphorochloridite IIb solution comprises 92-
94% of the phosphorochloridite 1Tb (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
distﬂbutions (%P) for each Example are also given in Table 15. Reaction pathways to the
monophosphite intermediate (Structure VIb), the diphosphite (Ib), and possible cyclophosphites
(Structures VIIa and VIIb) are shown Scheme VI. The relative amounts of the possible
cyclophosphites are determined by the reaction conditions under which they are formed and the

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

[0093] The robustness of the diphosphite synthesis method for this more sterically hindered
diphosphite Ib, relative to diphosphite Ia, is tested under the premise that ample triethylamine
limits the conversion of the monophosphite intermediate to cyclophosphite under most
circumstances. In Examples 26-29, the entire triethylamine charge is added to the
phosphorochloridite ITb in the reaction flask (triethylamine to phosphorochloridite ITb mole ratio
was 1.3 to 1.4 equivalents) before the addition of the bisaryl compound IITa commenced. 3p
NMR results indicated that the use of at least 1.3 molar equivalents of triethylamine, relative to
the phosphorochloridite TTb charged to the reactor, successfully limits conversion of the sterically

hindered monophosphite intermediate to the cyclophosphites of Structures VIla and VIIb.

Examples 30-39: Reactant Concentration and Water Contamination

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

containing acid anhydride, POP, the acidic phosphorus-containing compounds are formed
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However, 3% cycl ophosphite formation is observed after reaction conpletion.
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decomposition by hydrogen bonding between water and the acidic phosphorus-containing

compounds. Therefore, feed rates for the bisaryl compound should be considered when
exploring the impact of phosphorochloridite concentration and water contamination on

selectivity to diphosphite.

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

triethylamine per molar equivalent of phosphorochloridite.

[0098] The *'P NMR results for each process step of Example 30 are given in Table 16. In
Example 30, to investigate the impact of water contamination, a reaction solution of
phosphorochloridite Ila is deliberately exposed to water before the addition step of bisaryl
compound ITTa. 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 | M PCl; solution as an initial charge to the reactor, which
provids a 0.27 M phosphorochloridite solution. Subsequently, 30 mmol of water are added to the
reaction mixture followed by 1.4 molar equivalents of triethylamine, relative to
phosphorochloridite. The water addition results in the formation of 15.6% acidic phosphorus-

containing compound or compounds (presumably Structure IXa of Scheme IV from hydrolysis
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between the addition periods of at least 2 hours to assure complete reaction of each added portion
of the bisaryl compound. Despite considerable water contamination (30 mmol compared to 192
mmol A;PCl), the excess triethylamine provides ample protection for the monophosphite
intermediate and avoids significant loss in selectivity, as evidenced by the relatively low

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

[0099] Similarly in Example 31 (Table 17), the water is added and dissolved in the first
portion of the bisaryl compound feed. Again, as indicated by the 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 Xla, are present during
the addition period of the bisaryl compound, as compared to Example 30. Although the same
excess of triethylamine was used, about ten times as much of the monophosphite intermediate is
converted to cyclophosphite (9.9% of the total phosphorus) compared to the experiments where
the water is added before the addition of the bisaryl compound, and this causes a diphosphite
selectivity drop from 97% to 85%. While not wishing to be bound by theory, one possible
interpretation is that in addition to binding acidic species, tricthylamine 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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levels of acidic phosphorus-containing compounds show higher levels of cyclophosphite (Table

18, Examples 31, 24, and 25 as compared to Examples 30, 21, and 22) but excess tertiary organic
amine, such as triethylamine, can partially compensate for higher acid (Examples 30 and 31 as
compared to Examples 24 and 25). As an estimate derived from Table 18, at triethylamine levels
at or below 1.02 molar equivalents triethylamine per equivalent A;PCl, the water contamination
of the bisaryl compound feed should be less than 300 ppm water to avoid a significant drop in
the diphosphite selectivity during the bisaryl addition phase of the diphosphite synthesis.

[0101]  Experiments are performed to address the impact of the concentration of reactants in
the presence of hydrolysis products on diphosphite selectivity during the addition of the bisaryl
compound. Examples 30 and 31 are performed at 20°C, with 1.4 molar equivalents of
triethylamine per equivalent of phosphorochloridite, and with the addition of the bisaryl
compound made in portions. The distribution of phosphorus species (%P), including the acidic
phosphorus-containing compounds represented as “H”, is given in Table 19 for Examples 30, 31,
and other related Examples. Example 32 is initially run as for Examples 30 and 31 but before
adding triethylamine the reactor contents, the reaction mixfure is divided into two portions, one
being one-fourth the volume (Example 32A) and the other being three-fourths the volume
(Example 32B) of the undivided reaction mixture. The one-fourth volume portion remains in the
reactor and was diluted with dry toluene to the same volume as the three-fourths volume pottion,
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
-36 -



conditions and resulting cycl ophosphite distribution are presented in Table
14, where cycl ophosphite % distribution reflects the percent phosphorus
measur ed We 20twe128m8l ophosphite as a fraction of the totacTasesplosrios

detected by,a 3.1P.NVR,neasurenent. 891.. For . le 17

bi sar y%hoc% VSH&%O‘JISJIY%&%%S Ofa#ﬁ%&%g? }éor%"%g(i i 'u%/vgr ee%sa%ﬁgtrz%%ﬁ gf&lgtgb 0C
Usi Ng eheonRpditlefnbOPEhE tHat fehbt@IniphAidh Renchahiehs ((OE8d Byl W ifactdreT3s )T odsath

i nadequat e 'm xi ng, the anmount of cycl ophosphite forned duri‘nq t he reaction
was 12pRospbomshjoriditagoiutions apFramples 324 andi3elt dbe smerslieve sqHyplantsaf 1 M

equi val.en of tri A ) . 1, X1 | | l.til-on rate
of 5 ohurV AT SRl SO BRenS AR B UX AR It & SpHlin B0 1620 et
The reauthbegh the Zmbliet ofdncdtony ihfhdion whihn nadre baershtraekEeauple ARBriTatdé 21)

triethylam ne is added, the detecte | oph hi t tratj '
O at OLPIFAE CERRHETTom Al of (B3 0! DORIRENS T UGN BuEY UGN 6 1 5

equi valopl Gl RO ATAAG 2B) HoBANT A BFEE llpHbaRtRs AdgLbpRApR. € (15

equi va our I ng abou .1 nol ar equival'ent's of triethylam ne per
nmol e ofAt pflecamkdines highei wiatige emange df sqdit hgdiobastpreducts ais kbgsredaentler more

measur ghl e copversion of nophosphi.te_i nter | at.e ta cycl opho | t

duri ngg’ﬁ‘l’% CRAtens (!Eé'i‘fBP]Fig’gz‘ aﬁﬁa@a.gfeéﬁs? ﬁx%tﬂﬁg gﬁﬁéra# ¥ %?Wyegltfﬂgf%]ilﬁﬁ%?‘?gﬂi c
anmount gof gﬁﬁbﬁKE}j'ﬁ%iHF@ph sec%nﬂainiﬁgsorﬁﬁaunﬂé,qﬂs&ﬂlp%hdm Nimnt |y hi gher
| evel s of cyclophosphite, 12.9% and 19. 7% respectively. Water

cont amneasuranerdyare ngeralhverysenilass of experiments is not considered and

al t hough there was no indication of significantly different |evels of

hydr ol ysi02] pr ckheatsults ét Tatde 22 apenonaelnnsaticv@idroforcantedtiophostbh ogagion N NVR

sanples) different |evels of, water confam nati on n.ght e al so
contri B‘%}Ptéﬂl 8 abept O_Q}%ﬁf‘i’ ‘?f{ﬂf“ilvah es_ff:)‘él? r S%Q‘%‘W% F%nrgé'gonrse %ﬁﬁ’é’&%ﬁ @esffn at ypi cal
resul t f Quinfl RNTSRB 20 CESNEPINEH-56)ShH6 81 i fRIABEY 1e§d RhePt@I@hinhGoriHIUBwenf
bisaryl 'is added at a high rate. Exanples 26-29 : Excess Ami ne, M xing
Rat e, HvelsBif scidigiphpghdiotiseronRitieg cdropovadsithe rgeunt pf gyalordepphilsdpaepdaranges

from 20-30% for the faster feed rates (0.23 to 5.1 equivalents per hour) for the bisaryl

compound. Surprisingly, the slower and portion-wise bisaryl addition (Table 22, Examples 37-

39) result in a significant reduction in cyclophosphite formation, only 5% to 8%, of the total

phosphorus.
Experimental Section

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

drybox antechamber under vacuum and finally flushed with dry No.

[0104] For quantitative NMR analysis, 0.250 mL of the organic layer without tertiary organic
amine hydrogen chloride solids and 0.600 mL of a 0.01 molar solution of triphenylphosphine
oxide (TPPO) in C¢Dg are combined and analyzed by 3P NMR (T = 5 sec.).

[0105] Bisaryl compound ITla 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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optionally purified by washing with aqueous mineral acid or a copper-sequestering reagent such
as the sodium salt of ethylenediaminetatraacetic acid (EDTA). The product may optionally be

purified by recrystallization.

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

alkenes.

[0109] Example 15 is carried out in a 2 liter baffled, jacketed reactor with overhead stirrer,
N, blanket, and two feed lines from a peristaltic pump. 200 mL of 2.0 M PCl; solution in
toluene is charged into the reactor using a cannula and positive N, pressure; the solution is
cooled to +5°C. Under vigorous stirring, a solution of 202 mL of 2.0 M triethylamine in toluene
and a solution of 200 mL of 2.0 M 2,4-xylenol in toluene are added separately and concurrently
at a feed rate of 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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charged into the reactor using a cannula and positive N, pressure; the solution is cooled to +5°C.
Under vigorous stirring, a solution of 200 mL of 4.0 M triethylamine in 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 tricthylamine feed is delivered below the surface, while
the 2,4-xylenol feed is delivered above the surface. During the addition period, the reaction
temperature is maintained at about +5°C. A second 200 mL of 4.0 M triethylamine solution in
toluene and 101 mL of 4.0 M 2,4-xylenol solution in toluene are added separately and
concurrently via a peristaltic pump at the same feed rate as before. A correction feed of
triethylamine solution in toluene and 2,4-xylenol solution in toluene are added as necessary
based on >'P NMR analysis of the reaction mixture. Quantitative 31p 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 H,O 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 1P NMR analysis of the organic phase was

conducted.

