;e3el Pi d@6TP A 26 Septenber 2002 PROCESS FOR THE PREPARATI ON OF SPI RO

Bl SPHOSPHI TES 5 Field of the Invention o This invention relates to a
processgmﬂm““u\mmmwmgar ation of organic phosphites, speciZ6 SuptémybesD0D

bi s- pho n especially preferred enbodi nent, this invention
relates to agopo®cess to prepare bis(dial kyl phenyi)pentaerythritol

di phosphites. Background of the Invention ~ s Organi ¢ phosphit

in the stabilization of a wide variety of polyneric systens. iﬁmm\mmm\t
phosphi tes have been proposed for use either alone or in conbi |pnl6v6\4th
ot her stabilizers. Such phosphites and their utilities are descri be'Tn

U S. Patent Nos. 4,371,647, 4,656,302, 4,705,879, 5,126,475, 5,141,975, and

5,438,086, The | mpor { aBagcRs RORMMNEPRAIGRTONBE PG DhBBHTea! o has.

| ead to the devel opnment of a variety of specialty organic phosphites that
have enhanced effectiveness for stabilization. Sterically hindered organic
phosphites) and in particul ar di phosphites based upon pentaerythritol and
containing al kyl, aryl, or alkyl-substituted aryl groups wherein the
substitution is selected fromthe group consisting of 's t-butyl, t-anyl,
t-hexyl, c¥yclohexyl, 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

bi s(2,4-di-tertbutyl phenyl)pentaerythritol diphosphites are also especially
26 Septenber 2002 ., preferred for their inproved hydrolytic stability over
ot her al kyl substituted phosphites as well as their enhanced conpatibility
wi th sonme pol ynreric resins, especially polyolefins. The organic

di phosphi tes égingH@?EPF?“BPepared usi ng met hods 5 invol ving reactions

phosphor oL 11 chi SFTe Vi el 20 8 AR RS B P iyrnbiol o FganiE O

phosphorous trichl oride. ods er usefu

described i n bhsphiedssnépddiftcall$, i@?ﬁo59ﬁrpl40§b1@be9.26Jn%r?%p%&ﬁl%ﬁgﬁ?&r@g&

and 4, 492,661. The ease of subst tion of the halides on'the sphor ous
trihal i de decemdmdimesnteadthishalinvention r erdlatesd. to-ora expropéss, too prepare

preparation of K bis(aryl|)pentaerithyrital ., diphqgsphites, the pentaerithritol

hydr oxyl s reagisf ai@&%l‘ew ner&awdfgﬁﬁ?}r%bgfﬁv?@ ide to yield a

bi s(di substi tp&%@hﬂﬁ}ﬂgﬂm%ﬁéﬁ .e., an intermedi ate di-substituted
rdrte). e

di phosphor oha ispllacenent of the third halo group is |less than

quantitatiye and i ©rgaffd fRospHitessdrevided Ih tid StabilidtibhWTad MWide diavitpegment
of t s the third halo group by a sterical :pé\';hi ndered phenol is even nore

di fficult andpobyoeriesysteavat Mamediféerent phosphitys haveubeeroprepased by sise | n
order to increase the rate of reaction agd f_lhe dﬁgree of. compl etjon for

di spl acing t NEXRER APIELPT e CRPIBIRARQR oyftbgther pabilizesy  Suramposphiss,Aad

t echni ques haye,; aut g | t r 1y i

i ncl ude: 2o erlge\}gt% I%:il%ﬁ ? h%gé r?jleegéc&tﬂ?%inmm X 'ut%eﬁgﬁﬁ)g'r%?ﬁlfgﬁg%tﬁ: ﬁ?@a’o@yﬁg%gen

hal i de accept 6/196,4¢505,1489V5eand S143B,086¢ IThelimfportatcedstsergaRdphaspHites as
Patent Nos. 3,281,506, 4,237,075, 4,312,818, 4 440,696, and 4,894, 481.
General | y20n stabilizere has: lzagh e thet develepmeny dfr anvasisty aefr specialtyolorganie

procedures of the prio t result i ndesi rabl e duct m xtures

i ncl udi ng 25 E&?@H&ﬁ&?ﬁ'ﬁgg e%Hg?%qcﬂet? ENG§s éPﬁé‘gha&ag??i s on a single
pentaerythritol ha : A ; gﬂ?ﬁ ri i { Ll ly,
vari ous pol yphosph%s?eeﬁ%%gg‘r‘?ggéa;rogggtpg opﬂn{etggl%ggd?\:gﬂpgﬁkg@ﬂgg%ﬁgsons
to the desire®apeddipin pehtaerpehititbl aadpeesaitihg ik} diyl, o HIRyIddIEtieuted! o
3 26 Septenber a2002 phog hate is extrenely di f?i cuqut fg puri f{/ and the
resi dual hal o-applogrshypsewberein dhel substitaition ispselectedefsomhtite gropatonsistingmig

termstability of the desired organic phosphate. It is therefore apparent
that a need cémqtﬁteg'afw e g%?"yil'orcyF Wédt'ﬁ%'a/és apd f‘G’Fthlhér?)r%ﬁPSF‘éilﬁ'on

of bas(di al kyl{ialle) REMEAHNGs Lk Olo IheROSRNES: hyddIEP SElbiityY odbé (G 4
handling and compatibility with a wide variety of polymeric systems. The

bis(2,4-di-tertbutylphenyl)pentaerythritol diphosphites are also especially

1
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5 di-tertbutyl phenyl)pentaerythritol diphosphite, that overcone the

af orenentioned difficulties. Summary of the Invention The present invention
relates to a new process for the production of organic S Septémber@003phat es
from bas- (hal ophosphi tes) and hydroxyl - cont ai ni ng conpounds, 10 preferably
sterically hindered phenols, wherein vacuum has been utilized to drive the
esterification reaction between the bas-{hal ophosphites) and-

hydr oxyl - cont ai ni ng conpounds. In a first enbodi nent of the present

i nvention, the bas-(hal ophosphite) is of the general fornula: 15

0 O - 02 Qi Bl Gb RO DAY MELEHIY ooy il BYST nublldpggoont

enbodi nent e presen ntion e bas osp

gener al for BHoAphftedlas2Gidll- 8 Zheiel efharice®- édmPabiligridwithl Sodet Bblyeneric
enbodi nent of the present invention, the hydroxyl-containing compound is a
phenol of thesmemspatxaﬂprpolydefms 26 Septenber 2002 4 R --~~~--~H wherein

each R, R -, R3is i ndependently sel ected fromthe roup conS| sting of
hvdr ogen, met hyl dﬂ'@c Wgam,q giphgaph tieéoa’i?r Fra{y ti?}'teyﬁfe -ybng | methogs

