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PREPARATI ON OF SPI RO BI S- PHOSPHI TES USI NG FI NELY GROUND PENTAERYTHRI TOL 5
10" Field of the Invention This invention rel ates t (‘% Di9&ess
for the prepar Q2P organic phosphites, specifically Pé% 3
bi s- phosphites. In an especially preferred enbodi nent, this invention
refates to a process to prepare bi ¢l-di al kyl phenyl ) pent aeryt hri t ol
di phosphites from finely ground 15 pentaerythritol,
di al kyl - substituted phenol, and a phosphorous trihalide. Background of
the I nvention _ Organi ¢ phosphites are used in the stabilization
of a wide variety of pol ynmeric systens. Many different phosphites have
been proposed for use ei ther alone or in conbination w th other

stabilizers. [ | I L g ' I,n U S
Pat ent Nos. 4%?"@3& %26‘?3?%%39—%8?6@?%&5% H’kg?%f@j@7%ﬁgqﬁ%%% and
5,438, 086.5 The i nportance of organic phosphites as stabilizers has

| ead to the devel opment of a variety of specialty organic phosphi t es

t hat have enhanced effectiveness for stabilization. Sterically
hi nder ed organi ¢ phosphites, and in particul ar di phosphites 25 based upon
pentaerythritol and containing alkyl, aryl, or alkyl-substituted aryl
groups wherein the substitution is selected fromthe group consisting of-
t-butyl, t-anmyl, t-hexyl, cyclohexyl, t-pentyl, and t-octyl, are especially
desirabl e conpounds due to their enhanced hydrolytic stability, ease of

handl i ng d pbElity. With a wide varietv of polyneric systens. The 30
bi s(2, 4- diEH-;lt e?{%@ﬁ?@‘?‘gwy O}L}Aent aerythritol diphosphites are also especially

This invention relates to a process for the preparation of organic
phosphites, specifically spiro bis-phosphites. In an especially preferred
embodiment, this invention relates to a process to prepare
bis(dialkylphenyl)pentaerythritol =~ diphosphites from finely ground

15 pentaerythritol, dialkyl-substituted phenol, and a phbsphorous tri_halide.
Background of the Invention '

* Organic phosphites are used in the stabilization of a wide variety of -
polymeric systems. Many different phosphites have been proposed for use
either alone or in combination with other stabilizers. Such phosphites and

20  their utilities are described in U.S. Patent Nos. 4,371,647, 4,656,302, 4,705,879,
5,126,475, 5,141,975, and 5,438,086. The importance of organic phosphites as
stabilizers has lead to the development 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 alkyi-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 especially



- 2- preferred for their inproved hydrolytic stability over other alkyl
substituted phosphites as well as their enhanced conpatibility with
some pol YIer iyeo ogss2915€Si NS, especi al |y pol vol efins. The organic
di phosphites are generally prepared using nmethods 5 i nvol PETYS902084 i ons
bet ween the appropriate hydroxy conpounds and phosphorous tri halides,
e.g., phosphorous trichloride. Such nethods and ot her useful nethods
are described in U S Patent Nos. 3,839,506, 4,116, 926, 4,290, 976,
4,440,696, and 4,492,661. The ease of "substitution of the halides on

t he phosph cpmf:sredrﬁoh &hdid'anpl@&eé &ydeolysc stabilith aVémt&heralkymmaﬂ:tedzor

exanpl e, repar a of bis(a taer thritol hosphi tes,
the pent aerRll‘ﬁP f “Qﬁ eéﬁ‘F’é%% F@ﬁ/'?% 5 ﬁo%ﬂmag’dﬂs
trihalide tgsg ﬁeéi’anvpol@éléﬁﬁﬂ substituted haI 0 phosphr te (i.e., an

I nt er medi at e d| bsti't'uted di phosphorohalidite). The di spl acenent of
the third hal o Jheuprgesid séphasphites are (gemarallyapreparechdusing coethoder abl y
slower in rate. . Additional acenent e thi rd hal o, group by a
stericaldy RVoyIE JHHORS| é&?%’%ﬁ‘%ﬁ?@”&ﬁ"ﬁ?ﬁ Jm%f'°’§'ncf° au?‘?‘es el evat ed
tenper at ur :ﬁh Eﬂét‘?ﬁls Usifialides? eGAl phosphorous trichloride. | SuéH dRithddd hlgr ease the
rate of n and the degree of Conpletion for displacing the third

hal i de WI t rnthexsusﬁfmlcmbﬂyodhlamddﬁmlbﬁéllatWS DatentoNes. 3839&@%&%\6}%’& have been

general ly e.a e N vating the
reaction m‘i(#%irgégt %‘h@éé%t ﬁ’?‘ihgaggflhgr%es%%? 9%‘?/%?3 (!%%J’r? ﬁﬁrheé’@hdgs b acceptors,
e.g., am nege droed ilthlide detRasts 26 lehélehalide Mr?lad%ﬁt Ftir eh@Pple,

3, 281 506, 4, 237, 075, 4, 312, 818, 4, 440, 696, and 4, 89

Gener al Ilg i in the @repasation okibisfassjnentassitiyitol dinhosphitaspthet peataarithsitobl | he

procedures pr, ar I_n b’l&%ﬁ I e r es
I ncl udi ng d‘8a§% réﬁ({lﬁctlheﬁéets w]erel ﬁb{ ftﬁ ydr%’x;}l)éf onga singl e
pent aer yt hrbisisubstitutdthv e haleaghesphitd i.eneam himerhmdﬁats ti-sutstituted

Addi tionally, various ol yph s hite are also formed | eadi ng
to | ow conv@iPbpsphorehalidite). The displac ég'ﬁc‘?'“g BEWR iSileRg tBA®sphite

mi xture conﬁwa a3 5 deramgmmathsA%rﬁ&mwd@méerﬁéﬂttofto puri fy

and the res osp |te
15 the third halo group by a sterically hindered phenol is even more difficuit 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 the 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-
phosphite is extremely difficult to purify and the residual halo-phosphite can