[0111] For Examples 26-29, the following general procedure was used. Samples of the
reaction mixture were analyzed by 31p 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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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 stirring is increased to approx. 500 rpm for one hour and sampled. The

reaction mixture is washed with 150 mL H,O and stirred for 5 minutes. After separating the

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

phase, it is washed with 150 mL of brine.

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

layer is concentrated by evaporation at 45°C.

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

solution of 93 mL (93 mmol, 30.36 g of bisaryl compound) of 1.0 M bisaryl compound in
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at 45°C.

[0116] Example 30 is performed as follows, with the 2 M triethylamine solution, the 2 M
2,4-xylenol solution, and the solution of bisaryl compound being prepared in the drybox and
dried over sieves prior to their use. Samples of the reaction mixture are analyzed by 3Ip NMR
periodically to determine the extent of reaction. In a temperature-controlled 500 mL baffled

~ reactor equipped with an overhead stirrer is charged 200 mL (200 mmol) of 1.0 M PCl; in
toluene via N pressure and a double-ended needle. Under vigorous stitring, a solution of 100
mL (200 mmol) of 2.0 M triethylamine and a solution of 100 mL (200 mmol) of 2.0 M 2,4-
xylenol in toluene are added separately and concurrently via peristaltic pump at 2.22 mL/min.
During the addition period the reaction temperature was maintained at 5°C and the triethylamine
is added below the surface while the 2,4-xylenol is added above the surface. Under vigorous
stitring, 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 mixture 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 IIla is added via peristaltic pump
intermittently, under 480 rpm stirring. 40 g of this 1.0 M bisaryl compound solution is added

over 2 hours, then 20 g more is added over 4 hours and the mixture stirred overnight. An
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conditions resulting fromusing a considerable excess of triethylanne, the
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cannula. Triethylamine (65 mmol) is added under the reaction surface over approximately five
minutes; the mixture became light brown on stirring. The reaction mixture is warmed to +20°C
and a 13.4 g (14.8 mmol, 4.82 g of bisaryl compound) of 1.0 M bisaryl compound Illa 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.

[0119] For Example 32B, the solution is removed via cannula from Example 32A and stored
in the freezer was charged via cannula under N to a temperature-controlled 500 mL baffled
reactor equipped with an overhead stirrer. Triethylamine (195 mmol) is added under the surface
of the reaction mixture over approximately 5 minutes. The reaction mixture is then warmed to
+20°C and 31 g (34.2 mmol, 11.2 g of bisaryl compound) of a 1.0 M bisaryl compound IiTa
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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washed with 75 mL of 1 M aqueous NaOH. After separating the organic phase, it is washed with

brine.

[0121] For Example 35, the 31p NMR analysis indicates that a 3.3% correction of the feed
(both triethylamine and 2,4-xylenol) is needed, and the additions are made. 63.5 mmol of"
triethylamine is then added under the surface over approximately 5 minutes. Instead of cooling
the reaction mixture, the reaction mixture is warmed to +20°C. 91 mL (22.75 mmol, 7.427 of
bisaryl compound) of 0.25 M bisaryl compound IlIa 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 g of a

sticky yellow solid is obtained.

[0122] For Example 36, the general procedure of Example 35 is followed. A 2.3%
correction to the feed is made. After addition of 64 mmol of triethylamine and warming to
+20°C, 93 mL (23.25 mmol, 7.59 g of bisaryl compound) of 0.25 M bisaryl compound ITla
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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bisaryl compound) of a 0.25 M bisaryl compound IITa solution in toluene is added intermittently

via peristaltic pump under 480 rpm stirring. 40 g of this 0.25 M bisaryl compound solution is
added over 2 hours and 20 minutes, 20 g more of this 0.25 M bisaryl compound solution is added
over 4 hours and the mixture stirred overnight. 5 g more of this 0.25 M bisaryl compound
solution is added over 2 hours and the mixture stirred overnight. Then 5 g more of this 0.25 M
bisaryl compound solution is added over 2 hours, and an additional 5 g of this 0.25 M bisaryl

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

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

derived from °'P NMR measurements and are listed in Table 23.

Example 41: Temperature Study at 35°C

[0128] The phosphorochloridite of 2,4-xylenol, A;PC1 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.

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

phosphorus species are derived from 3P NMR measurements and are listed in Table 24.

Example 42: Temperature Study at 15°C

[0130] The phosphorochloridite of 2,4-xylenol, A,PCl wherein A is 2,4-dimethylphenoxide,
is synthesized following a method disclosed in W02004/050588 to produce a 0.34 M
phosphorochloridite solution (87% A,PCl, 2% APCl,, 10% A3P) in toluene.

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

phosphorus species are derived from 31p NMR measurements and are listed in Table 25.
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am ne hydrogen chloride solids and 0.600 nL of a 0.01 nol ar sol ution of
tri phenyl phosphi ne oxide (TPPO in C6D6 are conbi ned and anal yzed by 3 1P
NVR (T1= Wo=en)123{46105] Bi saryl conpound | Ha may be preparams2dny/oanys
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ternativel he cat st ‘can be prepared in situ by contacting
t he cogmeies hmldedlsethfrdmt HéNM&mensncmemh@n%@b\héﬁqﬂ it bable Re coupl i ng reaction.
[ 0107] The oxidative coupling can be carried out by contacting the phenol
wi th ajaagper Thenghpetatofe sudyi @fixamplas 48m3 shemthatprwfeeﬁﬁm@b @mim@phitﬁ Ieol vent
such as dich] oronet hane, tol uene, chl or%{éemﬁzﬁ or s at ed. hydrocar bon,
pr ef er EBMythe Risanyhearppuad by Aaprgesnk methogKiars 1t drcresis arg WB?F % é%ger ature,
at a tﬁm%]%F&f' ure between 5C and 1000C, for exanple around 300C. The product
is generally isolated by dilution with a saturated hydrocarbon sol vent,

fil tragl onI ; aﬂplt %ro%nﬁlollysdwg fS'tnﬁcﬂr by washi ng wi th aqueous mneral acid or

a copp ng reagent such ‘as the sodium salt of

t hyl t at t d. (EDT by b
oL D™ 155 e RS TR RGBSR Y e
2- 1 SO- Ploffvik hddRcatbaRidNdnphBNBanify 4Deh@iobmas eﬁEbamplany 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 WO2004/050588 and the bisaryl
compound IIla dissolved in cyclohexane is feed to this phosphorochloridite in the presence of
triethylamine to produce diphosphite Ta. In comparison to the aromatic hydrocarbon solvent at
the same stirrer rpm speed, the triethylamine hydrogen chloride solids precipitated from the

reaction mixture comprising cyclohexane are more difficult to stir.

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

Example 45:
[0137] A diphosphite of Structure I is produced,
R1—O\ O—R!'
P—O—Q—O0—R
/ N,
R?>—0 O—R

Structure 1
comprising the steps of:

contacting a phosphorochloridite of Structure II,
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sui tabl e synthetic nmeans known in the art, for exanple by al kyl ati on of
thymol or 3,4-xylenol. Houben-Wyl, Vol. 6/1C (pages 955-985), G Thiene
Verl ag, Svotogeans743976, teaches general nethods for thepratRish@aviosn7ef
phenol s with al kenes using honngenqous and het erogeneous acid catal ysts.
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i on exchange resins containing sulfoni _aqb groups as catalysts for the
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L of 2.0,M 3, dspghenol in toluene are added separately and concurrently at
a feed rate o? f m./’m nute via a peristaltic punp. The triethylanine feed
is delivered bel ow the surface, whrPe R®he 2, 4-xylenol feed is delivered
above the surface. During the gﬁgition pegyod, the reaction tenperature is
mai nt ai ned at aboyg4 +5C. A secOnt209” M

. sol ution in tol Uengsare added
yrrently viB'"a fgeriftaPic punp at #he feed rate as

before. A corrﬁg o feed of trietR{A apine solution ik page and
2, 4-xyl enol sofutibn i tol uene are addedR¥s necessary baded BH 3 1P NWR
anal ysis of tmoOJIeaciRbn m xt ure. H@Q L&t RT3 1P NNR.@ggel ysis of the

idite. The

Y s S rrMy set tR i and 200 ni
of 2.0 Mtriethylalfine is added at 1 ni/rmjnute. 195 nL of,,1.0 M bisaryl
compound sol ution Tn toluene is then ddde® above the surface at 1.5
m./ m nute via geristaltic punp. Reaction rkup is to Qquench with 300 niL of
H2O whi | e stirPHEWE &drousl y for ABUHERGLEs. The orga rB“W59£4 is

separated and washed with . o _ _
and a tertiary organic amine, comprising a basic nitrogen atom or a plurality of nitrogen

organi ¢ phase is
reaction is thgs

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,

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

organic amine, and

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

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

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

moles of bisaryl compound fed to the reaction mixture, and

a second mole ratio is at least 1.0 during all stages of the contacting, wherein the
second mole ratio is defined as moles of basic nitrogen atoms from the tertiary organic
amine fed to the reaction mixture divided by moles of phosphorochloridite in the reaction
mixture; and
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300 nL of 1.0 M aqueous NaCH solution. The organic layer is then washed
with 300 nL of saturated brine solution and quantitative 3 1P NWVR anal ysi s
of the orwennw/pbmse i s conducted. [0110] Exanple 16 i sPcamsc@d/osurein a 2

liter baffled, jacketed reactor wth qverhead i [ Lk and two
feed lines &‘Fé?’f%ﬁé‘)dr}@?ﬁaﬁ%?rﬁeg ”ﬂ)ﬂl\r%% .hefﬁjﬁt%%t{nggqccg&@{ {%/Feﬁ@egg 1éllcg)l ut | gﬁn(mltn
tol uene i soEh@r Bt 11000 té PRJI&ARE Biphugihitg irthe asuetba nadrepoith & salectNgy
pressure; the solution is cooled to +5C. Under vigorous stirring, a

