69266- WO- PCT PROCESS FOR PREPARI NG DI VI NYLARENE DI OXI DES BACKGROUND OF THE
| NVENTION Field of the Invention The present invention is related to a
process fwo 2prigipex7irng di vi nyl arene 5di oxi des, parti cul aPCy/uscmiliogsd7as ene

di oxi des derived fromdivinyl benzene. Mrre specifically, the present

i nv i r tes to a process for preparing a divinylarene dioxide by
epog{;%dé&ﬁ)gﬁéﬁdi vi nyl arene using a di oxirane. Description of Background and

Rel ated Art Divi nyl arranerss P3R PRSP ARINGImVIDAY I X RENV DIyixaprgene di oxi de
(DvBDO) and 10 others which are derived fromdivinyl benzene (DVB) are a

cl ass of dgm@wmm as either a reactive diluent or as
the main e xy thernoset formulation. DVBDO itself
has a very g'q id viscosity (for exanple |l ess than about 20 centi poi se
(0.02 Pas) BV especially useful in the preparation of |ow

vi scosity epoxy for %ati ons. The eggiy}%( f or mul a%t/,[i ons mad%. f.r(i)m DVBDO ar e
useful as 15i nt er medl AL AMNCREOHE SHE] OGP aFESVSF PSR S TheP B Sduct s.  For
exanpl e5 e@xides,paftichiatly ORmynwghe dfoxties YBEOrameli @by lbabére. More use in the
fields of coatings, conposites, and noldin onposi.tions. .y

Pr ovi ousl y SRABHATS S BECRETYeGROR HGs (opBPSTT G TEPAIVECOY MREIREEoRYF exanpl o
usi ng hydr egepoxneriaxh dridyt2QR)usias aldhRirgel dant in the reaction process.
However, 20 none of these previously known prior art processes can produce
DVBDO i n hicgkeripkieh 8sBekéoehemdIRelaadaecononm cal |y (for exanple, greater
than 30 percent (% vyield). For exanple, the process described in |Inoue et

al, Bull. Chem Soc.Dida@larent ABkide§partiddidedy dieigiberenadioRidy doeBD) aat al yst
and sodiumnitrate or sodium sulfate additives providing yields of DVBDO at

| ess tHAn pHesHRchtis derprd pradldpylpeeenedPVit preghdass gt degrstdey @ iichicvnbs on.
25V0r zakowskay a¥leitidbr a ARl ve FPREMBr asShE maindPBy redilJnaufhbid dicpelyan@motdpat DVBDO

is prepared using a magnesi um oxi de cat(glgs.t in acetonitrile. Equinolar
anount s of fgewiaan.dRBYBRY itsHbas 3 vy vshiqrd progigetior expapledesp e ak®E29 n t hi s

Known pr oCessipodd0(0.02 Pas) making DVBDO especially useful in the preparation of low viscosity

epoxy formulations. The epoxy formulations made from DVBDO are useful as
15  intermediates in the production of various other products. For example, epoxy formulations
made from DVBDO are suitable for use in the fields of coatings, composites, and molding

compositions.

Previously known processes for the preparation of DVBDO include for
example using hydrogen peroxide (H,(,) as the oxidant in the reaction process. However,
20  none of these previously known prior art processes can produce DVBDO in high yields
efficiently and economically (for example, greater than 30 percent (%) yield). For example,
the process described in Inoue et al, Bull. Chem. Soc. Jap., 1991, 64, 3442, employs a
molybdenum catalyst and sodium nitrate or sodium sulfate additives providing yields of

DVBDO at less than 10 % because of product instability and catalyst deactivation.

25 Worzakowska M, J. Appl. Polym. Sci., 2007, 103, 462 discloses that
DVBDO is prepared using a magnesium oxide catalyst in acetonitrile. Equimolar amounts
of acetamide, an undesirable side-product, are co-produced in this known process. No
isolated yields of DVBDO are mentioned; only the ratio of mono- and di-epoxide

derivatives of DVB, which is 5, is mentioned.

30 There are also known processes for the preparation of DVBDO using other

reactants which do not include H>O,. For example, a process for preparing DVBDO using



i solated yields of DvBDO are nentioned; only the ratio of nono- and

di - epoxi de derivatives of DVB, which is 5, is nentioned. 69266-\W0 PCT
per aceti cwaebd/itsl7descri bed in U S. Patent No. 2,982, 752PCT/ise01a/008p4lat i on
process disclosed in U S. Patent No. 2,982,752 yields acetic acid
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brom de as’described in U S. Patent No. 3,455,967. 15U.S. Patent No.
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E. I. du Pont de Nenmours and Conpan I'n an etone-water reaction m xture
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DVB is taught i.ch . nmeans .tha of DVB,
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| ost its act 0X n.i ition to the four nol of additional salts that
were origifa ISyP?)tF‘églnt?’ 4??18gone. 25The above processes known in the prior

art all _suffer fromthe_ disadv f rating.resi rooducts from
t he omlal zi ng agent Iﬁga]t) t‘ﬂ]é&g' ?gézggﬁsdgsﬁmg%ﬁt edprlepad %@B&ﬁé%gﬂn%s aci ds
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Salts are E‘i?‘cﬁb?fb‘aﬁﬁl{r%wftgflﬂﬁﬂa]\meWhgﬁrloﬁffsﬁ)ﬂ‘?a‘iﬂ?eﬁlén Sre Peereq #/ a base or

when Oxone picelud@ DAFEN0 id aﬁﬁatl&d 8d. OREncdk b hRaeA thak Beiindr ﬁBﬁKHSOQﬂﬁi
usual |y prOV| de | ow yi el of DVBDO. The process discl osed CoreX7 et al.
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KH805 was used per mol of DVB, resulting in the generation of large amounts of sulfate
co-products; eight mol of sulfates per mol DVB; four mol of KHSO, from the oxidant after
it lost its active oxygen in addition to the four mol of additional salts that were originally

present in Oxone.

25 The above processes known in the prior art all suffer from the disadvantage
of generating residual products from the oxidizing agent that have to be separated from
DVBDO; such as acids when peracids are the oxidants, or sulfides when sulphonium salts
are used. Equivalent amount of acetamide is produced in the acetonitrile H,O, system.
Salts are co-products formed when chlorohydrins are treated with a base or when Oxone is

30  wused. In addition, the different known preparations usually provide low yields of DVBDO.
The process disclosed by Corey et al. above describes a 70 % yield of DVBDO described;

however, as aforementioned, that process is based on formaldehyde and a sulfonium salt,



and such process requires an inconveniently long reaction tinme, for exanple
as nuch as four days. The di sadvant ages of above processes nake
such procee=es/unEa@i t abl e for industrial scal e preparat iPCR/USR01diI087AY| ar ene
di oxi des. Accordingly, it is desired to develop a Sprocess for the
sucgﬁﬁgiﬁJjﬁﬁgparatlon of divinylarene di oxides using an oxi dant and

m ni co- production of undesirabl e side- roducts and provi de an
econonlcala&ﬁﬂ”@?#F@ﬁé%%“Eﬁ%E@gyVﬁM%Fgﬂﬂ@Fﬁﬁua?QWHV?%?%H@ed?B%?@@”P?7

pr oduced |@%%[gh yields in an econom cal and efficient process. SUWARY OF
THE | NVENTI 10The present invention advantageously provides a process for

successful Iy prepar iy dladidhdgad §RBo R¥deses make ficl Provésedsdnsi@pl forgr eat er
t han about 50 %, at high selectivities for epoxide formation, and at a

rel ative | oWptriglysgle PW&WWW%WWWOW%Cé§%‘§§m%¥t1ht§t§1F51¥eﬁé0 gslopéms of
the priagr %fdceé%rf&ctﬁé%&s&ume@a%atﬁ)ﬁ oPEhQQHI%}én@ 'alo‘%lfdey{{%@&gsdnr&liﬁaﬁt A@l di c

si de-products or |arge ampunts of dinment of the present

i nventi on inynigiisieg e do-Pedacimneé ez@srrff&ﬂe weemawcr%ﬁgar&l PVl egpegipicdiapki de
including r one oxi dant,
wher ein thgﬁ%%tn (tzl %&?gh‘%&%ﬁg&g%\ %ﬁgg%k@x a&l&gec} lémghééelhsﬁgﬁhz. 0

equi val ent scanom@aland(egfjciatt pfogesst one sol vent; (d) at | east one basic
conmpound; and (e) optionally, at |east one catal yst, under conditions to

forma di vigpyanRReof e g/ iraeuct - 20The present invention process for
produci ng divinylarene di oxi des uses a peroxonmonosul fate triple salt

oxi dantyy such as OXOfR, &WhdiARhGod vaarﬁ?%e@hsn} RGvidb OBt B3 s@besBrull ,
di vi nyl arene di oxi de. The present invention process is particul arr sui ted
for the preparatd wanyifaredfp d'lpﬁylwcﬁéh!gérwld}l(@& gj@atﬁ(rlmﬁB[a@?ut 58 %ertyhighow vi scosity
liquid EPOXNe & egfor e@&ﬁ&e%%éhﬂ%hbﬁﬁ Ql%laglp ?A/er g&ﬁ% {)‘}e@lgﬁs%h%% the
present invention ess 1S carrle out un con ons such that the

co- productmnmeﬁé&MMdmsmpabb@nskﬂéwgmmdutpsamswmu@mmwz@dmhammddlt|on, t he

process of t% rese nvent i on .advant age sI produces divinyl arene
di oxi des ‘ﬁnﬂﬂemnlcmde %@“%&%H%f%aumg%ﬁgﬁﬁy of greater than about 50 %

15 One embodiment of the present invention is directed to a process for
preparing a divinylarene dioxide including reacting (a) at least one divinylarene; (b) at least
one oxidant, wherein the oxidant is oxone and its molar ratio is less than 2.0 equivalents to
C=C; (c) at least one solvent; (d) at least one basic compound; and (e) optionally, at least

one catalyst, under conditions to form a divinylarene dioxide product.

20 The present invention process for producing divinylarene dioxides uses a
peroxomonosulfate triple salt oxidant, such as Oxone, suitable for obtaining high yields of a
divinylarene dioxide. The present invention process is particularly suited for the
preparation of divinylbenzene dioxide (DVBDOQ), a very low viscosity liquid epoxy resin,

from divinylbenzene (DVB).

25 Advantageously, the present invention process is carried out under
conditions such that the co-production of undesirable side-products is minimized. In
addition, the process of the present invention advantageously produces divinylarene

dioxides in high yields, for example, in yields of greater than about 50 %.

BRIFF DESCRIPTION OF THE DRAWINGS

30 For the purpose of illustrating the present invention, the following drawings
show a form of the present invention which is presently preferred. However, it should be

understood that the present invention is not limited to the precise arrangements and

3-



BRI EF DESCRI PTI ON OF THE DRAW NGS 30For the purpose of illustrating the

present invention, the follow ng drawi ngs show a form of the present

i nventi orwoltotibe7presently preferred. However, it shorCa/useolnmesspst ood

that the present invention is not limted to the precise arrangenents and

692%? 6\§%\7 Ci] jlepar atuses shown in the drawings. In the accorrpanyi ng
dr alfi SR reference nunerals are used to denote |]j parts throughout
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one enbodi gRNkedo dehfle ANEFRL knrBiB6RSEe R edinBapingsent invention using
organi ¢ solvent extraction to separate the 5divinyl arene di oxi de product
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showi ng anot her enbodi nent of the overall process of the present invention
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the reagti a{blﬁhafréﬂé%mde%éfd%u-#&n@E@%hﬁ’ﬂ:f@blel@: THE | NVENTI ON 10The present
i

invention is rected to an econom cally favorable process for preparing a
di vi nyl arene di oxi degjgffe dijyi ﬁM&l@ﬂ&@&aQa%h%m@fanétH@e%@&ﬁf@ﬁt drEERESAN 1S
prepared by reacting a divinylarene with a peroxononosul fate triple salt
oxi dant su@fpcas obemEcsE IRvERIPIrsEE PBescePARLSP [/ eptrateithe divaylpicasdifgide of a

basi c corrp%waqctfﬁﬁgthgpéak@ h¥ent N the presence of a catal yst, wherein the
reagents a nol ar ratios off the reactants are selected 15to nininize the

amount s of iy MBS GGPRICN B8 MR VAerO dant . For exanpl e,

in one enbodiment of the present iInvention, a divinylarene dioxide such as
di vinyljgenzene di oxi g fLMARen R is! BERLEBaR echrBiticdii RRbMbRGnR iyl ny! ar ene
such as divi nyl benzene (DVB) I n acetone, mxing t di ssol ved solution with
a basic aqm@@@@ngﬁﬂlff@ylareaﬁdlowﬂﬁ ng dawnﬁ@f@@db@@mfuhq pescof iIn@ugpeisas t he

Ot 30 2100 3080 bl PeaBfhel o AERACL I Dbero BEELONRL P R 00 ALY oS, 2

cat al yst. feaction ecar|e out at a tenperature of between
about 0 C thoadz)muhe BCse@e oﬁfatsekvemthmshee;pcﬂen@aﬁladvamst@mqusd,(aodrpﬂ)teinel_db/ int he
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In the 1écommm1aizbyhefammnlabf ﬁlltp.V&GtE%SBerﬁéd frbm thr @sdnt. | nventi on, the anount
of

For example, in one embodiment of the present invention, a divinylarene
dioxide such as divinylbenzene dioxide (DVBDO) may be prepared by dissolving a
divinylarene such as divinylbenzene (DVB) in acetone, mixing the dissolved solution with a
basic aqueous buffer, and using an aqueous solution of Oxone as the oxidizing agent. In
20  this embodiment, acetone may also serve as a catalyst. Then the reaction may be carried out
at a temperature of between about 0 °C to about 80 °C. After this epoxidation step is
completed, the resulting product can be removed from the reaction mixture; and if desired,

the resulting product may be purified by known means such as distillation.