- hexyl | f h
of the pf esdhiONRerIRREns HhecRBhY b a%ﬂv g%na.‘%ghﬁ%&u%arﬁé%nﬁam"' o
the general ﬁmsgﬂb?euﬁtﬁﬁaxdéw@g VpRbshRorRAs NtriRhlodfde., Sitth Bleth®ds and

i ndependent I'y sel ect ed fromthe group consi sting of hydrogen, nethyl,
et hyl ) n-pr aphér usafol pnethpts ame idesgribed ibUd.§/ Patent Nosai3y839,306h dxii6, 926,

of ‘R ot RAADATEo D00, A AR SR f e oo b ErbH O tomgh thetbalilesan o

t-octyl

the phosphorous trihalide decreases as each halide is replaced. For example,

10 in the preparation of bis(aryl)pentaerithritol diphosphites, the pentaerithritol
hydroxyls readily react with a phosphorous trihalide to yield a
bis(disubstituted  halo phosphite (i.e., an intermediate di-substituted
diphosphorohalidite). The displacement of the third halo group is less than
quantitative and is considerably slower in rate. Additionally, displacement of

15 the third halo group by a sterically hindered phenol is even more difficult and
requires elevated temperatures and/ or use of a catalyst.

In order to increase the rate of reaction and the degree of completion
for displacing the third halide with a sterically hindered moiety, various
techniques have been generally utilized in the art. These techniques include:

20 elevating the reaction mixture temperature and use of hydrogen halide
acceptors, e.g., amines. Such techniques are described in U.S. Patent Nos.
3,281,506, 4,237,075, 4,312,818, 4,440,696, and 4,894,481.
Generally in the case of diphosphites derived from pentaerythritol, the
procedures of the prior art result in undesirable product mixtures including
25  caged structures wherein three of the hydroxyls on a single pentaerythritol
have reacted with one phosphorous trihalide. Additionally, various
polyphosphite compounds are also formed leading to low conversions to the

desired product. The resulting phosphite mixture containing a halo- -
y

ry



In a fifth enbodi nent of the present invention, the hydroxyl containing
conpound is a phenol of the general fornmula: RI R2 O OH R3 Is wherein each
Rl, R-, and R3 is independently selected fromthe group consisting of

hydr ogen, nethyl, ethyl, n-propyl, iso-prpopyl, n-butyl, t | ,
t-hexyl, cyclohexyl, cunyl, t-pentyl, anaj)t-octyl W th th%g)g%%tslihgérwgt at
nyl

26 Septenber 2002 |east one of R and R2 is t-butyl, t-a . t-hexyl,
cycl ohexyl , pheasphite is-qxénemly digficult wopyrify and dhempsidyahbale-phesphite can leddxton

nmbodi t of .th t ti h at i nj dy,i
24 di -t or t oY FORGHGR it AE RGN S Bt the GRREE A FRIBRMCOI Y .
O CHzCH2- O YisRnérefdre ¥pparei?Ba a @esli @bgfitucy tb exist Hal hgmoved prRicessedlfyr the
chl orine, or another good | eavi ng group. In a seventh enbodi ment of the

present i nveprepaation Rk bistdjalkylphepilipsnigeryilyitphdipposphites, andrespacialyobigididr: R~
R~ O CH-GH2- ~ - - i R2,
B R T S | rotgehiralnpy Bepiah L SiphdipE oy Bt BesiBhlinbncd

met hyl , et hydifficueltigsopyl , i1 so-propyl, n-butyl, t-butyl, t anyl, t-hexyl,
cycl ohexyl, cunyl, t-pentyl, and t-octyl. ~ s In a eighth enbodi ment of the
present i nveP#nEAry efifhe VQ&‘W% spiro bis phosphates is of the formula: R~

And R3 15 i ndepeniinPlS o Ceren T ke gy s TOF R ProdESbr o ofganic
spiro bis-phosphites from bis-(halophosphites) and hydroxyl-containing compounds,
10  preferably sterically hindered phenols, wherein vacuum has been utilized to drive the
esterification reaction between the bis-(halophosphites) and hydroxyl-containing
compounds.
In a first embodiment of the present invention, the bis-(halophosphite) is of the
general formula;
15
Y— P/O- Cl-{ngHz- O\P— Y
\0" CI'IlzeHz"Ol

20  wherein Y is a halogen.
In a second embodiment of the present invention, the bis-(halophosphite) is of

the general formula:

O-CHGH2-O
25 Cl— P\ /C\ /P Cl
0-CH:CH»-O

In a third embodiment of the present invention, the hydroxyl-containing
compound is a phenol of the general formula:



consi sting of hydrogen, nethyl, ethyl, n-propyl, iso-propyl, n-butyl,
t-butyl, t 20 anyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, and t-octyl wth
the proviso that at 26 September 2002 6 |east one of ¥ semembBe 4092
t-butyl, t-anyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, or t-octyl. In an

ni nth enbodi nent of the present invention, the organic spiro bis phosphites
is of the formma: R R OCHCH-OR' PO-PC- PPOOR OCHCH-0OR3 -
- R3 s wherein each RL and R2 is independently selected fromthe group
consisting of nethyl, ethyl, n-propyl, iso-propy I, n-butyl, t-butyl,
t-amyl, t-hexyl, cyclohexyl, cunyl, t-penty, and t-octyl, and R3 is
hydrogen. In an tenth enbodi nent of the prgsent invention, the organic
spiro bis ~ o phosphites is of the for R~ R~ OCHZCHZ-OR OO P~ O
P--O0 O RZ O CH-CH2-O R3 _ R3 wherg? @ifl RZis t-butyl and R3 is
hydrogen. In an el eventh enbodi ment o present invention, a vacuum of
at least 15 inches of nmercury is applied tho esterification reaction between
the bis t 5 (hal ophosphite) and hydroxyl-cdﬁtaining compound. In a twelfth
enbodi ment of the present inventign, a vacuum of at |east 2~ inches of

mercury is #Ereindeach diY% dii f ardit Roris r blepepdenty wialectedh efrpms the group

hal ophosphi_t d_hydroxyl - i nj d._ | thirt h

crbod, mont | Sos s CHEAEE, ERth g, B, ARRRT dso- o R At ES i gt he
bi s- ( hal ophgsii Dobebhe Rl d i bstantially f
o:‘segtgr i01l‘oi gg@:ﬁ,gﬁﬁ%xﬁgﬁ'fsts.91%'@?%‘%-@\'—:&}’]%&&%@6’1. |5 sibstamia Ty ree