sol ution bétween7e apd 140% figm thedisayylsampeunds t ol uene and a sol ution of 101
m. of 4.0 M 2,4-xylenol in toluene are added separately and concurrently at
a feed rawmbewin,1 nL/mnute via a peristaltic punp. The triethylan ne feed
is delivered bel ow the surface, while the 2,4-xylenol feed is delivered
above t he sthekeeetivifuxiaigntobes cidifihbsmhitepesduoed intthe raaethart mbrure elirpdeddsur e i s
mai nt ai ned at about +50C. A second 200, of, 4.0 Mtriethylam ne solution
in tol uen@t%lﬁ%rﬁimfth@]é@%?@*ﬂxﬂﬂ??&?%?t@gébe Blbqsﬂg‘?rBﬁh?%&%eé?/uene are added
separately and concurrently via a peristaltic punp at the sane feed rate as
bef or e. Awbéﬁerfé‘@tsit@ﬁﬁﬁf@édoéﬁ triethylamne solution in toluene and
2,4-xylenol solutjon in toluene are added as necessary based on 3 1P NWR
anal ysi s of Rt el Reare themameiox diffesent Guibatitited or vasubstruiqiRnarialesf arybgropps

organi ¢ phase .3 conduct ed Lo deterping the. % r i i The
reaction F%Cﬁtolfg%’ %M’ o 08(2 an thaglds i%sﬁ? J}l%?eggeﬁ%ﬁ? g%‘%g kig{%‘ﬂ%}i’ﬁ’“gz mL
of 7.2 M taisakiy banjdregemasikadsd taterdaryill Avildxyl BeterddBldxynilkeotox®. 5 M bi saryl
conpound solution in toluene was then added above the surface at 0.1,

mL/ m nut ealoryadied; asetal, cpbopiyiayy. rabealikay. slcrisnHadlkylsabeB e RPN BIHE L
fH 20 whi | i : Thevoraant o |
B i e DT

separated an us NaOH sol ution.
organi c | aytpounds t hen washed with 300 nL of saturated brine solution and

guantitative 3 1P NWR anal ysis of the organi c phase was conduct ed.
Example 46:

[0138] Example 45 is repeated wherein the reaction mixture further comprises at least one

aromatic hydrocarbon solvent.

Example 47:
[0139] Example 45 is repeated further comprising controlling the feeding such that the first

mole ratio is between 2.1 to 2.7 during the stage of the contacting wherein phosphorochloridite

conversion is between 90% and 100%.

Example 48:
[0140] Example 45 is repeated further comprising controlling the feeding such that a

phosphorochloridite concentration is greater than or equal to 0.02 moles per liter in the reaction

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

90%.

Example 49:

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

phosphorochloridite conversion is from 0% to 90%.
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[0111] For Exanples 26-29, the follow ng general procedure was used.

Sanpl es of the reaction m xture were anal yzed by 3 1P NVR periodically to
det er m newOhel0e2BEAt of reaction. In a tenperature-cont Poiriusdo150811md
baffl ed reactgor equi pped with an overhead stirrer was charged200 nL (200
mol ) am| *PCl 3 solution in toluene via N2 pressure and a doubl e- ended

needl e. Under vigorous stirring, a solution of 100 nL (200 |.) .of 0OM
tri et hj#14R] ne Exaawie Sois geneatsd dirthen GORPriFing eorspbme the SGX.E’B M(EWH‘B Iﬁoph%'o

t ol uen concurrently via peristaltic punp at 2.22
mL/ m n.?0 gﬁﬁpﬁgﬁﬁﬂeﬁﬁﬁfﬁeﬁéﬁ&gﬁﬁ )d the reaction tenperature is maintained
at SOCgand ihﬂ'”i et hyl am ne i s added bel ow the surface while the thynol is
added surface. Under vigorous stirring, a solution of 100 niL (200

I 0 Mtriethyl am | ut.i f nl (200 f 220 M
2 4 ey R3] Pt dtenizd duih<C epdpiting fpeling o bt e i
peri st ghddyRobilBridite #-addedWaleBeByech 0.®P&Id WmSRRY Bvaléntd dt@duf, olatdveltt NVR
anal ysts and further details are supplied below for each Exanple. [0112]

For Extotglineolessof pthiespherachloxidite anddrgeing therrontegtie® that a 3. 1% correction of
the feed is needed to convert unreacted phosphorodichloridite (BPCQ ) to
phosphBxamipbds2ri dites (ABPCI2). 3.1 nL (6.2 mmmol) of both the

triethylam ne and the 2,4-xylenol as solutions in toluene are added

separ ajEly] and:eamtddy B répeyted thiveer 26@pBsingdedmi the biedrklydcmmionead tsthadded

under the surface over approxinately 5 mnutes. The reaction tenperature is
cool cdpkespborogeoriditessi 4ftH Sorton coprping Hiitaryl sempgRRcanst hgr&afhop
conmpoupd) . of 1.0 M bisaryl conmpound is added via peristaltic punp under the
conditions given in Table 15. After 100% of the bisaryl conpound is added,
Wi t hi ngz m Euéﬁs anot her reaction sanple was taken. The m xture is stirred
over t d and sanpled again. The stirring is increased to approx.

500 rpm.f o] hour _.and samml ed. .The reaction mxture is e .th 150
ot HROUAS] ot el s Rl rabemear < ah a ae i ot a etk e 1 s
washed il RudRQ, He cBhtadthhoARHREWSNINACH prévitiRl aseip@i@dhaNGohipeisiaf gaRhS one
impeller attached to the stirring shaft wherein at least one impeller is located below the upper
liquid surface, and the feeding further comprises providing rotational energy to the stirring shaft

to mechanically stir the reaction mixture.

Example 54:
[0146] Example 53 is repeated further comprising feeding the bisaryl solution to the

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

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

solution over at least a portion of the upper surface;

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

solution over at least a portion of the upper surface and feeding the tertiary organic amine to the

reaction mixture below the upper liquid surface;

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

liquid surface;
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phase, it is washed with 150 nL of brine. [0113] For Exanmple 27, 260 mol
of triethylam ne is added under the reaction m xture surface over
appr oxi newel2g10612814aut es. The reaction terrperature i s coeCedst@on200LC. A

solution_of 9 29. 709 g of . aryl
compound epﬁnggh H%‘?‘i’g’ CQ“’QHH%tO\}P%mﬁ%t?‘? ‘Erf’ gyéﬁﬁﬁngﬁaé}sa%yﬁgo%%%%tl I\Ql Be'

gi ven e kabhEredPlindhhedircbBQe Blsary NI HaAbWhrdCRTRYENE 1bsatéristesly thu e].n 2

m nutes another reaction sanple was taken. The mixture is stirred for three
hour s Hequld senfaseedd &gding. themeuarxeatganmnnmtoah@rqagumﬁ@@rem flowisgthgi H20O and
St TRty ofgfaﬁ}f%‘ﬂgg%% LSRR R e dr%&é‘ﬂ{e%eﬁ'aﬁﬁ&ﬁaﬂlé amheBRRRD.

ter separa I C pnase,

was hedaMrhge11dSRcitbd BéloRrthd1ep Ee?ﬁ@mfﬂsﬂnﬁcepﬁrﬁianl C Iayer i's concentrated by
evaporation at 45C. [0114] Exanpl e 28, 260 mml of triethylamne is

added ungieh;d, g@sélﬁﬁ&{ futBeBortpHsEs é“t‘léefsﬁ%ﬁoﬁ\éﬁ'bf HRREAXtyBEAIY afbindifetioaie The
reaction tenpérature is warned to +200 A solution of 93 nL (93 mol,

30. 36 gaacliorbnsqmrry land:fmﬂmgm]@b) biggrylicomnpund trathg Irea@@mm@ﬁaremﬁﬂqvaé&téwﬂ%saaﬂded

via peristal condi tiaon i rs.

A cer Bt ST o e AL S iR a8 B B Bl el

react i g2 bs@apRlslutidn todkeedan hs1e weatt@bélowshé tppRe ligvidrsuifiee. weekend and

sanpl ed agai’n. The reaction mxture is washed with 150 nL H20 and stirred
for 5 piibRsss;After separating the organic phase, it is washed with 150 ni
of 1N OH. After separating the organic phase, it is washed with
150 ni E&ﬁlgf& Qo &%d\'%ﬂ% 1@iahyYSrb it Rdifeabed

t hat a[ %gorrec{n&)on ol% ‘%:p%&te ee |I§t}%2’é§e}g appropr| at% gm)unts of

t ri et hykamnbineti@ndf thy biemyl compcmnddd@dle t@&@rym‘rgdtm@amtne; emtk}dtlagthee is then

added under the reaction m xture s appk oxi teI utes. The
r eact i BRPSPROFS Feeft‘“r1 er\ﬁé?mi’é’def‘éot ng%‘ltﬁg%ﬂpl& l?ﬁf)f(’v@ ol |
29.709 ¢ of bi saryl conmpound) of 1.0 M bi saryl conpound in toluene is added
vi a peExample36: punp under the

[0148] Example 45 is repeated further comprising precipitating a tertiary organic amine

hydrogen chloride salt from the reaction mixture during the contacting.

Example 57:

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

P(ORl)(ORZ)z, P(ORI)Z(ORE), P(ORY;, P(OR®);, a compound of Structure Vla, and a compound

of Structure VIb,
/N N
Q P—OR' Q  P—OR?
\O/ AN o/
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.