- 3- lead to acid inpurities that affect the long termstability of the

desired organic ' phosphite. Vari ous processes have been
described in twogprskag art yet: each suffers from sone un }'@92 Ssa
limtation. For exanple, U'S. Patent 4,739,090 5 describes a p Sy
utilizing xylene as a solvent. The fi nal product is isolated by

filtration and the filtrate can be recycled. This process is deficient in
resulting in at |east about five percent G m)re irrpurities that require

further crystalllz tion to }/ ﬁhls ?fs gnt on the form
of the pent Q%‘HQLW ’c’BPu%?‘FSIt q‘hﬂ'te 8“5 m’1 e desired Qyganicpy; ent
5,103, 035 descr}h%(; OW tenperature react I on condl tions in chl ori nat ed

sol vents. This *pro ess is undesirable due the difficulties in safely
handl i ng chl ori nat ed/asmhvpmb&sswdhaae beerodescribéd amtheltasortart et aath bufferd i n

or der to bring the fin odyct out of_ sol utian. .
Pat ent 5, 438, 0§6°%e§%m? @%ﬂﬁﬁ&ﬁ%@&? etieF nﬁf‘a&ﬁ‘%ﬁoébﬁ Fé?ni§%§5(§8 upon
pentaerythritol 4 % ﬁk&‘éérﬂdlﬁ le a?édlvéxﬂem'equ}amduct 159&%'@5 i's

first reacted w or ous e followed by all ow ng
reaction with ttb}&fimmﬁcﬁeagd tthe tfrltrater:arsbprrec:\eieﬁ aflihgy gmi:essnisyd#xmlyu el d

d id b f th of whi t abl e
'Ti s ther of or CREBABARAL (naabah BEe PEGRE| PRIGETS BRMERGE Hah“eRHEF BUARFT20

processes for :rﬁr%@l of golp%(tg;tal,gqgldgﬁprbyll *RE VoR@l Yok NiHet Ol
di phosphites, an hzgé%gg{ogl fl%v% IS '1'51:4 di -tertbutyl phenyl) pent aerytehrl t ol

di phosphite, thpénmefmmmmdaﬁmmcﬁomned diffi cuI t | es. Summary of

t he I nvention tion re rocess for
the producti'®n of 25"‘50?@’5“7%'?@3 ‘SGSF@’ QB%’pWHP& fe ’Fﬁaf)té‘?ﬂ‘é v%"g 5 ol |
phosphor ous ”'élg hﬂ%ed@ﬂﬁents This ﬁ%@éﬁ&yhna@ﬁaaléummﬁums iR EFERT abl y
a sterically hin phenol wherein the pentaerythritol has an

average parti cl barsiling ahioriniated sateentsrand gisecond solyant hastp be utilized in order n a

first enbodi ment of the sen nve ti the pentaerythritol, 30
phosphor ous tr&?a q‘ea{ﬁﬁ Gt ¥ Q @Wﬁ S ni ng conpound are al l owed to

US. Patent 5,438,086 describes a process for making diphosphites
15 based upon pentaerythritol and 24-dicumylphenol wherein the dicurnyl

phenol is first reacted with phosphorous trichloride followed by allowing the
reaction with the pentéerythritol. This process afforded only a 66% vield and
acid numbers of 2 to 6, both of which are unacceptable.
It is therefore apparent that a need continues to exist for improved
20 processes for the preparation of bis(dialkylphenyl)pentaerythritol
diphosphites, and especially bis(24-di-tertbutylphenyl)pentaerythritol
diphosphite, that overcome the aforementioned difficulties.
Summary of the Invention
The present invention relates to a new process for the production of
25  organic spiro bis-phosphites from pentaerythritol, phosphorous trihalide, and
a hydroxyl-containing compound, preferably a sterically hindered phenol,
wherein the pentaervthritol has an average particle size of about 250 microns
or less.
In a first embodiment of the present invention, the pentaerythritol,
30 phosphorous trihalide, and a hyvdroxvi-containing compound are allowed to



-4- react together in a hydrocarbon solvent wherein the pentaerythritol
has an average particle size of about 250 mcrons or |ess. .

In a second eghQagh t of the present invention, the pentaerythritol,
phosphorous trihalide, and a hydroxyl -contai ning conpound &C&Usydasesad to 5
react. together in a hydrocarbon solvent in the presence of a catalyst,

wher ei n the pentaerythritol has an average particle size of about 250
m crons or | ess. In a third enbodi nent of the present invention,
.the pentaerythritol, phosphorous tffhalide, and a hydroxyl -containi ng

cormpound ar e ré@ct @iReherGn a hydreasrboh @ERehE wiielein thY YeRGRFRAAI HaYGAL | N the
presence of an amne catalyst, 10 wherein the pentaerythritol has an

aver age part averege parsiclersizens abope2pOmisyransor less. or | ess, and wherein the

am ne catal yst is;ca le of, formn n_amne. .h ochloride.salt that
is soluble in thelnrl@g%%egr%br? &;SFI\‘/te tt.iaie p?esen?mvennq:%qée PSﬁﬁaFW%érh‘Hgdi ment of
the present ipRY&SHorews triHatideedide® hydiviyl-eintaining FUMISHE AéallbiWeldabi de, and

a hydroxyl -cont ai ni ng compound are”allowed to 15 react together in a
hydr ocar bén gescy tagethes i p hiydracaebosesolvent in thei presenge of agatalyst, yhereige

particle size of QU &%(] Cr al-lfcﬁ.s' eatggf) Lon.

t enperature ?}éeﬁz%‘?% al ne zfgaﬁgggﬁgggn Sbou Ee’gfﬁgeqﬁlﬁ‘%‘?’}“f#és-
pentaerythritol In ahhizdhestodimestiofthe present invention) the fpefhfabry@iiddeli ment  of
the present invention, the pentaerythritol, 20 phosphorous trihalide, and a

hydr oxyl - con®Papsrhegorsiislide adea Ay Aeylicqriaining corapaund greallepeddear bon
lvent in t f ' ey ; ,
solvent I'n ?gﬁcpk L §n @' hyRito ggér}Ffdg T iX the Bﬁf’gggrg@d? a; 5admnE tEgta\lvst

pent aeryt hri an average Sl ze out m crons ‘or | ess,
wherei n tie arlieBeindhé peytaérvilmitohhasddreavafrageoparticlg size o abost IHPdhierdilsor i de
sal t that is soluble in the hydrocarbqgn solvent, and wherein the
reacti on 25 OF dfffe @Bl Whereln the qmghe catalyst |13 capahie pf AS5ming 6N AN unt i |

the pentaer y%@{it&cﬁioﬁde salttRs i??d?ﬂblﬁ%tﬁ#erfﬁtgrocarbon solvent. | N @ sixth

enbodi ment o e present 1 nvention, entaerythritol, phosphor ous
trihalide, and a hyafaxyh esbodimerntraf the ppesentiinyenticr, [thewpdntaerythritol,r eact

together i n &, hydhocar DONL3E! ML ny S BN PEMASIA B S3WellAS "

15 react together in a hydrocarbon solvent, wherein the pentaerythritol 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 pentaerythritol
has been consumed. |
In a fifth embodiment of the present invention, the pentaerythritol,
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 maintained 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 hydroxyl-containing compound are allowed to

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



-5- average particle size of about 250 m crons or |ess, wherein the
resul t ant reaction mxture has an acid nunber of |ess that about 2.

