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OF SPI RO m\mﬂmwm mlfs USI NG FI NELY GROUND PENTAERYTHRI T@s Gctober 260! d of
the I nven ention relates to a process for the preparation of
or gani ¢ phospteades) specifically spiro bas-phosphates. In an especially
preferred enbodi nent) this invention relates to a process to prepare
bas(di al kyl p Jsdpent aerythritol di phosphites from finel Yocansyrstosas
pentaerythritol’, dial kyl-substituted phenol, and a phosphorous trihali de.
Background of the Invention O ganic p?osphates are used in the
stabilization of a wide variety of pofynmeric systens. Many different
phosphat es have been proposed for use either alone or in conbination wth
ot her stabilizers. Such phosphates and 20 their utilities areaw Lbed in
U S. Patent Nos. 4,371,647, 4,656, 302; 4,705,879, 5,126, 475, mm””@@ﬂ/lmm(d
5,438,086. The inportance of organic phosphates as stabilizers has

t he devel opnent of a variety of specialty organic phosphates that fist e
enhanced efdregARAVYEUNESS SPORO SisabidsPABES QUSINGST ENELE dROYNDhPENGIEERETHROT@AN C
phosphates, and in particul ar di phosphites 25 based upon pentaerythritol
and contsaining al kyl, aryl, or alkyl-substituted aryl groups wherein the
substitution is selected fromthe group consisting of t-butyl, t-anyl,
t-hexyl, cyclohexyl, t-pentyl, and t-octyl, are especially desirable
conpounds due to their enhanced hydrolytic stability, ease of handling and
conpatibility with a wide variety of polyneric systens. The 30

bas(2, 4-di -tertbutyl phenyl ) pentaerythritol diphosphites are also especially
15 Cctober 2002 WD 99/5291 6 PCT/ US99/ 07054 .2 preferred for their inproved
hydrol ytic stability over other al kyl substituted phosphites as well as

t hei r emnhanEield sfah@hiviehtibhty Wi th some pol yneric resins, especially

pol yol efins. The_organic di phosphites are generall repared usi ng net hods
s invol ving reacklibARVEFEOREISIAEH & fBrsHs reﬁ'ﬁya?%f%t’&ﬁ‘nﬁgl?ﬁ%@“‘énd

phosphor ous i fi-Rakd ifi€alfy spRBOBR tes! | Gl Q) eslseciaiyC qpds and
ot her usef u?ﬁgr’?gthﬁodgéﬁ%?el %Ieséc'Fi bed {iﬁb . S. Patent Ngob;e.CI 3,98 5 506,

4,116, 926, dmBedin®n6, id40neaitiorandelateso2iGbl. TPinecessis doof psepase i t uti on of
t he hali des horous, tri.hal,ide decreases as .ea]ch halide is

t h
repl aced. Fb‘ggéé%?gﬁlﬁﬁér%ﬁ eptasrthEtg), o SARNOSPRKES ot TR (afDEY peda¥Y t hri t of
di phosphit eﬁent&ﬁzltri&galt, a?dil;k){lr&[lbitﬁhte'a)’ﬂ{eﬁﬁw hd & ?ﬁgéﬂhbrélﬁacﬁham&. h a

phosphorous”tri eto el d a bis(disubstituted hal o phosphite (i.e., an
i nt er nedi at Badkgrauiskefithetrvgntiophosphor ohal i dite). The di spl acenent of the

third halo group.is_less than gquantit.atjve d.is nsi derably slower in
rate. Additional P{Ea0Y; B qsggtgﬁe%e %ﬁed}lgh? ﬁtea%?ﬁla{?%n ﬁglaow Fo‘(ﬂS"%’ﬁ/ og
sterical ly pbipteiecdysesisol Masy eftdtenpifosghités Ravietbean propepetirfos uet evat ed

t enperatures _and/or use of a catalyst. In order to_increase the rate of
reaction angitheialergyprein sambisapeR ilhothsr stabiizersci FHyht PRosphiteandl i de wit h
a stericall j Let. ' [ a, gj%ﬁﬁn Iy
utilize 61i n e?e&gﬁesqugbssg;lt\ég%&ﬁi qsgg?t%ngc ud&elﬁzégbé%g?/é | hé’gﬁﬂgfg?eacti on

m xture tenpee47s; 6,141673, had 55138086.h THe agportivadeiof @rgarde phosphiteg ag. , anmi nes.
Such techni ques, are, descr.i bed ig U.S. Patent Nos. 3,281,506, 4,237,075,
4,312, 818, gﬁahxi:@grégggs lead tg), g'g4, gf\geic_)pment of a variety of specialty organic

phosphites that have enhanced effectiveness for stabilization.
Sterically hindered organic phosphites, and in particular diphosphites
25 based upon pentaerythritol and containing alkyl, aryl, or alkyl-substituted
aryl groups wherein the substitution is selected from the group consisting of
t-butyl, t-amyl, t-hexyl, cyclohexyl, t-pentyl, and t-octyl, are especially
desirable compounds due to their enhanced hydrolytic stability, ease of
handling and compatibility with a wide variety of polymeric systems. The

30 bis(24-di-tertbutylphenyl)pentaerythritol diphosphites are also especiallv



Generally in the case of di phosphites derived frompentaerythritol, the
procedures of the prior art result in undesirable product ni

i ncl udi ng caged structures wherein three of the hydroxyls g‘ﬁ’)%aéfeﬁg}%z

pent aeryt hri ??I have reacted with one phosphorous trihalide. Additionally)
vari ous pol yé’ c?g’ﬁ??i'? e conpounds are al so fornmed | eadi ng t ®drosyga@psser Si ons
to the desired product. The resulting phosphite m xture containing a

hal ophosphite is extrenely difficult to purify and the residual

hal o- phosptut e can 15 October 2002 ;3 lead to acid inpurities that affect
the long termstability of the desi ré%r or gani ¢ phosphate. Various processes
have been deserbdest iRirtiirovdOhydrolytitastaliie over bhigk siuifyl absRaRqundesi r abl e
limtation. For exanple, US. Pat. No. 4,739,6 090 descri'bes a process
utilizi ng phioepldteasasawell| asethelr Phbarfced dompadidilsy wishisooeapelymgyicii | trati on
and the filtrate can,be L?{ﬁyfded' This process is deficient in resulting in
at Least aBoies FFRFSAYEPONACEY nore inpurities that require further
crystallizationThe égaRi¢ediphdbshiftat 8RRt gefierdily epiep@iedt RSinkOmBRIdst he
pentaerythritol utilized in the reaction. EP-A-0 159 294 descri bes a
process if ornvdleingr egastians dietweerpdhe aeBroprateo hydexyr sompopriss @rer ous aci d
derivatives by reacti taer v ne .nho r i.halide and a
phenol in tﬂk‘é’g%rrloerg‘ésné{gg%lfaeeg' g t’a%@gt)%‘@\%grég?kﬁlg{lﬁg (Szagl{aglr%g?\o?gé aagquat ernary
salt or a pehteidefil. mdihbds pas deicribed s Bt PaventtMes. BBBHG06, 4,116,926,
pentaerythritol utilized in the reaction, i, aver%?e particle size of