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

modifications and changes can be made without departing from the scope of the invention as set
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conditions given in Table 15. After 100% of the bisaryl conpound is added,
within 2 mnutes another reaction sanple is taken. The m xture is stirred
for 1.5 hwonsimngr4sanpl ed again. The reaction m xture | #Crasb@dosiivdh 150 nmi

H20 an tirred for m nut es.. After separ.ati the o ni.c. it is

was hed?‘vﬁ’t R ﬂi%%alﬂ:i_s bﬁfo“i ‘éﬁfl’j@}%@ ’ %8@’-?“%‘21{18? lsr;tg 0 Sf%ﬁaf%eg%? ﬁ% ﬂglrg ggtﬁec phase,
it is yashetha ehrid®R Fhshndsil ffh ndBfifdtions areigamnied th By @fclided omoemer at ed
by evaporation at 45C. [0116] Exanple 30 is perforned as follows, with the

2 M t r pesphpf aventeonsol ution, the 2 M 2, 4-xyl enol solution, and the sol ution
of bisaryl conpound being prepared in the drybox and dried over sieves
pri or {@i5thei MaseaspSasmpidesnipfdimbgs hawdicendesviikeditove ped angansrels ¢xpppiaryl p

NVR i od |1,y to_.deter.m t he. ext ent. .of action. |
t enper B4PUIERTE oRREeatRE IS srireair suled s BRiss ™t B o5 ead
Stirrehnd SnboEneRd aQfdsiible (AUt frokn theMcbiéd & thalinvehtiene via N2

pressure and a doubl e-ended needl e. Under vigorous stirring, a solution of

100 ”%41%2?0 ”K%)é?)zfif_gf ot%flgad%ﬁt?%e%t i BIREs BNHoBledQhbtd 03n AbscHBOd Mbove20th

nmol ) eno tol uene are added separ ately and
concur regatd tp spécifipembsdimetts c Howeperathe befitsiadmntageRsolutigns Freprablging, asd

period the reactjon tenperature s, maj ntained..at K 5C and ,the triethylam ne
s addad FemEIStHE Tt PRt engh AL Btage B AR (Lo BHEPRERS B

sur f acg,onbeRH ald EREOBS coilstrhiéd £3% crﬁicﬁlofdé]glir@dl 0@ bsshRifh] Ratird 0P i@ gl aé 2. 0 M
triethylamne and a solution of 100 i (200 nmmol) of 2.0 M 2,4-xylenol in

t ol uenelatm® added separately and concurrently via peristaltic punp at 2.22
m./mn. At this point, 30 mol of water is added and the m xture stirred
for 30[0M53]t edt isTo betpyrbaated ¢hat 28Gimfeatuyesi ase, foddarityndrseribaddesain frefbe of t he

reaction m xture over approximately 5 m nutes. The reaction, mxture is
war med SPHCX B EESE oL A ISR TR 1S B B HE A papiacsi iy u i kb Gt
conpougg)y@elst AribhDleS@Fek thdt AP R+ Mevityl deskBbRCASRE dinBexPEF 4 Sibglet i ¢ punp

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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intermttently, under 480 rpmstirring. 40 g of this 1.0 M saryl conpound
solution is added over 2 hours, then 20 g nore is added over 4 hours and

t he m xt we 28t0/mBad overni ght. Anadditional 5 g of thisptT@skbibiosaryl
conmpound solution is added over 2 hours. The reaction m xture is then
washed with 150 nL of water and stirred for 5 mnutes. After separating the
organi c phase, it is washed with 150 nL of 1M aqueous NaOH After
separating the organic phase, it is washed with 150 nL of brine. [0117]
Exanple 31 is performed as for Exanple 30, except that no water is added to

the reaction mxtuyre prior to warping to +20C_Instead 30 nmmml of water is
added t® the _sol|diign. ofjo6s|g| (||| vk 2314 |@|©f=pi gANRY|~|egegound) of
1.0 nol@r bi|$ReY2 |50t ouRIS| Ri a|S Wil By addedSi /B M« ek I Mi a a
peristafitic [purg—9H]8]—Exarpl pB2As—perforfed—as| f prEBxargte 30 t hrough
t he sep@rate&@cg@rqrrejb add|s |oRs|cgie|t reethyl apene|ard 24yl enol . At
that pognt |t £s<Y&t|&m|Red|By AP N |&Hal|FsPs=t Ra®| a|BP6 (=&t gor rect i on
of triéihylcniu\ g2, 4 xyleno S| egded,—and This| f peg_corredtion is
nade. me@%@?ﬂm@g%%ﬁ@E@gw@@%@mu@@@@@mrmww
usi ng cqprﬁ+§/an thans18rTed|Tp dr|i ed [one4TiTer| contai ner|, [where the
mxturei g gtored|in a firgezer (tp be Used |in Exanpl e B2B, | see hel ow). The
nixturggre$n%§ing in the reactor js| sanplied flof 8 1P| NVR anal yisi|s, then
di | ut edswig I @%@mmﬂ@%thw-%@v&@m%mw@@j@ﬁamm by
cannul & F il BYFYfi|Me (E5=fmpl ) |s|added JRYEr T{RE  eprel om —ser|f ace over
approxigaﬁ%lgifive mnutes; [thel m xture hecane|light|bfown gn [stjirring. The
reacti of @)« Hs—war ned—tof +RONC and—4g 1344-+g+(t4 8-rmel+4-—82 g of
bi saryla cq@mpaund) (off 1.0 M bi sary|] congound Il ilalsel ut|jon jin tloljuene was
mwd%@mﬁﬁgw¢nw@@s@Q%W@Lm@@@%m%ggga.&4gm
this 1.@ N bid & |yl | saeipodng | sol %5.5)“\5'%508?1(5“%)%@% hpars W ief] 5 g nore
added 3§e§52§§bﬂrs. The|react| opn mxturie |i§ washed|w th [75 ni |off water and
stirredfer |8 minytgs.) Aftel separating the
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organi c phase, it is washed with 75 nL of 1M aqueous NaOH. After separating
the organic phase, it is washed with 75 nL of brine. [0119] For Exanple
32B, the wolwtiosr43s renoved via cannul a from Exanpl e 32ararsdostosried i n t he
freezer was charged via cannula under N2 to a tenperature-controlled 500 nL
baffl ed reactor equi pped with an overhead stirrer. Triethylamne (195 nmol)
i s added under the surface -of the reaction m xture over approximately 5

m nutes. The reaction mxture is then warmed to +20C and 3 1 g (34.2 mol,
11.2 g of bisaryl conpound) of a 1.0 M bisaryl corrpound Ilia solution is

added intermttently uynder 480 rpmstirring. 26 g of [ne[I]0 bl\;}aryl
conpound soljut -0, bs—,ad.da.d oa(&ﬁa&?dﬂlwrs with 5 aggg)@a\b grap@dded over
2 hours, at \Wheck: |BOENE |Ehe w1 K1Qr2(Sls al l owed to Por |2/ 'Rpurs. |The
reacti g Jture st hen—washedwth150 nL water nndﬂ‘ir ed for 5
m nut esz r @ i%gs flar S¢:Tag) e 132A. [ 0120}, For jEﬁa'ﬂgp) eS| 34- 39—t he
foll O\Mﬂ"lg Ealo procgdure i $ Uspdl [Sanpl esgof tt&sg%a‘g‘t‘i;)'gl “;f';tt’pr"zé are
anal yz P NYRTpgTiTodr calty 1o detjer m ne -£he extéht“i of reactipn. |In a
terrpera&ufga @)g d|edH80 nk|babfded react of equi pp wlth an| ovefr head
stlrrer-clgcﬁ-aﬁged 400 ni L (50 mpl]) |of 0.25M PQ EQ} ution {n|tpluene via
N2 pres%ur"& and [a [dqubl ¢- ended hepd| €. Underow gorahg stirfing, @ (100 nL
(50 )uof .5 N t|riletthyl ami ng so| ution |n~tol uerﬁa<and a| 100/ nt. (50 nmol )
of 2, 4-3ylendhasial|ut|i,.oe|bn {eluesrjs added ﬁep@rat%_liy and|concurriently via
perlsta‘f’t@ p&l&p gt [2.|Z'| W/ pips | T | ng d he a’édl@lo@@riod t he| react|i on
t enper a@ i maintjaijned lat »C and theg tri efshyf amige il s | agdded| bel jow t he
surfacegoPthp riedctianimi xturelwhile the 2,2- x@l eddl i|s|added| above t he
surfaceg UWhder vji dorjoys |stirfring,| a 10%n1_ (£0 :@mply _© b L r) et hyl am ne
sol uti om in |[EBlere |and |a|100]| ni %go mil) of 6.5 M Z 4-xyleno| 5ol ution
are added SpafaiHiy AR omelRr8RE I | a pegi s34l t@*gé pump|at P2.PR2 nL/min.
65 mml'gofé’t@é'fhylem ne i|s|then added ginderst hg st f a¢e | oyer—approxi mat el y
5 mi nut®s:g ke rledct|i gn 3 g g 23
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tenperature is cooled to -200C and 93 nL (23.3 mmol, 7.607 of bisaryl
conpound) of 0.25 M bisaryl conpound Ilia solution is added via peristaltic
punp undewo2éy/mpmBstirring. After all the bisaryl conpeomaseeoasdes, the
reaction mxture is stirred for 3 hours. The reaction m xture is washed
with 75 nmL water and stirred for 5 mnutes. After separating the organic
phase, it is washed with 75 nL of 1M aqueous NaOH After separating the
organi ¢ phase, it is washed with brine. [0121] For Exanple 35, the 3 1P NWR