5 In a fourth embodiment of the present invention, the hydroxyl-

containing compound is a phenol of the general formula:

Rl

R3
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-
10 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-amy]l, t-hexyl, cvclohexyl, cumyl, t-pentyl, or
t-octyl.
In a fifth embodiment of the present invention, the hydroxyl-

containing compound is a phenol of the general formula:

R!
R? OH

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

)



26 Septenber 2002 7 In a fourteenth enbodi ment of the present invention,
the converion of the organic spiro bis-phosphites of the fornula: R~ R~

O CH2CH-OR OO PCP-OQR ™ OCHZCH2- O R3 R3 wher ei p6SastembBer 2000 R2 i's
i ndependent|ly selected fromthe group consisting s of nethyl, ethyl,
n-propyl, iso-propyl, n-butyl, t-butyl, t-amyl, t-hexyl, cvclohexyl, cuml,
t-pentyl, and t-octyl, and R3 is hydrogensresults in a yield-of at |east
about 84% In a fifteenth enbodi nent of the present invention, the
conversion to the organic spiro bis-phosphites fromthe

bi s- (hal ophosphi d, L e _ t akni d.is sdane at.|ess
t han about 14 %.gtt??%ﬁgi xt egngﬁy%ut %gia?rxe?};r}f %‘Pkﬂgéﬁgggg’éﬂt c‘lhr?]l\}/g%ﬁ%ﬁ},’l’f)ﬁe
reaction m xtgpéetyt dndaR s hgdrbgerdi s- (hal ophosphite) and hydroxyl - contai ni ng

conpound is substantially free of esterification catalysts and is
mai.ntai ned at a telper aixkhe egibadiment heh thsopre®OC. inventithne sthea iy dvokelr

enmbodi nents of the.present invention wll beco a rept .to those skilled
Tnthe art wi SHREAHER iCEB}PM\%e‘S%Al‘{ﬂ%%L‘éQ’gHﬁe’ﬁﬁﬁf Bl hajpphespate) Is of
Description ofy Fa¥sAhLR? The present invention relates to processes to
pr oduce organf cetéhg\lero gf}é %g phosphites is of the formula: Rt O C-~~CH2-0O
R=~0O0 p\ Q p_ OCHCH-ORI RB R Fr

0-CHGHO,

Y—P C P—Y
\ /A /
O-CH2CH;-O
wherein Y is a halogen, preferably chlorine, or another good leaving group.
In a seventh embodiment of the present invention, the organic spiro

10  bis-phosphite is of the formula:

R! R!
. 0-CH:CHQ, 2
o—P G PO R
O-CH,CH,-O
R3 R3

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.

15 In a eighth embodiment of the present invention, the organic spiro bis-

phosphites is of the formula:

R! R!
. O CHiGHa-O 2
O—p C PO R
O-CH>CH;-0
R} R3

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

LY
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26 Septenber 2002 _ wherein each R, R', and R3 is independently sel ected
fromthe group consisting of hydrogen, nethyl, ethyl, n-propyl, -iso-propyl,
n-butyl, t-butyl, t anyl, t-hexyl, cyclohexyl, cunyl, t-Pe8¢ptémbarado2
t-octyl. In general, organic phosphates are typically produced by reacting
a phosphorous trihalide) e.g., 5 phosphorous trichloride, with
hydr oxyl - cont ai ni ng conpounds wherein t hal i des are di spl aced on the
phosphorous trihalide by the hvdroxyl contai ni ng conpounds. The ease of
substitution by the hydroxyl-containing conmpounds depends at |east partly
on the sterjc bul k th dr oxyl cont ai ni.n (o] nds. \Wen the
hydr oxyl - co8astiofl 10?&?@32 'HEE%/YA' q’%%yLqg‘egﬁygﬁ%%g\?ﬁﬁhﬂumﬂé‘%ml' or
hydr oxyl - cont ai ni ng conpound is not a sterically hindered
hydroxyl-co%?%&ﬂing conmpound), the displacenment of the halides is sonewhat
statistical. HoWRVEH nirdh driBodinRéntCoftRERIEsedit ihventiti R Mf%?eﬂﬁé 3%@6 Bb-
conpound i ncreases, increased selectivity may be obtained to achieve | ess
subst i t ut edphadpiptesipbf thesforinulati spl acenent of the first two ~ 5 halides on
t he phosphorous trihalide, the reactions are generally facile and proceed
to conpletion without the ned for catalysis regarBhess of the steric
limtations of the hydro cont ai nigdCH,OM3eond. I n Bh i spl acenent of the
t hud halide noiety §{som/ Ji - subsfitutegd ph _Qgpr idﬁé the degree of
Yut ed phosphat e i ¢l yraf fected by

conversion to the tri-s
steric considerations of 2
hydr oxyl - cont ai ni ng conpound.g3Cat al ysts, includi ngrdim nes, are often
enployed in the art to increase the degree of conversion to the
tri-substituthegeinfeaghiRY and Bifisnihdeperelentlyaseledted dtarhythe roep wWonsistingm ne
halide salt inpurities in the desired spiro bss-qhosphate 25 conpound and
purificatioft snethy!lmeshylpenprapyt akonPIPlefbbuttingd-2uyl | t-emsdatiheyvine

reaction mxture i s also kn in_ the t i in driving the reaction
towards conpf ?li‘edﬁ’.?’ ‘iW?hE‘P%ﬁlg%‘j 8?&st:'|5)|cr%£)l’ %’é‘?-“%ﬁ%@%ﬁ‘%& 26 Sept ember
2002 9 derived f1pg, ReVhAGANSBirhéd Of tBlePrasdritant&Ridie TRE bAgaHiIE spRE WEs-about
80C leads to increases in the |level of byproducts of the general fornulas:

G ~ CHio O PhospliitesGs GHt@ formuila~ ~ i C CH-O~d GGI | OO | CH Y CHz
GOCH-CGCH-O P-OCH-CGCH-OGCH C+1 " I - OO0f | GGs whereinyY
i s hal ogen or another good | dhving group and each &\can

0-CH,CH,;-O

/ "7 \ )

O—P C P—0O R
\ /A /
O-CH2CH»-O
R R’

wherein each R! and R?is t-butyl and R3 is hydrogen.
In an eleventh embodiment of the present invention, a -vacuum of at
least 15 inches of mercury is applied to esterification reaction between the bis-
15 (halophosphite) and hydroxyl-containing compound.
In a twelfth embodiment of the present invention, a vacuum of at least
25 inches of mercury is applied to esterification reaction between the bis-
(halophosphite) and hydroxyl-containing compound.
In a thirteenth embodiment of the present invention, the reaction
20 mixture containing the bis-(halophosphite) and hydroxyl-containing

compound is substantially free of esterification catalysts.

§
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i ndependently be a phosphorous or hydrogen increases as the tenperature is
i ncreased. Wien G is a phosphorous, various pol yphosphate conpounds are
possi bl e. These byproducts and other simlar by- productq6q;§“gﬁﬁ;gggdt to
remove fromthe desired spiro bi sphosphite conpound and accordingly are i o
extrenely undesirable. It was quite surprising to discover that the use of
vacuum can readily drive the esterification reaction between-the

bas- (hal ophosphite) of the general fornulal OCH-H2-OY- P~ CP- Y

O CHZCHZ-O ~ s wherein Y is a hal ogen, preferably chlorine, or another good
| eavi ng group and the phenol of the general formnula: 26 Septenber 2002 s
0 - ,~~~H 3 wher ei in adotirtéenttRembodiment E8thepiesdapivéatibhytieetiietidnfdfom
the group consisting of hydrogen, nethyl, ethyl, n-propyl, iso-propyl,
n-butyl, t- butldergaa\WSPu‘QbﬁeRb@SngﬁéIOéﬁb&@m%lahyl t-pentyl, and t-octyl.
S GEneraIIy wi th organi c phosphites, the dlsplacenentlof the third halide
is considerably slower than th- dlsplacenent of the er halides, however,

t he di spl acement commonly preseeds to GfEKTHROgh conve
trissubstituted or ganti-zsute _Qfﬂ,ésphl\é;/e | pLhe.
pentaerythritol dichloro d\aheg e,\the/Meactron Wt
2, 4-di -tertbutyl phenol is extT rrel y | PHkdisR and prgceeds only to about
30% conpl etion after nore than RO hours when neither facuum nor cat al yst

are utilized. Surprisingly, under the sane reaction conditions, applying a
vacuum of at deemambtR‘lendri%?hresndepmwbyselpcteﬁefmml thecgromp domaistingbout

15 i nches of rcur re erably of at st about 20 i.n f
mercury, td tR é%‘fl H{m é’ﬂy adfe- P\EIP%XI' I%Q "sb% ult—aml%tmexy?
conversion in regiy 8

conversion i s g§|8 Ur prrsi n%é}\ﬁ%en coIrr%J gér%%hal%gg{iﬁ%%ﬁ ﬂeg?ﬁgg‘eg Vrll%I
utilize vacuugy aMeas MUt 84ke hi gh conversi ons can be achi eved w thout the

use of am ne catalysts and the concom tant amine halide salts that nust be
renoved from t helpradifteenth) empedishent phoths presend inkeatigne trebronruersiondio

i/acuum 20 and catal yst to gchi ven, hi r,an aster, conversjons al beit
with the necedR$ PW%FC Fgﬁﬁf}?lﬁ@?’PﬁBﬁ'&%ng?"%vsp&GE{P?P Phite @rﬂﬁ\ﬁfh" X¥tear

that in a,pre t i®n, the esterification
reaction |§ cargir:lfag% Q:S;B Stalns't)cli% %ﬁ&@%sgg&g.fasdmgapmc?e preferably) free of
esterification cat &hy&tsixtebhth %nﬁﬁnh&!ﬁw()f AD2prdsent dacérntivh, biene&ittion

pentaerythritol and phosphorus trihalide to forman internediate
pent aer yt hri t ehixbire- peertpininghathiedi b@'@ﬁ%ﬂi@s@bﬂm edndut hMﬂroxyéﬁomanm&

hal i des o 3&8&&%&%@ Bl greebentifgation fot R chedin Magalieost
pent aeryt hri tglts%{ e?éttu‘?ég ¥ ®han abbig gpat aerythritol can be added to PCla.
ded

Preferably the s Is a tothe pentaerythritol with the reaction

m xture basng mai ntlhesednal othdreembodimertsodf theo ptesent invdittionTiadll rieaotrieon
is exothermc in the absence of a solvent, but a tenperature noderating
effect is prodpparendytq Hhosedtkilled dnf the ast wféb(cmgyxmsmoohtthenpresm&:e
by effective control of the addition of PCla, the reaction may be nade

sel f-regul ati A§V¥™M'9he tenperature range of between about 5 to 15C. A

sl ower additi @et&gé‘&’fﬁeséﬁ bnlot tREIRienien and it is preferred to cool the
reaction mxture during t e addition. Control of reaction tenperature hel ps
to nmininize the af (flenpresentniegrehtionreldtes to. prcessegid peodieceorghnic spiro bis-
stoichionetric anmobunts of ~ s PCls is commonly utilized. Wien a solvent is
utilized, 20t iphasppies israf thadermula:sol vent be neutral to the reaction

i ngredi ents and by-products. TyRI]CGJ sol vents include for exanple,

t ol uene, heptane, xylene, nethyfene chloride, chloroffoxm and benzene as
wel | . as hydrocarbon sol ven

guch as g0l NORPA
' p__ﬁ(ne Xyl \gne

0 Preferred
solvents are nethyl eneythl g

can vary w dely dependi'ng & er \of vani abl/es ) .
exanpl e, the reactor design-amy stirri fCthapHpiQity. T nation of an
exact anount of solvent is readgPy determ ned withoutpXindue
experinmentati on.