e., av !
the pent aerd@R7e.dh440496candat A 8%06d. (The eppepisubstitution of shehalidesngs1 670 A
descri bes L v et r rythritol
by reacti n§h§$§§r g’§§/ I%fhgggééﬁgﬁﬁéfg% ?ggacgolﬁhg%ﬁon ?aﬁé&t gBE %%me@tg'er W th
pent aer yt hrintthé prepatrdtipnpsfeagaod)pefitaaritaital giphpspitites, ehe peheeddtradlyst is a
pol ybasi ¢ m neral oxacjd containing soq% of its correspondi n?q anhydri de
di ssol ved ihkvdrexylshreadiyt gspctneith oAs RNPSPRQuys iRalidse 19t figidor i n a
"finely div d, DUfalh Obhbdhifer @R aln QRtePnelifitd afShgidupad not the
phosphat e elgla\f/égtg%%ﬁeof pe?lta ry%ﬁlrli tgl. u. S Pat.e No. 5,103,035 descri bes
I ow t enper adiphespheadialidite) ol displasernentcdf| tbe ithisd dalosgrioupnis tess Wins process
is undesirable due the .difficulti i n.saf el ndlj ng,.chl ori nat ed sol vents
and a secon‘llfaé‘ﬁ‘f:%ﬁta"ﬁ%c?'ﬁ“% al{sﬁ’ ?l?)iwfééfl far’ie'o‘ga_g&mf‘%ﬁ%%‘W&?W@"?ﬁ’iﬁaI pr oduct
out of $0I Uk ®Rrd Kald-gr&@ by MteralfPRind8feddaRab! b efertmbrOgieiclf 2id Maki ng
di phosphi tes based upon pentaerythritol and 2, 4-di cunyl phenol wherein the
di cunyl phereghireselévated tempecataresaindyiophsespfdcatalistt ri chl ori de fol | owed by
allowing the reaction with the pentaerythritol,. Thjis prgcess,afforded only
a 66%yield andqﬁ(‘f’lr‘gernﬁ?r}ﬂglegseoqlgia&eooefé,xacg‘gphangf th\?\hdle%é%ao eCOHWA%éOébt able. It
i s thereforprafigsant thbahird Hgidd wihtd Btegisallyo hindesdd bdietyTPAGME@O processes
for the preparation of bas(dial kyl phenyl )bgent aerythritol diphosphites, and
especi al | y rspgues. kavedeen genqralhen llm@m eiafk hihesolechmighesigriude:  t hat
Over comg, t h@e@t&rﬁ%r}tzé&ﬁﬁdmg&&xfe' &ttt didre %H'Eﬁ' seCdf Ex{}ﬁogé}xvﬁmc;eon The
present “inventi o relates to a new process tor the producfion of organic
spi ro bi sphasgpiotse .¢.r amineentSaeh tedimiques , arp kiespibed dusU St Pheht tes. and a
hydr oxyl - co i nin o] ref erabl erically hindered phenol,
wherein the 'é@wﬁhée‘gﬁcﬁ%t‘ggﬂﬂg'%@a@gr%ﬁg""%‘{gﬂcl e size of about 250
mcrons or | ess.cdirdi il SRR LitRRbhRls ddifel HR5EPinth bOhe t he
pent aerythritol, 6{%{)5 hlorougfst@?i %mgl asn(ﬁaehydrogyrll-%ﬁgglbrﬁ:&heg conmpound
are al | owedptogedures ofOtheopmer £00&utOnadidedddife pRETUCUBELOFODG I udaegrt t oget her
in a hydrocarbaon sol vent  wherein the pentaervthritol has an average
particl & si PEERSIHEBEES YEGSR 5@’8%’%6& nggqu{snorhag ShECUATSHIHRht of the

present inVRifd QBactdd1ewRBNLALT Yhd¥phbRlus RHRARIRON ONaditonARY, | d8nodd a
hydr oxyl - cont ai ni ng conpound are allowed to s react together in a

hydr ocar bonpelgphesphite sompeupdeaneradse fotmad deading ot lowgrawersiorstie the
pentaervthriitol .has an avetage rticle si.ze of about 250 m crgns or |ess.
P i e pRadits  THE BB PhRURNES s PR tbuitter o0 AL of

phosphite is extremely difficult to purifv and the residual halo-phosphite can



phosphorous trihalide) and a hydroxyl - contai ning conpound axe allowed to
react together in a hydrocarbon solvent in the presence. gk GdlolEr2002

catal yst, wherein the pentaervthritol has an average particle size of about
?50 microns or |ess, and wherein the am ne catal yst is capable of form ng
an am ne hydrochloride salt that is soluble in the hydrocarbon solvent. In
a fourth enbodi nent of the present invention, the pentaerythritol,
phosphorous trihalide, and a hydroxyl -containing conpound are allowed to 1
s react together in a hydrocarbon sol vént, wherein the pentaervthritol has

an aver agrRadxehti @:h@rﬁlbmémffeabwtmgéﬁn Sthifit9 BEthO ﬂeshr@&&garﬁ@ phokpieeer eact Ih on |
tenperature i s.,mai ntai ned,at ntaervthrito
has been consulEEYS PREGSPi .“P‘f‘ﬁ?eswi%‘éﬁkﬁ?g H‘tatgﬁ?mfr 8 fjt € %hestfter ER?EWP‘“%, t he
pent aer vt indedimble hﬁntaqmoEqmmrmUs, .8 RatNod¢, 73%099 daschyaragigdessanifitiag ryleg
corrpound &l ﬁLdt% thPprEd%@B% 1soﬂteﬁ bglﬁufa‘a [@5[9(:} GLtg el bel e Qg miesence of

an ani ne cata erel as an average partlcle size
of about HEEsHE é?ﬁfﬁ%‘t Wrrequltigg in wmteﬂbwttﬁﬁe P%(?ﬁﬂh%f reeye HhRuEities thatgegylipl e of

form ng aﬁnﬁéﬁﬂ@mb&@lf&@@}eﬁfow & hiPatentifidilent h ROfoHR bEthE PertddB, ki AGAbON
solvent, and wherein the reaction 's tenperature is maintained at |ess than

about 90C"WBfRF¥UPhe pentaervthritol has been consumed. In a sixth
enbodi ment of Eha-Qpr@9tiescrivesntpragnss fodtie greparaion yf feniabgthritgd haspbidr ous

trihal idey, %ro%s Dc){cfﬁé??%&veg\lﬁﬂe%ﬂl {ﬂgntEerrER&UﬂglttP{]@} hlo%‘l}?ﬂlhmde a‘ﬂ%t toget her

in a hydroca on sol vent ent aerv Cct ober
2002 WO omlyenaldn the w@wqy@bﬁmwhgelaw@rcaa&Sbaaﬂvwr@a% paktcor gpolyphert Thiso

M Crons Opatdn&SilenfbLihe r&mtﬁ%erp%&uérpmnton 6t@26d inQKE BAckibili.6., MfagdparB@le d nunber
o e e TR LDy SRR TR R, (hE brésent T nvent on, the
are all owed t oGBOAL670 dHdestties aiprocessfigrdhaeegalinn sibtvaesitrs of\prataerythritdl dy
pent aeryt Qgét&lg L czh‘@&yﬂ@acid anhydride corresponding to the ester with pentaerythritol in the
presence of a catalyst, wherein the catalyst is a polybasic mineral oxacid containing some of its
corresponding anhydride dissolved in it. This patent mentions the use of pentaerythritol in a
"finely divided state" but for the preparation of tetraesters and not the phosphite derivative of
pentaerythritol.
U.S. Pat. No. 5,103,035 describes low temperature reaction conditions in chlorinated
solvents. This process is undesirable due the difficulties in safely handling chlorinated solvents
and a second solvent has to be utilized in order to bring the final product out of solution.
U.S. Pat. No. 5,438,086 describes a process for making diphosphites based upon
pentaerythritol and 2,4-dicumylphenol wherein the dicumyl phenol is first reacted with
phosphorous trichloride followed by allowing the reaction with the pentaerythritol. This process
afforded only a 66% yield and acid numbers of 2 to 6, both of which are unacceptable.
It is therefore apparent that a need continues to exist for improved processes for the
preparation of bis(dialkylphenyl)pentaerythritol diphosphites, and especially bis(2,4-di-
tertbutyiphenyl)pentaerythritol diphosphite, that overcome the aforementioned difficulties.

Summary of the Invention

The present invention relates to a new process for the production of organic spiro bis-
phosphites from pentaerythritol, phosphorous trihalide, and a hydroxyl-containing compound,
preferably a sterically hindered phenol, wherein the pentaerythritol has an average particle size
of about 250 microns or less.