anal ysi s i ndi catestthat—a 13739 tRr LECtdompisit he feed (both triethyl am ne
and 2, 4- x%ﬂenolgi%s meededd gnﬁ 2@ g@@@a@ are«made 63.5 mmol of
triet hyI afg ne Q?Ehé:h addeg gngeg ke g@ = ovef* approxi mately 5 mnutes.
| nst eack ofs cool-ng thel reactron %t e—tHe|r c‘gl on mxture is warnmed to
+20C. B lagl (ZE«(p mmpl, |7.427|0f bisaryl con@ouhd) of 0.25 M bisaryl
conpoungl Hia s@l8tion is gd@eld 5B EXEE} e 345 After this bisaryl
conpou 153 add@dg thel reaet|yor W%.%I’%W?OSQIQG for 2 hours, sanpled,
then al ov&d to=st|r over |the|weekend| [Thee |regagfifn mixture is worked up as
for Exa'nplge 34/ The J1nal Jarganic|Layer| | s |eMagor &t ed at 45C and punped
down unglers vacy@ngpver|ni ghs dZZ%.%@@f—ia—?S-ti—Ck)% y€llow solid is obtained.
[0122] ﬁ:or"’ Exa'T“EE 36 —t+he—genetal—prpeeturie ofé Egarrpl e 35 is followed. A
2.3% CORr Bt i or%t@ thel fege Poomade) < Af (e adigign of 64 mol of
triethydaf ne aRdAWT ni ng |[To— 20T 03| WM |(28) 2% nRol , 7.59 g of bisaryl
conpourgl) ipf 0{25 M bijsaryl |conmpound |1 a soljuty QQ is added with 480 rpm
stirring @/er 4=haolrs.| Aftlen bi sary| coppound &ddktign is conplete, the
reacti @ nyxtur@ Es Jtfirrefl GVBIBIEMT @%&Fﬁe g;,v\ogke'g up as for Exanple 34.
The fi fal &r ganEc—| ayer i9q evaporated| at 45C a':rgg unped down under vacuum
overnlg:h 21£gof a st|i gky yell pw soljd i|s galged[0123] For Exanpl e
37, the g@eral opr pcedur e [off Exanmpl g B5/ 1s foIEo\Agd SNo correction to
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the feed is necessary. The reaction mxture is warned to +200C. 72.49 ¢
(20.79 mmol, 6.79 g of bisaryl conmpound) of a 0.25 M bisaryl conpound Ilia
solution wo2musne i s added intermttently under 480 r pardaiseomwiosgsé 29 g of
this 0.25 M bisaryl conpound solution is added over 2 hours and 10 m nutes;
the reaction mxture is stirred for an additional 18 hours. 20 g nore of
this 0.25 M bisaryl conpound solution is added over 4 hours and the m xture
stirred overnight, then over the weekend. 10 g nore of this 0.25 M bisaryl
conmpound solution is added over 2.5 hours, and the m xture stirred
overnight. 5 g nore of this 0.25 M bi saryl conmpound sol ution is added over
1 hour, and trige of Solution is added over 2 hours. [0124]

For Exanple 38 < i-ons are prepared in the drybox and the
0.5 M é?hyﬁ?gj @ion in toluene, the 2,4-xyleno

sol uti L@ & yl Eorrpound solution in toluene are dried
over siEves flor irSBuse in the synthesis reaction. The
generalmpﬁbcedugi f Elomed After the concurrent and

separ at_% addl 1#;]% Bl _grl ethylamne, a 3.3 %correction of
the triZtAyl a 7 gade. 64.35 mol of triethylanine is

t hen adgledE oyer < nytes, under the surface of the solution.
The reagti®n mx Qgc. 75 g (21.5 mol, 7.023 g of

bi saryl$ cgnpd ggng L=y | gcorrpound I[lia solution in toluene is
added i tq%n1g¥ ! gunp under 480 rpmstirring. 40 g of
this 025 @M tISEI )nclsgadded over 2 hours and 20 m nutes,
20 g g epf %ﬁio p un solution is added over 4 hours
and thep mgt y n@re of this 0.25 M bisaryl conpound
sol utlﬁi'l i%® 3 hg nExture stirred overnight. Then 5 g
nore ofgtk s ) ol§t|on i s added over 2 hours, and an
addi ti émalS 5

hours.Eﬁhéére
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| gcoppound sol ution is added over 2
=dﬁup5as for Exanple 34.

A (mmol)
1.82
1.28
0.12
0.31
0.10
0.25
0.17
0.02
0.01

-0.19
-0.08
-0.01
-0.06

A (mmol)
0.67
-0.60
0.09
0.14
0.06
-0.02
®A is 2,4-dimethylphenoxide; “Molar equivalents of OH groups from th

A (mmol)
0.12
-0.05
0.00
0.01
0.01
0.00
-0.01
0.04
-0.02
0.06

-2.78
-0.53
-0.25
-0.24
-0.36
-0.10
-0.22
-0.08

00

0.
0.00

A (mmol)

Added”
0.56
0.56
0.65
0.75
0.84
0.84
0.84
0.88
0.88
0.88

Table 7. Differential Conversion of Phosphorus Species During Bisaryl
Dilute Conditions as Derived from *'P NMR Measurements. In the Tabl
mixture relative to total moles of phosphorochloridite, A,PCl, charged to

Equiv. OH | A,PCI*
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[0125] For Exanple 39, the reaction solutions are prepared in the drybox
and the 0.5 Mtriethylamne (100 mpl) solution in toluene, the 2,4-xyl enol
sol uti on wo20m/ugne, and the bisaryl conpound sol ution ipaTtusbmenetlias e dri ed
over sieves for 3 days prior to their use in the synthesis reaction. The
general procedure of Exanple 35 is followed. After the concurrent and
separate addition of 2,4-xylenol and triethylamne, a 1.0 % feed correction
is made for Exanple 39. 65.5 nmol of triethylamne is then added over
approxi mat el y b—mputes,—gnger e surface of the solution. The reaction

€

L}

mxture i s warf@d~} & H200¢= |, 20. Emol, 6.55 g of bisaryl conpound) of
a 0.25 M bi sar‘@*go@)ound OE utich in toluene is added intermttently
via peristal ti c—punp-under 480 n”%ti*grring. 40 g of this 0.25 M bisaryl
corrpour@ g0l uti'gn, s added oqver hourzs, then 20 g nore of this 0.25 M

bi saryléc@rpoun :golcl,lti on sdtked Hver 4 hours and the mixture stirred
over ni ght 3 An addgtional 9§ f | Thi 2 G; 25 M bi saryl conpound sol ution

i saddecE o\Eer 2 Eﬁoﬁrs, t her egofSthis solution is added over 2 hours,
with afaditi pnak'5 g of ufign is then added over 2 hours. At this
point, &. 2 g OF ¥fieth aglde’l, and the reaction mixture is
stirredfer 2 h 5 —FEix Teﬁp@'ature Study at 55C [0126] The
phosphag odhl or i e of
2, 4- di ngt Y| phd de,
WO2004/ 950588 {@ pf odu
2% APAR, % A n tlol ue
phosph ocjﬂ ori 2\~ dbout
added tshe r¢ on ffl ag
sol uti @n then f resul tin
stirrin t he Actijon N
sol uti og t hg saryl cd
fl ask r eaq N 4yl [xt ur

AN
83

S2oe
50, .
e e o6 | @38 98 o Bt
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TS=
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Q

20 T3

o
o

1

JEAZPCA wherein Ais

zed #ollowing a nethod disclosed in

osphorochloridite solution (89% A2PC ,

th; respect to the

[™val ents of dry triethylamne are
0. 34 M phosphorochloridite

ted to about 55C. Wth nechani cal
riod of about 2 hours, a 1M

ol uene is added to the reaction
about 55C. The total anount of
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mixture by >'P NMR; *Molar equivalents of OH groups from the bisaryl compognd IfJa4de@ t

L4

(1 ¢

DNT
X1
IT ¢
INg

Lol

T

Q x50
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>t C

moles of phosphorochloridite, A,PCl, charged to the reaction flask; A is 2,4—djl&th}7g)@ngx

-
b4

o T @D
= o
—H

n

co = =

6
; bMeasureggz@fDmglég

O

()
7
8
8

(%P)
0
0

2.6
2.9

5.0

(%P)
0
0.0
2.2
2.3

(%oP)
95
18

0
0
0

PCl; [ APCI, | A;PCl [ Cyclophosphite | Monophosphite | Diphosphite | Eri

(%P) | (%P)

A,PCl
Solution
Equiv. OH
Added’
0.49
0.85
0.98
0.98

*Percent of total bisaryl compound Illa added to the reaction mixture

Addition to Phosphorochloridite for the Synthesis of Diphosphite Ia Under NonfDRufs,

Table 8. Distribution [% Phosphorus (%P)] of Phosphorus Species, as Derivedr

Phosphorochloridite Starting Concentration).
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bi saryl conpound to be fed was predeterm ned and cal culated to allow for
100% conver si on of phosphorochloridite at the final stage of the reaction.
The di st rwbuebioons748o phosphorus species are derived fromc3/UkBobNBR 176
measurenents and are listed in Table 23. Exanple 41: Tenperature Study at
35C [0128] The phosphorochloridite of 2,4-xylenol, A2PC wherein Ais

2, 4-di met hyl phenoxi de, is synthesized follow ng a nethod di sclosed in
W02004/ 050588 t o produce a 0.35 M phosphorochloridite solution (89% A2PC ,
1% APCl 2, 9% A3P) in toluene. [0129] Exanple 40 is repeated with this 0.35

Mphosphorochloridite solution and 1.3 nol ar quivqk%nﬁéoof triethylam ne.
An exception permg thaty tig fenper at@r gy of tﬁsfenrg@tg@gﬁ xture during the
addi tion g)f the_ 181 sol uti g\;f bi sargyl gonpoéﬁ'nﬁ TESBE5E& | Sllhe di stributions
to phosphdrus | sgegi gs|ace gl |i ved M3 1P NVRrEa ulr mentss and are |isted
in Tabl e@4. Exanl g 2> Famegat ur & Staady at E58C [OL30]| Ehe
phosphor g:hl o i dide| of |2,]4-|xyl &nol , A B Ml@r%igﬁc}i% ol £
2, 4- di metshyl phengxLdel 'y qynt Besi zetl Ol | oWi ng net hod |dizscl osed in
WO2004/ 050588 | £05pE pslldtlen a: |&| 38 M pARsghor oghtori e Spr|us on (87% A2PC,
2% APO 2,5 10% B3F) 5| |Gk |aeife. 2 01313 Exanpl|& 405|s|slepedt € with this 0.4
M phospha ochl Br.Edrt el slol|ut/i anBand JEZETDI ar,fmeguEJc% $m«p$\ oﬁ triethyl am ne.
An exceptd on bewbng fhat| tihg tegperatyreqof tMenr ACt 1 on nmi xture during the
addition of a O.EG:I\/ spl utfi gn |of. bi sa ylg conpotnd—s15G—THe distributions
to phospBbrus sgeéi ﬁg@ﬁ@jgiﬂed from3 1P |NER-neasur emgnts and are |isted
in Tabl e 25. ExafipEe| 43:|Vehperat ure St Py at C%V;SZ]N Tige
phosphor(ﬁ:hl oni#ite| of [2-/4-Ixylenol, A2 whegeEn B~ £
2, 4-di rretc’[hyl pherexgder—i-s "yrtgesi zej«fi tl | owi Fyga| met hod |digscl osed in
WO2004/ 059588 |t-g pr pducle |a (0.]4%M phaspherochl Orid| te sol utigon (85% A2Pd ,
4% APO 2.7 11% A n|\$ @ [ugre. B E g 9 g5
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[0133] Exanple 40 is repeated with this 0.4 M phosphorochloridite sol ution
and 1.2 nolar equivalents of triethylamne, but for Exanple 43, the