i
3.
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This reaction can be driven to conpletion and the residual halide byes
product, such as HCO, nay optionally be renoved by gently raising the
tenperature of the product to roomtenperature to about 30Septéfi¥ersogent
utilized is generahy at |east partially rernoved, typically by application
of a a 26 Septenber 2002 t2 vacuum to insure conplete renoval of the
hydr ogen hal i de by-product to yield an internedi ate pentaervthritol

bi s- phosphorohal i dite product. The internedi ate pentaerythritol

bi s- phosphorohalidite product is next allowed to react with a

hydr oxy- substi.t ut.ed ¢ u to yield the desir 5 trjsubstituted organic
phosphi t e. TWé‘eF%‘QcF?%hnH%et Y e?‘f“{r{? thtt 5%%!?%%“39%(5!%@95&#@ Ty ghe grou

bi s- phosphor Lol h Qxy=SuhsSt i K ol . be
conduct o | nC et B B, B P P e o P R KRR

i nt er medi at eamydsphexyhaycldheeylpyumiet-pentilly afdct- 6@yl hén general, organic
hvdr oxv- substituted conpound foll owed by applying the vacuumto the ~ v

reactor. Addphpsphitesyare: ypicalyoprosiuced by repstingo ppasplonousduihaliden elge
controll ed by, the additiop, rate of, the internedi ate pentaerythrital

bi sphosplor oﬁta’f’f'@i‘qr@ U8 r%xaﬁ%qn,cfewwx&h dvdrghylicontaining ﬁBPHt%’}%am*Wgemothees s
color in thegki; o] ' pr, : ﬁp@r ri ; L3 r 1 be
readi ly det epégiﬁ%!d EE?/ cagg[ﬂé%&getde?flr;tlﬁ%a |g?1 of t enfq?ﬁlé?ggﬂr)}(;)du t }Zt‘?l%ogggends
al so on ~ s temtatiingotpamdsheTlex aade olatbstivntion i fhedMrdroxgl-cofitadhing
ingredients, and equipnent utilized. Regardless of the order of addition,

t he reacti oncompgunds adepensisr at deassuparity @nsthe sieric thaleofathe ehypdronyn

about 20 to about .1.75C and eh&&‘gblﬁé et Weg@ ab(%u.t .60 to about, 155C. The
pressure of CPRIAIUDECOTPURLS, nivinen the varpxy-cantaining compoung hasadewanout

10 i nchesg, of - e r - : t 5:d . cury,
and nost $Opr e? %?lggﬁ éﬁ%?ma{l% gggtﬁg%%)ﬁ i 5??&1‘?&23 Cg@ﬁﬁgpéufsy Btg geaZts%ép éri C
pressure. Thhinderpddeydrbxylheontainingcompoandpvee displacerhentisftisd halidésizoval
of the hydrogen chloride fromthe reaction m xture during the

esterificati samewdati ¥atistigabi c Howevast iasnthe mterie demand oft ithe hypdnoxyi- on

t bout 24 h . Pref bl t h t
condi 11 ons. aPONGUNgE: CoPRURR BtEashe: REHFARE SIRUTIO0MeY RAL PR 1 o

time period . ad U | e i t he
pent aerythri tgéﬁu@g%&?)ﬁgégﬁg‘?%a%é@gﬁge% he&ismé(é%%%ﬁsﬁ ?%%ggggéﬁ’fgound
that whems anhaliides oaathal phésphorous? riluelpdes rtherreafichst are generhlly i facile ahdt t he

correspondi ng ammoni um hydrogen chloride salt is forned between the
pol yneri c anprecegddto ¢pmpletiopgeithent the aeedforeatalysis 1egardiessief ithe gtesisr i bed

herein as PCla is.the f _used_starting hai ophosphite). Another
unexpect ed ah\%‘hﬁ od'g %53%@5}'@55’5'353&%1{@&%Oa{{lpaﬁg&sm t is elimnated 5 from
the reaction m xt %Qhé‘@i&;ﬁla@rﬁ&t'o‘f the AHeRRide ABidyEORSER Ji-QYR%iied
Therefore, it should be clear that the present invehtion includes a process
that i s subsiphosphotus, halide, phetlegreel of forerrsibnéaoithe trisdubisyisuted Thlkeosphiel
proportions of reactants are_at |east approximately stoichionetric. It i

is
of ten dedPr aby eadversedy kaffgcted Ry |sterie considegptions ©f shefihc the ndi-substisitedss of
one of the regctants t | p.driwe tihe. reaction.as for to canpletiqn as
possi bl e 1 FRCBROE dagel afd U, WoRTFLoRiRe , BombByRasy Loy o1
of the phenolihgua Qﬁ&ﬁeé,%&*’tﬁt&ﬂ%n%}éh@&hﬁ%‘ 4R)to irleréask’ @leClpgfbe of
enbodi ment, the ratio of phenolic conmpound to bas-(hal ophosphite)~is in the
range of abowbnetsioraibothe Ari-substifuted piltosphéter eHinfortunatelyd Lrhireacathbysts

di ssolved in an organic¢c solvent and filtered to rempve, any solid materials.
The sol vent d8stlbdnr amine dhalider sals impurities in the desirachspie bis-phasphittroval

techni que_or alternatively..th hosphat roduct .can be isol ated, by
crystall Bat (QmRT ais perifrioR s R et R e e o FEm g B Rty o ¢
sol vents include . ; 2 0a1 ¥ ohal it i
acetonitrile) tol E%ﬁe& @ﬁﬁ%@g&ﬁ%@ﬁf?ﬁ?ﬁ@%ﬂe %h%gp oatasés%tr 1(?duct
can al so be pitivihigethe yeattipri®iwarcisycoinapletion! ilanthkeabs bfjspiro disphivephités ons
of nmelt crystallization and solvent crystallization and/ or precipitation.
When the phosphate stabilizer is isolated in crystalline form the 25
present invention centenplates that it nmay be utilized in solid anorphous
form The anorphous “phosphate conposition is fornmed by rapid cooling of

melt of the phosphate. Such nelt nay be a m xture of the phosphate and
pol yam ne which is rapidly cooled to forma solid anorphous phosphate x