In a first embodiment of the present invention, the pentaerythritol, phosphorous

trihalide, and a hydroxyl-containing compound are allowed to



average particle size of about 250 m crons or |less, wherein the resultant
reaction m xture has an acid nunber of |ess that about 1. | @nt %’?ﬂ%@g
enbodi ment of the present invention, the hydroxyl containi nig}’ Sﬁg is a
phenol of the general formula: R R O OH R3 ~o wherein each Rl, R-'', and
R3is i ndepeﬁv e%{s?%wsel ected fromthe group consisting of FAis986dss net hyl ,
ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t anyl, t-hexyl, cycl ohexyl)
cunyl, t-pentyl) and t-octyl. In a ninth enbodi nent of the present

i nvention, the hydroxyl t containing conpound is a phenol of the general
formula: R R' O OH R3 wherein each R R -, and R3 is independently

"Su ot - bR R IR SR RS B Bl i S0
and t-octyl wWeldpeldaetiddé vk 8PaBduRD5Ricond &a8ds. one of R and R2 is t-butyl,

t-amyl, t-hexyl,” cyclohexyl, cunyl, t-pentyl, or t-octvl. In an tenth
ermbodi nent of t hén prsesat emnbodumendnf thehpreband invepkion otiegpentargytbdmpound is a

h | of th | I | a; 15 Qctober . 2002 WO 991529 ~ R' O OH
R PCTNSD0/ CRBRNGIAP & Re e A, MSSRAT YIRS CPRABARA BB 1Y €hiooct ed f1om
the groups coRatsbpdtBertin A¥HrOe4Bon BEIVEN in tRé Phsdndd-d?aQiavdiyst| WRererOPY | .

n-butyl, t-butyl, “tanyl) t-hexyl, cyclohexyl, cunyl, t-pentyl, and t-octyl
with the pr othegpentanmthritol Bas amaveragacpasticlRbizg aflabrat 280 midyons or)less. any | |

eyl Srel ooty heshBBe e Sk b e i aciggen. 1n @
phosphorous trihalide, and a hydroxyl-containing compound are allowed to
react together in a hydrocarbon solvent in the presence of an amine catalyst,
10 wherein the pentaervthritol has an average particle size of about 250 microns
or less, and wherein the amine catalyst is capable of forming an amine
hvdrochloride salt that is soluble in the hydrocarbon solvent.
In a fourth embodiment of the present invention, the pentaerythritol,
phosphorous trihalide, and a hydroxyl-containing compound are allowed to
15 react together in a hydrocarbon solvent, wherein the pentaervthritol has an
average particle size of about 250 microns or less, and the reaction
temperature is maintained at less than about 90°C until the pentaervthritol
has been consumed.
In a fifth embodiment of the present invention, the pentaervthritol,
20  phosphorous trihalide, and a hydroxyl-containing compound are allowed to
react in a hydrocarbon solvent in the presence of an amine catalyst, wherein
the pentaerythritol has an average particle size of about 250 microns or less,
wherein the amine catalyst is capable of forming an amine hydrochloride salt
that is soluble in the hydrocarbon solvent, and wherein the reaction
25  temperature is maintamed at less than about 90°C until the pentaerythritol
has been consumed.
In a sixth embodiment of the present invention, the pentaerythritol,
phosphorous trihalide, and a hydroxyvi-containing compound are allowed to

react together in a hvdrocarbon solvent, wherein the pentaervthritol has an



cont ai ni ng conmpound is 2,4-di-tertbutylphenol. In a twelfth enbodi nent of
the present invention, the organic spiro bis o phosphlte
process is of the formula: R~ R OCHRCH2-ORz O O-. C%%sz%oz

O CHzZCHz- O %\;n?r ein each Rl, R-, and R3 is i ndependently sel ected
fromthe gr oup Comal st i ng of hydrogen, nethyl, ethyl, n-pre@ydsesibms Propyl,
n-butyl, t-butyl, tamyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, and t-octyl.

t 51In an thirteen embodi nent of the present invention, the organic spiro
bi s- phosphite nmade by the process is of the formula: RR~ 0-0d-~zCH--OP C
P-O O Rz OCH2CH,-O R3 wherein each R1,™”R -, and R3 is independently

Sel ected 11 OMhie0pAHAICABS 0P dele 950 MUAREHY 1B Dirci P YBY resiflaff OPY!
i so- propyl butyl, t-butyl, t 2?0 anyl, t-hexyl, 'cyclohexyl, “cunyl,
t-pentyl, anoh-ehetmmtmjxtmiethasbhaarlrthsamofhasthatabout]ZS Oct ober 2002 | east one

of R1 and R2 is t-butyl, 1-anyl hex | ohexyl, cunyl, t-pentyl, or
t-octyl. In a fourlt‘ééﬁ‘(?t‘t}éﬁﬁt?@ﬁﬁ’é?ﬂt 021"%‘/? H’@S%Tté‘é\é‘?ﬂnoi“nquwwwlorgani c

spiro bis-pho f )ﬁ_}&ﬁ ]

O CE~~CHz- O Rékm%bg&lggg gﬁl&éﬁge diﬁ %é%ﬁ%ﬁ%g I\f/%g’{e){rneﬁli?Feeac toand R2 is
Beat sttt atv ol i bt i au-inil i dedenty gl BN AR
and t-octyl, 2WSHRER i"?‘éicﬁy %%g’é borrg 230 ¢y ?rhf% E‘F‘F‘Féhtt eE)f"ef‘t“lltté"‘bresent

i nventi on, thea&taﬁab&m%maeenlammmeesfm@l%&w he process is of the
formula: R~ R~ CP-OORz OCHzCH2- O R3 R~ wherein each

RlL and R is t- butlylaramgl'm erebcmmeog@ﬁ the rPrasgltxmeermw, g duidrexit!- of t he
present invention,. the conversion in roc the organic spiro
bi s- phosphi te%or‘é;t‘n?‘ﬁéof‘moﬁﬂgés.aﬂﬁerﬁlogiﬁi F% 00P~-CP-O0ORZ

R(

R” OH

10 R’
wherein each R!, R? and R? is independently selected from the group
consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t-
amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl.
In a ninth embodiment of the present invention, the hyvdroxvl-

15 containing compound is a phenol of the general formula:

R!
R? OH
R
wherein each R!, R?, and R3? is independently selected from the group

consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t-

amyl, t-hexyl, cvclohexyl, cumyl, t-pentvl, and t-octyl with the proviso that at

20 least one of R! and R2is t-butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, or
t-octyl.

In an tenth embodiment of the present invention, the hydroxvl-

containing compound is a phenol of the general formula:



O CH_CH _-O R3 R3 wherein each R1 and R2 is independently selected from
the group consisting of nethyl, ethyl, npropyl, iso-propyl,

t-butyl, t-anyl, t,hexyl, cyclohexy(, cunyl, t-pentyl, and1PQ%§&V%zoghd R3
is hydrogen is at |east about 50% In a seventeenth enbodi nent of the
present inveMABi§?1¢he hydroxyl - contai ning conpound is a phem@obsresOMPOUNd
of the formula: R~ R O CH R3 wherein each RL and R2 is t-butyl and R3 is
hydrogen and the reaction m xture further contains a solvent selected from
t he group consisting of heptane, hexane, octane, xylene, toluene, and

m xtures of the solvents containing at Peast one of the aforenentioned and
a catal yst. 15 Cctober 2002 WO 99/529t 6 CT/ US99/ 07054 _$ These and ot her
enbodi ments of the present invention will/beconme apparent to those skilled
inthe art wwth the disclosure of the:n dsent invention. Detailed