In the economically favorable process of the present invention, the amount of
25  side-products formed from the oxidizing agent is advantageously minimized. Oxone, useful

in the process of the present invention as an oxidant, is also known as the “triple salt”, since

1 mol Oxone is composed of 1 mol KHSOy, 1 mol K,SO, and 2 mol of KHSOs, wherein
the KHSOs is the active component. Consequently, an aqueous waste that results from
carrying out the process contains KHSOy; K>SO, that is present in Oxone and KHSO, that

30  forms after KHSOs loses its oxygen in the epoxidation reaction.

In order to minimize sulfate by-product formation in the process of the

present invention, it is necessary to minimize the excess of the peroxomonosulfate triple salt

4.



25 side-products fornmed fromthe oxidizing agent is advant ageously

m ni mzed Oxone, useful in the process of the present invention as an

oxi dant, W@ alsaokmown as the "triple salt”, since 1 nolPCOUS2@1i0887¢0nposed
of 1 nmol KHSO4, 1 nmol K2SO4 and 2 nol of KHS05, wherein the KHSO5 is the
act '6¥:ﬁ6 ?})Ig(g]g Consequently, an aqueous waste that results from carrying
out és S cont ains KHSO4; K2SO4 that is present in Oxone and KHSO4
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mol oligfig is used
per dougl e 1§3 HWF OH@%%@%& u éus% dﬁl‘éﬁ%aﬁ‘@ foﬁ?ﬂgb 92, 2003,
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Dev., 6, 2032mmpl A6lar dx8és8@f 6:0tknt b@r dodhersas Th@fapdﬂ'tﬁ@&l esevers oldpineatond.
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Pr epar ki 0y als ARIIGERSE ddib LREX RIS ShBRR oAbl ARG Lnbridi-f wher e
the stability of Oxone is dimnished. Consequently, mnimal excess of Oxone
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di vinyl arene and the ot her conponents above, are contacted with a
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conditions to form a'divinylarene dioxide product. Optionally, the reaction mixture of the
25  present invention process may include at least one catalyst; and optionally, other desirable

additives.

The divinylarene and the other components above, are contacted with a
peroxomonosulfate triple salt oxidant such as Oxone in a reactor, which may be batch or
continuous; and the reactants are allowed to react to produce the corresponding divinylarene

30  dioxide. The co-produced salts, the other components left in the reactor, may be separated
from the product to give a usable divinylarene dioxide product. The divinylarene dioxide
product may optionally be purified, for example, by distillation, crystallization, or other

purification methods known in the art. The solvent/catalyst can be recovered and recycled.
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ket ones, sukebnamdacabonexidindg hydnt. eFdrykark@é, aneoxidiring hgratsaas bE one,

acet ophenone, tri or _tetrafl uorqacet opheneane, or m xtures thereof are used
"h the preSBREOMGRASHEaGHPE salt Such s Oxohe;  Bisckelsing Semphsip actdopa e tiad

optional keb®Res bakad MSbridith] abteARPT tAPHtiddtidn $@kN@NtFoaBthnipk, iltaehesence of
an aqueogus sol ution of the inorganic basic co%oun,d are 20 treated with
Oxone; 1§ndC%1PP‘§}emt%EbﬁFle?éPr 4CRE bgf‘if‘?fﬁblf’it%?m B_Ei@fail Kelgiss sl Hb g aégto’_t“’ne maj or
reaction phREHEEnW Kebone ARALEHRcIMB 26 QORISR or\étaflubiBafopRenéBiidy ofTl NOT
anount (less than about 10 % of the nonooxi de of divinyl genzene ( DVBMO)

bei ng f or mBdXtuph gigrechare pgeddn s preseydientietan be extracted into an organic
solvent, water washed, optionally filtered, then distilled to give a highly
pure DVBDO product . Breae enbesdinericly¥B apd the opfieabketens sptalyain 25, aRMAQPTafE t he

aqueous Phagieent Ahd ARCHBIhAL & a8 3qR8b{ YhutioRbPME HorthnR MAGE }éorgf)dﬁlﬁh Grenay of
separation. The ket one conponent can be recycled and reused. It can be

i sol at €dl f trgaied Weh Dears peshalier hemrapebipcgraden pine.d?YBROay otdsinederstiheomaier
distiilall QnaRfhrbdR, GRn RLAHUE SRS Al SrSRMDh RIS RAnABAHSRE 1A iR her
i ndustrial or agricultura appl 1 catlions.

about 10 %) of the monooxide of divinylbenzene (DVBMO) being formed. Then the

reaction product can be extracted into an organic solvent, water washed, optionally filtered,

then distilled to give a highly pure DVBDO product. The co-products are sulfates that can

25  stay in the aqueous phase, or precipitate as solids, providing a very simple way of
separation. The ketone component can be recycled and reused. It can be isolated from the

reaction mixture by precipitation or extraction or distillation and the co-produced salts

maybe purified and used in other industrial or agricultural applications.

As an illustration of one embodiment of the present invention, for example, a
30  divinylarene dioxide such as divinylbenzene dioxide (DVBDO) is prepared by dissolving a
divinylbenzene (DVB) in acetone. Acetone can also serve as the ketone catalyst and the
solvent. The solution is mixed with an aqueous solution of the basic compound such as

sodium hydrogencarbonate or solid sodium hydrogencarbonate can also be added. Then the



As an illustration of one enbodi nent of the present invention, for exanple,
a 30 divinyl arene di oxide such as divinyl benzene di oxide (DVBDO) 1is

prepar ed W9 2di1g617Wi ng a di vi nyl benzene (DVB) i n acet on@CTASeM10/0287¢6N al so
serve as the ketone catal yst and the solvent. The solution is mxed with an
aquggﬁgjﬁghﬁﬁton of the basic conmpound such as sodi um hydr ogencar bonate or
sol i odi“uny hydr ogencar bonate can al so _be added. Then the 69266- WO PCT
oxi di zi ng %‘é‘ﬂngfaé?nté%ﬁ’f‘ﬁlin e@%‘@ﬂ‘émﬁﬁw drdiveret! {Q/Bf BACH KRS aatbeRilen xt ur e;
and then thcli@ash) QvafBy ReatGa&hpe@sluRUl balvedh db8HMNEIALUb& 80 *Dehngen about
O Cto about 80 C. After the epoxidation is conpleted, the solvent, salts,
and ot her HEtE@PTIONAREPINCtph s alyeHty B rRd OpToaYeE2ls AP ergesd fray  t he
product may,goRYf, hid £ de ¥ KROWBaTR AR bS ey RAGWE mbdRlh@Ns The ket one
conponent can be recycled and reused.” It can bée isolated fromthe reaction
m xt ur eSby dptibatiopi iThe kepnegomprangean;hepecyeled prd iepdedt [tean bidolathe frew-the oduced
salts mayb ary i n - - {.al ri

2ppl i oot ot hhff Afre 1568k e ShAEHod MANTHI R o nc AOTRFHLNR, ot

sol vent suohybspadiet embusad th othertiltispreyepdaliofal appliagivesus sol uti on of the
basi ¢ conmpound such as an inorganic salt or 10 base are treated with the
proper anmount of oxildiandther cathedimena Xy Baintae epprheriaty sbent suple esbatioonand ne
DVBDO is o i e [ or reacti r i fe.
conversion?g@fﬁﬁgﬁﬁggﬁﬂgﬁbuﬁgSwggguﬁﬁ%ﬂmgﬁg%#ﬁﬁﬁﬁ%é%¥ﬁ?ﬂgbﬁgﬁggxgg?of

di vi nylibendereard BMBNW)ithhbe prgpdranment. of dhidiringhweent eandtaltomnthgpogerdicubaivnbe

the mono. aithear ApEr Beete S Rk Bh SR i PP Bkt cuen as

di still ati ewith minor amount less Thd adowir40e% of thel mohowidestelinenisalede (DNVBMI@) pr esent
i nvention ga gone f on1ﬁ€¥ known sources and particular to known processes
phe ¢

for the pr ROy @Fen AICR PEHES CalElT CERERHINE SHTANAONBh &€ Ean be

prepar ed WwtabhedadptiofdllyTRieadd, thars the Snonb @il @irepogidesaindsepliitt M@ apgOpitaiOne

enbodi nent of the present invention, the divinylarene useful 1 n the present
i nventilon MmghodosPrsEsHio%ubst i t uted or unsubstituted arene nucl eus
bearing two vinyl groups in any ring position. The arene may include for

exanpl e benzene, subStisPycest BERYaKBSUsCE Iy g BEsont Ryedion ey GOBAHGMat ed

benzenes, apdkiBwalBiR8s dnl§hRhilar tbknOWE pRERQLI fBEAE prefir¥idAydr ARNARREERY be
ortho, meta, or para isonmers or any m xture thereof. 25Additiona

subst i t uent’8r sraPotiginglareges GRibe atPad Mebisglt e ress IPHerenat #Y f or
exanpl e sagg@ﬁhgd al kyl, aryl, halogen, nitro, isocyanate, or RO (where R
may be saturated al kyl or aryl), or mxtures thereof. R ng-annul ated

benzeneg may incl udepfoQE c/¥RMRER oN @R P& 8RBndnSihe ARYAIRORRREDAhRe, and
the like, and m xtures thereof. In another enbodi nent, the divinylarene may
cont ai n qua&Fesent invgntgi may comprise any substituted or unsubstituted arene nucleus bearing two

vinyl groups in any ring position. The arene may include for example benzene, substituted
benzenes, or (substituted) ring-annulated benzenes, and mixtures thereof, In one
embodiment, divinylbenzene may be ortho, meta, or para isomers or any mixture thereof.
25  Additional substituents may consist of oxidation—resistant groups including for example
saturated alkyl, aryl, halogen, nitro, isocyanate, or RO— (where R may be saturated alkyl or
aryl), or mixtures thereof. Ring-annulated benzenes may include for example naphthalene,

tetrahydronaphthalene, and the like, and mixtures thereof.

In another embodiment, the divinylarene may contain quantities of
30  substituted arenes. The amount and structure of the substituted arenes depend on the
process used in the preparation of the divinylarene. For example, DVB prepared by the
dehydrogenation of diethylbenzene (DEB) may contain quantities of ethylvinylbenzene

(EVB) and DEB.