In a seventh eroa¥serst of the: present invention, the pentaer€£W|tol
phosphorous trihalide, and a hydroxyl -contai ning conpound are "#8%88510 5
react together in a hydrocarbon solvent, wherein the pentaerythritol has an
average particle size of about 250 nicrons or less, wherein the resultant

reaction m xture has an acid nunber of |ess that about 1. I n-an
ei ght h enbodi nent of the, present invention, the hydroxyl - cont ai ni ng
conpound i s a pR¥sage @pr@cﬁ% sizenek abowto2H, fjcrons or less, wherein the resultant
Lerr] }Q&%ﬁ@ﬁ&&%@hﬂ%é& e?]:i]le Blshith | s 1ndependently
sel ected fromthe group cConsi s rogen, nethyl, ethyl,

n- propyl, iso-propylin ansdwmﬁ embodi)ma‘it of the preseramentionh&i%entféﬁﬁﬂﬁﬂxw

cunyl, t-pentyl, and t-octy In a ninth enbodi nent of the
present inventi @hOSRh‘PéU‘FFyH%@‘QFf- ar!taéwﬁwﬂrm@tamsmougdarw&md & the
general formyl a;

wherein each” R[ éeracf fo ,a hv%ro&Trbon sOh’enlt nvéléeﬁglr?dtehnet enta thr 2 dﬁ% romthe
group CONsiagérapg phihdly@iz:ugeﬁ,aboﬁ 250 miedolny | or resﬂrwm!ie,m ltli@fesxmﬁn{
n-butyl, t-butyl, t- anyl , t-hexyl cl ohexyl curryl t-pentyl, and
t-octyl with thée$F%F§6“¥ﬁ§P5§%a§énPB§§f°é?§ #pomtd; and Rlerr] is

I'n an tenth enbodl rrent of present 1 nventi
cont ai ni ng conpaeoneiring eompemmd iscf phiemel gfauhegaherhtﬁbmluw

Rl

t-butyl, t-anyl, t-hgxyl, e‘%ﬁ‘&l QARBOdimetUBY lthe é:r@s%ﬂhﬁhﬁer’ff{on),( ytP_e By 6kt -

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-butyi, t-
amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl;

In a ninth embodiment of the present invention, the hydrokyl—

—
a

containing compound is a phenol of the general formula:
Rl
OH

< |

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, cumy], t-pentyl, and t-octyl with the proviso that at
- 20 least one of Rt and R? is t-butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, or
t-octyl.

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

containing compound is a phenol of the general formula:



WD 99/ 52916 -6- [err]
wherein each Rlerr], Rerr], and Rerr] is independently select:ed fromthe
group consw&%g,agmof hydrogen nmet hyl , ethyl, n-propyl, iso-propyl,

n-butyl, t-butyl, t- amyl , t-hexyl, cyclohexyl, cunyl, PCHUSF0S4and
t-octyl with the proviso that at 5 Ieast one of R err] and R err] is
t-butyl, t-anyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, or t-octyl, and
Rlerr] is hydrogen. In a el evegth enbodi ment of the present

i nvention, the hydroxvl - cont ai ni ng conpound is 2,4-di-tertbutyl phenol .

In a twel fth enbodi nent of the present inv®ntion, the organic spiro bis- 10
phosphite nade by the process is of th romul a: [err] wher ei n
each Rlerr], Rerr], and Rerr] ig,in dently selected fromthe group
consi sting of hydrogen, nethyl, eBhy \ roQ}’l , 1so-propyl, n-butyl,
t-butyl, t- anyl, t-hexyl, cyclohe cunyl, t-pentyl, and t-octyl. 15
In an thirteen enmbodi ment of the present ighvention, the organic spiro
bi s- phosphite nmade by the process is of the for mul a: [err]

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

5 least one of R! and R2 is t-butyl, t-amyl, t-hexyl, cyclohexyl, camyl, t-pentyl, or

t-octyl, and R? is hydrogen. |

In a eleventh embodiment of the present invention, the hydroxyl-
containing compbuhd is 2,4-di-tertbutylphenol.

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

10 phosphite made by the process is of the formula:

wherein each R!, R? .'and R3 is indepeﬁdently selected from the group
consisting of hydrogen, methyl, ethyi, 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:

,O CHoCHz‘O
0 CHzCH7

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



wherein each Rerr], Rerr], and Rerr] is independently selected fromthe
group consi sting of hydrogen, nethyl, ethyl, n-propyl, iso- propyl
n-butyl, t-butwoods2i0 anyl, t-hexyl, cyclohexyl, cunyl, t- penn}/ "
t-octyl with the proviso that at - SoonToss
-7- | east one of Rerr] and Rerr] is t-butyl, t-anyl, t-hexyl,

cycl ohexyl, cunyl, t-pentyl, or t-octyl. In a fourteenth
enbodi ment of the present invention, the grganic spiro bi s- phosphite
made by the process is of the fornul &
~wherei n each Rieast pnapiRiand k2 is §‘Wﬁdeﬁ)§ﬁﬂ’eﬁ'?‘?§yls@f%e§lﬂl ERBH, tt‘ﬂ?énb' «SUp
“consi sting QL“Hethyl ethyl, n-propvl, iso-propyl, n-butyl, t-butyl,
t-amyl, t-hexyl, ’ cyclohexyl cunyl , t-pentyl, and t-octyl, and R[err]
i s hydrogen. In alfburtedrnith t:mbbtihnmfbﬁdherpféseﬂn‘mt/h&xq@t eiedrigahid\spitbi on,
the organic splro 10 _bis-phosphite nmade by the process is of the ornula
[err] xsmbmmt%a%#ha[t%\eaw%alqufm ormyua:. hutyl and Rerr] is

. hydr ogen. In a sixteengh enbodi ment of the present i nvention, the

conversion in the process t/0 the organic splro - phosphi tes of the
formul a: O CH»CH;
| o CH»CHz o

wherein each R! and R? is independently selected from the group consisting
of methyl, ethyl, n-propvl, iso-propyl, n-butyl, t-butyl, t-amyl, t-hexyl,
cyclohexyl, cumyl, t-pentyl, and t-octyl, and R? is hydrogen. _

In a fifteenth embodiment of the present invention, the organic spiro

10 b1s-ph05ph1te made by the process is of the formula:

O'C}{zCHz
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 CHzCHz‘O
0 CH?CH‘; 0

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

15

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%.



[err] wherein each Rlerr] and R err] is independently selected fromthe

group consi s

ting of nmethyl, ethyl, n-propyl, iso-propyl, n-butyl,
t-butyl, t-amyboesimiiexyl! . cycl ohexyl, cunyl, t-pentyl, and t-octyl,
R3 is hydr ogen is at Ieast about 50% PCT/US99/07054
These and ot her enbodi nents of the present invention wll

and

becorre apparent to those skilled in the art with the disclosure of the

present

. The present
phosphites i
R

n-propyl, is

cunyl, t-pentyl, and t-octyl. In general organic phosphites are

typlcally pr
phosphor ous

hal i des ar¥e

containing c
15 caonpound
contalnlng c

10

20

i nventi on. Detai |l ed Desgription of the Invention 5

i nvention relates to processes to produce organic spiro bis-

s of Thesef andngther embodiments of the present inventior] will become

wherein eagh R err IS In ependently
sel ect ed frorfiPPRE® rt8u§"°se S?@EQJT‘?SI‘%ttS garbfwﬁgd&%g‘é’ﬁ OSHFENQY thepprgsent

qp&gg,yll n-butyl, t-butyl, t- 10 anyl, thexyl cycl ohexyl,

daeméeﬂbyscnpaonpﬁglednmmrous tritialide, e.g.