Descri ption of the Invention The p* /OHt i ON rel ates to processes to
produce organic spiro bis phosphites the formula: t R O CH-CHZ-O R-
OOPCP-OOR OCHCH-OR R whereimgach Rl, R=, and R3 is

i ndependent| v sel ected fron1the group conéﬂstlng of hydrogen, nethyl,

ethyl, n-pr Omﬁxer’afn Qa&{ ?@y %UI@"W 1ﬂ?éﬂéh¥éntlvt sbie@ed@Bbm } hehgﬁ;dgphl { s

cyclohexyl cu , t-oct I'n general, organic
are typi cal | woﬂm@ﬁhg:eﬂm ogaatnt\ethg ethpho.s;pbpybws-pmpﬂammievl ebutyl, t-

phosphorous trichlori ' dr talnl conmpounds wherein the
hal i des are Ay} Hbewy cﬁarcwhsxw%%ﬂ Pf‘hé‘lof"%éwbw ‘?‘ﬁé”‘h‘ﬁ}ﬂ’r g‘ﬂ/?t

cont ai ni ng ngmuﬂslsf RlThfa RASE. bﬁivlsttmﬁyu -H&:l\@rtv@bhém dunel chry nt08t ai ni ng

i s compounds depends at |east partiy on the stéric bulk of ‘hydr oxvl
cont ai ni ng camﬁmuhdxiRV%éwdnngnhydroxyI cont ai ni ng conpound has a |l ow
steric demand (i, K&b I-con a%n ng._co ound S g ﬁ@ rlcaIIy
hi nder ed hydroxyl £8vh )°F PP EPYR | YN SRl i des i s

somewhat Statéo?\rtélﬁﬁﬁlgco MﬁﬁsZ@a%h-Tté}ﬁnﬁjrl hegojdenmand of the hydroxyl 20
cont ai ni ng conpound i ncreases, increased select|V|ty may be obtained to

achi eve | ess substlnauweﬂtftmhbﬂp;hwphbfttbs Presﬁnﬁhgmtm\eﬁ@mrgmlc gpieo bist st t wo
hal i des on th hor.0 s rihalide ctions are generally facile
and proceéﬁ tgmgﬁﬁﬁggPF ?Rgﬁ’”‘hgf%fg ? catal ysis regardl ess of the
steric limtations of the hydgbxyl-containing congbund. 35 In the

di spl acenent of the third hal/i de noi h%léé the dix substituted phosphorus
hal i de, the degree oﬁzco |on to substl phgsphite

O CHZCHz O
R} R}
wherein each R!, R?, and R3 1s independently selected from the group
consisting of hvdrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t-
amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl.
15 In an thirteen embodiment of the present invention, the organic spiro

bis-phosphite made by the process is of the formula:

0 C 7CH')
O CHzCH‘)

wherein each R!, R?, and R3 is independently selected from the group
consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t-

20 amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl with the proviso that at



15 Cctober 2002 WD 99/52916 -9 PCT/ US99/ 07054 is adversely affected by
steric considerations of both the di-substituted phosphorug babbéiegapd t he
hydr oxyl - cont ai ni ng conpound. Catalysts, including anmnes, are often
enployed in the art to increase the degree of conversion to the
tri-substituted phosphate. Unfortunately, am ne catalysts generally result
in insoluble amne halide salt inpurities in the desired spiro

bas- phosphat e conpound and purificati on steps nust be undertaken to renove
the salt. In one [)ref erred enbodi nent of the present invention, the am ne
cat al yst lkst seloéBl sd Ruchbuiatantyhe¢-hexed eyclalmxylacinns, tipahtytier sahtl. i s sol ubl e
inthe ~ o rea[ﬁ'ﬁ'f&ﬂte(?rﬁﬁ %rﬁl%dl éﬁ?bﬁh@ffl@éeqﬁmb@mbrp%e (Pgamérsbfré/ bis ﬁosgﬁi&! red

end- product to renove e sal e catal yst use(f hay vary ndi ng on the
exact sol‘v?éiﬁtbydtelﬂf‘?cfﬁds"fﬁb“v\f@mla useful catalysts include all those known
in the art that remain sol ublé in the reaction Rixture. Especially
preferred am ne catal ysts | ude, d) ﬁxzaapl e, (n-butyl)am ne and
tri-(iso-pentyl)am negr? &—p'5 "cl ealo g2t he ot her

catal ysts, especially cat ts thé(g_d@@i_g solu n the reaction

m xture, are also useful in tNhe present process El evating the reaction
m xture is also known in the drt to assist in driving the reaction towards
conpl et i oHhergin eash Re andeR’ds indgprendsnthyselestcd Somi tbf‘e&mwvgwgﬁ by, ethyl, n-

pent aer ythbpyt,do-pregyd \webuty) 3-Hulig, thaeyh ehadyy rcﬁ,l&b@ydecuﬂ@l) ) ¢HpertPCandQ- dc@adﬁd to

i ncreases,i.n, the |l evel of byproducts of t general fornulas: CH2- O~
P-O CHI - 'H‘-}Z%&b ClCH-Oand GIG1010 ICH Y I - ICH

In a fifteenth embodiment of the present invention, the organic spiro bis-phosphite made

by the process is of the formula

0 CHzCHz O
O CHzCHz 0

wherein each R' and R” is t-butyl and R? is hydrogen.
In a sixteenth embodiment of the present invention, the conversion in the process to the

organic spiro bis-phosphites of the formula:

O CHvCHz O
O CH?CH-; O

wherein each R' and R? is mdependently selected from the group consisting of methyl, ethyl, n-
propyl, iso-propyl, n-butyl, t-butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl, and
R’ is hydrogen is at least about 50%.

In a seventeenth embodiment of the present invention, the hydroxyl-containing

compound is a phenolic compound of the formula:
RI

r? OH
R3
wherein each R' and R? is t-butyl and R® is hydrogen and the reaction mixture further contains a

solvent selected from the group consisting of heptane, hexane, octane, xylene, toluene, and

mixtures of the solvents containing at least one of the aforementioned and a catalyst.
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Cct ober 2002 -10 wherein Y is hal ogen or another good | eavi d
each G can i ndependently be a phosphorous or hydrogen incre‘la%gggggésiﬁtoﬁg
tenperature ivﬁ);g;}%gased beyond about 80C. When G is a phosphorous, various
pol yphosphi t € conpounds are possible. These byproducts andratinsssemssri | ar
by-products are difficult to renove fromthe desired spiro bisphosphite
conpound and can have a negative affect on the stability of the desired

spi ro bi sphosphite and accordingly are ngt remely undesirable. It was quite
surprising to discover that the use of “fTinely ground pentaerythritol can
readily drive therst enidf sthed eRBodSREGS Oh thOWedsdft HRERESH VAN bekdmkhe
present process, the pentaerythritol has a relatively poor solubility in

t he reacti onappatent t@dheseaskilledi inhther geinwdthp s shisclasure ohethdi preberdenent of
the third halide.is considerably slower than the displacenent of the other
hal i des, howé“\)’gf‘fm?‘he di spl acenent comonly proceeds to afford high
conver si ons tRtdiled Uds'txspt&ub@ftthé wwedten gano- aubsti t ut ed phosphite. In the
case of pentaerythritol and sterically hindered phenols, the reaction is
extrenel y 3sl uggi sAhprgsetdrvengionspiptes e PEISSEFEs SOPEOSYRD PEBANSSPEPRIS or e
than 10 hours %@%te?@éﬁﬁéfo Gy/m nor cat alyst are utilized. Surprisingly,
under the sar?g treact on condi ions, use of finely ground pentaerythritol in
the reaction mxture |leads t@!dramatic increasespin the rates of conversion
as conpared to the sane or m | ar é i on~ condi t N\ons usi ng
pentaerythritol that has arger aver age ‘particle . By finely ground
i s neant pentaerythrR @ moOarf,averfage pBride BT about 250

m crons or |ess, preferablof aboud-CEBLHIE@rons or ss, and nost

preferably of about 75 m crofls or |ess. The magnigbde of the increase in
the conversion is quite surprising when conpared to a control that does not
utilize finelwheageiauemthpBht BeratchiRt sl independendivsselgostifiie the groapa

combi nati on of vacuum,and catal ys jth the f.inel round pentaerythritol
to achi eve e&@ﬂ“?ﬁ'@fg]rhygﬁ‘ﬂgel“agleé}yt]t% ePPremd. 'vag‘?ﬂ(}'a’&'gﬂ i t&‘ﬁi’]i' “i zed, the
vacuum shoul dhe @Beﬂg}?,i%h%?%&% c%%y ,Kpﬁnt}ggﬁﬁcﬁ Qfo%l%ll.y iaf g&{ferdl,eg%%nﬁbom