t enrper at we 20fo/2Ba3r eacti on m xture during the additi onprofi/is2@0031M760l uti on
of bisaryl conmpound is 10C. The distributions to phosphorus species are
derived from3 1P NVR neasurenents and are listed in Table 26. [0134] The
tenperature study of Exanples 40-43 show that a selectivity to di phosphite
la fromthe bisaryl conpound by the present nethod does not decrease as the

t enper at ur e i s HrefFeased—BErafprer44: Hy"dﬂ‘ earbon_Sol vent Study [0135] hi
some Exanpl es <1§@La,gthe rgagt Hon | /krore lgthaer«corrprl ses toluene as the
aromatic droc@@o@sol vefy ™ Q@%@ "’% ,§th‘@e ’gol uene of Exanple 40 is
replac& W th a saturated hjﬁr acarbonls ent), fcygl ohexane. That is, the
phosphok ochl origit g of| 2, 4-Xylenol is|synthesii &dh n cycl ohexane fol | owi ng
a et héd @scl qge@ i0 VV)ZCQ{%,O&O@&& and o&h@_blg conpound Ilia dissolved
in cycl h@<ane insSf eed to |[THIsTpRoSPREFFERTIGTidE tE& in the presence of
trleth rd, ne tﬁ% oduce di phosphite |al |n dorfpagi son to the aromatic
hydroc bgj| solfveny at| the game|stifrer rpmspﬁd the triethylam ne
hydr oge® Iorltde§301>ids prec pitnrtra*d F o cthe s e&icti on m xture conpri si ng
cyclohe‘g arenore diffilcyltt torstir. Exml@ ,§f Enbodi ments [0136] The
fol l owiggerare <§cﬁg.ic9nal egm_j,jﬁ;ss Qf—enpodi nents @f the discl osed met hod.
Exanpl 4% [O018A| A dj phdsphi[te of | Siructure ISi& produced, R1-O O RL
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R2-O0O O R2 Structure

tertiary organi c am ne,
nitrogen atons,

conprising the steps of: contacting a
phosphorochloridite of Structure II,RL\ P-Cl R2-O Structure Il wth a

bi saryl cwopownd3siel ected fromthe group consisting of Scrustawa3iileé,
Structure 1V, and Structure V, Structure IIl Structure IV Structure V and a
conprising a basic nitrogen atomor a plurality of
to produce a reaction m xture conprising a di phosphite of
ng is done by at | east one contacting

ing of, (i). feeding the bisaryl
pridite and tertiary organi c am ne,
d and the tertiary organi c am ne
[ he phosphorochloridite; and the

feeding such that: a first nole ratio
[ he contacting, wherein the first

Structure |; wherein, the contacti
met hod sel egted—from grroupy ConNsiTs
compound to & i £t uel.of - phospharaehk
a.nd(ll*g. f gedli Q&iyqaz)@grgqgcg@gxgl@
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*Total mmoles of OH groups from the bisaryl compound added to the reaction mixture; °A is 2,4-dimethylphenoxide.
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nole ratio is defined as noles of phosphorochloridite in the reaction

m xture divided by noles of bisaryl conmpound fed to the reaction m xture,
and a secwodomoizg748ati o is at least 1.0 during all stagestafs2a10®31176
contacting, wherein the second nole ratio is defined as noles of basic
nitrogen atons fromthe tertiary organic amne fed to the reaction m xture
di vi ded by nol es of phosphorochloridite in the reaction m xture; andthe

met hod is characterized in that the contacting occurs at a tenperature from
about 10C to about H OQOC to produce the di phosphate in the reaction m xture

with a sel ecuv!t3_(£g ween \Q%@gq 100% from t he bi saryl conpound; wherein,
the sel ectipviist \B @SN D gsg@ glipEgsphite produced in the reaction
m xt ur ey digi ded Byt etalcsmpless @ 3|k Bi saryl conpound contacting the
phosphdg ocGhl jer-direr—pherpiHpa—A-—Strugteres | to V, Rl and R2 are the sane
or difﬁéré@t, %yggtit t ed| or lunsubgti|t gt ed, nonoval ent aryl groups; each of
R3, R4,ZR% [R6.S g’ﬁ B | R | REY<|<RP|1E and R12 is independently sel ected
fron1th§ g% oup e dnsi sti ng| of hydriogen, zal kyl, aryl, heteroaryl, aryl oxy,
heteroqu@@Xy, athytoxy—atkoxyatikyi—| &cetal, carboaryl oxy, carboal koxy,
aryl cargonyl % @5gp§ &Konyl| loxazolle,| @&m ne, amde, nitrile, nercaptyl, and
hal oge@l m@r@%@gn ') I-@‘T@@@&rigﬁn of the bisaryl conpound. Exanple
46: [0138], BExadbiSe '45|i's | epefat|e wherein the reaction mxture farther
conpri sgs %t h?ast one—ar-prRH-e—hy rccgrbon sol vent. Exanple 47:
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[0139] Exanple 45 is repeated further conprising controlling the feeding
such that the first nole ratio is between 2.1 to 2.7 during the stage of
t he cont awDi2ng/mbEBei n phosphorochl oridite conversion i #Chatsaaen3Aodo and
100% Exanple 48: [0140] Exanple 45 is repeated further conprising
controlling the feeding such that a phosphorochloridite concentration is
greater than or equal to 0.02 noles per liter in the reaction mxture
during the stage of the contacting wherein phosphorochloridite conversion
is from0%to 90% Exanple 49: [0141] Exanple 48 is repeated wherein the
phosphorochl oridite concentration is between 0.02 and 2.0 noles per liter
in the reaction mxture during the stage of the contacting wherein
phosphorochloridite conversion is fromO0%to 90% Exanpl e 50: [0142] Exanple

45 is repeat/gd Turthey congrifsiing controlling the second nole ratio from
1.0 to 1.5 d@ing|ahy| stage df |the contacting. Exanple 51; [0143] Exanple
45 is repeatled further conprijsiing feedi ng the bisaryl conpound to the
phosphoﬁochﬁgﬁ ite|at g ffeled rlatjecbet ween 0.04 and 10 nol ar equi val ent's
per houg, repative to|tptal| nolies &f phosphorochl oridite undergoing the
contact&ng. |kx Ietﬁzar£@i4ﬂg§Emaﬁble 45 is repeated further conprising
feedi nggt he | SaryP|TOnpohd |+g 1 h& phosphorochl oridite as a bisaryl
sol uti Q® comyi $i hg|the| bj slarlyl qo ound and hydrocar bon sol vent.
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Exanpl e 53: [0145] Exanple 52 is repeated wherein the reaction m xture
further conprises an upper liquid surface, the contacting further conprises
provi di ngve 28tovn8i4ag shaft conprising at | east one i npelpcersaiashed to the
stirring shaft wherein at |least one inpeller is |ocated bel ow the upper
liquid surface, and the feeding further conprises providing rotational
energy to the stirring shaft to nechanically stir the reaction m xture.
Exanpl e 54: [0146] Exanple 53 is repeated further conprising feeding the

bi saryl sol ytTomtothe phosphgrochioridite By at[least one m xi ng net hod
sel ected from%hengrio® ¢conSistlirg of o fleedi ng X he B sjaryl conpound to the
reacti on m Xt Uure abgve the upper liquid |surface by flow ng the bisaryl
sol utiop thrfgugh at || east one Ili quid gjstribLtg£ that dfsperses the bisaryl
sol uti b oved @t Eegstoa|poetign f |t Be upper sirfacke;| feedi ng the bisaryi
corrpour% to|thel readtion|m xtude abhpve the upper i qui ‘fb:urface by flow ng
the bisaryl |golution through at| | east one liquid distrjMutor that disperses
the bi saryl |Slolluti on Qyer af, least a portign ofythe upper surface and
f eedi nd~t he _@o tiary of gani € arm né {o.f he siegcton & xt (e bel ow the upper
quuid~§urfa§£T f eedi ng fhe bisaryl |conpound |to the repéii &h ni xture by
flow ng2t he |bi siryl |sol ufion through at | east] one|feed Q@n that directs
the bisaryl [golutior toward an|inpeller |ocatied below f g [gper |iquid
surface@feecEng t he |bi saryl conpound to the rieaction mure by flow ng the
. [N W, o . =) /5 .
bi saryl&s L@z@n &hrjough | at - egst— opecf eedp'l i neggthatq' djr ctﬁs t he bisaryl
sol uti tpWard an ilmpel |l er "1 ogat’d| bel ow t he upperﬁ iqégd:surface and
feedin tﬁ? Rertiary organic arfine to the redction nixtqge@by flow ng the
tertiarg gy‘@nic amne through [at Teast jone fleed [ine fhat directs the
tertiafy @ ganic anijne toward s é
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an inpeller |ocated bel ow the upper liquid surface; and the bisaryl
solution further conprises at least a portion of the tertiary organic am ne
fed to thwonescksma m xture and feeding the bisaryl conpowru$2¢io/08hiee
reaction mxture by flowi ng the bisaryl solution, further conprising the
tertiary organic amne, through at |east one feed line that directs the

bi saryl solution toward an inpeller |ocated bel ow the upper liquid surface.
Exanpl e 55: [0147] Exanple 45 is repeated wherein the bisaryl conpound, the

tertiary organig—anne,—gr—a conbimatTony of tie—birsary| conpound and the
tertiar org&r@: &M [nex ¢ontact|i r% t hes pposiphoreachl ari dife Purther conprise
a totalzof firom ONppm?o 300" pgm Dy [wei ght of| wat er . Exaggrp[;e 56: [0148]
Exanpl 245 iiLepeated further [conpiising precipitfating -z tertiary organic
am ne hgdrogear@:hlgoridg sal @ friomt hea epcti an i xt @ e righg the
contact§ng. [Exahple [57: [[0149] [Exanple 45 is |repeated fu®tHer conprising
producigg at| d east gne phosphorjuscont ai nj ng co- pr ¢duct | i e reaction
m xt uregsel g& ed frgm the groupg consistipg, ofl RCORL)( 0@25 P(OR1)2(OR2), P
oR , P(§R2)E§§ cgnmound |of St riuckure M A, =and A4 ¢ompoliid ¢ Structure Vib,
Struct gge Vi@ Structiure YIb whearein, |ess than 30% of tptal phosphorus
in the geactiFon| m xtjure i|s in tlhe formof the at | east e g
phosph u'ccant Al ni g coq{product produced fromthe contagting. [0150] In
t he forgg Q*n%;:\oecifi catijon, the comcepts have geenl\deségi ed with
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speci fic enbodi nents.
that various nodifications and changes can be nmade w t hout departing from
t he scopewoftoe3isaventi on as setforth in the clains belPowmusécoosdragl y,
the specification is to be regarded in an illustrative rather than a

such nodi fications are intended to be included
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Table 16. Distribution [% Phosphorus (%P)] of Phosphorus Species, as D
Diphosphite Ia in the Presence of Hydrolysis Products Produced by Deliber
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Table 4. Relative Concentrations (Rel.