26 Septenber 2002 n conposition. The anor phous nature of conposition
enhances the hydrolytic stability of the solid conposition conpared to
crystal line conposition containing the same constituent 26 Sepeniiep2p0d t es
made by the process of the present invention include all organic phosphites
derived frompentaerithritol and a hvdroxvl -containing conpound that is a
phenol of the general fornmula: R~ R O OH R3 wherein each R, R -, and R3
is independently selected fromthe group @bnsrstrng of hydrogen, nethyl,

et hyl, n-propyl, iso- propyl n-butyl, t-butyl, t anyl, t-hexyl, cyclohexyl,
cunyl, t-pentyl, and t-octyl. Especrally preferred phosphrtes however, are

sterical | y hi demived) fegmy Be‘b‘iagst}‘ﬁhﬂgcﬂhie%eé@nﬂﬁe"rl’@r teraprratiyer ahare sbautBATGg
d l of th h R-,
R %nd R ?@%363%9bféﬂ%ﬁ%%ﬁ?9%%&%%%%%8%%9éﬁ%aﬁn%m@aﬁﬂ%f ing of

hydrogen, nethyl, ethyl) n-@g , |so propyi, n-butyl, t-butyl, t anyl,

t - hexyl, cycl ohex and t-octyl with the proviso that at

| east one of rFa—yn{? Féﬁi’ m&— t- arryl t - hexyl, cycl ohexyl, cunyl,

t-pentyl, or €Foctb5~l, and E€HO hygpgen. In the practice of the present

invention, as especially preferred organic spiro bis-phosphites is of the

formul a: 26 SeptenberCQOOZIS R~ OCHCH-OR OO OC~P OCHCH--OR3
_ R wherein each R1 arbi R2 is t-butyl and R~ is hydrogen. R

R
G—O—-CHg—(IZ—CHz‘—O— P—O-CHQ—(IE—CH?—O—G
7 0
G G

5 wherein Y is halogen or another good leaving group and each G can
independently be a phosphorous or hydrogen increases as the temperature is
increased. When G is a phosphorous, various polyphosphite compounds are
possible. These byproducts and other similar by-products are difficult to
remove from the desired spiro bisphosphite compound and accordingly are

10 extremely undesirable.

It was quite surprising to discover that the use of vacuum can readiiv
drive the esterification reaction between the bis-(halophosphite) of the general
formula:

Y— P/O- CH\Z(?HT 0\'P— Y
\O-C}I/zeHz-O/
15 wherein Y is a halogen, preferably chlorine, or another good leaving group

and the phenol of the general formula:



All patents cited by reference are incorporated herein by reference. In
order that those skilled in the art will be better able to practice the
invention, the follow ng exanples are given by way of ilbggbsahbemaypd not
by way of limtation. fixanples General Procedure: A reaction vessel was
charged with 2,4-di-t-butyl phenol {0.2 nmol) with xylene (14 grans) and

war ned to about 60C under an inert at m)%)here A bi s-{hal ophesphite) of the
general formula: OGCHCHZ-Od-P CP-O" O CH-CH--0O was added (0.10 not in
26 grans of xylene) and the reaction m xture was ~ 5 nmai ntai ned at about 60
to 80C for about 10 hours. The degree of preduct conversion to the
tri-substituted phosphite was neasured by fas chronot agraphy. The fi nal
phosphite was crystallized from acetoni+{l e or isopropyl al cohol. The
resul tant phosphite had the for s 2-O0R OO P~OP

O CH-CH-0O R3 R R2 26 Septenbe 1 erein each R and R2 is
t-butyl and R3 is hydrogen. The yield 28. 7% based upon the anount of

bi s- (hal ophosphite). Vacuum Procedure: Theryeneral procedure was carried
out with the addition of a vacuum of about 25 inches of nercury was applied
after additiviereifh edzh R's(RralaphdPphs tinjiependerelys electenh frévht ¢hhe ghoup 8
hours, the sane resu tant phosp obt ai ned with a yield of 76.5 %
based upon €Qfsi r%e’é(ﬁ‘&qb‘ﬂ @)@‘}Yirl'%‘@}"’l’ Y E50aPRAPY L eixdomity le t-bustitdntst r at es

E/quﬂrr;egggf%%g&%_ g&gﬂ)\f&%&@ A t(t}réml G2 tbg‘:t_gpt ained with the use of a

5 Generally with organic phosphites, the displacement of the third halide

is considerably slower than the displacement of the other halides, however,
the displacement commonly proceeds to afford high conversions to the tris-
substituted organo-substituted phosphite. In the case of the pentaerythritol
dichloro diphosphite, the reaction with 2,4-di-tertbutylphenol is extremely
10  sluggish and proceeds only to about 30% completion after more than 10 hours
when neither vacuum nor catalyst are utilized. Surprisingly, under the same
reaction conditions, applying a vacuum of at least about 10 inches of mercury,
preferably of at least about 15 inches of mercury, and most preferably of at
least about 20 inches of mercury, to the reaction mixture leads to at least
15 about 75% conversion in about 8 hours. The magnitude of the increase in the
conversion is quite surprising when compared to a control that does not
utilize vacuum. Moreover, the high conversions can be achieved without the
use of amine catalysts and the concomitant amine halide salts that must be
removed from the product. Itis also possible to use a combination of vacuum
20 and catalyst to achieve even higher and faster conversions albeit with the
necessity of removing the catalyst by-product. It should be clear that in a
preferred embodiment of the present invention, the esterification reaction is
carried out substantially free of, and more preferably, free of esterification

catalysts.