50. 8kPa, and st pr at " | east out 84.7kPa.” It sh d be clear,
15 Cct ober 2@d®@sphitesaoevtxpgeallyt praduced by peastiog raephaspboxtiusgrihalide, elge pr esent

invention, the esterification regction is carried out in th resence of a
cat al yst t hatP g?srlﬁ‘?rﬁgs t’bﬁ%{lj%rllg’i%ﬂf hggrroé(ggf‘lmgﬁlmrﬁgx‘fod?%‘?unfiﬁewsggﬁ n between
pent aeryt hri tilided hee higplaved -dionhai phadgheupottdlide. By, tHeh@ylidiger ed

phenol ), and the phosphorous trihalide is quite exothermc but a

t enper at ur e FOUEINE GeMEPRBdY: The ?ﬁﬁédﬁééﬁsf’g?n@fhéyé%h}’ﬁ@xéﬁ%émw vi gor ous
hydr ogen | ti T i i i °Cl 3. The
sequence b SAMFELANY depinds JF \BLIESRRRY IF ohE e BB Bt SRITRALAGESS <
however, in aoptaediag kethpoahddi Wieh thd heddokpiedontanimgredmpeiunddtag taHowt ol and

t he hydroxyl - cont ai ni ng conpound, are pl aced together in a solvent wth any
cat al yst and ¥ Sﬁ@éﬁ%df%ﬂg‘et pydrory krentaining: earapeynd 49, 8Rt ehiterieally react i on
m xture renaigaakel MeaRgIkoR I rinPEGh S5 ARl YHRRligHARRRME 0P Al hatiads DSt
preferably at about 40C He%ce, bé/) ef?lgect i)ze céﬁ%ﬁ?o of c’t he aﬂ@i%lﬁgn of
phosphor ous tsonteathiatiestattshicalr e dtawerer,may the sterdte demlahdr efythathivdgoXylr t he

tenperature range of between about 25C to 50C trol qf reactio

t enper at uf® h‘_é’l“%_émf‘é TR e " IHE Sy SPERTE i%%gg g_%’/-’B?%ﬁi‘fcfgt.amﬁds{g’l ght
excess of st ojchltve Meds! dubsBAfet) thaldphoPpHEB N OO B plackhiahd B thes fis@n@mN| y
utilized. It is inportant that the solvent be neutral to the reaction

i ngredi ents ahedidey pnate ghesphipypus trihadidey thet ra¢tingis e genenally Xagilel and t ol uene,

h . xyl PARTM . | SOPAR! | hioride. chjarof or d
enzone. 3ot BEBES OSPBRPIST BHIOHCUEOREE: ARFOAR PEPCLTS LRE PR pr oduct

to be insol Ublh@jtmsfdfkﬂ(ﬂﬁ}&i}bﬁvlvﬁah{aﬁuh QomyphiRdluct s, catal yst, and reaction
intermedi ates remain soluble. Preferred solvents are tol uene, heptane, or

xyl ene, adswel | adnthedisgplasersentsf|the thizd halide mwinlyfross thedi-sbstitad util i zed
can vary w de i I t o1 . t I ZBQP 1ty of the
equi pnent and£%°ﬁ9§§%§$ agrgf%’&hf (% neebdefrEr0 ggé %'Iogqaet %P?nsggﬁﬁﬁﬁg u b ('E,‘evel S

i nclude, for exanple, on a weight to weight basis based on the anpunt of
pentaerythritol to solvent fromabout 10:1 to about 1:10, preferably from
about 1:1 to about 1:5. 15 October 2002 WD 99152916 -12



PCT/ US99107054 After the addition of the phosphorous trihalide is conpeted,
the reaction may be driven towards conpletion by gently rai ?éagoi]he
tenperature of the reaction m xture to about 90C over about tobgr 32 our
period. The utilized solvent may be at |east partially renoved, typically
by applicati ohC8¥5286yacuum to insure conpl ete renoval of E,E@mg%&go%gen
hal i de by-product and to yield the desired product. The degree ©

conpl etion of the reaction nmay be followed by standard techniques in this
art, including, for exanple, by liquid or gas chronotography. Typical
reaction times to substantial conpletie®# are up to about 24 hours.

Preferably, the tenperature,and pressure, conditions. i i are selected to
afford the mikipAYFEEBHECE T SHGE SSIISFHRANS PhyBote the dhsRbSRBEE 8 t o

about 12 hour, [ PLAROfHel rdx i I

appr oxi mat el g?%gbgﬁ% oanhgjtdre [ (E:.Q@I Eﬂei gg)gfdt%f(\a’ﬁé cgggﬁg‘;gtbl%gﬁ? gu%'r kﬁ\;(n?%l?lﬂ%t | east a
sl i ght stoi clindudingianimes.cars afferoemplyived lin theact tmirsrease ltbé plegréevaf t he
reaction as far to ~ 5 conpletion _as possi bl In a preferred enbodi nent of
the present iCRDEHEPBAHO t?‘ﬁgp‘bﬁ‘f&tbq‘f&dzﬂgostp?‘ftﬁ'aﬁ?’&fgﬁf‘gatgé'ed‘“ﬁ%e éathtf’?tét i vely
smal | excess &%eﬁhwésx@t #0inGoiablRasRide PAlidNSaleRMRt in the dpgRbagist hri tol .
The high conversion rates obtained for the final bas-phosphate in the
present procdisphosphise pesnpound wndx putifieatiophetepe onpstr be wrdertakewetoy | ong
reaction tines_required when 20 using a |larger particle size

pent aer yt hritrﬁwoﬁ%g}? th an excess of phosphorous trihalide as great as 10
nole % The final [propdugiefdrsed @ibdaIertObl @t pebsvhtdirviehtibmt tHeNa@iid i S

washed wi th additional solvent. The conbi ned solvent can be recycled into
anot her est erdafalysais gheqtecheghothal theoregiafant armag hakideesalhis selublle imthieon of the

reactants, 7?s_The r i 0 . . SRolved. | i nert organic
sol vent alnod frle?'{g’gp esg)?‘fetgt'r grn}g%/égg@%/ hggﬁéé%ng{@?i gﬁ\és&.jesgrﬁgaegiglqé}gﬁ thtgn be
renmoved by flrafloveilsd sdi. aTheotntalpstased ety sal \dependifgoviahe eeahBblges or
alternatively, the phosphate product can be isol ated by .cr?/st allization or
preci pi t at i orittilizeds Beweyrs, usefuh sptrlysisdnclude alirthese dnowiein ther gathat sol vent s

i ncl ude hexa i Jiye |31

acetonitril ef}%gﬁg{eﬁ%gﬂﬁi%gg%ggﬁgﬁngg&vdr ?%ﬂesda 9%-9%'28?5%%8%@}'\7\8 991 52916
PCTNS99/ 07054neliide,nfox exaraple; hiyrebhtyljainéngphmnd pliriise ppntytactine ait sabsid be
purified usi It crystallization techniques or. conbinatigons of, nelt
crystal | i ¥ati'% q%ﬁdh%‘?ﬁ%/‘(gnﬁ‘e t‘f&Hlefsale?EFgm_ﬁX&f‘@rlysﬁrng‘éf fﬁ“ﬂad{‘iSBlHLley\hen t he
phosphat e st ghithd AREtdPmitatdhRchlidudeful$h ald prént Brd¥esst he present invention
contenplates that it nmay be utilized in solid anorphous form The anorphous
phosphat e conposi Elemting thermadionymixiprediscalen kngwofinnthlet arpfto tassistpinos phat e.
Such nelt may,be a m xture of the ph at d_pol yam ne which is rapidly
cooled to for?ﬁ“gng 511"‘7 Hea(fl{r’lr%rrl 8?1“6%%56%5@?)%&? qugﬁ%f)agsftol}léﬂl.m $hs\g’ﬂé°ﬁgplﬁ?f‘ous
nature of congasietii PEmepHRaGYEhritbe divvdting \thé Cempératifrabiboivé Wbeht sdre sol i d
conposition conpared to crystalline conposition containing the sane