30substituted arenes. The anpbunt and structure of the substituted arenes
depend on the process used in the preparation of the divinylarene. For
exanpl e, WOBoprEpHred by t he dehydrogenati on of diethyl pemasSe@1(0BEB) nay
contain quantities of ethylvinyl benzene (EVB) and DEB. 69266- WO PCT

The di vi oyl ne used in the process of the present invention may include
for6g§§ﬁ§¥5ﬁéfvinylbenzene, di vi nyl napht hal ene, di vi nyl bi phenyl ,

di vi nyl di phenyl et herT,heé]thnWrﬁ’E%‘Fsé‘imttHeePr@Eﬁs.s ofth PregE BN R gy TRudedr

di vi nyl ar eReays&€8ivin 1tk RRn O8I/ MaphMYBRY, URMyBIMheRyll &RGGIIGRABS/@hdrYarar oM about
0.1 weight percent (Wt % to about 70 wt % preferably fromabout 1 Wt %to
about 60 winisgreayre®bre preferably from about 5 w % to about 50 wt %

The oxi di zi ng agent or oxidant useful in the present invention includes
Oxone, Caroat(r) (i rHyernesnRatm obgsdmylarersused Hdhe prayeakioioios M ate tripl e
salt that ggRetalesyHoaxivod$1 Wihi fetce (W S kRl Ot @ableystly Q6mi SOl at ed
di oxi rans can al so %e used. 10The nolar ratio of the oxidant used in the
present i nekotilow % © abewHOtiah andunoepreiperbbyrram plaut it %P aBpurdAWL&r-ene,
preferably fromabout 1 equivalent to about 1.99 equivalents, and nore
preferably from aboutheloxidizegdapa) o erislaptgsafulgn dieirgsgptamyegtion includes The
sol vent - uSefishe (AP RIOGERS! Pbakls, BofRFRolMERBLAAR FRY slighude T or
exanpl e any inert organic solvent that Is Tnert to oxidant under the
reaction capuhrdtesghexins intsitd Seduhokdrme gatklyston esotajgdalicalansesan aknde bedi des
organic solubilization it also can serve as the catal yst. For exanple, the
sol ventlOmay i ncl ude Helngeratiee th kadrmsussdahthe sregking Hivortomes kssriban taoomat i cs
such as tol v h e;

ohi or | mat e e pd Hef Pt ahE REREHT, MERBE NEEARRL BERIBOC < such
as di net hyleqdigdlerasranemoriprefelabls foucdboas]. hegti wiintsrp [1 &, equistlemes such as
acetone; ethers such as 20tetrahydrofuran or dinethoxy ethane; al cohols
such as tert-anyl alBeholventtugettilibuicgmodess @rtheptdeanioventibh may inchitletbral cohol s

such as trifluqroetha ol or ex?gluroi§ggro anol : ar nigture ..t her eof .
exe% c aral 1ne ;Ergamc solven hat 1S fne OX1 éhnt under C r%ac 1010 congditions oOr 1t
Preferably, e sal vént “conpound usetul” Tn e present 1nvention may

i ncl udasf ocodd dop kepncdiypxaivent ahid edideoygaaichahsilizamatitado dah keye aakt one; or
m xture thereof. The concentration of the solvent used in the present

[ nvent i on RRGIH A RGESPSHERUTSY BRy SietuB B G U Uit o0 we 96

pref er abl y dfchpnormdigunt; a28matcs ¥ochQs et or'oylere; Bpdr@agbondiueh pyiekeadeakl y from
about 35 vt % to about 60 wt % bg&gﬁoon t he tot al meég)t of the

CONMposi t | Oﬁfzntene; chlorinated solvents such a romethane; polar organi vents such as
dimethyl formamide; nitriles such as acetonitrile, ketones such as acetone; ethers such as
20  tetrahydrofuran or dimethoxy ethane; alcohols such as tert-amyl alcohol, tert-butanol, or
methanol; fluorinated alcohols such as trifluoroethanol or hexafluroisopropanol; or mixtures

thereof. Preferably, the solvent compound useful in the present invention may include for

example, dioxane; dimethoxy ethane; acetonitrile; acetone; or mixture thereof,

The concentration of the solvent used in the present invention may range
25  generally from about 1 wt % to about 99 wt %, preferably from about 25 wt % to about
75 wt %, and more preferably from about 35 wt % to about 60 wt %, based on the total

weight of the composition.

The at least one basic compound useful in the present invention may include
inorganic additives such as bases or salts that are capable of buffering the aqueous phase
30  and providing an optimal pH for the reaction. For example, the basic compound can be
sodium or potassium carbonate; hydrogen carbonate; sodium or potassium hydroxide;

sodium or potassium phosphate; and mixtures thereof.



The at | east one basic conmpound useful in the present invention may include
i norgani ¢ additives such as bases or salts that are capable of buffering

t he agueowe 2pt1age€1730 and provi ding an optimal pH for theCraseeloes7ofor
exanpl e, the basic conpound can be sodi um or potassi um carbonate; hydrogen
car %%ﬁ g@fl um or potassi um hydroxi de; sodi um or potassi um phosphat e;

and t pe hereof ., 69266- WO PCT The concentration of the
basi ¢ compound used 1 CRENFHEES fheibagie pemRmndusedim g eregeh 4PaNYSP F8om 0. 05

W % to abeitoe 3theyhily%onP.6f &F @b Ybdut 90wabO Yter@ably Whm%bbR oabe, (ot % and
nore preferably fromabout 1 wt %to about 10 w % based on the total

wei ght of 2hat (% APBIPE REHeraBITHEObEIOF bhal “arkiuy 4@ woe hapd qsrtbs et veigPent i on
may be sel getgdofip@mdpet ones or imniumsalts. The ketone conpound useful
in the present invention can be chiral or achiral and may be for exanple,
acetoneg netyl - et hylikel,aHi ceft&l&'é?'bf iﬁ@bﬁe@edﬁ‘ﬁ{v@ﬁtﬁﬁ rﬁaty"He slal'é&é@ﬁ&ﬁfl@ﬂaﬁes tri or
tetrafl uoro acetophenone), chiral ketones, and m xtures thereof

Transiti onommllunb%%l“éb@é@toeémr@p%n@@seﬁé lm@e@rea@tw@%noyw@be E}(@hﬁl es of 10
useful tra X NGa S onpl exes such
as M(ll I)%ﬂ en rHAé{) efglg%&)ﬁﬂ" gc'ém%’qn&@ he |fﬁnét§?eu§1{}(%:rg{a§g%§tt%n%f t he present
i nventi on c¢afluerdosewidne, Wi teghilenro achiphaiongnchivdketes sall aoxtes fhesof.

di hydr oi soqui nol i ni um bi phenyl azepi ni um or bi napht hal eneazepi ni um sal ts;
and m xtures ther eof Tramypingadtalegamskessonl] akb b eswltas agtlyste sEanwladepi ct ed as

15f ol | L] | I | kyl
gr oaps%ﬁvmélﬁeef?ln ? %géﬁa%lrco%é&g’say glfaggﬁcsoenfcgﬁﬂ% Iﬁ%g%ogn%:lhsaag[]yas Sr gr KI;

and X- is hal(@benlentenplatdsuor obor at e, tetraphenyl borate, perchl orate and
the like. 20The imniumsalts can al so be generated in-situ from am nes and
al dehydes The iminium catalyst of the present invention can also be chiral or achiral

and can be selected from dihydroisoquinolinium, biphenylazepinium or binaphthalene-
azepinium salts; and mixtures thereof. Typical examples of above structures are depicted as

15 follows:

wherein R; can be hydrogen, alkyl, cycloalkyl, aryl, aralkyl groups; wherein the R; groups
may also contain heteroatoms such as O or N; and X" is halogen, tetrafluoroborate,

tetraphenylborate, perchlorate and the like.

20 The iminium salts can also be generated in-situ from amines and aldehydes
or ketones. An example of the amine component can be pyrrolidine or pyrrolidine
substituted with electron withdrawing groups. The ketone component can be aromatic,
aliphatic, or acyclic aldehydes and ketones and their substituted analogs, for example

cyclohexanone, benzaldehyde, 2-chlorobenzaldehyde and the like.

25 The ratio of the catalyst in the present invention may range from 0 mol % to

about 500 mol % (referenced to DVB), preferably from about 0.1 mol % to about



or ketones. An exanple of the am ne conponent can be pyrrolidine or
pyrrolidine substituted with el ectron wi thdraw ng groups. The ketone
conponentwoaniigerrromat i ¢, aliphatic, or acyclic al dehy#es/ispeliieg’ones and
their substituted anal ogs, for exanple cycl ohexanone, benzal dehyde,

5%%‘{6()\?’?2%ﬁd6hyde and the like. 25The ratio of the catalyst in the
pre i on may range fromO mol %to about 500 nol %greferenced to
DVB), pr ef ePABOy % Pt Ragferbly drom #Rort bmphdp st 2EuDele? \Wpsperriastty tror o

nore pref ekl Yo tdoPm @hesil 180 Bl %% t 0 about 200 nol 9% nost preferably from
about 10 mol % to about 100 nol % Anot her optional conponent

useful in the presenknduyeplidnalcombndndGicaclen e hrxARbRiG RRAsQudd BRsT er
agent. The phase transfer agent useful in the present invention 5 may be

for exanpl EXanid¢  BRRY [ransfeg pgeabh Bigynhasedranpfpsaegniseiy] indhepressAniBYRNGAR or

phosphogi U'i‘ﬁa%!%tf&,ex%plg rt&%kflt t'é@ép%eﬁﬁdor%%édlilgﬁ af l‘éﬁl%fnurrPJr h6¢palkiym t he
phase transfér salts may include for exanple Bu4 >4, Bu4NCl, 18-crown-6,

and m xt ur éaltst prer@yf cthers and mixtures tryeoly Brafeyatyy, thﬁ"llélaéfp@fméf‘?aﬁalt@ s énclydgnsf er
agent int n to about 25 nmol %
9 2& &5@@ B, N § 1B'u/bl y”?@’cﬁo@vﬂ%eaﬁcf rH%}ugeer?ére 0

(reference , preféra rom about 1 %to about 25 nol %

mor e preferably fro E&Hofjthéwtlof(ﬁlgaﬁas@%{féfel%ger{{% the/‘g?e%t FR/éﬁt Ogrneafgerabl y

fromabout 2 nol %to a xanpl e t her
optional comgefrentO msleh v ationt Thgolgh exmincedipd N B o prefraapbly fiehubertchel at i ng

agents ;)0 ¢ A lgy i iyl A i gent.
The chdPa PRaTaCak  ARE h e, Ry b A % kR P DS
phosphat es niSsprefarahly ﬂ*(ﬁﬁ%ﬂ@ﬂtbmob%hylamaiﬁ)m fte tetraacetic acid (EDTA),
di et hyl enetri am ne pentaacetic acid (DTPA), and simlar chelants with

phosphonat e gr oups smmaaaaleectfhyd)tbﬂemﬁm crenmnmam&tfhlyih dwearctsentriawhtj@p honi c

acid (EDTMP e. eneral.ized ructure I Ants i's
depi ct ed ag} af"olf(i‘i]u&e Cﬁelﬁtﬁl g\/ﬁ%entsgre Can beEar (51>r<1y1 R S%%‘F"hae %e &honl c acid
groups or tapai.r Tiad dhalaiingefead ussfal insheaprelsedt iaamtibemXy b¢ for &ﬁnﬂﬂ( p]ildsz)ez

The congentrati he ating agent u ' h resent invention may
SRS A B e BT ke R b R
% to about adid (WITPAY, a@mdmnmrcﬁaelpﬁtemh@bbsphéﬂawgrah@uﬁchQa,s05 W %to about 5 wt
% based on the total 25wei ht of é e co Nunger qus

addi tives EHM°B I?IB‘H%\tFtF%?n%le‘/ BRI EPaY LAY &Eé?“{[h)eanﬂﬁé?sléﬁt A groemtizedn

i ncl udi ng g@gctﬁgm&heﬁmfsqsqg fceedias &dlloRe! yrrerl zation inhibitor. For
exanpl e, one or nore free radl cal polynerization inhibitors my be added to

any of the steps of the X

g

/\N/\/N\/Y

.

X

20  wherein X can be carboxylic acid or phosphonic acid groups or their alkali metal salts and

Y can be X or -CH,-N(CH;-X)s.

The concentration of the chelating agent used in the present invention may
range generally from 0 wt % to about 20 wt %, preferably from about 0.01 wt % to about
10 wt %, and more preferably from about 0.05 wt % to about 5 wt %, based on the total

25  weight of the composition.