hlorid g h
Eﬂir!sgl rélﬁ’r?e?ﬁ“‘i‘ﬁ‘éfe‘bfh‘%v{grﬁﬁﬁ Oﬁ&%ﬁ%ﬁ%ﬁ?%@c@@)%g mﬁ aher £LT Jn t he

REsSs is dhbiefameulef. substitution by the hydroxyl cont ai ni ng

s depends at |least partly on the steri c bul k of the hydroxyl -

onpounds. Wien thR' hydr oxyl - cont ai ni iR\ conpound has a | ow
0 CP(;CH;—O
| o CHqCHz-O

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, cyciohexyl, cumyl, t-pentyl, and t-octyl. In general, organic
phosphites are typically produced by reacting a phosphorous trihalide, e.g.,
phosphorous trichloride, with hydroxyl-containing compounds wherein the
halides are displaced on the phosphorous trihalide by the hydroxyl-
containing compounds. The ease of substitution by the hydroxyl-containing
compounds depends at least partly on the steric bulk of the hvdroxvl-
containing compounds. When the hydroxyl-containing compound has a low
steric demand (i.e. the | hydroxyl-éontahﬁng compound is not a sterically
hindered hydroxyl-containing compound), the displacement of the halides is
somewhat statistical. However, as the steric demand of the hvdroxyl-
containing compound increases, increased selectivity may be obtained to
achieve less substituted halophosphites. In displacement of the first two
halides on the phosphorous trihalide, the reactions are generally facile and
proceed to completion without the need for catalysis regardless of the steric
limitations of the hydroxyl-containing compound.

In the displacement of the third halide moiety from the di-substituted
phosphorus halide, the degree of conversion to the tri-substituted phosphite



steric demand (i.e. the hydroxyl-containing compound is not a sterically

hi nder ed hydr oxyl - cont ai ni ng conpound), the displacenent of the halides is
somewhat st ati swoesdzoiéHowever, as the steric demand of the hydroxyl- 20
cont ai ni ng conpound i ncreases, i ncreased selectivity my be obtHPrea7054
achi eve | ess substituted halophosphltes I n di splacenent of the first two
hal i des on the phosphorous trihalide, the reactions are generally facile
and proceed to conpletion wi thout thg.need for catalysis regardl ess of
the steric limtations of the hydroxyl -containing compound. 25

In the di spl acdsremdverselyt Ia&ectladr‘uv mmmomdmayom o bath the dirsebstitutedd

Phosphi 1o phosphores R 13 T8, 7 RpRieb Beife o et ne HAE W ons of
both the di - sulgl,hiteeaimines, a@sﬁ&%ﬁﬁﬂ@@éd ﬂfetﬁws&tttbembreagémé degrab ajfni ng

conmpound. Catalysts, i ncluding amnes, are often enployed in"the art to
“increase the degneersivh to th%’cnm@bsgmtﬁdmh%mtet r Unéorbunately: emxpmgasplnmse

nal e Sal ¢ 3 npErLEaen: 1R g Bi? ShRentaie SR it b B fhe GesfiBiRg ana

purification Stm teb@oﬁll aﬁaa&em pultificationi S¥IEPEE midk® B@'ﬁndertaken to I'n
one preferred enb nt of fhe present i nvention, the am ne cat al yst

is selected sucﬁemdvalthemt resul tant am ne haI ide salt is soluble in the 10
reacti on sol vent. T|s av0| Vi n i fy t r t to
R M e

remove the salt. y vary e ‘exac ol vent

utilized, hO%V@a&alvstsefsabc@atsahu $hat the eésmtenamﬁehmmemme sofubldh et t hat
remain soluble in the reaction m xture. Especial |y preferred am ne

catal ysts 10 |resttinfesolvent. eXhispaweids havipg-te ruyify he lesiapd) end-product to

tri-(iso-pentyl)anii 5‘-“83@8% chﬁag}éfupe%&a B\fﬁgﬁfﬂéﬁg ofx!?ﬁ‘e g%aﬂ?golve £

catal ysts, espe al ys remal € reaction

m xture, are al §m13¢a¢hbbvelv§r,tﬁh‘éﬁﬂr@wy¢ts frichadis all those known mEﬂﬁva-klthg t he
reaction mxture is also known in the art to_assi driving the

reaction towar deemeainselablein thereashon midurss Esperigl ?ISP§3 ferred g satalysts

o ov el 50 DEBkRSY K deBlpie LK RAbiR SEREISL HomDRAR, chotbule

formulas: 15 betledr, however, the other catalysts, especially catalysts that remain soluble

in the reaction mixture, are also useful in the present process.

Elevating the reaction mixture is also known in the art to assist in
‘driving the reaction towards completion. In the case of spiro bis-phosphites |
derived from pentaerythritol, elevating the temperature above about 80°C

20 leads to increases in the level of byproducts of the general formulas:

al, CH—0_
P——o—CHz—c—cnzo—
a’ ‘cB—0 g
¢ $
7 7
S
G—0—CHy—C—CHy~0—P—0—CH;—C—CH;—0~G
CH: CH,

0O-0
O—Q—



-10- wherein Y is hal ogen or another good | eaving group and each G can
I ndependently be a phosphorous or hydrogen increases as the tenperature is
i ncreased beygpdegfaput 80[err]C.  Wen G is a phosphorous, various

pol yphosphi t e conpounds are possible. These byproducts and REIYuse9esoss | ar 5
by-products are difficult to renove fromthe desired spiro bisphosphite
conpound and can have a negative affect on the stability of the desired
spiro bi sphosphite and accordi ngly gpe ext renely undesirable.

It was quite surprising to discover that "the use of finely ground
pentaeryt hrit etheé¢in Y eizdhalpgelt ioreandthercgbed i lbaviff i @oupeasd icath t@Wands 10
conpletion. In the present process, the pentaerythritol has a relatively
poor sol ubrdepepdentily be-a paasrhogers RFhylrogeniarrerses agjthe temparatuse is
phosphites, tEk di. s b~t he g | Ldeq] | d |y sl ower
t han the di splrﬁg%eear%crl\ bé-‘mn%g?%?ﬁ{e gﬁér a ?‘d;tsﬁghgmg\l}g%’,}fo?ﬁ%'d?érgqmgcerrent
commonl y pr oc geliphosplite @mboundsharg possible.c Thesertsrprodidie aihd othed ghfildrt ut ed