const it ueit s. leatitoin@esnes icdedenet obyrradugss ofctbe gergrak feemplassent i nventi on

include all ogganic phosp oderived frompentaerithritol and
hydr oxyl - cont atpi_%g_gﬁgr_p_oclf_g H%—:lt’ he general for rrul’a: R~-R OOHRS3
cl CH>—~0 ;nd
g 9
0 0
S S
G-O—CH;-—(I,‘-—CHg——O—P-—O-—CHr—?—CHg——O-—G
C':Hg C‘:Hg
0 9
G G



wherein each Ri, R-, and R3 is independently selected fromthe group
consi sting of hydrogen, nethyl, ethyl) n-propyl, iso-propykodsderbibz
t-butyl, tanyl, t-hexyl, cyclohexyl cunyl, t-pentyl, and t-octyl.
Especially preferred phosphates, however, are sterically hindered spiro
bas- phosphat es wherein the zo hydroxyl -contai ni ng conpound is a phenol of
the general formula: R~ R O OH R3 wherein each R, R-'"', and R3 is

i ndependently sel ected fromthe group consisting of hydrogen, nethyl)
ethyl, n-propyl, iso-propyl, n-butyl,-18=butyl, t 15 Cct ober 2002 -14
anyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, and t-octyl with the proviso
that at |least one of RL and R2 is t-butyl, t-anyl, t-hexyl, cyclohexyl,
cunyl, t wheriylY is dalogemer anothes ggodzayiag igyanpsd gach & can éndsperdentd bep t he

present | Lon, eci f I i i.S- hites is
b “the. £ SSRaldtRor BRuERRFT: Rppc aP e Ep BRI R BB BEP ' 5
wher ei n adhdn Rls aphbspRoroas, tvativiisypol gtasptitel onppdndsyea pohible.pticent s ci ted by
reference are incorporated herein by reference. In order that thaqose skilled
n the abypiNets gad pdet %ml'abbxépf@uﬁ?aa(;@[&%tﬁe ISRQSIB Ahe dasied ifbwi ng

exanpl es bggnggiglﬂg @onlﬂgomangfcah bS] hdatiODa RO oR Ye Q%iffggom Jtléﬁ%& ation.

Exanpl es Procedure: A reaction vessel was cha
2, 4- di -t shine bisphespbite indixBoslingly apentramelytundesicble hat had been ground to

| ess that 200 nmesh (54.4 g), tri(n-butyl)am ne (0 38 ith heptane (200
0y and was vl 945 e Tede g (el UeBe ot s eindiipninpdiRil Ls
trichloricge dadlly ddivEth@lestoRBicaAfGEadivn té\@arti® B6thpleRod NI Y fedhi frot&R] d

stirring over a period of about two hours while maintaining the reaction
m xture &he pantacrythi@! hasrerctasirclyi poor selubibityl iowheireactiavonediaygeraraly0@th or  an

addi tional two hour.s. The.t erat ur.e Lhcreased, t g ,50C and held for one
our . { oRrEeP s, e BishERBCR LR MR A S B B e B e g T o
70C for Qipldeementtdhd Gthédhvitided howbedr SRS diRglacem&l Cofmdiondy Brodedds to Af ter 6

hours since the conpletion of the addition of the PCl3, the tenperature was

i ncr easedfforl bigh genauongig the Wiswubstitged argane-sebsiitutabphosphits b thegaswo t he
Ci . Aft ) v Ae LGS t
Lbout a0 LRB iRl sRREuly BplfeFplal2narBRATURIAR yagSRRRT 1 ©

react i on preceeds @tk edaboar 3@dicomlplefioh after mdfe thint bhRsur? OBen néithet oaqiuat i on as

determ ned by an acid.n er of less than 1 as neasurgd by base tjtration.
After comBr edtplysf arg wilize Heingly, yader Q@éﬁ"é‘ﬁsf%%“?’b%‘%‘iﬂ?nssweﬁfsz&lYt he

vacuum i ; f | : ey was
filtered %dtnla rel:gt%\té ﬁglr&glt lggﬁéej;e\%égo nv\][/gig(ﬁgg l%ia? ﬁp(glg%lllalta? gﬁ‘é{{éeﬁelg[&gen%@gfsecond

r eact i on comeersibmageumir¢chtozhelsame or-shmilgd neadionl condiciopeusinepantderythotol and 214
g of filtrate fromthe above descrihed reacti.on. The sa rocedure was
Pol Dowed ttiiags el i Re R S Sty Bagh eloiH 1§ FisatiarnEBRmuier B, ho
tri- substahtaviérage pitfisie R ®f Wbsut T80 MiE0Hs bMegbaEre@é}amwf@w@nba mi%dags besul t ant

phosphate had the formula: R~ R~ O CH-CHZ-O OOP-~i ~E~[ 0 d
O CH~CHzless mdmaost preferably of about 75 microns or less. The magnitude of the increase in

the conversion is quite surprising when compared to a control that does not utilize finely
ground pentaerythritol. It is also possible to use a combination of vacuum and catalyst
with the finely ground pentaerythritol to achieve even higher and faster conversions.
When vacuum is utilized, the vacuum should be at least about 33.9kPa , preferably of at

least about 50.8kPa, and most preferably of at least about 84.7kPa. It should be clear,



wherein each R1 and R2 is t-butyl and R3 is hydrogen and was 99. 8% pure
with an acid nunber of |ess than 0.2. The yield was 93% bagadciypsrdobbe
anount of pentaerythritol. Control reaction The general procedure was
carried out as described above, however, the pentaerythritol had an average
particle size of about 45 mcrons, a size that is typical for comercially
avai l abl e pentaerythritol. After about 30 hours reaction tine, the sane
resul tant phosphate was obtained with a yield of 64% based upon the anount
of t pentaerythritol and a purity of 99:8% wi th an aci d nunber of 0.2.

I ncreasing the reaction tine or tenperature resulted in a decrease in the
purity of the desired phosphate. The above exanpl es denonstrate the
unexpect fIWeEVAL it Bbhpefaredierhodinent of theprescabimvetionp theiesteafic#iof short
reaction kel bdhibdGutl teifreRFBL BEL WG R Lihs bAMLREE e bAGLY, o ound
in the process as descri od 18 conpared to the sane process utillzing

pent aer ythixtirel of a Larger average particle size. 15 Cct ober 2002 WO
99152916 -16 ClLains What is claine :,PCT/§$99/0g054,1‘ A procegs to produce
an organi c spi I BrKOBREERTRIENaGREN KD theydrosyiseeniainig Romponad (fedit i ng a
reaction i KiddeRd GREIA], Qh@ﬁlgﬁﬁmﬁhﬂ‘ﬁﬁdﬂs{lﬁg‘{lﬁbis eﬁn@émﬂc&m?c futikhal i de, and a

hydr oxyl - cont ai ni ng conpoun erein pentaerythritol has an average
particl e teinperatire mioderati@seffent ¢y poduasd blydbs codting Effectpfotgsgusdiydedgenm 1,

wherei n the pent i fol  has ar ti i ze of t. 150
i or ons. dRIRESROIGRE The sheuofhs BE IO ARy RC 1R B Bhediegn
Phosphor oy iy haiedh iRt iu@iathenO b R 1E RBRAUA mbbindhl, oved o