Numerous additives can optionally be employed as part of the present
invention including for example, a free radical polymerization inhibitor. For example, one

or more free radical polymerization inhibitors may be added to any of the steps of the

-10-



69266- WO- PCT process of the present invention including for instance the

reaction step, the recovery step and/or the purification step. The

i nhi bi t orwoay11¢loaPr7i se a phenol ; a hydroqui none; a qui n@AE/[USaN142870#t i C

nitro conpound, a nitrophenol, an am ne; a nitroso conpound; a nitroxide;
gg§§ spéﬂereof 5Free radical polynerization inhibitors which may be

8 resent invention, include for exanple phenols such as

4 net hoxy @%ﬁ%pf the preseqt ubvlg{lg/qnda?lg@%for ipgtance the reaction step, the recovery step

2, 6-di - ter ndyut o pedkirBG MY am@ linhididod ag bdMRNe 8 phstfl a8 droquinone; a

1, 4- d|hyrdroxybengene or éﬁg ditert- butglbenzenéﬁl 2- g?olq qgui nones such as

1, 4- benzoqPioRfe a@)amﬁlabmlﬁap@lﬁm@dzlatr@w@nola%%tl¢ @ NHFasP GOBRIMIG NS such as

1,3-dinit rgpﬁﬂgd%n& Biktudestictlioni t robenzene; nitrophenols 10such as
2-(sec-butyl)-4 , 6-di ni trophenol 4- et hyl - 2-ni trophenol, or 4-nethyl-2, 6-

di ni troghenol ; ani NeSeSHaRal QQIolﬂ'lﬁﬁl')lﬂ)@s which may be employed in the present
Nl - phenyl - N4- pr opyl benzene- i am ne,

N- (1, 4-di nﬁtvlqquyempyaglg quemphepo]p ﬁ@hytp érreshaxiriphenol, 4-tert-butylcatechol, or
N, N- di et hybhy, vl <benz .
. enyltﬁfl 1|1t21)r?§/ P%Fﬁngglg%nl 3m sllé_{]]@;g&(:hsalgqm Cﬁﬁy dro benzene gr 3,5-di

N-ni trosop nitroxi mpounds Such as
bi s( 1- oxyli2t-but@b@wemt I 2wl rmalrph@espﬂdrisrilw%bwmlsmoan@hthmleoecy2 dome; 6, 6-

15tetramet Q%)ngilu? fi tllo(%l Hl?ﬂun%l 9%%3913 %BZdllgtrgbegl%nﬁgﬁ b WAl?&ﬁ%ﬁ%ngl Iptrgj}h%ldls

1-oxyl-2,2 eridi ne;
The corlf)entsucatasdr(s@fbm}hﬂ 6{dtmdwplhemﬂ 4Jmetﬂiy] I}mttﬂoghqnobse‘htnethylfé,ﬁtl on can be
for exanpl n the IVI nxl arene

tr()é)g] Oalut € (él (o) Z gv\% %g 1 1

added. Pr ef SPERRGOLANLRGE SP arszgﬁ‘ab ?8}% bEUt™Y 1pwpy /61&5‘? é“’\m % based on
t he divi nyIl\a(leznanad@qﬂntylaMph@ssp@hmwhecﬁimmatm Ntraéthﬁdﬁhrbxwmnmmdse added
to the corrp05|t|g L !'Q tFresent cr )gtl.on i ncl udi ng for cf ot her
resins, st &BPPUES S0 AF NIEFQOPRSPEEYrRT  Epige g Bty d&“%i% PBP%dS and the
li ke; and Riichitad bS] - b)@G}QQQ% tetramethylplpendﬁ[heylﬁééﬁ@‘(ﬁt’& 1-akylop, @6- the optional
additives used in the present invention ran%e generally fromO w %to

about 99. t‘?kkaff%hyb’m?ﬁéﬁnabh ottorf GHBECY RGN red B -t ] "% nore

preferablyﬂgm,@g%ﬁdlﬁe\&m%tﬁ@saﬁfwf 99 wt % and nost preferably from
about 2 wt %to about 98 wt % he preparation of divinylarene

di oxi des with the mHereesnirgipnef theh@n@mw%a tethe BisSeHt Inyertion icrmlby for
si de- pr Odu%aﬁnaﬂl@ﬁoﬁ%b@tﬁ higg R, Qﬁyto(s wt Rt @vinf@ehOiddeepl i ng

reactants 1 VI ny arene; a solvent; a basi c corrpound or Its aqueous
sol ution; alrrmllce@@gﬁtﬁr@nalpwo 1azvté7at11al:%wt; %o (biageyl opdipp Avinylagne pdsled.eact ants wit h

a per oxompnosul fate tri ple salt
20 An assortment of optional additives may be added to the composition of the

present invention including for example, other resins, stabilizers, fillers, plasticizers,

catalyst de-activators, and the like; and mixtures thereof,

The concentration of the optional additives used in the present invention may
range generally from 0 wt % to about 99.9 wt %, preferably from about 0.1 wt % to about
25  99.9 wt %, more preferably from about 1 wt % to about 99 wt %, and most preferably from
about 2 wt % to about 98 wt %.

The preparation of divinylarene dioxides with the minimization of the
co-production of undesirable side-products may be achieved by (i) adding to a reactor the
following reactants: a divinylarene; a solvent; a basic compound or its aqueous solution; and

30  optionally, a catalyst; (ii) contacting the reactants with a peroxomonosulfate triple salt
oxidant, such as Oxone; and (iii) allowing the reactant components to react under reaction

conditions to produce the corresponding divinylarene dioxide. In the process of the present

-11-



oxi dant, such as Oxone; and (iii) allow ng the reactant conponents to react
under reaction conditions to produce the correspondi ng divinyl arene

di oxi de. wWo2he11priecess of the present 69266- WO PCT i ne€emitiSeor1/028704 basi c
conpound may be added at the beginning of the reaction; sinultaneously or

i nt i t wi th the oxidant. The reaction conditions to
nanggg%%%ﬁi?éﬁe di vi nyl arene di oxj des, such as DVBDO, include carrying out

the reacti &fepon the bpgeqmpopad Ay Ry added alipebestnning of J6dedciPly in 5 the range
of from abeutul@ndeutlp oPrRRMhIBRLGvitPIebeiuakl y from about 5 C to about 60 C
nore preferably fromabout 15 C to about 50 C, and nost preferably from

about 15 C to about B ractidNEonRIRESW RandfactuRenE 8RGHylAhe MBKidRE sgangr al |y
fromabout 10.1 k Pa to about 1013 k Pa. The pH of the reaction may be

cont r ol | ed NP0 grriede qigine aBighe reaction oh Bsueacpts updarRdeapraiue,y gsheTalibit 6 to

about 19 ang HRYQf PR BH&R) A b LOsH: 80 A tproferh Oy HBRbOE: 5 EOERBoU 8B EE] ON
process of the present invention may be a bagch or a continuous process.

The react omagspiglerablyt fiem phast &3 X ipeapowdOafiyandanrst pielezably ore rbouady @tui prent
wel I known ab&lt %5‘ .eTﬁéﬂr!aJsﬁg ok e{r S Ilhay be generally fromlaﬂoﬁqG!ltlé o a@éutt er the

above reaction, the process o e present- invention may I nclude further
processi ng 18t¥pEa. slicipthg! the wattivo dnagyfoe sepenlad ioegpanl/fron apruo 8 ucatouf Bk ned 15

duri th ' f T ' ikncl ud
uring the [eagh BOm BT 96’0‘{1?130 anﬁor%%@%@%l&?@w@%&% g gNNCT Ude any

separation‘process a gui pnent ~we e skilTed'in the art.

During ,phe reaction fh%rr?icﬂgn gﬁogégé‘{aftg% gf%se%ft ing!ar\%/;foﬂ)ﬁlla?rbg ’A%fat% 9Kk Qo%ﬁn%cgl@

equi val ent anount of potassium su CO- product that tormnms can r enoved
by (i) fil preatisofheventtot dsed sgpapatisomapbe ary reacganngd apfiliseeqimunanwalljueous
phase; or ?Xo%ﬁ&%h&%%ﬁﬁc &»ngp of the divinylarene di oxi de product with a
non- m sci bl"e” or gani'c sofven% T6l | owed by the appropriate water washes of

the organic phase. %8@&8&‘%&59 hERlc. oxl di.zed Po\é's‘s’%?gl‘é%e%en‘%ﬁ‘n%%‘?rni VgL ves,
such as for exanpl e carbonyl” conpounds an&’%y rofyze @poxy prodhé?g, are
not f or med indudarfiyrteppoesksiadbtepsquetndsi a in@bodus i segrdting apy acgeguad fotthel pr esent

inventign. Al te the.r%actioH ofTﬁhe §resent i nvention, the undesirable
co- pr oddct §Mng e BRSIRR g Theskpapyymethodmanclads anyeRAIOR e npved t o
recover a psablsandeytipydndiveneneliDmwitatee pkidaliathe afhen t he product may
optionally be purified by well-known neans in the art such as by

distillation, crystabhingakd @istioBf@Ghdpripiriton of @XinyRedne divxare ahhe 1ike. The
sol vent and catal yst conponents of the reacti?n m xture are separated
equivalent amount of potassium sulfate co-product that forms can be removed by (B
filtration with the separation of an organic phase and an aqueous phase; or by (ii) extraction
20  of the divinylarene dioxide product with a non-miscible organic solvent followed by the
appropriate water washes of the organic phase. Other undesirable oxidized by-products and

derivatives, such as for example carbonyl compounds and hydrolyzed epoxy products, are

not formed in any appreciable quantities using the process of the present invention.

After the reaction of the present invention, the undesirable co-products; and
25 any remaining, catalyst, and solvent, may be removed to recover a usable divinylarene
dioxide product. Then the product may optionally be purified by well-known means in the

art such as by distillation, crystallization, precipitation, extraction and the like.

The solvent and catalyst components of the reaction mixture are separated
from the divinylarene dioxide product by well-known means in the art such as by

30  distillation, extraction and the like and recycled.

The salt by-product is separated from the reaction mixture by well-known

means in the art such as by filtration. Residual organic content maybe removed by organic
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fromthe divinylarene di oxi de product by well-known neans in the art such
as by 30distillation, extraction and the |ike and recycl ed. The
salt by-pwodott1ipg7separated fromthe reacti on m xture BETWSROHILEYM neans
in the art such as by filtration. Residual organic content nmaybe renoved by
or g??%q% 2)9 -WO- PCT sol vent washes, calcination, recrystallization,

par ¥ tallizatjon or adsorption on activated carbon and the I| ke.

In one enmbdAVFReRashss: C@H@ab‘?fbé@%tagfza?%Pﬁlél§%%YStqlh%ﬂQ PIAYISOPHRN Yy ocess for

prepari ng acliacdnyihes enRendiiexi de generally may conprise the steps of:
5(A)contacting at |east one divinylarene with Oxone in a pH controlled

envi ronnent; opti onahlofe %B&Hlﬁéﬂl%f thRGPEHCEds \O8 e PGBt @Svedion, BRProceRgos 0l vent
and at | east one catal yst; to produce a divinylarene dioxide product in a

reaction niPkepaing a divinylarene dioxidggencealy i icABPEIETSASY ar ene di oxi de
product formed in step (A) fromthe reaction mxture of step (A): 10(C)
optionafly, recoveriy afBnaringatlses prgdivnulasas vahOxgnrinaathgopsplled om t he

reaction meﬁ&lwnﬁlegtf opticRRIy Wk otﬁ&daddltwes such as at (d2t APLA1ARAhAVat 1era@&ﬁyerl ng and
purifying the sulfate by-product fromthe reaction m xture of step (A). In

ot her embodiAlit © redduehediyinglaes dgridepeodyeiaB e maciien@itiren, the process for
15preparing a divinyl arene dioxide may include one or nore the foll ow ng
optional steps: (i) Bn-senartigeHedatndarerstdigiidparpdnselonnehingloréfbiiemad an

oxi di zi ng agent, mSUEDoBASe %g‘ne ina pHcontrolled reaction in the presence
of the divinyl arene. éj can be controlled by introducing a buffer or a

base inpo a reactor (@?G t‘iJ?ﬁf"y A&l 4! aH&J’oH%@yc%g Qfe%bl@&t%ﬂ@&ftal% L rbhind €act or

or by the S|nultaneously dellvering the oxidizli ng agent uffer or base.
The 20basi ecagaemoixhe elastepiéd)zdded as a solid or as an aqueous sol ution;
(i1) reacting an isol ated di oxirane, prepared froma ketone and Oxone with
a divinyl arene such @QODNBlaH! irgdoyergngrsad avifympedhd fulfpte by orqsierduam ther om a

di vi nyl areng, (BVE’[‘%&‘ Q{ such as DVBDO product, by filtration and/or
extraction of vvlt n or gani c solvent; (iv) renoving a solvent and

ketone froma divinyfafiRPemfldsiHEoRhOMYELs §Hﬁ@p1%§enp\4%h‘ao{?rtRQb’l%Ees?Yor

evapor at i on or
15  preparing a divinylarene dioxide may include one or more the following optional steps: (i)

in-situ generation of dioxirane from a ketone and an oxidizing agent, such as Oxone in a pH
controlled reaction in the presence of the divinyl arene. The pH can be controlled by
introducing a buffer or a base into a reactor and then delivering the oxidizing agent to the
reactor or by the simultaneously delivering the oxidizing agent and buffer or base. The

20  basic compound can be added as a solid or as an aqueous solution; (ii) reacting an isolated
dioxirane, prepared from a ketone and Oxone with a divinylarene such as DVB; (iii)
separating sulfate co-product from a divinylarene dioxide product such as DVBDO product,
by filtration and/or extraction of DVBDO with an organic solvent; (iv) removing a solvent
and ketone from a divinylarene dioxide product such as DVBDQO product by evaporation or

25  distillation; (v) distilling a divinylarene dioxide product such as DVBDO product to give a
high purity DVBDO product; (vi) recycling a ketone and solvent component by separating
the ketone from a divinylarene dioxide product/solvent by precipitation, distillation or
extraction; (vii) regenerating Oxone; or (viii) isolating and purifying the sulfate by-product
by organic solvent washes; calcination; recrystallization or adsorption of the organic

30 contaminants onto activated carbon.