or gano- substituted phosphi&gﬁ LFQ the 15 case_of &eé_gt aerythritol and
sterical |y Shi hydredusisaxe| diffiquifotq gempye) frora the desired o3pifq, bisphgsphite and
proceeds only 9 ' TP ; LS. when
nei t her vacuur‘f%%gragggt%g?%sﬁ? l:lgir;ge)ll S‘tgffﬁq’f?gfe@gs%'?g{e%?bﬁ%?y‘%me &&G%gégﬁa ﬁ-t"Jhe sane
reacti on condibisphosphitesmdakccdridirgly arprextrethebeudssirgbler i t ol i n t he
reaction m xture |l gads to.dranmatjc ipcreases j.n 0f  conversion as

the rate
20 conpared to the ¥aidHE SHprERe P SSEP YT %ﬁcfpfi‘ﬁﬁfﬁjgf‘ﬁléf 3"'°““_d
pentaeryt hrit Qlantaerythiidl Ba® ?ea!dﬁgg‘i{ri\ﬁyech@%st%ﬁédﬂ%e réhctfon  tBWatdsne! ¥
ground is neant “ pentaerythritdl having an average particle size of -
about 250 mi cromplationl dashe presept pfozessbthe pentagywidiritdl3tsra wlativelyopodress, and
nost preferabl f.about 75 .. mcrons~or l.ess...The magnitude of .t he
i ncrease in tﬁél"g’l}}’me‘f‘sﬁtlﬁnﬁagu?fhi’?eé{‘?S G%’I?F?)lfvl ity °W?é%°gcl?bﬂf¥§¥t$& the a
control that qagiadefentbf thedRirdl hARAY isToRsidErably sloweihaf thé Risblabmettt | S
al so possible to use a conbi nation of .vacuum and catalyst with the
finely ground ot ethes/halides.howeyendhe displasomentfogtraenlyproceeds tg affordr

conversions. \hen v | e d: . I
about 10 inc hé%gl'bfmﬁ'%%g%yt? tip'uF"e ée’ré'g:%fl§llI to‘? oﬁh%tgﬁﬁ%gﬂ%tﬁcﬁg?eof :
nercury, 3} sk WOSperitderVthiridl wndf staticdllyahindebseli iphéhols) ehe Teadtioneiscury. |t

shoul d be cl ear, : .
extremely 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, use of finely ground pentaerythritol in
the reaction mixture leads to dramatic increases in the rates of conversion as
20 compared to the same or simila; reaction conditions using pentaerythritol
that has a larger average particle size. By finely ground is meant
pentaerythritol having an average particle size of about 250 microns or less,
preferably of about 150 microns or less, and most preferably of about 75
microns or less. The mégnitude of the increase in the conversion is quite
25  surprising when compared to a control that does not utilize finely ground
-pentaervthritol. 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 10 inches of mercury, preferably of at least about 15 inches of mercury,

30  and most preferably of at least about 25 inches of mercury. It should be clear,



-11- however, that in a preferred enbodi nent of the present invention,
t he esterification reaction is carried out in the presence of a

catal yst that kgisisase soluble i'n the reaction mxture. The
reaction between pentaerythritol, the hydroxyl-containing 5 F&EHSBURES4
(e..g., the hindered phenol), and the phosphorous trihalide is quite
exotherm c but a tenperature noderating effect is produced by the cooling
ef fect of vigorous hydrogen halide evoI u-tlilon The phosphorous trihalide is
commonly PCl[err]. The sequence of |t| y bet ween t he aﬂ%tlon
of the i ngheevas; shathByay Bref erl’ oH’feﬁ%‘?‘& INVERHOR,;

ground 10 pen Iaced
“together in éﬁ&liféap r%?écu%ﬂqs g%sxeggﬂ;%g\e gﬁ%&?ﬁ?f%ﬁgggﬁgﬁrous trihalide
is metered in gilghle in the feadtidrivaixtw®ct.i on ni xture remai ns bel ow about

20 or 1] C Fence. byl reaehon Befiteen) Baqmeiissl o 5HR ; huBrse EmBading ous
~trihalide, Ehec&ﬁgé%@% ?fn&@d&gﬁgﬁx Eﬁﬁ%ﬁ?h@ﬁlpﬂéoué Ritahae tegles at ure

. range of beftween to 5 reaction
t enper at ur e hekjsthénioibut 2 eenpeketure modazathugoefwt ts)/pmdmdecbby the\ cedlinght

excess of stoichionetric ampunts of 0s rous e 1s c nl,
utilized. effect of viigorpus nygragen ‘Bﬁ ° ‘H@nsoh}eeﬂ 0%’ °ﬁ%‘fft?§gra’5 L%Ihe
reaction ingre a badi uBmh kasObatRaE® the ddifén of OF
exanpl e, tol ueg{’eﬁﬂ' epfg%," Pﬂ\ek%qﬂét?glr?g K E}a a@é\R nmet hyl ene cﬁl oride,

chl orof orm anqhebengedxents howdradlml elﬂewr@ctemmduﬂemhéh%dimbmgrmnd)ws for
t he desired product to bIe and fi

by o eaue: 0° ¢ gehaestthrian and e Ry KoneiRel comroutdets BRbed cashesin,
Preferred sol vanbg.eat GriftC4riEaRaly AaRIPIN pH¥spRSrous HiRdlRle i nateell iASud Xt ur es

of solvents. The anount of "t he 5ol vent ut| [ zed can var%/ w del y
dependi ng at | ¢hattthe mea;wpn mmmrheetpamés@w:apabt $0°Cy pratenably below %’S@utpmant _

and an exact a be Iy det I I i.ncl ude,
for exanpl e, 58¥ B“%ég‘z} gg\‘ég‘@)aSe ek? 'ttﬁ ef}a;r%uenémbtfd of thE o
pentaerythrit Oladaihoi%ﬁfqt{&%sphbmm&ﬁﬁuadé,%é réaetioh @iy Be hfademseltiregalatisg f r om

30 about 1:1 to about 1:5. )
15 in the temperature range of between about 25° to 50°C. Control of reaction

temperature helps to minimize the aforementioned by-products; A slight
excess of stoichiometric amounts of phosphorous trihalide is comfnonly
utilized.
It is imiportant that the solvent be neutral to the reaction ingredients
20 and by-products. Typical solvents include, for example, toluene, heptane,
xylene, NORPAR, ISOPAR, 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, épd reaction
intermediates remain soluble. Preferred solvents are toluene, heptane, or
35 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
30 about1:1toabout 1:5.