react togethher in a hydrocarbon solvent. 4. e process of claim3, wherein
t he pent dbe fintlyigraind pehaspytlsitobandtthe hedroxid-coataining eompetingap¢ placest ai ni ng

conmpound are, al.l gwed to react t her, in a.hydracarbpon solvent in the

o ebence BredinBIRleh i AL chg7g bl Ine oStV IFRTREN: PRIl oy o
an ani ne waghblactdn hditifcREmains Bﬂb%bbucﬂ(ﬁ@h{;ﬁfdrdﬂy salotv dboat 50°, sl ubl e in
the hydrocarbon solvent. 6.,The process of claim1, wherein the

pent aer ytRestipsiferapbyss gt 40<C.tHange hygdtectivricaniio! pl e gdditior 8ht ai ni ng
conpound : r.l | :

wher i n. (RpRrEERlld, AE3EIubARRY WmAde BUTKAIARK RO, RDKERke rQl -
The pr ocesfbedfecnlahbun25°C 14 50°%€]. Cohtrel sfeeartion terygmterediclysdo insinnmizathei ned at

| ess than about .95C. 8. The prqcess of clai.m.3, wherein t resul t ant
reaction %FSWPBO%&&Y%O&%‘% Aha PGPS ‘Pflegé Clﬂ‘ﬂ%‘?“ﬁ%‘ﬁﬁ““f"r}&h‘) "Bocess of
claim8, yhed s cbhimohBSHilizaMt reaction mxture has an acid number of |ess
t hat about 2. 10. The process of claim 1, wherein the hydroxyl-containing

compound i s a Iplsdmplortart thatsheseheans be fieutralifathe reacfoitgntsbient@BYbYAD 99/ 52916
- 17 products. Typical solvents include, for example, toluene, heptane, xylene, NORPAR™,
ISOPARTM, methylene chloride, chloroform, and benzene. Judicious selection of the
solvent allows for the desired product to be insoluble and filterable while the by-
products, catalyst, and reaction intermediates remain soluble. Preferred solvents are
toluene, heptane, or xylene, as well as mixtures of solvents. The amount of the solvent
utilized can vary widely depending at least in part on the process capability of the
equipment and an exact amount can be readily determined. Useful levels include, for
example, on a weight to weight basis based on the amount of pentaerythritol to solvent

from about 10:1 to about 1:10, preferably from about 1:1 to about 1:5.



R~ R ~ OH R3 PCTIUS99107054 wherein each R, R?, and R3 is independently

sel ected fromthe group consisting of hydrogen, nethyl, ethyl - pr., |,
i so-propyl, n-butyl, t butyl, t-anyl, t-hexyl, cyclohexyl,q§6%§&¥ggggintyl,
and t-octyl.g&}. The process of claim1, wherein the hydroxyl -containing
conpound is & pRERY of the general formula: R~ R° O OH RE1wWines/epsy each
R, R-, and R3 is independently selected fromthe group 5 consisting of
hydrogen, methyl, ethyl, n-propyi, iso-propyl, n-butyl, t butyl, t-anyl,
t-hexyl) cycl ohexyl, cunyl, t-pentyl, and t-octyl with the proviso that at
| east one of R and R2 is t-butyl, t- , t-hexvl, cvclohexyl, cunyl,

Ay
t-pentyl, or t-o thd % : 0G8SSh lsMedai el
hydr oxyl - cont ai nﬂ%l ctg%rpagl?-rg [ E)rfa&lt oapﬂgg#gkﬂgpht agﬁggi%eérdg?é%a%%’nﬂ a2 R~ R"
O OH R3 wherrgictionandy B drivn towands &enpletiomtiy gentiteruidiyg el temperhtéiveom t he
group consi sting of hydrogen thyl ., ethyl, n-propyl, iso-propyl, n-butyl,
t butyl, t-&khe reactienmixtuge fq %ﬁé&tép‘jc Bﬁ%houfggetﬁtlél *}O%ﬂfﬂpdoc'@lfsﬂ with the
~ 5 proviso £35 Rmiov A | ? hexyl,
cycl ohexyl , ‘%@%‘F ?&E’L pen%%??gggg%tﬁgéta?ﬁ gﬁod e%?)f}’ip?é%g?’gtgpgg%onl Qct ober
2002 WO 99/ mAetGuiCH inSHe/d0nqbete rdrBoval 3f thehey drogrrasdidefovepraduetiandwher ei n

the hvdroxyl - cont &l M 0SSN rhSadide I carghibst 3 RO Skion may be
followed by standard techniques in this art, including, for éxample, by liquid
or gas chromotography. Typical reaction times to substantial completion are
up to about 24 hours. Preferably, the temperature and pressure conditions
10 are selected to afford the maximum amount of product within a time period
of about 8 to about 12 hours.

The final proportions of reactants are at least approximately
stoichiometric. It is often desirable to work with at least a slight
stoichiometric excess of one of the reactants to help drive the reaction as far to

15 completion as possible. In a preferred embodiment of the present invention,
the phosphorous trihalide is used as a relatively small excess of about 2 mole
% based on the amount of the pentaerythritol. The high conversion rates
obtained for the final bis-phosphite in the present process are especially
unexpected when compared to the very long reaction times required when
20 using a larger particle size pentaerythritol even with an excess of
phosphorous trihalide as great as 10 mole %. The final product is commoniy
collected via filtration and is washed with additional solvent. The combined
solvent can be recycled into another esterification reaction in order to

maximize the utilization of the reactants.

2
th

The reaction product can be dissolved in an inert organic solvent and
filtered to remove any solid materials. The solvent can be removed by flash
distillation or another solvent removal technique or alternatively, the
phosphite product can be isolated by crystallization or precipitation from an
inert organic solvent. Typical inert orgaruc solvents include hexane, heptane,

30 octane, toluene, isopropyl alcohol, acetonitrile, and the like as well as various



14 The process of claim1l, wherein the organic spiro bis-phosphite nmade by
the process is of the formula: R~ R~ OCHCH -OR? OOP Cf ﬁogg?
OCHCH-OR3 - R3 wherein each Rl, R-, and R3 is indepeﬁ e%?l?% W ect ed
fromthe group consisting of hydrogen, nethyl, ethyl, n-propyl, iso-propyl,
n-butyl, t b¥MAPSMéanyl, t-hexyl, cyclohexyl, cunyl, t-pestipsosdvosh
t-vctyl. 15. The process of claim1l, wherein the organic spiro

bi s- phosphite nade by the process is of the formula: R R~ OCHCH-OR O
O PC- ~-P-OOR " o-cHcH--0 R1L R3 wherein each Rl, R-, and R3 is

I ndependently selected fromthe group -d¥nsi st | ng of hydrogen, nethyl,

ethyl, n-pro +turé.sstgiéfyo?pyl+he alll’lﬁli%%ﬁheprbdm{tééln alko HEY uriirie'cp%%%’em(# cl ohexyl,

cunyl, t-pentyl, and t-octyi provi so that at lTeast 0 R and

R - is t-but ylystailizatigh Yechniggney br cambinatiens/bf, meltryystallizgriont and, sodvent - octyl . ~
5 16. The process of claim1l, wherein the organic spiro bis-phosphite nade

by tie proceS¥stallizgfion gRALQSRFEFRIAYON. R- O. CH-CH-OR OO P~ C_ ~P-OOR,
0-CH-CH--O R~ _ - 5 - 19, i i s
Whén th%r%fr;n&ﬁaﬁgg stafifiZer 9 MMREL1iR &eﬁg{aﬁﬁg R{gﬁ&iﬁe

_ r

i ndependent |y sel ected group consi sting of

n- propyl , si spresempipventiorb contemplatésuthat it magrge utilizedeiny$qlidc ymbrgheny| , cunyl ,
t-pentyl, and t-ogtyl, and R3.is hydrogen..17. The process, of .claiml,
wherein the &rﬁhn‘fl&élgﬁoﬂg‘%’ééjhﬁﬁﬁg’g%%ffrgp%% i?yfofrﬂﬁgﬁ’y J@B‘sd_scqoémgf‘)f t he _
formul a: R~ B & seGrhosPhits. SucPmdlrnfiy bPaGnRite & HezsidspRt&an® wher ei n
each R~ and RZ is t-butyl and R3 is hydrogen.

polyamine which is rapidly cooled to form a solid amorphous phosphite

composition. The amorphous nature of composition enhances the hydrolytic

i0  stability of the solid composition compared to crystalline composition
containing the same constituents.