As an illustration of another embodiment of the process of the present

invention, the process for preparing a divinylarene dioxide may include one or more the
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25di stillation; (v) distilling a divinylarene dioxide product such as DvVBDO
product to give a high purity DVBDO product; (vi) recycling a ketone and
sol vent osOpRoONeNns17My separating the ketone from a divi npCansp@ 1628724 de
product/sol vent by precipitation, distillation or extraction; (vii)
reg {?1%{5\&1 one; or (viii) isolating and purifying the sulfate

g 8 P organi c sol vent washes; calcination; recrystalli zatl on or
adsor pti onf Ov‘t”i‘ﬁ'eOPé‘PEﬁéﬁ?eES 50 SIS TARE riATts d&%’ff%“%i%‘f@%éi“@d“c‘é@i“ﬁ%?ﬁn ca

As an il ugbioad, afaPdxi@nat Reht, SHRAE ORMe; Bfa fHEonoRSESseieh if ie pREG@SENt
i nvention, the process for preparing a divinylarene dioxi de may include one

or nore theladomabuane. BPH 611 dRORGO sy driEnduging pButfarioy a hastresoatrongy!

in-situ, d'u% 'tHe%Eh%tJr bMhen GalvaliYeSthe oMz a5ER P By %eksﬁﬁﬁ&‘ﬁeou%éhv’éfy &xi di zi ng
agent, WhIC is Oxone; in a pHcontrolled reaction in the presence of a

di vi nyl ar e, omdiuengmeemd@eff@mfomt |(1e)d1smg appropidueiidiging agant ek or a basic
compound i BIV%aﬁi}&r &}Qﬁr%osf%@? ésﬁﬁﬂ Mﬂtloﬂgfm%mgf&!{f%%é ?glquﬁl'atmal@r by
us (?e g OoXl n u

t he sinultane ivery o 2| ng agent er or base; (ii)
usi ng appr oprdbettaecapxiadicd bng dafgefmrerambndwdmgd the mmer pohEmentafiiosactingt

results I n 3}1 hs%late(a é]ln(;amljalg)fi %:(Béra%d gllo}ﬁ Metogl%%{}c? Og{}]OXI 1916 @ %m%ﬂ?enggluc aE) Qfﬁ‘mt

acconpani e réne nonooxi
reacting aim apldleaﬁtﬂﬂilediemonmat& @enepaitad sﬁlfmmpmmmmadlvmmmew t h a
divinyl rene. such as

nV|ro nent Vv arating
Sul o 00 S SR RS AR PO RET DB Prsritad HER b bl B50RN 5 Busno
and DVBMO mpvithdid ©t@nicBylveid vy &Tnio@fhg&ﬂ;dl’v@ﬂit aﬁ&két&iﬁﬂr@ﬂa‘ddvﬁﬂylaaéhemxglaﬁd)m

sol vent; removin ket on a dj.vi nyl arene oxi dation

pr oduct su@%? BWB%%%&W%EBBE\E&@EP@P“ &%%‘St St lYlPﬂé‘eﬁe UPv #Y1 ar ene

nmono and dﬂmﬁlcﬁ%rdllﬁl@tdm&iuré@u&ﬁ by Bvsmjnarﬂsn@@@@radifétswgl\@amrg@qguﬁtyanaj& give a
DVBDO and m nor DVBMO product; (vii) recycling a ketone

hi gh purit
and/ or a sém@ a’&@)ﬁ‘ﬁ@ﬁQNtBMQBrWCts@’BéVa&quﬁé akpigngandgisa SPIP’E)‘H]C%IHB‘?I\?PhyI arene

di oxi daspr aduSatsak HRMewRY (rBh @G Rhj1&kAORexil @%ﬂd&x@éwaﬂbpﬁre&isﬁmﬁt I on;
(viii) regenerating Caro's acid; (1x) isolati ng the sultate byproduct by
&

filtrati ondispiliytiongF pXUACHRD: (Hi) rggﬁm@ﬂ@g byoprasdu cko) i59labrgnpdfadvent washes

or cal ci natpkoQiﬂct% fﬁt"réf%h%# b&ﬁ&ﬂn@%e%lfﬁ@'ﬁ?bﬂidh&% %?gahi&%ofv@ﬁ%‘é&akﬁés%? onto
activated carbon. erence to ure 1, %ere i's shown one enbodi nent

of the procels@atgm @@Uh@lhgatemeﬁ@daomﬁ@mo @lnuggﬁéwapmty a¢tpydied guéen.by nuner al
100. The process of Fi.%ure 1 includes a reactor 10, a separation/filtration
appar atus 20, an evapé aftfi:féwea‘pﬁléﬂfftluﬁle&"os v ngpng grpedimantiod Hediraess dfat i on

appar abys 4 rﬁrtlzs ntih @Hfiéh %enr, {n‘alch % e f(fée%glo{o@@sgbplﬁ gﬁ’e‘{'lﬂéﬂl&%e”e 11,

a feed strea ket one t an cata yst 1 stream of a
basi c corrp@mwdtolw aasnphralohéfétdatr@nragmtmﬂ(bm chaporadel apghiatue B0 tulvba st r eans

11-14 whi Cgu Eﬁglstﬂ?a% Igpara‘% sr4%‘."“h§ F%Hre%pﬁﬁeal& hdwn "GRG s%real%%f for carrying
out the ep K dat P gnF eae 0 e presen I'nvention recycl e
stream 34, dB/&lyrlm@/nealllsmfeb@straamrccfdtatme@lsdlvmmndémcat@lystjle, { ted greatmed abbediow) .
compound 13, and a feed stream of oxidant 14; all of the streams 11-14 which are fed into
25  the reaction apparatus, reactor 10, for carrying out the epoxidation reaction step of the

present invention. A recycle stream 34, 35 may also be introduced into reactor 10

(described below).

A product stream 15 exits from reactor 10 and may be introduced as a feed
stream 15 to the separation/filtration apparatus 20, wherein solid and liquid components are
30  separated. A liquid component stream 21 from apparatus 20 contains the divinylarene
dioxide product, and stream 21 is sent for further processing to apparatus 30. A solid
reaction component stream 22 (which may include a salt byproduct) is separated from the

product liquid stream 21 and stream 22 exits apparatus 20.
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A product stream 15 exits fromreactor 10 and may be introduced as a feed
stream 15 to the separation/filtration apparatus 20, wherein solid and

i qui d cownpenartisi7are 30 separated. A liquid conponent ®Cramee120287840m
apparatus 20 contains the divinylarene dioxide product, and stream?2l is

sen rof er processing to apparatus 30. A solid reaction conponent
strggﬂ%ﬁ]omfch may i nclude a salt byproduct) is separated fromthe

product 1iquid streahfesivigyerens digdy produsk stpeamy drrampl ran bpsent WdbelNap pcT

The di vi nylkahr&nagedb&%iofl g paf B0t fof tdp@lidn StthERBURL r6ARREN L8Ry st ahthe
sol vent renoval / evaporator apparatus 30, for separation of the product from

sol vent / cafEIdy&streapy Bomagpieits 3¢, seeam 31 81ey &p pisdaritheudorthes ppighigeign as pay be

used wit ho'é{reaflipﬁf[,I@@;rorBHﬁ(gJahf,aaE LR AR dSkd BRI, o prifict Yfca@Blin@R@! Y, as shown
in dotted lines, the product stream 31 may be Splntroduced to"a

puri fi cati onodiedig h aerifpatien@isiatiosapgrags Peetied sireaan 1333 8Borgapcor gani ¢
stream contalf\f %taﬁﬁ%ﬁ%%&@&%ﬁﬁ&&lf%ﬁf a[p%m{ﬁ‘s 3pRALAL Y2 nﬁ”ag Sth&M g My be
an t 10

removed from appar at opti ona recycled to reactor as stream
34, 35. Optapmmabd 30, andtopeenalBicpdsd boacasior e ds asamt3d edm@tiondl, greageddt t o an

organi c wa I I t a u te.st m.f rnom r eact or
30, stream bggﬁl%%cggsgsglr%?&?g’n% O\ng ?éw%?% armctcksragsg %%%\\%%uu%ftﬁl Oﬁggl%t’vﬁ'o? %s hown)

As af or enentueonedastd fueadifronnyhaseddestctamd’den pe @duota vedsteasmer fireameappdar at us
30, stream 30} 33, may optionally be introduced to a

purifi c1 ti cSIh ﬁliloé"fqﬁl | ation apparatus 40, to forma purified product stream

stream 41. Also if djvinyl arene nooxi de acconpani.es the divinyl arene
di oxi de product,  t he UiUTROMIGSHARGEY B RS BgRiR RO sprdn om apardlls
15bypr oducB0stc@ani 433, inay bitnplly b iheatuc@odipatifitdtabilBllappapgdraiss 400t The

di vi nyl arene nonooxi de byproduct | eaves, apparatus 40 as stream 42 and
di stil ] at i QATHORERHE PRSI en Phoalst NBATERR PUROS I CRIPHIET boi | i ng

poi nt t han H\BIRYlaks diexadplotudd| dkydivinphtcRe Rioanedooah Be Sepafatddawal evel s of
oxi dation by-products can al so_be separated and remved from apparatus 40

as st rdam A4prodeshsi{ragy42ip enya{jeation/distitlatipn agpargtpgt} olbe diigylarensyi re a
periodi c Ofndnemtid HRIURUESEs dparatuldud ad SR aMULIHY Bis@flatloMBYEd Y BSeream
Wth reference to Figure 2, there is shown anot her enbodi ment of the

process of 48hBospibleseontaninapisifhdawefdiodng|Pript thag DYV fBsexalpler al  200. The

process of aﬁ!ygl‘ﬂf efzdnB GLiHEES 1@y IS aE bPExiddioR :bmplr(ﬁlﬁctg Qantahlﬁatbe%%meci dhaFi gure
1, a separation/filtration apparatus 20 25simlar to that shown in Figure

1, an extr aneveh aprapaays 46 sigagépar at i on appar atus 60, a
purification/distillation apparatus 40 simlar to that shown in Figure 1,
and a $€paration appamaeliike reayclq sremngefridgye 1o requirs 2 Hpdthc of cor@rioss r eam of

di vi nyl ar egﬁli%(]:%()lilﬁitft&%ﬂé&d;(ﬁm%tgg.etOne catal yst and/or solvent 12, a feed

st ream of asi ¢ conpound 13, and a feed stream of oxidant 14. Al of

which are fed into t{g,88ehd-Q0 FRARY, eHSis sHRAGRBher@boliffient @ thy NG Out

process of the present invention generally indicated by numeral 200. The process of Figure

2 includes a reactor 10 similar to that shown in Figure 1, a separation/filtration apparatus 20
25  similar to that shown in Figure 1, an extraction apparatus 50, a separation apparatus 60, a

purification/distillation apparatus 40 similar to that shown in Figure 1, and a separation

apparatus 70. In Figure 2, there is shown a feed stream of divinylarene 11, a feed stream of

ketone catalyst and/or solvent 12, a feed stream of a basic compound 13, and a feed stream

of oxidant 14. All of which are fed into the reaction apparatus, reactor 10, for carrying out
30  the epoxidation reaction step of the present invention. A recycle stream 73 also is

introduced into reactor 10 (described below).