-12- After the addition of the phosphorous trihalide is
conpeted, the reaction nmay be driven towards conpletion by gently

rai sing the twoneksieur € of the reaction m xture to about 90[err] C over
about a 3 to 10 hour period. The utilized solvent may BETASININt
partially renoved, typically by application of 5 a vacuum to insure
conpl ete renoval of the hydrogen halide by-product and to yield the
desired product. The degree of conpletjen of the reaction may be

foll owed by standard techniques in this art, including, for exanple, by
liquid or gasAftér theoadditephyf the phoaphoreas ttrihalidé e ohipetadhsthant i al
conpletion are t o,-about 24 hourié Pr eferalbl y,.the tenperature and

. u . Pl .
pressure co n{ﬂaﬁ%g’ag &e dé’_rvén devardscqmpletion by, gently s2ising the ssrapsratre of
product withiigga &éﬁnﬁﬁfx‘tﬁ% to aboflt 9EBVer 3bb@ 25910 %%upgléfiéd. The
The final proportions of reactants are at |east approxinmately
st oi chi onet rifilized dolvent ofayehre atdeast pbitially cemoved, wypinalist by epplication lof ght

stoi chionetric excess of one of the reactants.to help.drive the reaction as
far to 15° cHNpFRJA ‘%Fé“?)‘é%‘gplﬁke’.e_n}%ag&ﬁgé‘gmn g‘ﬁﬁ@?ﬂf’}’f@ﬁ?‘_}‘!‘ff aRte present
I nvention, vielfgf}ﬁglagaﬁaf%au&. tTHeRRE % kéwgmn%? the Featttin May pe S |

excess of about - % based on the anbunt of the pentaerythritol.
The hi gh confollogiedrbyr siandard technisptes iim this anr includling; der eXamplpydpiiide in t he
present process are especially. . ..unexpected wh conpared to the very
ong.react | off B EOREREFPEY - Whenice) sEHeeR Hne o St RPmpleioR, o8
pentaerythri L,gle, et M hBuRD PrefeaBlyOthe tempepii@fePirl ?bb%sﬁ:"e'd&ﬁliiﬂiﬁsas gr eat
as 10 nole %" The final ProdUCt is comonly = collected via filtration
and i s washedrevdeldatesidtdi affood dhe akinwem, amount of poddied within agtisne gaticdan be
recycl ed into, ano r_estegification reaction in order to maxi m ze the
utilization 8%%%%%%3%?‘%3?&“?5 The reaction product can be

di ssol ved in an iT tfgil 0 proportiohs/ ell raadants aref idtt @dagtl ipprogifiaeeyany solid

materials. The_solvent can be renoved bé flash .. distillation_or another
sol vent r enp$tgichicmetrirqudtols 2ften desisabls o werk with ghJepsti reslighbduct can
be isol ated . ' y Aol [ LA . ' organi c
sol vent . Typipt\églﬁﬁéet?i% E%{eg%%{)%hegcglt@ée%gﬁhﬁﬁ@ %%xane?eﬁgg?gﬁg,ﬁr téo :
octane, tisl uesrepletionps poydiblal dmhqireferred tenshiaidimeit ofcthel présent inkventdon,wel | as
various '

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
unexpeéted' 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 gréat as 10 mole %. The final product is commonly
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.

(8]
n

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 organic solvents include hexane, heptane,

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



- 13- m xtures thereof. The phosphite product can al so be purified using
mel t crystallization techni ques or conbinations of nelt crystallization
and sol vent W dbgsheik| | zat i on and/ or precipitation. When t he
phosphite stabilizer is isolated in crystalline form the 5 FhTASaH70s4

I nvention contenplates that it may be utilized in solid anorphous form
The anor phous phosphite conposition is fornmed by rapid cooling of mel t
of the phosphite. Such nelt nay be a m xtigre of the phosphite and

pol yam ne which is rapidly cooled to forma solid_anpr phoyswghosphi te

conposi tion. Tmixwes - n&he Rhosgphite; Presuct ican alsth b quurifieso usipgrmelytic 10

posi i on. - THexNEr BieBe. naben 2tioge urpE
Contai ni gt he oRANRE Rtk SMUIRLRth O SR AR ROE g

process of the cprsefifitionaneybt precipitidtiose all organi c phosphites derived
from pentaerithritol and hydroxyl-containing compound of the general

fornula: [err] When  the @hesphits; skabiljzer (1 isplatad, i gstaliing formy, cthe

Uyt " pr iy Pregitt BieBEOHT CRRrBPRNE chay AP B! delhell RO BRBrpiBR
cycl ohexyl, curfgim. Theemiotphoas ghosphiteydompssition ialfosmexd bf enpielicooling of
phosphi tes, however, are_ steri cal\ll‘%/!_l hi rl1dere spiro bi s-fgtggsphi tes wherein
'Ehe ]20 hydr oxy Imelbef gihmphgsrég[wpoﬁ F‘setamlﬁ)ﬁ iy ‘%P‘“’trﬁf_ _d?}msﬂ"&‘?ﬁﬂ ia:
err J ; r 3 y
selected from tmrﬁggpﬁﬂﬁﬂ lcoﬁglms!%li%&gf %ffﬁ?ggen‘?{dne%@?t,ﬂ%teg@ ,
n-propyl, i so- pomposition: dheydmortphbus$ phturé of composition enhances the hydrolytic

10 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:

RI

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-butyl, t-
.amy], t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl. Especially preferred
phosphites, however, are sterically hindered spiro bis-phosphites wherein the

20 hydroxvl-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-propy], iso-propyl, n-butyl, t-buty}, t-



-14- anyl, t-hexyl, cyclohexyl, cunyl, t-pentyl, and t-octyl with the

provi so that at | east one of Rlerr] and Rerr] is t-butyl, t-anyl,
t-hexyl, cyclwhousbss cunyl, t-pentyl, or t-octyl, and Rlerr] is
hydrogen. In the practice of the present invention, as PETUISTNVCIbSY Y

preferred organic spiro bis-phosphites is of the formula: J[err]

wherein each Rlerr] and R er]r is t-butyl and Rl err] is hydrogen.

Al patents cited by reference are incojporated herein by reference.

In order that those skilled in the art wll be better able to practice the
i nvention, t remylot-hexyl,myclohexyll @asnyly epentyk and y-outyy with thelprevisathiadat and not
by 10 way of limtation. . | es neral Procedure:

A reaction vdetpPngatikiand Ry t'ﬁ’gﬂp myldf'b?x%lﬁ’ Wbﬁ@’rl«ﬁm’ﬁ 73pentgly or

pent aer yt hri tQenf1Nahd 'disbRedrogERUNEL HHe Bﬁ%ﬁcé B the’ PPestRE nvienfiof, 83, tri(n-
15 butyl)am ne (0.38 g) with heéptane (200 g) and wasS warned to about 40C
under an i nerespedialiysprietarred qganigispira bistphasphitesiisief the farnaulg) was added to

t he reaction mxture with yapid stirring over_ga period of about two
hours whil e mai nt ai ni ng the reaction m xture Ay about 40C. The reaction
was allowed to cont i nge—Q 0 hours. The

t 40C f®»E ﬁogition
tenperature was i ncrea @ _5@‘[ err ang-hg @ nexy2hour, foll owed
by increasing to 60[err] one h -E/\ L foll oy increasing to

| pwed a2 Qs ng tg 80[err]C for one

70[err]C for one hour and
hour. Aftey 6 hours since theRconpletion of the afidition of the