These results are unexpected because HO is very volatile under the
reaction conditions such that applying a vacuum woul d be expected to have
little effect on the rate of conversion. 26 Sept enber2@86gtedbetid021. A
process to produce an organi c spiro bas-phosphate, wherein said process
conprises heating a reaction m xture containing a bas-(hal ophosphite) and a
phenol i ¢ conpound and appl ying a vacuum of at |east 10 inches of nercury to
the reaction 5 mxture. 2. The process ofllclaim 1, wherein

bas- (hal ophosphite) is of the general formula: ~-CHCH--O 10 y-p\ CP-Y O
CH2CH2- O wherein Y is a halogen. 15 3. The process of claim2, wherein the
bas- ( hal ophosphi t e F@C@pnthifgwgéﬂ Peataerythritohandpbosphorys wihalide-to G c

O OO 2 e BA 53 B gt By BRG TR 2, ”!
o, ool et EQRGeLANRE i) Tl i i il
t-hexyl, cycphbsphdrus hatides ot deeivatives anuy be ased] GénerallylRCRIi9added @b
S0 e " 3" the pentherythritol or aliernRavely, the pentaérythritol can be hdded to BCl.
Preferably the PCls is added to the pentaerythritol with the reaction mixture
being maintained at a temperature of about 5° to 50°C. The reaction is
exothermic in the absence of a solvent, but a temperature moderating effect is
produced by the cooling effect of vigorous HCI evolution. Hence, by effective
10 control of the addition of PCls, the reaction may be made self-regulating in the
temperature range of between about 5° to 15°C. A slower addition favors
lower temperatures and it is preferred to cool the reaction mixture during the
addition.  Control of reaction temperature helps to minimize the
aforementioned by-products. A slight excess of stoichiometric amounts of
15 PCls is commonly utilized.

When a solvent is utilized, it is important that the solvent be neutral to
the reaction ingredients and by-products. Typical solvents include, for
example, toluene, heptane, xylene, methylene chloride, chioroform, and
benzene as well. as hydrocarbon solvents such as ISOPAR and NORPAR.

20 Preferred solvents are methylene chloride, heptane, or xylene. The level of
solvent can vary widely depending on a number of variables including, for
example, the reactor design and stirring capability. Determination of an exact
amount of solvent is readily determined without undue experimentation.

This reaction can be driven to completion and the residual halide by-

25 product, such as HCl, may optionally be removed by gently raising the
temperature of the product to room temperature to about 50°C. Any solvent

utilized is generally at least partially removed, typically by application of a

e



wherein each Rl, R2, and R3 is independently selected fromthe group
consi sting of hydrogen, nethyl, ethyl, n-propyl, iso-propyl, n-butyl,

t-butyl, t-anyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, apgiSéptaabar2002th the
proviso that at |east one of R and R2 15 is t-butyl, t-anyl, t-hexyl,

cycl ohexyl, cunyl, t-pentyl, or t-octyl, and R3 is hydrogen. 19 26

Sept enber 2002 6. The process of claim1l, wherein the spiro bis-phosphite
is of the formula: 5 10 15 20 R~ R~ O CHCHR-OR OOP~-CP-OOR

O CHCH--O R3 R3 wherein each Rl, R2, and R3 is independently selected from
the group consisting of hydrogen, nethyl, ethyl, n-propyl, iso-propyl,
n-butyl, t-bedcepumt taamsuretcomeplete remobahek e hydrggen halidetby-praditt to
t-octyl. 7. The process of claim 2, vvhe{el n the Spl ro bis-phosphite is of

the fornul a:viRld & idermediatepentarrvehritol pis-phasphorshrlidite medoet.- O R3 R3
Cons: St ng_of -yl B BRETmERiAF Péﬁf’qﬁfﬁ"ﬁoﬁ%@wsp EohalicRiR prociuih i fext
t-butyl, - 2fidwed tHTeALe witHCh HYRiF by stbituted - yﬁmox‘hd @9lega<%ﬁ£yc|esweah the

provi so that at east one R “and s t

cycl ohexyl , isupbtitutegeotgdnic ophdspiditey| Thandaétion sbdtwaengeiv 18teriﬂa=_eha&éocess
of claim1, wherein the grocess further conprises heating the bis

( hal ophosphi peftaexbrifple 6f?ﬁ9%ﬁ?ﬁ‘éﬁﬂéﬂ’éﬁﬁ dPT?WéCtpé'PSl' e hy duexpesubstituted
PV ot BT 5 FAGRe RHRSE Pl S Bt

of claimi, X%?Fc?&&k@tﬂ@‘iﬁtéﬁr@ﬁlﬂb PRSSPhotShAIGRE byOne By HitYodiRing HAE

hvdroxy-substituted compound followed by applying the vacuum to the

10 reactor. Additionally, the color of the final phosphite product can be

controlled by the addition rate of the intermediate pentaerythritol bis-

phosphorohalidite product, with a slower addition rate leading to less color in

the final phosphite product. An appropriate addition rate can be readily

determined by color determination of the final product and depends also on

15 factors such as the exact reaction conditions, ratios of ingredients, and

equipment utilized. Regardless of the order of addition, the reaction is

generally carried out at a suitable temperature between about 20° to about

175°C and preferably between about 60° to about 155°C. The pressure of the

reaction system is maintained at a vacuum of at least about 10 inches of

20 mercury, preferably of at least about 15 inches of mercury, and most

preferably of at least about 25 inches of mercury to atmospheric pressure. The

purpose of the vacuum is believed to be to assist in removal of the hydrogen

chioride from the reaction mixture during the esterification reaction. Typical

reaction times to substantial completion are up to about 24 hours.. Preferably,

25 the temperature and pressure conditions are selected to afford the maximum

amount of product within a time period of about 8 to about 12 hours.
It is during the reaction of the pentaerythritol bis-phosphorohalidite

and the hydroxy-substituted compound that when an amine catalyst is

A
i



21 26 Septenber 2002 11. A process to produce an organic spiro

bi s- phosphite of the formula R~ RO- P OCHC H-OP_i~i OCHCH-0 R3 R
R wherein RL and R2 are each 2,4-di-tert-butyl and R3 26Septembefedf02nher ei n
sai d process conprises heating a reaction m xture containing a

bi s- (hal ophosphite) of the formula: 10 G Cl -~~CH-0O Y-P~ C P-Y O CHZCH--O
wherein Y is chlorine, 15 and a phenolicjigonpound of the fornula: R~ R= ~
OH R3 20 wherein each RL and R2 is t-butyl and R3 is hydrogen, and applyi ng
a vacuum of at least 10 inches of nercury to the reaction m xture. 12. The

process of C&@liiigdlﬂlwat‘%ﬁé'&&ﬂés%&‘i‘di?g@ﬁh%rﬁﬁ& af«d}%ger{ aﬂﬁﬂd%rlga%wﬁﬁeas 25

mai nt ai ned between 30C and | 40C The process claim erein a

vacuum of atbdtessh thé pohaherc afnineandthe hydrbgen eldotiderbyvprbduice (chloride 26
Sept enber 2002 14. The process of claim 11, wherein the conversion to the
organi ¢ spi rig dessphed dmrein as Pl iedhe mostcaften disegs stapting dwmdophasphite).

i th wh .8 h | ' . ' h
Cerper at ur o Bfones PRPERE HHvePE o lse iR biRaes S35 s iiratag
A AL ASE . b (e AR3chion niikburdlwhich alsd 46\ Oeritaf MY a process viewpoint.
A A9, . A8Ay. AU. Ahl 3. ARE . AyhR543: y} >$CA5

Therefore, it should be clear that the present invention includes a process that
is substantially, and preferably free of amine catalyst.