The phosphites made by the process of the present invention include

all organic phosphites derived from pentaerithritol and hydroxyl-containing

compound of the general formula:

Rl

15 R’
wherein each R!, R?, and R3 is independently selected from the group
consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t-
amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl. Especially preferred
phosphites, however, are sterically hindered spiro bis-phosphites wherein the
20 hydroxyl-containing compound is a phenol of the general formula:

Rl

R
wherein each R!, R?, and R3 is independently selected from the group

consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, t-



18. The process of claim1, wherein the hydroxyl-containing conpound is a
phenolic conmpound of the formula: RR ~ OH R wherein eaqB dtosdt®062 1 s
t-butyl and R3 is hydrogen and the reaction mxture further contains a

sol vent selected fromthe group consisting of heptane, hexane, octane,

xyl ene, toluene, and m xtures of the solvents containing at |east one of
the af orenentioned, and a catalyst. 19. The process of claim1l, wherein the
phosphorous trihalide is phosphorous trichloride. 15 Cctober 2002 -20 20.
The process of claim1l, wherein the péﬁtaerythritol has an average particle
size of about 150 microns or Less. 21. The process of claim 18, wherein the
catalyst is an am ne capable of forming an am ne hydrochloride salt that is
sol ubl e ﬁWYthéﬂﬁ#dn@b&ﬁbﬂnmngNbﬁ@ﬂYQQﬂdWﬂ@YbWGEQEH“@NB%ﬂQIﬁﬂ@@tomhere|n a

vacuum of . gt boyt, 9 act.i Xt 23.
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temperature was increased to 50°C and held for one hour, followed by increasing to

60°C for one hour, followed by increasing to 70°C for one hour and followed by
increasing to 80°C for one hour. After 6 hours since the completion of the addition of the
PCls, the temperature was increased to about 92°C and a vacuum of about 8.47kPa was
applied to the reaction mixture. After about 2 to 3 hours, the vacuum was increased to
about 40.6kPa while the temperature was decreased to about 80°C. The reaction was

checked periodically for
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102810% §nd dhe wetcake was washed with additional heptane. A second reaction was charged

with 2,4-di-t-butylphenol and pentaerythritol and 214 g. of filtrate from the above
described reaction. The same procedure was followed for a second reaction. The degree
of product conversion to the tri-substituted phosphite was measured by gas

chromatography. The resultant phosphite had the formula:

RI
0 CHaCHz o
-0 R?
o CHvCHz o
RS

wherein each R' and R? is t-butyl and R is hydrogen and was 99.8% pure with an acid
number of less than 0.2. The yield was 93% based upon the amount of pentaerythritol.

Control reaction

The general procedure was carried out as described above, however, the
pentaerythritol had an average particle size of about 545 microns, a size that is typical
for commercially available pentaerythritol. After about 30 hours reaction time, the same
resultant phosphite was obtained with a yield of 64% based upon the amount of
pentaerythritol and a purity of 99.8% with an acid number of 0.2. Increasing the reaction
time or temperature resulted in a decrease in the purity of the desired phosphite.

The above examples demonstrate the unexpectedly high conversion and yield
that can be obtained in a short reaction time with the use of pentaerythritol that had been
finely ground in the process as described as compared to the same process utilizing

pentaerythritol of a larger average particle size.
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10< 10< 10< What is claimed:

1. A process to produce an organic spiro bis-phosphite, wherein said process
comprises heating a reaction mixture containing pentaerythritol,
phosphorous trihalide, and a hydroxyl-containing compound wherein the

pentaerythritol has an average particle size of about 250 microns or less.

&)

The process of claim 1, wherein the pentaerythritol has an average particle

size of about 150 microns or less.

(O3]

The process of claim 1, wherein the pentaerythritol, phosphorous trihalide,
and the hydroxyl-containing compound are allowed to react together in a
hydrocarbon solvent.

4. The process of claim 3, wherein the pentaerythritol, phosphorous trihalide,
and the hydroxyl-containing compound are allowed to react together in a

hydrocarbon soivent in the presence of a catalyst.

Ul

The process of claim 4, wherein the catalyst is an amine capable of forming

an amine hydrochloride sait that is soluble in the hydrocarbon solvent.

6. The process of claim 1, wherein the pentaerythritol, phosphorous trihalide,
and the hydroxyl-containing compound are allowed to react together 1n a
hydrocarbon solvent, and wherein the reaction temperature is maintained
at less than about 95°C

7. The process of claim 5, wherein the reaction temperature is maintained at
less than about 95°C.

8. The process of claim 3, wherein the resultant reaction mixture has an acid
number of less that about 2.

9. The process of claim 8, wherein the resultant reaction mixture has an acid
number of less that about 1.

10. The process of claim 1, wherein the hydroxyl-containing compound 1s a

phenol of the general formula:
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consisting of hvdrogen, methyl, ethyl, n-propyl, iso-propvl, n-butyl, t-

butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl.
11. The process of claim 1, wherein the hydroxyl-containing compound is a
phenol of the general formula:

Rl

R}
wherein each R!, R?, and R? is independently selected from the group
5 consisting of hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-
butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl with the
proviso that at least one of R! and R? is t-butyl, t-amyl, t-hexyl, cyclohexyl,
cumyi, t-pentyl, or t-octvl.
12. The process of claim 1, wherein the hydroxyl-containing compound is a

10 phenol of the general formula:

Rl

R3
wherein each R!, R?, and R3? is independently selected from the group
consisting of hvdrogen, methyl, ethvi, n-propyl, iso-propyl, n-butyl, t-
butyl, t-amyl, t-hexyl, cvclohexyl, cumyl, t-pentyl, and t-octyl with the
15 proviso that at least one of R and R? is t-butyl, t-amyl, t-hexyl, cyclohexyl,

cumvl, t-pentyl, or t-octyl, and R? is hvdrogen.
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O-CH,CH2-0
R} R’
10 wherein each R!, R?, and R? is independently selected from the group
consisting of hydrogen, methyl, ethy"l, n-propyl, iso-propyl, n-butyi, t-
butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl with the
proviso that at least one of R! and R? is t-butyl, t-amyl, t-hexyl, cyclohexyl,
cumyl, t-pentyl, or t-octyl.
15 16. The process of claim 1, wherein the organic spiro bis-phosphite made by
the process is of the formula:
0-CH,CH,-0O
/ N/
R* Oo—P C P—O R-
\ /A

/
O-CH;CH»-O
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17.  The process of claim 1, wherein the organic spiro bis-phosphite made by the

process is of the formula:
t

R! R
O-CHiGH O,

2 —" S — 2
R O N /C\ /P o O R
0-CH,CHy-O
g3 R?

wherein each R' and R? is t-butyl and R is hydrogen.

18.  The process of claim 1, wherein the hydroxyl-containing compound is a phenolic

compound of the formula: 7!

R? OH
R3

wherein each R' and R? is t-butyl and R® is hydrogen and the reaction mixture further
contains a solvent selected from the group consisting of heptane, hexane, octane, xylene,
toluene, and mixtures of the solvents cor{taining at least one of the aforementioned, and

a catalyst.

19.  The process of claim 1, wherein the phosphorous trihalide is phosphorous

trichloride.
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22. The process of claim 18, wherein a vacuum of at least about 33.9kPa is applied

to the reaction mixture.

23.  The process of claim 18, wherein the temperature of the reaction mixture is

maintained between about 30°C and about 95°C.