Pl [err], theWE“Fel_ﬁ er%aglgn&%igtg&;tgmgighgg{%%{\%[err] C and a vacuum of

about 2.5 S mercdry was applte he reaction mxture. After
about 2 to 3 25 hglpstentsieited BY vefetenosareindoeporated leraib®itrefedencaches whil e

t he tenperature was decreased to about 8Q[err]C. .The reacti on was
checked peri odi callnprées that those skilled in the art will be better able to practice the
invention, the following examples are given by way of illustration and not by
10 way of limitation.
Examples
General Procedure: -
A reaction vessel was charged with 2,4-di-t-butylphenol (173.3 g),
pentaerythritol that had been ground to less that 200 mesh (54.4 g), tri(n-
15 butyl)amine (0.38 g) with heptane (200 g) and was warmed to about 40°C
- under an inert atmosphere. Phosphorus trichloride (111.6 g) was added to the
reaction mixture with rapid stirring over a period of about two hours while
maintaining the reaction mixture at about 40°C. The reaction was allowed to
continue at 40°C for an additional two hours. The temperature was increased
20 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 2.5
inches of mercury was applied to the reaction mixture. After about 2 to 3
25 hours, the vacuum was increased to about 12 inches while the temperature

was decreased to about 80°C. The reaction was checked periodicallv for



-15- conpletion as determ ned by an acid nunber of less than 1 as
measured by . base titration. After conpletion, the tenperature was
decreased to alweoibesor6 60[ err] C and t he vacuum was i ncreased tgo about 21
i nches for about 2 hours. The slurry was filtered hot and THEUE ke
was washed wth additional heptane. 5 A second reaction was charged with
2,4-di -t-butyl phenol and pentaerythritol and 214 g. of filtrate from
t he above described reaction. The sane pr&#gedure - was followed for a
second reaction. The degree of product cpnver%ion to the

tri-substitut eccoptrRieion ad dasminedshy ap apld pumbeehiess HyRadHAs measyigd by

resul tant phosphite. th rfgﬁj " r &l d
Rlerr] is t- bu%kfsggthtghaﬁ%@' [ ;"f{?g ro enhoéir'l %gmggfagé}?pﬁ?g d%@x%gsvﬁ E{ éirjlmgtgi d
nunber of | ess 40¥@mand tRe vadiriny iweals dnosessed 38@bausted] inghwms fotabout 2 haorsurTheof

pentaerythritol. Control reaction: 15 The general procedure
was carried outstasyyeasdiltesed h&bb‘\‘;‘%,the wetcaliR s F"’,as‘é“fﬂawﬁg‘rﬂd@é‘ilm hepBrenad an
average partjcl ' 1 6 1ORS. [ that d i@l for
comer ci al | yg av§i %%Fde&%g%}ggﬁa;?ﬁ%gteglm@l 2'4%,}\1‘5( tbeur’%y@ggﬁ?} g%ééﬁ?ésryr eaction
time, the same &ebpl4 gnf fiitraterfrorh ¢hevabovehdescribell reaction.t Theisame prbcefufd %
based upon the anount of, pentaeryihrifol d.,a purit f 20 99.8% w th an
aci d nunber of b’.ai.f°11%de‘§§ g re,ag%qg.i’gﬁe de eB% p¥@ﬁ§EF%VGF%°“ to the
resulted in a d _@%%- | ?Wtﬁiwéoﬁlggﬁ.geg'r RRARRAYobBiohv.  Th

The above exarrpﬁgé e?ruothgt ngs t he u?lexp?ect gdl yj’h gh converg‘i%gny aend
yield that can hsubiitephosphitehad gtedotmulaaction time with the use of

pentaerythritol that had been finely ground in the process as described as
25 conpared to the same procesg utilizing pentaerytiitol of a |arger

. aver age . particle size. IO-CH\ngz-O\
R O P\ ,C\ /P R
O-CH,CH,-O
3 3
10 R R

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: N
1s 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
20 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
25 compared to the same process utilizing pentaerythritol of a larger average

particle size.



-16- 1. A process to produce an organic spiro bis-phosphite, wherein
sai d process conprises heating a reaction mxture containi-ng

pent aeryt hri t, phosphorous trihalide, and a hydroxyl - cont ai ni'ng
conpound Wher""e)"{)?IME2 e pentaerythritol has an average par PFEVE475€ of
about 250 mcrons or less. 2. The process of claim1l, wherein the
pentaerythritol has an average particle si ze of about 150 m crons or
less. 3. The process of claim1, whereijg the pentaerythritet—phasphorous
trihalide, and the hydroxyl -contai ning conpound ar | owed to react
toget her in &laimsydrocarbon solvent. 4. The process™q ””m:

the pentaerythrit.ol r Bﬂgsphorous trihalide, and th m,,,nl ng
conmpound are react together in a hydrocar bon sol Vent® in the
presence of a catalyst. 5. The process of claim4, wherein the catalyst is
an am ne capabl e of form ng an am ne hydrochloride salt that is soluble
in the hydrodar Aqroesss taaputoduSe aIT hegapiaspirosbig-phesphite whenelresaid prcndess

pent aerythritol hos ous trihalide, and the . hydroxyl - cont n| ng
conpound are al FQS‘RBB“?O%"@W odEIHOR’  ixgure WE”(’J‘%‘& tﬁ%‘ »and

wherein the reag %QOWFM 8nd 3 HfdrohtydicbRGinin é‘&mb@ﬁﬁdhhﬁfhxﬁ”&wt
cess or clalm

95[err]C 7. The pr eréin the reactlonterrperature S
mai nt ai ned at penm&nﬁakh@b@wewwrt}ie sige of houp2bmirgonsfordessi m 3,
wherein the resyltant re Lon m,xtur nunber of ss t hat
About 3. o Thoth Biheets B fuetet s e @5udl e ol AV SRBS BETSTE i i
has an acid Qgg@p&&iﬁgﬁ&ﬁ@éﬂ@d@pUt 1. 10. The process of claiml1,
~wherein the hvdroxyl -contai ning compound is a . _ phenol  of theha%eneral

f or mul a: 3. 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 pentaerythntol phosphorous trihalide,
and the hydroxyl-containing compound are allowed to react together in a
hydrocarbon solvent in the presence of a catalyst.