The product stream 15 from reactor 10 may be introduced as feed stream 15

to the separation/filtration apparatus 20, wherein in the divinylarene dioxide product stream
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30t he epoxidation reaction step of the present invention. A recycle stream
73 also is introduced into reactor 10 (descri bed bel ow). The
product swoeam1libl7from reactor 10 may be introduced as PEEWSMB28TILS t O
the separation/filtration apparatus 20, wherein in the divinylarene dioxide

pro r 69266- WO- PCT 21 al so contai ning catalyst /solvent, is
sepgy%{%\%bfﬁgﬂ the salt by-product stream 22. In the enbodi nent shown in

Figure 2, ChalSaroniijing Fapstdiobents spraseied tron thesaliby 9qduciviroam 22.sindbge ¢ o

the extracth8sdidRRALYH Bfire FARE STy RAR: Aibxid® prdbbQauaR dubdh 01,8Xdchact i on
apparatus 50, for separation 5 fromthe aqueous and aqueous sol ubl e

conponent s {bife exFacten IPATAMS O/ an or gani c extraction sol vent, stream 53 and
a recycled extraction solvent, stream 67, 68. The extracted product in the

extraction sol vent il&ed gifpafiatldd intiogpset HEO SH{AsSAPBRAYE SSAtr s¥RYFaHE

i ntroduged flof) hdgRERAMALERBuLRBMAHDHRAAY Xirh@RMWath-an DR ARUKRMSIoRT Jani C
waste stream from apparatus 50, stream 52, rmy al so be renoved and

i nt r oduced selentiréreaia pa gt diccygisenxiedion Fgyent.ogeream 651 Theayirased iprdpgiduced to
separati on;app %Et?atcffén 8%vent 9 s§RPAaAn fk Qgﬁe%{}se%{efi‘ef %Ilg\(;lltldg% iRRlau&ato mEhe

purified divinylarene product stream stream g apparatus 60, can
be used as s¢mratipt hepatatfsiidtal etreapr Dlc e5Biqugus asgasicrvedinsgdam gom appargps nal | y,

as shown iq, §£%a&iaﬂ8%e Ha%eveﬁl{ 1@2&?1%6%¥Ig:te)s%%§f§tgfaggg{a%u§??.l | cati ons

requiring high purity product an us nmay urifi her and fed as
stream;gl, 63 in a i i | O kstillati 40. The
oxt r action sol vent, b 68 bEBGARLYl SR ARRRIA oF 1o APRRETHE

Opt i onal | y thesixtre@ion 6d1veray Thepypifiicd divirgfrak peain Giears,Stream e feaving an or gani ¢
wast e recovery unit nqt shown, | ot her enbodi nent he, extract,ion
sotvent i gt o e BRERs it PRbE R R8r o LR et aly S HRRIN Al so can
be separ at edsHomarin tibtedaixty, aetsiredin 6D hé uded f@appplicatiors ré&dirancigemyicy ed t o

reactor 10 as streagm 64,  65. . 20 tional ly, stre 64 may be purged as
Cream 64, PERUSEIHT PEs bERTHRG ML UCEL wRBOE PR not - shovn
Pr oductisst he@afidada/diedli€ian afRrdil ifpefat@UD] Theekutabtich solvent, stream 67, 68 can

purification/distillation apparatus, such as apgarat us 40. Alsg if
di vi nyl ar eH%r%ﬂ%%f%é’%ré%E‘Baﬁ?%&lartl%étr‘%ﬁ%%wﬁé SRS B RS PF-6AGEL, the

nonooxi de Gaf (S ghte $aRAea Ve unit ndbPdivif i16 ahd i etibsdilneh@iht eRrRRPAT at US
40. High purity divinylarene product | eaves apparatus 40 as stream 41,

di vi nyl ar eie Ve HBg% idier s soms dih die reastian solyent/oppalyh yhigh S1sp cbls SRAre6d t ons as

stream 43. Rasgi mtﬁc@&mo%mgg@rm;db b YEECIBOId RO kO huckaD, BYBDO f or

exanpl e al kyl vi nyl benzene oxi des or |ow | evel s of oxidation by-products can

al so b&0sephtianadly. wicam 68 mny &d PELodRvisan 4t L G 40 &t oradvg Waple IBOSEeeam 52,
t he aqueoug, pPhassodsom apparatus 50, mght contain

Product stream 61, 63 can be further purified in a purification/distillation
apparatus, such as apparatus 40. Also if divinylarene monooxide accompanies the
divinylarene dioxide product, the monooxide can also be separated in

25  purification/distillation apparatus 40. High purity divinylarene product leaves apparatus 40
as stream 41, divinylarene monooxide byproduct as stream 42 and distillation bottoms as
stream 43. Possible contaminants with lower boiling point than DVBDO, for example
alkylvinylbenzene oxides or low levels of oxidation by-products can also be separated and

removed from apparatus 40 as stream 44.

30 Stream 52, the aqueous phase from apparatus 50, might contain
catalyst/solvent. Strem 52 can be fed into the separation apparatus 70, to separate the water
from the solvent/catalyst component. From apparatus 70, the solvent/catalyst component

can be recycled as stream 71, 72 back to the epoxidation reactor 10. Optionally, stream 71

-16-



catal yst/solvent. Strem 52 can be fed into the separation apparatus 70, to
separate the water fromthe sol vent/catal yst conponent. From apparatus 70,
t he sol vewiD/20at1dby’3t conponent can be recycl ed as strea®CTAS20M2/0k878Kk to t he
epoxi dation reactor 10. Optionally, stream 71 69266- WO PCT nay be purged
as 3%{@ / 73 or sent to an organic waste recovery unit not shown. An

aqu S streamfromreactor 70, stream 74, can be sent to a waste
wat er t r eat’H¥PE PHFY a5 EEM dhofarfyr sent to an organic waste ggRyegyrunitit theWc N8 st r eams

of Figure Z2qim¥s wRAM B IroRLIh@SH 10, Qfca@Omt EAWRYSH BPHKERe et rdiirherk N
bui | dup of inpurities. One advantage of the present invention

process isUPREOLHIYH) yvi el ds of divinyl arene di oxi des nay be produced by the
process of the present invention. Wth high _yields of divinylarene dioxides
produced, the proces8Motf thiwscysicedispns piviaHe £ Gty ArHR e RFeSlGPRFOPERGIY es no

recycl esof ogio¥kdyhRERNRIA Siivbiylear ene nonooxi de. 10The "hi gh yiel d" of
t he divi nylparene di oxi des produced by the process of the present invention,

i s generally greaterofdRNafRRWr RPré@ndNEnREEl66R0K Yhat hidR9RRIslE om about 70
%to about 100 % nore preferably, fromabout 80 %to about 100 % and nost

pr ef er abl y divimydarensistrides mayehe prodisesdtby 1IBTProschadidbl Rpscal pyanyiprr Wild highar t i ng
material . yields o diviqyla?re ARRRE g&g¥&HIﬁ9 o8lss Bp@uf Pfe?e?l?{hrveﬁt{&\ﬂent ion is the

use of a m'nimal nolar 15exces per oxononosul fate triple salt oxidant
conpar ed t eddintagenpslaremnacwn whydedeasylaond atdevilyfarpreodersoxigener at i on by at
| east about 45 % The di vi nyl arene di oxi des prepared by the
procesd0of the presehte hipherld on theghyinylaghadipyideshyeducelblyi the drobesenf the

di vi nyl ben . as. f I i vinyl I.OXI are

ol ass of - AP eaaifEliibis sler ARk dth B SHINSERFRRY). St HoR oo 2

hi gher 20r i7gi%diotapottHan ¢ amvepreicoabdyl, frepatbyutr8@Ih msabout 100 %; and mogihe

divi ny| ar eng. di,gui e, BLepar £d, bt By BROCESS L AE LSRN, LAYent | on ey
conpri se, or exXanmplie, any substitu ed Or unsubstitute ene nucl eus

b_ea_” ng two vi .nyl . grgrlfg%l?eriacﬁlva%p e(r)fi tEg I%g)esrl.{ 1tnivgnr%"onTshtﬁe asree engl%lﬁltal r?lglaP f the
di vi nyl arene di oxi de nmay conprrse ehzene, 'Substi tut'ed benzeres,
ri ng- anful akess derranasnossifihs triplaak dxidhmgemgoadhouli dhdarelewizien esiucesr

M xtures tRgEeoly prods Sontkaboh B 8NG.sPRlchl Y 0f the divinylarene

The divinylarene dioxides prepared by the process of the present invention,
particularly those derived from divinylbenzene such as for example divinylbenzene dioxide
(DVBDO), are class of diepoxides which have a relatively low liquid viscosity but a higher

20  rigidity than conventional epoxy resins.

The divinylarene dioxide prepared by the process of the present invention
may comprise, for example, any substituted or unsubstituted arene nucleus bearing two
vinyl groups in any ring position. The arene portion of the divinylarene dioxide may
comprise benzene, substituted benzenes, ring-annulated benzenes, substituted ring-

25  annulated benzenes, or mixtures thereof. The divinylarene portion of the divinylarene
dioxide may be ortho, meta, or para isomers or any mixture thereof. Additional
substituents may consist of H,O,-resistant groups including saturated alkyl, aryl, halogen,
nitro, isocyanate, or RO— (where R may be a saturated alkyl or aryl). Ring-annulated
benzenes may comprise for example naphthlalene, tetrahydronaphthalene, and the like.

30  Homologously bonded (substituted) benzenes may comprise for example biphenyl,

diphenylether, and the like.

-17-



di oxi de may be ortho,
substituents may consi st of H202-resi stant groups incl udi ng
sat ur at edweal2kuliiearyl
saturated al kyl

Addi ti onal

nap
(su

and the |ike.

Bé&#@ﬁf) Ttetrahydronaphthalene,
t g§§ benzenes may conprise for exanp
T pestarepeoxifa aradACLPTERAEC R HRPISPSA AL BIesthar ed by t he

meta, or para isoners or any

hal ogen, nitro,

or aryl).

i socyanat e,
and the |iKke.

692660

| e bip

m xture thereof.

or RECT(Ush@mnm2fRIsay be a

Ri ng- annul at ed benzenes nmay conprise for exanple

30 Honol ogously bonded
henyl , di phenyl et her,

process of jtagid BSeRtilliR%RD b RMINEY BferilchisiiaiReugeneanals idug: gener al

chem cal Structures | -1V as follows: Structure
@)
Ry
RS RZ
y
A
X
5
Structure 1
@)
Ry
RS RZ
y
A
Z
Structure 11
@)
Ry
RS RZ
y
A
Z
10

Structure II1

Ra Rs o
R
R3 Ry R, 1

Structure [V
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Structure 111 Structure IV 69266- WO PCT In the above
Structures |, |1, IIl and IV of the divinylarene dioxide product of the
present iwoOentvam77each Rl, R2, R3 and R4 individual |y mag/useoihpes’ogen, an
al kyl, cycloal kyl, an aryl or an aral kyl group; or a oxidant-resistant

gro g for exanple a hal ogen a nitro, an isocyanate or an RO
groﬁgz&mgulgqjﬁ R may be an al kyl, ar aral ky ex&; be an |nt eger of

to 4; y may be an Phegyare %‘P@&F%Srl h%ﬂ"?nérlvéﬁﬂlﬁldl‘t”b‘ﬂ%en PeidRaRrogie
' nteger le‘%lﬁ: ﬂr%g‘gts ; ﬁ&}l@}mhﬁ@l, ? R%aH@m pl%l\/?(ﬂlah?hﬁggé h)erogQ:ntan a@kr%%and zty may

be an integer han or equal’ to 8; and an arene fra
i ncl udi ng tadloaksamolaeyl ol arBarplielprbwner go-adgnt-resistant group including Fre edamplmyl arene

di oxi de product produced b rocess of the p ent ntion

Mol ude T oPBsm BrECar g £ BT AR e e e Sy SR PR s ence
100f al Ryl winmylbaraeM@edenot (b1® 4$§/aﬂatyibﬂgn imdger grddter than or equal to 2; |xny(m‘h§ beabodi ment
of the present jnvention, dIVI | ar ene X roduced b rocess
of the pred¥rtcr Ieﬁ m?rd*ﬂ“ﬂé‘g/ 17BN utif)e/anf%tfﬂgeéfghﬁ% ée aggl gﬂn‘%%‘é%afe‘ﬁté ‘E?E i de,

di vi nyl napfanak eqel @isoxhdl8s is dh MieRY frRinRie mithudih 0okl Slempid] V3 -pidn ?1ea<hgﬂu1£ et her

di oxi de, and m xtures thereof. 15ln a preferred enbodi nent of the present

invention, the divinpeanamgadhoxbtee pis@dt biddidea bepRX¥odeSifind el ation may
be for exarrpl e divinyl benzene di oxi de. (DVBDO). Mst preferably, the
di vi nyl ar eHé’eB‘F%‘%P%}’e‘n%lB‘ilefSh@ﬁ‘fnPiel"?élfyl1V§1yh%fé‘l‘%llno‘il%ldteﬁéeﬁﬁfl‘é‘%ﬁlﬂ the REFSFCFE on

i ncl udes, Bpﬁlkﬁ¥ﬁ[m£e%e H@thggtyﬂuﬂéhgeeﬁgpne dioxide as illustrated by the
follow ng chemcal formula of Structure V: 20

In one embodiment of the present invention, the divinylarene dioxide
produced by the process of the present invention may include for example divinylbenzene
dioxide, divinylnaphthalene dioxide, divinylbiphenyl dioxide, divinyldiphenylether dioxide,

and mixtures thereof.