Monophosphite Via, and Acidi c Phosphorus-
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Table 17. Distribution [% Phosphorus (%P)] of Phosphorus Species,
Diphosphite Ia in the Presence of Hydrolysis Products Produced by D
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on for the Synthesis of

ved from3 1P NVR Measurenents.
U aAis
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reaction fl askTabl e 8.
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U Table 10. Differential Conversion of Phosphorus Species, as Derived from
3 1P NMR Measurenents, During Bisaryl Addition for the Synthesis of

D phosphiwe 20m/128mar Non-Di | ut e, Non- Concentrated Condi tcoris20ibn3tihe Tabl e,
D I ndicates Change Fromthe Previous Entry. aChange in the nmoles of CH
groups fromthe bisaryl conpound added to the reaction mxture; Ais

2, 4-di met hyl phenoxi de. Tabl e 11. Distribution [% Phosphorus (%°)] of
Phosphorus Species, as Derived from3 1P NVR Measurenents, During Bisaryl
Addi tion to Phosphorochloridite for the Synthesis of Di phosphite |Ia Under
Concentrated Conditions (0.35 M Phosphorochloridite Starting
Concentration). U 0 aMdl e percent of total bisaryl conpound Ilia added to
the reagtion mxture; bMeasured A2PC nol ar concentration within the

reacti g rﬁxWre by 3 1P NVR, cMl ar equival ents of OH groups fromthe

bi saryl“*c @und Ilia added to the reaction mxture relative to total noles
of phosq:)h oGhl oridite, A2Pd, charged to the reaction flask; Ais

2, 4-di ncet | ghenoxi de. Tabl e 12. Mass Bal ance for the Addition of Bi saryl to
Phospho(;;oc?hl &idite for the Synthesis of Di phosphite Ia Under Concentrated
Condi t i®n& (®. 35 M Phosphorochloridite Starting Concentration) as Derived

from3 aPCN MeaByremeant[s.] aTot &l r,gmm; es of OH groups fromthe bisaryl
conpour@l aﬁd@d t o|Ehel riedct|i gn | m| xt uge;Z A i s 2,4-di met hyl phenoxi de. Tabl e
13. D fz@ er@nﬁ al C@‘m(er silon of lEho‘sp@oram Speci es During Bisaryl Addition
for thes Synt s s|- 92 % |88t &|Under £oncentrated Conditions as Derived
from 3 PsN I\/basgreérrents In|the| Tabl®, D Indicates Change Fromthe
Previ o Enty. o|&Change i|n |t he mmieé’f OH groups fromthe bisaryl
conpourfd #lded tolThel rledctli gnlmlxtuge;8A i s 2, 4-di met hyl phenoxi de. Tabl e
,%\gd 9%10@0??' te Dist E l;;ti g,;lmfa@ gP sphor UETU'ndt6L :I)lffer e?}\IE?g)sar yl
iti n i ohsgi g | (phiagahiit €| Sgnthesi s. ri ethyl am ne
equi val@ent® @ ven molE NEY Spen St oEalg mol es of the phosphorochloridite,
A2PCl S'%ncﬁs i ng| t'he clont dct|i ng.% b&e;—lS Distribution [ % Phosphorus (%)]
of Pho h Speci es|, lag Derli yed frgnr3 1P NVR Measurenents, For the Mire
Sterical %I—ﬁ'}nder od £) phogE hi teml b lﬁd% Different Addition Condi tions For
t he Bi sari a)npoqg(ﬁ wﬁlmegilg reSomdnges of the individual cycl ophosphites
vere naf res@ ved r@l’ér‘é_re'po:rb'ed as summed total in Table 15; the 3 1P
resonaergeﬁ ofS t he |{rigi{|T V:d:J8| t:ihph_)s h@ e%were not resol ved and are
report & & sunpe tglin the Tabl 8 1% Tabl e 15 Continued. Distribution
[%Phos@hcﬁu@ (%) ], of |Phosphonus >p§0|_ﬂes;d as Derived from3 1P NWR
I\/Ieasure@nsfﬁs,g For | Ehel 2 F =
g5 le, £ g5
e (2 [ T & 8 B,
S5 1218 nlnlnale B 8 T
2
Tl |~ A g 8
g~ s 5 g
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Containing Acidic Compounds and Cyclophosphite in th
Triethylamine and Acidic Hydrolysis Products (H) Acti

Table 18. Distribution [% Phosphorus (%P)] of Phosph:
Cyclophosphite.
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More Sterically H ndered Di phosphite Ib Under Different Addition Conditions
For the Bisaryl Conpound. *Triethylamne (NEt3) relative to total

phosphor osbl2oroiiddt4e | i b charged; Exanples 26 and 27 wer ecparstawmed7evi th 270
rpmm xing rate and -20 OC tenperature during the addition of the bisaryl
conpound; Exanples 28 and 29 were perfornmed with 480 rpm m xing rate and

+200C tenperature during the addition of the bisaryl conpound. Table 16.
Di stribution [ % PhosphorusT(9)] of Phosphorus Speciles, |ag Der|ivied from 3
1P NWR I\/basurerrea@t_c'ss, for |the SXnt—:hesi s of D phos@&e | n t he |Presence of
Hydr ol ysi s Produsts 2Ploptieed | by [l i berat e sAddi t|iorg (6F &r|—Béflore the
Additioh @i the Bisa& yP|Qepound.s4-gTable 14. Di|$t @|butijon [|%|Phosphorus
(%°)] of BhosphoBas Speriles, ag [%riﬁ/ed froth 3 1P NWR{vVeasurenents, for the
Synt hests %f Dilphosphite ll a4 i n;ﬁ% B esences of ng@ﬁ/ﬁ & |Er|Gr&ct s Produced
by Del igeféte /;\gd%tém of| Wt e f &t e t he Addi t|rofP|of| t/he “Bisar|y!
Conpoung. & Tabges XB<) D st kbu i o [@6 Phosphorus (4 ]| df Phosjphor us
Speci esz &5 Deri,mg%égbr@g@) MR MEasur emept s, @Eb‘p E;oﬁué_} Jont ai ni ng
Aci di ¢ "Torpounds, &rd—CyEllophosphife g n the “pynthesiss df |Dijphosphite la Wth
2 M Fee@s@t Dij*f®rent Level s Bf C;g'rigat hyl angne gndAcildijc [Hydrlolysi s
Product§ A¢tive in I he |Catgl y&i & Convergion é;f%h,eowl\@@p@o@hite
I nternmedli aj e t 95 aphpsiphi tex 320D nlL scil e; |Bi sgFYF |€grpourd was added
in portZons ver%@@ésﬁﬁr&@@ouﬁ @idioion ra§e§ t Fe gt HerBxdardl es in this
Tabl e; Jritet hyll&nE & NET|3) “nekatfve to totzl %h pHer|eghl (erdittle Ea
charged¢Tadl e 18 “Di str| blut|i ong[ %8 PRosphor ( )g:]se\_of“ Phesphor|us| Speci es,
as Deriyed from3—tPWRMrasugenents, in the ByNrHesi|s [of| T pnosphae |a at
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Tabl e 20. Distribution [% Phosphorus (%°)] of Phosphorus Species, as

Derived from 3 1P NVMR Measurenents,
under Di Iwbeoons®aatrati ons (Exanpl e 32A),

in the Synthesis of Diphosphite la
as Derived fromu32016/0MYR

Measurenents. Table 21. Distribution [% Phosphorus (%°)] of Phosphorus

Speci es, as Derived from3 1P NVR Measurenents,
Di phosphite la (Exan
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Table 22. Distribution [% Phosphorus (%P)] of Phosphorus Spec

Diphosphite Under Dilute Conditions at 20°C.
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All Examples of Table 22 were performed at reactant concentrations-ofoae GuiitS RoRe B EXBuIg 32EP *27 G rpinSt
o= :
t% ¢
8

rpm stirring rate; °1.35 molar equivalents of NEt; per mole phosph
molecular sieves; 'same as Example 38 but additional NEt; was added

NEt; per mole phosphorochloridite charged to the reactor; “feed so

Example | addition rate
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contacting a phosphorochloridite of Structure Il, Structure Il with a

bi saryl conpound sel ected fromthe group consisting of Structure |11,

St ruct ur ewo\p10ane74St ructure V, Structure 1l Structure PYTASd01@/08ENE| ary
organi c amne, conprising a basic nitrogen atomor a plurality of nitrogen
atons, to produce a reaction m xture conprising a di phosphite of Structure
| ; wherein, the contacting step is carried out by at | east one contacting
nmet hod selected fromthe group consisting of, (i). feeding the bisaryl
conpound to a mixture of phosphorochloridite and tertiary organic ani ne,
and(ii). feedin e |bijsaryl |conppound and the i gry deda Im ne eit her
separau,ely or & mixtiure |t oSt B¢ pho&ghorochl itle;| doOg ontacting
stepls carri edg yicontirol llimg theZfeedin h |t hat|: ia t nole
ratio |S @ |eg . curL\r Ltle contagtifg st wherei|g, (Lh rst nole
ratio IiS fine 0l esg}gj ah@,phoro@hl'grl di n it he |E8aw m xture

di vi de@ byg nol € i act ilon_ni , and a
second @olg rat ctli Ng |stlep erein the
second :m)lga r at rdgen |atjon omt he
tertiary e gani divi de¢<h | es of
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Table 23. Distribution [% Phosphorus (%P)] of Phosphorus Species, as Derived from *'P NMR Mea
PCl; with 2,4-Xylenol to Form a Phosphorochloridite Mixture and the Subsequent Reaction at 55°C o
Table 24. Distribution [% Phosphorus (%P)] of Phosphorus Species, as Derived from * 'P NMR Measur
PCl; with 2,4-Xylenol to Form a Phosphorochloridite Mixture and the Subsequent Reaction at 35°C of t