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

ur

an amine hydrochloride salt 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 in 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 is a
phenol of the general formula:



-17- [err] wherein each R err], Rerr], and Rerr] is

“independently sefected fromthe group -~ consi sting of hydrogen, nethyl,
et hyl , n-propywo sbs@1r opyl, n-butyl, t- butyl, t-anyl __t-hexyl,
cycl ohexyl, curnyl, t-pentyl, and t-octyl. 11. The pr ocesgcws”c?foiqs?n 1,
wherei n the hydroxyl -containing conmpound is a phenol of the general
formula: [err] wherein each Rlerr], Rerr], and Rerr] is——

- i ndependently selected fromthe group 5 -17- consistin ydTogen rret h

ethyl, n-propyl, iso-propyl, n-butyl, t- butyl, t-a
cycl ohexyl, cunyl, t-pentyl, and t- octyl wi Rh the w
| east one of Rlerr] and R err] |s t but t-anyl, t-hex x?l

cunyl, t-pentyl, or t-octyl. 2The q‘ e%%of claimi, wherein t he
hydr oxyl - cont ai ni ng conpound i s a & pbohol ~of the general fornula:
[err] wherein each Rlerr], ReNr], and Rerr] is independently
sel ected fromthe group consi sting of Rhydrogen, nethyl, ethyl,

n- propyl, iso- propyl n- but t- t hexyl cyclohexyl
cunyl, t-pentyl, vehetein.gashyK! v%h Hn@h%s sﬁsln%epﬁﬂfwlgoseiqmd from & gTRR -

ﬂ S(ra:]][ y?,ndols[ '?r gk?{)%“&“aé:%kﬁ drI) r'og nlf “’ﬁ%ﬁk’e%&&@pﬂ, n—butfl‘,”fyl ,

err
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:
_ N

R
wherein each R!, R?, and R3? 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-penty}, 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.
12. The process of claim 1, wherein the hydroxyl-containing compound is a

10 phenol of the general formula:
R!

R? OH

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 with the
15 proviso that at least one of Rl and R is t-butyl, t-amyl, t-hexyl, cyclohexy],

cumyl, t-pentyl, or t-octyl, and R? is hvdrogen.



- 18- 13. The process of clai ere| n the hydroxyl -contai ni ng

conpound is 2, 4- di -tertbut m“ The process of claim1,
wherein the owggg}gzgmspl ro bis- ph ‘“‘\‘ the process s of the
f ormul a: wherein ea cerrL "R err], and R3 iPCTiusthapesadent |y

selected fromthe group 5 consi sting of hydrogen, met hyl, ethyl,

n- propyl, iso-propyl, n-butyl, t- butyl, t-anyl, t-hexyl, cycl ohexyl,
cunyl, t-pentyl, and t-octyl. 15. Tﬂg;process of claim1, wherein the
organi c spiro bis-phosphite made by the process is of the formul a:
[err] 1@3. The prbesse bficlain i, Whereir] theRiveirotyl-cantiirithg compoand tdppendent |y
sel ected fromthe group conS| sting of hydrogen, nethyl, ethyl,
n-propyl, i so- prdiféatbutyinhengl. butyl, t-anyl, t-hexyl, cyclohexyl,

%g{ 'r] t ngeg} A ralmﬁ%rb{;&gu' aWntlh V\tlﬂlfrem the ¢ i@{:@&@fy bﬁgéhog{,mkeeme%e of
t-pentyl, or t- Qhépkoceésﬁsﬂ:ﬁtl{e'fhﬁnuhaocess of claim 1, V\/nerel n the organl c
spiro bi s- phosphite made by R! the process is qf the formula: [err]

0 CH’)CHz 0
\ P—O R*
0 CHvCHo

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

tn

butyl, t-amyl, t-hexyl, cyclohexyl, cumyl, t-pentyl, and t-octyl.
15. The process of claim 1, wherein the organic spiro bis-phosphite made by

the proéess is of the formula:

. O'Cl-{-;CHz 0
O CH?CHz O

10 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 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 spirc bis-phosphite made by
thie process is of the formula:

R’ R}
J0-CHiCHy-Q

R= O—P C P—0 R”

N SN
O-CH,CH»-0
R} R?



wherein each Rlerr] and Rerr] is mml—y‘sﬂe@:ed fromthe group
consisting of nethyl, ethyl, n-propw"I ' pyl, n-butyl. tbutyl, t-anyl,

t-hexyl, cycl Q5 cunyl, t-penty Mﬂm ’ [u, d Rlerr].i ogen.
~ 17 The process o ’Igl aim1, wherein*the I' *mo bi s-pﬂﬁgjélgsﬁpgﬁ&rrade

by the process is of the forml a; [err]

wherein each Rlerr] and Rerr] is t-butyl and Rlerr] is hydrogen. 18.
Thé process of claim 1, wherein the hydropyl -contai ning conpound is a
phenol i ¢ conpound of the fornula: '

[err] wher ewvhereinc lea€lf ' pndnB? RAf eindppendently sglected dfrpqne thg  graup

- hydrogen and the reaction m xture further .contai 5 Ve | ed from
the group consi st{RFBRE ﬂ%ﬁ'?gﬁ'i',%3’?@?53()1(:%3?3)8%/%%%&1’ f%?%?f%ea?@e{’ntd

i xturles of the slyery@oR&H] Fuyld-Fintyicasd t-0691, ahd Ries Rfdrogemnt i oned and

a catal yst T

: ’ 17. The process of claim 1, wherein the organic spiro bis-phosphite made by

the process is of the formula:

R! . R!
, O-CHGHIC, B}
R o— P\ /C\ | /P
0-CH,CH>-O
R? R?

wherein each R! and R2is t-butyl and R3 is hydrogen. |

18. The process of claim 1, wherein the conversion in the process to the
organic spiro bis-phosphites is at least about 70%.

19. A process to produce an organic spiro bis-phosphite of the formula

R! R!
) IO'Cl'{z(;Hz'O\ 2
R o—p G PO
O-CHiCH>-O
s R? R?

wherein R! and R? are each 2,4-di-tert-butyl and R3 is hvdrogen, wherein
said process comprises heating a reaction mixture containing
pe;\taerythritol wherein the pentaerythritol has an average particle size of
about 250 microns or less, a phosphorous trihalide, a phenolic compound

10 of the formula:

RI

R}
wherein each R! and R? is t-butvl and R3 is hvdrogen, a solvent selected
from the group consisting of heptane, hexane, octane, xylene, toluene, and

. Thig Sheet fa¢ Beep

| \\
i



19. The process of claim 18, V\herei{r;/tﬁ_(la_lfﬂiphgpemri halide is
phosphorous trichloride. e process of claim18:. wherein

the pent aer ytRpiohe1as an average par g M\m ut 150 microns or
|l ess. 21. The process of claim 18, m st IPCTAISOMTISAC
capabl e of form ng an am ne hydrochl or salt thaf is soluble in the

hydr ocar bon sol vent. 22.  The process of claim18 wherein a vacuum of at

| east about 10 inches of mercury Is appl ed to the reaction m xture. 23.
The process of claim18, wherein the t el erature of the reaction mxture is

mai nt ai ned bet wegRhEFBOOH thd 0biverit Goﬂ.aﬁuﬁéimba&5hé bf fhe.aforementioned, and
a catalyst.
20. The process of claim 19, wherein the phosphorous trihalide is
phosphorous trichloride.
21. The process of claim 19, wherein the pentaerythritol has an average
particle size of about 150 microns or less.
~ 22.The process of claim 19, wherein the catalyst is an amine capable of
forming an amine hydrochloride salt that is soluble in the h_vdfocarbon _
solvent.
23. The process of claim 19, wherein a vacuum of at least about 10 inches of
mercury is applied to the reaction mixture.
24. The process of claim 19, wherein the temperature of the reaction mixture is
maintained between about 30°C and about 95°C.
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