15 In a preferred embodiment of the present invention, the divinylarene dioxide
used in the epoxy resin formulation may be for example divinylbenzene dioxide (DVBDO).
Most preferably, the divinylarene dioxide component that is useful in the present invention
includes, for example, a divinylbenzene dioxide as illustrated by the following chemical

formula of Structure V:

20

Structure V

The chemical formula of the above DVBDO compound may be as follows:
C10H1003; the molecular weight of the DVBDO is about 162.2; and the elemental analysis
of the DVBDO is about: C, 74.06; H, 6.21; and O, 19.73 with an epoxide equivalent weight
25  of about 81 g/epoxide equivalent.

Divinylarene dioxides, particularly those derived from divinylbenzene such

as for example divinylbenzene dioxide (DVBDQ), are class of diepoxides which have a
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Structure V The chem cal formula of the above DvBDO conpound may
be as follows: C10fl 1002; the nol ecul ar weight of the DvVBDO is about 162.2;
and t he everentiabi7anal ysis of the DVBDO i s about: C, 74PO0G/USR)11628794 and O,
19. 73 with an epoxi de equival ent wei ght 250f about 81 g/epoxi de equival ent.
D vi gz&a\&g) ,EI oxi des, particularly those derived fromdivinyl benzene such
as P Y& divi nyI benzene di oxi de (DVBDO), are class of diepoxi des

whi ch have 'daivsydees lipd pessosiy) &H]%‘éll‘eﬁ “ngS\ht/y B croelipk densiy ?h?n B‘ﬂ‘t"e%{quﬁgher
rigidity avﬁo,@rrgﬁﬁ;sl i nk density than conventi onal epoxy resins.

Structure below il lustrates an enbodi nent of a preferred chem cal
structure of a divi nythReRzens16l AKis@ResA\VBRONinks el 4l préfbrrddt@eRicas ent
invention: Structure VI Structure VII1 below illustrates another
enbodi nent sE¥ctye pf efiginybgnzepaedipside 13YBUEY vyeél oF the ReesepyBentitdef ul in the
present invention: Structure VII When DVBDO i s prepared by the
process5of the present invention, it is possible to obtain one of three
possi bl e i sonmers: ortho, neta, and para. Accordingly, the 15 present

i nvention includes a DVBDO il | ustrated by any éde of the above Structures
individually or as a m xture tpfleneof. Structur/es\VlI and VII above show t he
nmeta (1,3- DVBDO isoner and the pa NI DO isonmer of DVBDO
respectively. The ortho isonmer is rafle; usually DVBDO is nostly
produced generally in a range of fro 9:1 to about 1:9 ratio of neta
(Structure VI) to para (Structure VIIO)N\gB0Oners. The present 20 invention
preferably includes as one enbodi nent a range of from about 6:1 to about
1:6 ratio of Structure VI to StructLére VI1, and in other enbodinents the
ratio of Structure VI to ructure VI

Structure VII below illustrates another embodiment of a preferred chemical

structure of the DVBDO useful in the present invention:

10

Structure VII

When DVBDO is prepared by the process of the present invention, it is
possible to obtain one of three possible isomers: ortho, meta, and para. Accordingly, the
15  present invention includes a DVBDO illustrated by any one of the above Structures
individually or as a mixture thereof. Structures VI and VII above show the meta (1,3-
DVBDO) isomer and the para (1,4-DVBDO) isomer of DVBDO, respectively. The ortho
isomer is rare; and usually DVBDO is mostly produced generally in a range of from about
9:1 to about 1:9 ratio of meta (Structure VI) to para (Structure VII) isomers. The present
20  invention preferably includes as one embodiment a range of from about 6:1 to about 1:6
ratio of Structure VI to Structure VII, and in other embodiments the ratio of Structure VI to

Structure VII may be from about 4:1 to about 1:4 or from about 2:1 to about 1:2.

In one embodiment, the process of the present invention is particularly suited
for the preparation of divinylbenzene dioxide, a low viscosity liquid epoxy resin. The

25  viscosity of the divinylarene dioxides produced by the process of the present invention

20-



Structure VII may be from about 4:1 to about 1:4 or fromabout 2:1 to about
1: 2. I n one enbodi nent, the process of the present invention is
parti cul awbyoswitted for the preparation of divinyl benzeR€TdiSoxil®es79a | ow
viscosity liquid epoxy resin. The 25viscosity of the divinylarene dioxides
progygggv%g(gﬁf process of the present invention 69266-W) PCT ranges

gen i about 10 nPa-s taq about 100 nPa-s; referabl fron1about 10
mPa-s to aﬁ%@?sgﬁmﬁﬁéﬁ@naaﬁﬁlHﬁﬁﬁSﬁPé@éFé%??PaFﬂﬁ BBU?“TG‘HP& 8P85 about

25 nPa-s ato &pul0 mPa-s; and more prBRravlyl frbinab&ft 10 RPadi ¥ bkt a5 giPe-sdi oxicdes of
the present invention requires their thermal stability to allow their

formul ati on or procepgiulti g’ﬂdf (HRAGhALRNE GORBEA W eBtesehQhv RBERRRhiRs ddlr f rom
about 100 C to about 200 for up to several hours (for exanple, for at

| east 2 hodrsyalaapHisute aépwglefrﬁ@fpmﬁaﬂwwr@mcwwsﬁbmwé%t? waperghres (for

A i gomesi zakd e, Af rHRABAR N YORT {ZBbE 200 A foP'h Jo%x?@ﬂeh%bl@ CroPExaRIpRCRRAI NY IS
evident by a substantial increase in viscosity or gelling (crossllnklng)

The di vi nylegfledough) oxtherd ligimarizatiqiras demppolyperalion Plaspaesgdioper ent t her nmal
stability {yGaB,d nzta{‘&ydlﬂ'ﬂ PU%B‘F% ﬁ@&@snﬁ’g é%ﬁ&ﬁ%ﬁ L dlbstAG0 ﬁé&s&ﬂl

10vi scosity or gelling durifg formu on or- processing at noderate
tenperature§amﬂy0rgdhm;@Hﬂﬁekmghfﬁyk@mmﬁGEva&mdﬁC@ﬂ@dmwmgnm&nmhéwp¢esent

| nventi on @ﬁf?lcléﬁte[&éﬂnaf s‘?{bﬂ‘it Sudh iR A b%@tfe%er?e%é‘é’ Sl{bgt%.flt?lﬁgl?{w% ptions or

formul ati ons aring nosets or cured
pr oductl§ |NmmnaybngmhmgmnmgﬁnmgmpomDﬂmsmeMhﬁmuwaamthannmames, conposites,
el ectronics, and the like. 15As an illustration of the present invention,
in general, resin coﬂmaﬁv‘rinjlmme dasddproductsve toti preseyd iavetien gt oxdfddogheduct s

of the present for cast ottin capsulatlon
ol ding. - aRGRUBT grne bt Gt SsRin RE R nBRhal BeafREE o For

all types @%p&h&phﬁhm&hs@a&kﬂm@ﬂuﬁ@Miml@nmﬁﬁdo&ﬂ@@mﬁukaﬂh@ﬁeﬁmmhmﬂaiIOnS
for molding and.plastic.toolin 9 and for the fabrication of vinyl ester
resin base m@gﬁﬁ%gaﬁggmgéﬁg#@% KSarticularly for produci ng | arge vinyl

ester si n-based pa roduce castin atting,and en sulatlon The
Fasul ti'fg compost ¢ o KNSRt BLEeet i iR gb AT SR L s

el ectrical beeabh i@ dapylead diexge HOdRIAT e NCARSUnaY bOnsful €ast i ngs,
nol di ngs, potti enca SU|at'0n§hm§3 ection, resin transfer nol dings,

n
conposi tes/ asé‘B%ftH%ﬁt% FREPSHAEON ERalifs, g present invention i P 6r‘rb’l | owi ng

exanpl es a@@lta@ﬁr}'@ﬁd1ﬁlypéée)fel>é@cﬁpd1@§suﬁgl frk, dnlileH&dpbait®NtPBiRTIGRERE | Nvention
in detail but are not to be construed to limt the scope thereof. The

product ni ¥UFiRaNGRsHE QPG apdhor thedahsicaionivam] IR Rasskcomperifsed by
st andang 93sm< PAARRLBIAPRYudE Do Al Y st AlsirCoidé PFBR braald a5 thams .

potting and encapsulation. The resulting composite material may be useful in some
applications, such as electrical casting applications or electronic encapsulations, castings,
moldings, potting, encapsulations, injection, resin transfer moldings, composites, coatings

and the like.

25 EXAMPLES

The following examples and comparative examples further illustrate the
present invention in detail but are not to be construed to limit the scope thereof. The
product mixtures prepared in the Examples which follow were analyzed by standard gas

chromatography (GC) analytical equipment and methods.

30 Various terms and designations used in the following examples are explained

herein as follows: “DVB” stands for divinylbenzene; “DVBDO” stands for divinylbenzene
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30Various terns and designations used in the follow ng exanples are

expl ai ned herein as follows: "DVB" stands for divinyl benzene; "DvBDO'

st ands f owodouinylmenzene 69266- WO PCT di oxi de; " DVBMOPCIIUs@is/ 028704

di vi nyl benzene nonoxi de; and "EVB" stands for ethylvinyl benzene, DME stands

for 6%%@0@(1& hane. For each of the follow ng preparations in
t he 80 % DVB was used containing 20 % EVB but the yields and

final conpd@rideordViMOS sfarsior diyiny Hepsope mapexids; apb ki Vah| e fs pur chased

from Si gmaedlyfidy®enaned eedanid RedindHokidigmepuri fications. Exanple 1
DVB (781 ng, 6 nmmol ), dinethoxyethane (47 nlL) and acetone (23 nlL) were

transferred to a fl We&%wfﬁ{é&gllé%@ RpARENA N GaExshpiEd, 80 o HhBrwReaP! e and
pH neter. Sodi um hyd ro en carbonat e §3 24 ny, 36 mmol) was dissolved in

water (38 genigwg 2ASsEYBAusEe yieklsend Fipagompssionpuerrafered oY (8. 52 g, 9

ol ) was dhgsielly @/gre pﬂrcﬂ@sregfroﬁl@%rﬁl-kldrf%gﬂ@us%gW&lbﬁ'ﬁﬁfﬁ% petgiday&fsed into the
reaction mxture in the course of 15 m nutes n’alntalnlngtheter’rperature at

25 C. The pih@hetihe reaction was continuously nonitored and it was between
7 and 8. The reaction m xture was further incubated at this tenperature and

was anal yzed by GC. g{hersit 6*}%&6}? cflﬁlé‘tﬁbi)léﬁla%@ﬁtm@fan& Q&tdﬁéé@ﬁﬁt addi tion,

DVB was 15 conpl etely converfed to product’s. There was no resent and
t he reacti o¥Tnapsigrred worflagk pEEPISd wWith RYBDITRNI L g5 ¢hgrmocouple and PHILWB (11.2

9, 86 mml koqidy Ehtyﬁﬂ)gel( Za?%nﬁ?e)és(%ﬂqn{%a 38 Rnti] QA d?isol%@cﬂin%@téb(% &ﬂ‘?ﬁldcv?«({ bonat e