The final proportions of reactants are at least approximately
stoichiometric. It is often desirable to work with at least a slight

10 stoichiometric excess of one of the reactants to help drive the reaction as for to
completion as possible. It is often beneficial to employ a molar ratio of 2.0 or
greater of the phenolic compound to the bis-(halophosphite). In a preferred
embodiment, the ratio of phenolic compound to bis-(halophosphite) is in the
range of about 2 to about 2.5 to 1.

15 The reaction product can be dissolved in an 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
organic solvent. Typical organic solvents include hexane, heptane, octane,

20 isopropyl alcohol, acetonitrile, toluene, NORPAR, ISOPAR, and the like. The
phosphite product can also be purified using melt crystallization techniques
or combinations of melt crystallization and solvent crystallization and/or
precipitation.

When the phosphite stabilizer is isolated in crystalline form, the

25  present invention contemplates that it may be utilized in solid amorphous
form. The amorphous phosphite composition is formed by rapid cooling of
melt of the phosphite. Such melt may be a mixture of the phosphite and
polyamine which is rapidly cooled to form a solid amorphous phosphite

Y
X
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least one of R! and R2 is t-butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, or

t-octyl, and R? is hydrogen. In the practice of the present invention, as

especially preferred organic spiro bis-phosphites is of the formula:
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wherein each R! and R2 is t-butyl and R* is hydrogen.

All patents cited by reference are incorporated herein by reference.
In order that those skilled in the art will be better able to practice the
5 invention, the following examples are given by way of illustration and not by
way of limitation.
Examples
General Procedure:
A reaction vessel was charged with 2,4-di-t-butylphenol (0.22 mol)
10  with xylene (14 grams) and warmed to about 60°C under an inert atmosphere.

A bis-(halophosphite) of the general formula:

0O-CH,CH;,-O
/N7 A
Cl‘—'P\ /C\ /P—Cl
0-CH,CH,-0O
was added (0.10 mol in 26 grams of xylene) and the reaction mixture was
15 maintained at about 60° to 80°C for about 10 hours. The degree of product
conversion to the tri-substituted phosphite was measured by gas
chromotagraphy. The final phosphite was crystallized from acetonitrile or
isopropyl alcohol. The resultant phosphite had the formula:
R! R\
- CHIGHEO, 2
R® O—P C P—0O R
\ 7\ /
0O-CH,CH,-O
R R3

Lot
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glo?&yg () %Lg(er%xr? eacotllElgFanlc(i) R? Ilsst-l:)Lt(z)to{fdl&ax('\z:l_R3 12 E‘;’rﬁggg‘eé ):l‘hé )ylelg Ow/:r&as %8 7%
based upon the amount of bis-(halophosphite).
Vacuum Procedure:
The general procedure was carried out with the addition of a
5 vacuum of about 25 inches of mercury was applied after addition of the bis-
(halophosphite)/xylene solution. After about 8 hours, the same resultant
phosphite was obtained with a yield of 76.5% based upon the amount of bis-
(halophosphite).
The above example demonstrates the unexpectedly high conversion
10 that can be obtained with the use of a vacuum applied to the reaction mixture.
These results are unexpected because HCl is very volatile under the reaction

- conditions such that applying a vacuum would be expected to have little

effect on the rate of conversion.

T
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10""yS, 109%<& ()-L("10%<& ()-1."10%<<& ()= ¥ 10%c&' A )= - Yoo . LQY&, ().~ ! Yot 109&
") - aaaaaasprites SgAGe retod TURER, b it el ano T o fuenele
compound and applying a vacuum of at least 10 inches of mercury to the reaction

5  mixture.

2. The process of claim 1, wherein bis-(halophosphite) is of the general formula:

0O-CHi:CH>-0O

10 y—p ¢ P—Y
N 2N
0O-CH;CH»-O

wherein Y is a halogen.

15 3. The process of claim 2, wherein the bis-(halophosphite) is of the general

formula:

©-CHiGHIQ,
Cl—P, C /P'—Cl

\ / \
0-CH,CH;-O
20
4. The process of claim 1, wherein phenolic compound is of the general formula:
Rl
25 e Rz OH
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formula:

Rl

10 R3

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 with the proviso that at least one of R' and R?

15  is t-butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, or t-octyl, and R? is hydrogen.
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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.

10
7. The process of claim 2, wherein the spiro bis-phosphite is of the formula:
R R!
R? 0 p’O-c}{ZC}Hz-O\ 2
A BT R
15 O-CH,CH»-O
3
R R3

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 with the proviso that at least one of R! and R?

20  is t-butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, or t-octyl, and R? is hydrogen.

8. The process of claim 1, wherein the process further comprises heating the bis-

(halophosphite), the phenolic compound and the polymeric amine in a solvent.
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10.  The process of claim 1, wherein a vacuum of at least 25 inches of mercury to

5  the reaction mixture.
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O CH?C
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wherein R! and R? are each 2,4-di-tert-butyl and R? is hydrogen, wherein said process

comprises heating a reaction mixture containing a bis-(halophosphite) of the formula:

10 O-CH:CH»-0

Y— P\ /C\ /P— Y
O-CHxCH,-O

wherein Y is chlorine,

15  and a phenolic compound of the formula:

Rl

R3
20

wherein each R! and R? is t-butyl and R? is hydrogen,

and applying a vacuum of at least 10 inches of mercury to the reaction mixture.

12.  The process of claim 11, wherein the temperature of the reaction mixture is

25 maintained between 30°C and 140°C.

13.  The process of claim 11, wherein a vacuum of at least 15 inches of mercury to

the reaction mixture.
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