Mixture with the Bisaryl Compound and Triethylamine.
Mixture with the Bisaryl Compound and Triethylamine.
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bet ween 70% and 100% from t he bisaryl conpound; wherein, the selectivity
equal s nol es of di phosphite produced in the reaction m xture divided by
total nolwe 20fo/2ba3bi saryl conpound contacting the phosphworuseslbosiidst e;
wherein in Structures | to V, RL and R2 are the sane or different,
substituted or unsubstituted, nonoval ent aryl groups; each of R3, R4, R5,
R6, R7, R8, R9, R10, R11l, and R12 is independently selected fromthe group
consi sting of hydrogen, alkyl, aryl, heteroaryl, aryloxy, heteroaryl oxy,

al kyl oxy, al koxyal kyl, acetal, carboaryl oxy, carboal koxy, aryl carbonyl,

al kyl car bonyl , oxazg}e, amine, am de, nitriI@E ricaptlyl, and hal ogenyl
groups; apd O Q Q™ $|a |dilani gn of &he bi sarflgcompound. [2. The net hod of
O aim1 wlierein thefedctlidn|ni xtufe further i ses at | east one
aromatic.gy(;jzgocarg_pn\sclnle\rt. 3. Tgegethoqh%f ny| pr[\egredi ng C ai mfurther
corrprisin§ ”ntrcmggtr@ggeedinggs hth@ghefiradmle ratio is
between 221 o0 2.7 &drilng _the st ag® t he comt actii nig |stlep wherein
phosphor oghl®ri difte dorjvergi gn is Bet@een 99% jand 100% |4. The nethod of
any prec%giig Cl giam flurjt her conprising contxzol | ing tihe fleedi ng such that a
phosphor @%hl@ri di t;aea;cgorcem yation £s |r eat e@*@h . or %%al to 0.02 noles
per literdirgthe [eadiijon=1&Xture durgng t@gést%qé of—l-he contacting
wherein o$bhorcéhlcridite gonver & af is from OP%tg 90% 5. The nethod of
A aim4 wherein t|fe phgsphar gchl or Bdi ge coficent rlatli dn |i s bet ween 0.02 and
2.0 nol es2pel |itler i|n|the[reacti og nkxturle,durijng the stage of the
contacti?g §3ep WEer gi 1 phcsphorocﬁlqgiditeéggnversion ils from0%to 90%
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6. The nethod of any preceding Claimfurther conprising controlling the
second nole ratio from1l.0 to 1.5 during any stage of the contacting step.
7. The mawbadioof3may precedi ng G aimfurther conpri si ngprCeasong/oshies bi saryl
conmpound tqQ the phosphorochloridite at a feed rate between 0.04 and 10

mol ar dYfiAtisflamed iSer hour, relative to total noles of phosphorochloridite
undergoi ng the contacting step. 8. The nethod of any preceding Caim

furt het- c%n!ﬁﬁ‘ih@dﬁgplf@@@mﬁgﬁdlh@sﬁhléea?fysm’(%ﬁ?)bund to the phosphorochloridite
as a bisaryl solution conprising the bisaryl conpound and hydrocarbon
solvent. 9. The nethod of R3a0Om 8 wherein the oea’ion nmixture further
conpri ses an upper liquid surfice, the contact ng further conprises
providing a stirring shaft conmpPrsPig @i —Péaf one inpeller attached to the
stirring shaft wherein at dze_ga one inpeller i Lq;izat ed bel ow t he upper
liquid surface, and the feeding further conprises providing rotational
energy to the stirring shaft to neStartwlll y stir the reaction m xture. 10.
The method of .Claim9 further conprising feeding the bisaryl solution to

t he phospROPBEFISHCEPEoby at | east one mixing nethod sel ected fromthe
group consi sbtgin@h phb§Adtdadickdfe B S@dthreGpMPOUNd to the reaction mixture
above the upper Iiquid surface by flow ng the bisaryl solution through at

| east one liquid distributor that _disperses the bisaryl solution over at

| east a portion of the upper quuﬁh sw face; feeding the bisaryl conpound
to the reaction m xture above the upperpi+@gpid surface by flow ng the

bi saryl solution through at |east qQne fiquid distributor that disperses the
bi saryl solution over at |east a Bgr't‘Don of the upper surface and feeding

the tertiary organic amne to the reaction m xture bel ow the upper liquid
sur face; Structure IT

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

and Structure V,

R* R4
hod o4
R® OH OH
HO RS HO O ‘
R R® R3

R4 R4
Structure 111 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 step is carried out by at least one contacting method selected from the

group consisting of,

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

organic amine, and
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feeding the bisaryl conpound to the reaction m xture by flow ng the bisaryl
solution through at | east one feed |line that directs the bisaryl solution
t oward arwOrepel128143| ocat ed bel ow t he upper |iquid surfaeer/useadiosy7é he

0} saryl comoundy! Geddig, i, B BolthldRaie W BdahiBEnfheand st

t hrough at | east “one 'I'n Irects t aryl ution'to #d an
i npel I er | ocated belrawaidietutgpehe piggphatoshiciiditee and feeding the tertiary
organic amne to the reaction mxtureby flowi ng the tertiary organic amne

through at hLepge c@xﬁ’t@ctflfg%deg ib Baritatt Wi doRabBing ik feedih i alich thitgani ¢ ami ne
toward an inpeller |ocated below the upper Iiquid surface; and the bisaryl

sol ution furt RefrGRARFALRAS afibadt @ASdurRgRRE édn%nﬁg st ewlsc-,@élhlt@er Hrs%gﬁ:%ﬁo am ne
fed to the reaction mxture and feeding the bisary onpound to

reaction mi wtd@ﬁeedga;s mblompﬁ@qsp@rmlém@xte ig theueaddion mammémd@dﬂwrm@csr@f t he
tertiary or a amne f%cﬂtq att B‘it on%feed line that directs the

bi saryl sol 9 0 ﬁ%lgla? 8 PEEEPEE vel ow t he upper |l iquid surface.
11. The met hod of pr ecedi |mvvh rein the bisa yI npoun

Lerti ary. or ganrconhmis ot bl RETibh TG FoRAEE ke PSS BB STPAMEE ne
tertiary orgagiicdeifed s nﬁ%@%é@&tﬁo@@n &B&%QM fehd QL rgﬁné Mhinkesq onpri se
a total of fromO ppmto 300 ppm by wei ght of water. 12. The nethod of any
precedi ng Chaireaction thieturectivided by myplgsrof phpdphatochigridite drthe sgagtior garize; and ne

hydrogen chloride salt fromthe reaction m xture during the contacting
step. 13. Tihe nmhdibid cbaira@tetyzeﬂriﬁdﬁad'tmg:oﬁlaaﬂing $acuntshien teopapatisi frngnpbmduci ng at

| east one_phosphor usco talnlng r od Ct t he reactlon re, sel ected
fromthe é&&g gt} L0 ¢ Ay produgs ﬁ’é‘@@q}} mg(e CRAChieRBY X tupgy 956 R 3, a
compound  BlShis UG 14DR frc thetbiGPIRHAELAL, StTucture Vib,

wherein,

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

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

R' and R? are the same or different, substituted or unsubstituted, monovalent aryl groups;
each of R®, R, R’, R6, R" R R° R!® RY and RZis 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.

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

hydrocarbon solvent.

3. The method of any preceding Claim further comprising controlling the feeding such that the
first mole ratio is between 2.1 to 2.7 during the stage of the contacting step wherein

phosphorochloridite conversion is between 90% and 100%.

4, The method of any preceding Claim 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%.

-72 -



Structure Via Structure VIb wherein, less than 30% of the total phosphorus
in the reaction mxture is in the formof the at |east one
phosphor wsocorw2BTBng co- product produced fromthe cont acriusgo10hdi17dhe

t hod _of ' ' in the fi.rst I at|, ' b
270 P ougRBIETeRIof UG MBrRinGe LBrPARR A ERep e ohes BeTHBI Bon
mol e rati g y58RE P& 1RDAY thelreRettoRr R ARO Hrid the $206FMO tolthRingARARRdAE St ep.

phosphorochloridite conversion is from 0% to 90%.

6. The method of any preceding Claim further comprising controlling the second mole ratio

from 1.0 to 1.5 during any stage of the contacting step.

7. 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 step.

8. 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.

9. The method of Claim 8 wherein the reaction mixture further comprises an upper liquid
surface, the contacting further comprises providing a stirring shaft comprising at least one
impeller attached to the stirring shaft wherein at least one impeller is located below the
upper liquid surface, and the feeding further comprises providing rotational energy to the

stirring shaft to mechanically stir the reaction mixture.

10. The method of Claim 9 further comprising feeding the bisaryl solution to the

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

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

solution over at least a portion of the upper liquid surface;

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

the reaction mixture below the upper liquid surface;

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

below the upper liquid surface;

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
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by flowing the tertiary organic amine through at least one feed line that directs the tertiary

organic amine toward an impeller located below the upper liquid surface; and

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

surface.

11. The method of any preceding Claim 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.

12. The method of any preceding Claim further comprising precipitating a tertiary organic

amine hydrogen chloride salt from the reaction mixture during the contacting step.

13. The method of any preceding Claim 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"),(OR?), P(OR")3, P(OR?)3, a compound of Structure VIa, and a
compound of Structure VIb,

0] o)

7N\ 7N\

Q P—OR! Q P—OR?2
\O/ \O/

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.

14. The method of any preceding Claim wherein the first mole ratio remains above 2.0
throughout all stages of the contacting step, and wherein the second mole ratio remains

above 1.0 throughout all stages of the contacting step.
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