(43.3g, 520 mol wat er were transferred to a flask 20 equi pped
Wit h alﬁechémtr@@ﬁfewﬂumtp@re ﬂa@he@méﬁ:&g%nmbmﬁétsmived@m@( B3R nil58 g, 95

miol) &S ¢3ROl Ebnih WAl RReq (it Sohe T Bt b BE Bl st £act T 0N

m xture in the course o m nut'es mal ntal ni ng enperature at 25 C and
stirring atmaaﬁﬁnungame diheergifeat 2% e Bmlphmfolme TBASI0C b Btmmoursisy/ mamniotedr ed and

was at 7-8. The r further i ubat r S. After
2 hour s soPtHb g Fapen Ty R FARE e e SEHIRM Bl B NP SR6
The filtrated wmarmbytzecagt(éﬁ Wftt—:hm&tobgslf&methe kb of dhe ogidm acrdh)lon ]Zhﬂ% waganl c

| ayer (c){fa t he f1| t rate xed \A%teh t he e ﬁ\éﬂ{@r onet han eWash nand wgshed
wi th sddi ufBPESPESRETS (02@6 ‘f'ﬂ‘_ Y01 tpﬁ"éﬁn%flil Wt Bem 158 ) .
The or gani ¢ohtayer omadDiBDed over sodi um sul fate. The sol vents were renoved
with rotary evaporation. Product yield was 95 % The product was al so
anal yzed bgx&pleRVB was conpl etely
DVB (11.2 g, 86 mmol), acetone (750 mL) and a solution of sodium
hydrogen carbonate (43.3g, 520 mmol) in water (380 mL) were transferred to a flask
20  equipped with a mechanical stirrer, thermocouple and pH meter. Oxone® (58 g, 95 mmol)
was dissolved in water (320 mL) and delivered into the reaction mixture in the course of 35
minutes maintaining the temperature at 25 °C and stirring at 350 rpm. The pH of the
solution was continuously monitored and was at 7-8. The reaction mixture was further
incubated for two hours. After 2 hours solids were filtered and washed with
25  dichloromethane (250 mL). The filtrate was extracted with methylene chloride (250 mL).
The organic layer of the filtrate was mixed with the dichloromethane wash and washed with
sodium bicarbonate (250 mL., 8 % solution) then with water (250 mL). The organic layer
was dried over sodium sulfate. The solvents were removed with rotary evaporation.
Product yield was 95 %. The product was also analyzed by GC. DVB was completely
30  converted to products and no DVBMO was present. The mixture was vacuum distilled to
separate from EVBMO. Vacuum distillation resulted in a 10 % DVBDO loss; and 98 %
pure DVBDO.
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30 converted to products and no DVBMO was present. The m xture was vacuum
distilled to separate from EVBMO. Vacuum distillation resulted in a 10 %
DVBDO | 0s&0 2and11887% pure DVBDO.  69266- WO- PCT Exanpl e BCT/US2011/028794 DVB
(781 ng, 6 mmol ), dinethoxyethane (47 nlL) and acetonitrile (23 nmL) were
tra %é@@ﬁaé3gf a flask equi pped with a nmechanical stirrer, thernocouple and
um_hydr ogen carbonate (3024 ng, 36 mml) was dissolved in
mater (38 ME3Mped was 5also transferred into the flask. Oxone (5. 52 g, 9
mmol ) was di ssol ved in_water Oxone so s delivered into the

reaction mxture in KB Q%Lff‘%é%g‘?lg}@wtﬁﬁ’fyé@aﬁea 43%),51\'\@@%{%4% E’rLét ure at

25 C. The thﬂhnkﬁﬁed@ﬂﬁﬂ%@&mmgﬁd%@ﬁhhﬂ%ﬁMﬁ&NmﬂﬁﬁHh&ﬁ@&m@ﬁdmﬂbHM@&mbetWeen
7-8. The reaction m xture rther incubated at this tenperature and was

anal yzed byodemdpigen ¢sbaaigl 302 magm3e mandd} wasdigplvedid wakgrdahmlagng Y4son. 24 %
DVBMO 19 anfd, ranér N ftl%rfﬁ@ﬁ : @ﬁbn\éf@ 59 Qt%fﬁ%g was BREARA\YPHRET (38L)VB:

1. A process for preparing a divinylarene dioxide conprising react|ng (a) a
di vi nyl ar effong 9jutign yvas ddprisd aria fegeastion mpqtlere gpibe coutsedd it miHes ei n t he

0xi dant 15 LRSI OIS Rl BT 1 Blnd S S ARGl @ Dasi
conpound, er C itions to 5form I Vi ny "ar ene di oxi d roduct .

2. The proeetswaﬁb@Wanﬁ%& TMh@wémnnuhemdwvﬁmvmam@daﬁﬂgt@mMmmyHbewzede; and
wherein th | [

3. The pr Ogveggﬁ’au ¥ ﬁg%@ea{t‘é£% h%‘ﬁrs fPonﬂFﬁQ stafl 8%'lh;é o4 &%ﬁ&ﬁ@& A 28 H8vo 4 The
procesﬂOofamiaﬁmDYBEMhbnemmmWWEObMHmde salt OX|dant is mxed with a 10

ket one catal yst which results in the formation of a di oxirane oxidant;
wherein the dioxirane is isolated and then used in a subsequent process; or
wherein the dioxirane is forned and used in situ as the oxidant in the
presence of the divinylarene mxed with the catal yst during the addition of
the triple salt.
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5. The process of claim1, wherein the solvent conprises hal ogenated

15al kanes; aromatics; polar organic solvents; ethers; alcohols; fluorinated
al cohol s;wRkebornst77or m xt ures t hereof . 6. Po@/yseaamssysof claim
5, wherein the solvent conprises dichloronethane; toluene; acetonitrile;

ding%ggf%giﬁgfe, di oxane; nethanol; trifluoroethanol; acetone; nethyl-ethyl
ket or “m xtures thereof. 207. The process of claim1, wherein the basic
conmpound c6%ﬁg?%%s an inorgani c base or an inorganic salt; and wherein the
basi ¢ conmpound conprj ses sodi um hydrogen carbonate, sodi um carbonat e,

y g : .
sodi um hydr oxi de, pot assi‘UFCRHIBRIARINGFEHELRITRT AVYHD GURPTEHISHEATHPS,

pot assi um ¢arRPAAfISends AiapiRbMSRRBERe PR AR SkidAAPRRINR aexidaht iFa$d Ur es
t hereof . 258. The process of claim1l, wherein the reaction is carried out at

a tenper at (1@ 20 eHivalepl & Fahge) diolvenbandisid abate nnguatbgider gendgiongiy wher ei n

the pH of i { &3aliRAe bDxldt BRgAROUt S5 to about 12. 9.The process of claim
1, wherein the concentration of the divinylarene ranges from about 1 wei ght

percent to about 99 wei ghine PRIEENF cla3OLQvhEREn B ARERTar&e iC4iRInYIbdnzehdiCl udi ng
a catal yst; and wherein the catal yst conprises a ketone selecCted froma

f 1l uori nat ednkwhegpia thexivigylpishediprid Erppdis dapnydbenpieideoxids9266- WO- PCT ket one,
an aliphatic-aromati c ketone, a chiral ketone, or m xtures thereof; an

i mniumsalt selected frdiedrdsydobrlanybivisrdimibgexidpitpheseps-azepi ni um or

bi napht hal ene-azepi nium salts, or m xtures thereof; or mxtures thereof.
11. The process of ctai mTheprogpséflain hevhesinihe tgdenmt oxidanige Bitsdevith a

Smet hyljpet Rkl A)\e whRf SLARNE MRS mdtfoh bl MeLQRARRLRIIGAL fhdrtih WRY Roxirane

acet ophenone; tetrafluoro
is isolated and then used in a subsequent process; or wherein the dioxirane is formed and

used in situ as the oxidant in the presence of the divinylarene mixed with the catalyst during

the addition of the triple salt.

5. The process of claim 1, wherein the solvent comprises halogenated
15  alkanes; aromatics; polar organic solvents; ethers; alcohols; fluorinated alcohols; ketones; or

mixtures thereof.

6. The process of claim 5, wherein the solvent comprises
dichloromethane; toluene; acetonitrile; dimethoxyethane, dioxane; methanol;

trifluoroethanol; acetone; methyl-ethyl ketone or mixtures thereof,

20 7. The process of claim 1, wherein the basic compound comprises an
inorganic base or an inorganic salt; and wherein the basic compound comprises sodium
hydrogen carbonate, sodium carbonate, sodium hydroxide, potassium hydroxide, potassium
hydrogen carbonate, potassium carbonate, sodium phosphate, potassium phosphate, or

mixtures thereof.

25 8. The process of claim 1, wherein the reaction is carried out at a
temperature within the range of from about 0 °C to about 80 °C; and wherein the pH of the

reaction is from about 5 to about 12.

9. The process of claim 1, wherein the concentration of the divinylarene

ranges from about 1 weight percent to about 99 weight percent.

30 10. The process of claim 1, including a catalyst; and wherein the catalyst

comprises a ketone selected from a fluorinated ketone, an aliphatic ketone, an aromatic

4.



acet ophenone; or m xtures thereof. 12. The process of claim 10,

wherein the imniumsalt catalyst is generated in-situ fromam nes and

al dehydeswonoketiorigs such as pyrrolidine or pyrrolidi nePSuliseonoeesd4 wi t h

eI ectron withdraw ng groups and cycl ohexanone or 102-chl or obenzal dehyde.
6%&%\& 019(?]25 of claim 10, wherein the catalyst is a ketone; and wherein

the v a ket one. . The process of claiml1,

i ncl udi ng §etﬁﬂ%§% aliphas F@Fna%]é‘ﬁ?ne %?}Bra\]/\h%?@r ?Fffnl’i@rﬁﬁl?%%"ft g dpign S%Ebent

conpri ses @éle@éckﬁ‘(l)rﬁG‘lﬁ?ﬂ'ﬂoﬁmpﬁﬁélfmun@'Elp?léﬁ/}hz?z@ﬂﬁﬁkﬂkff‘bﬁﬁlbﬁtha@ﬁb azepinium salts,
15al kyl phosphoni um sa an aryl phosphonium salt; a crown ether; or

m xt ures t REPEGYres thereof; or letureSl@efeqfhe process of claim 14, wherein the
phase transfer agent conprises tetrabutyl anmoni um hydrogen phosphate or

18- cr own- 6. 1L jige pragess of elaias 80, grhegeingherketone GBIPHERS AL e¥di ng one or
nore free 'h%@ﬂy‘?@t'h H&'tdﬁ@’ea[cletéﬁﬁén@ﬁb 'tr[‘fhio?lia%&é& Ermub%eacét%ﬁfehb&n i fbdth €.
2017. The process of claim1, including a mefal scavengi ng agent: and

wher ei n t hécaterhaponscveingraidheapént conpri ses et hyl enedi amine tetraacetic
acid; diethylenetrianm ne pentaacetic acid,
et hyI enedi ani net et r alet h héﬁ@ﬁﬁsétofélplﬁoé(bl’w‘@me@ th%lf@muwitﬁﬁﬁalyﬁ is

hydr ogenphgmcﬁn REtA nHﬁ@stl}{&i 5@&@@9&1%{5%&1? @H@@gﬂ}%gl Vpot assi um

phosphat e; m xtures thereo A process repari I nyl ar ene
di oxi de comtlwﬂmltﬂﬁéecgpewsth@ﬁwmg groups and CYCKomxaom‘ibt(Hctl ng at | east one

di vi nyl,grege. yi .t 9&1(93 ononosul fate triple salt oxidant, wherein the

oxi dant 6| s Tess th §§C86XeqU| valents to C=C; a solvent; a basic conpound,

and optional ly. wi thyat HE8RHoc QNS Gl d%grggttg@{%igﬁsm%nwm arene

di oxi de 30product in"a reaction m x ure (B)
separ at i ng whheindhy sadydnaisarketode.oxi de product forned in step (A fromthe

14. The process of claim 1, including a phase transfer agent; and wherein
the phase transfer agent comprises an alkylammonium salt; an arylammonium salt; an

15  alkylphosphonium salt; an arylphosphonium salt; a crown ether; or mixtures thereof.

15. The process of claim 14, wherein the phase transfer agent comprises

tetrabutylammonium hydrogen phosphate or 18-crown-6.

16. The process of claim 1, including adding one or more free radical

polymerization inhibitors to the reaction mixture.

20 17. The process of claim 1, including a metal scavenging agent; and
wherein the metal scavenging agent comprises ethylenediamine tetraacetic acid;
diethylenetriamine pentaacetic acid; ethylenediaminetetramethylene-tetraphosphonic acid,
sodium hydrogenphosphate, potassium hydrogenphosphate; sodium phosphate, potassium

phosphate; or mixtures thereof.

25 18. A process for preparing a divinylarene dioxide comprising the steps

of:

(A) contacting at least one divinylarene with a peroxomonosulfate triple
salt oxidant, wherein the oxidant is less than 2.0 equivalents to C=C; a solvent; a basic
compound; and optionally, with at least one catalyst; to produce a divinylarene dioxide

30  product in a reaction mixture;

25



reaction m xture of step (A); (C) optionally, purifying the
di vi nyl arene di oxi de product obtained in step (B); 5(D) optionally,
recoveri mnyoantd/uas17mecycl i ng the sol vent and cat al yst fr @eTiUse01®28794 on
m xture of step (A); and (E) optionally, recovering and purifying the

by- t. 19.The process of claim 18 including purifying the salt
by- B?%%ﬁbé?th cal cinatiagn; crystallization; organic sol vent

extractions; or adsdBpt Pgaragne thedivimpene digddgproqusaornehingterdar om:thor a
conbi nat i oReabH&T @&fkure of step (A);

(C) optionally, purifying the divinylarene dioxide product obtained in step
(B);
5 (D) optionally, recovering and/or recycling the solvent and catalyst from

the reaction mixture of step (A); and
(E) optionally, recovering and purifying the by-product salt.

19. The process of claim 18 including purifying the salt by-product with
calcination; crystallization; organic solvent extractions; or adsorption of the impurities on

10  activated carbon; or a combination thereof.

26-



