PROCESS FOR PREPARI NG DI VI NYLARENE DI OXI DES BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention is related to a process for
prepari ngvaizoimypbmonene 5di oxi des, particul arly divinyl aremasdiianrsses
derived fromdivinyl benzene. Mre specifically, the present invention
relates to a process for preparing a divinylarene dioxide by epoxidizing a
di vinyl arene using a dioxirane. Description of Background and Rel ated Art

Di vi nyl arene di oxi desRo@EESS FORIPRIPHRING DYIENARDSEODOMI9ES( DVBDO) and 10
others which are derived from divinyl benzene (DVB) are a class of

diepOXides;ﬂﬂﬁﬁﬁﬁiﬁﬂﬁﬂﬁgﬂﬁgg%@i@ﬁgbﬁﬁr a reactive diluent or as the main
epoxy resi set formulation. DVBDO itself has a
very |low |i T'd iscosity (for exanple |less than about 20 centipoi se 110.02
Pas]) nakiﬁ@liﬁﬁﬁ%§i¥ﬁ¥§8ially useful in the preparation of |ow viscosity
epoxy formul ations. .The egox§ fornulqtifns naqujron1DN85?.aﬁe useful as
15i nt er medi at es in t & BRI BFYET CSPEOSTHEE PIHPBHE PG exanpl e,
epoxy fGrnukakkgmﬁnmamﬂygWQ@FEMBEﬁkﬁked@ukaﬁbﬁ@ﬁﬁ@ﬁb&ﬁ@mim&h@e fieIFs Ef
coatings, conposjtes, and nol di ng, conpositions. , .. . Previously known
processes f ftcﬁféy’ R R B 1%59’8 PW&‘FSEIE‘E PFPRTIRSAMPINEIAEr AgX dr ogen
per oxi de (IH2@R)xid@sing heivaylaaRtusing atibRirkRact i on process. However, 20 none of

t hese previously known prior art processes can produce DVBDO i n high yields

ef fici entl Deahihi6 oMK EdLAYaniRMagX@fpl €, greater than 30 percent (%
yield). For exanple, the process described in Inoue et al, Bull. Chem Soc.
Jap., 1991, 64, 3442piveRyRkay 9icideBpyuhidenuyicalmyahe aiddids @V BDONLT at e or
sodi um sul fate additives providing yields of DvBDO at |ess than 10 %
becauséoofOﬁﬁﬁdﬂEgl?ﬁgWHEﬂﬁpﬁyhﬁﬂgb€§ﬂ§ﬂyéﬁn&géﬁﬂ?ﬁéf@6ﬂﬁ“§ﬁvﬁw?éﬁb%%ka M
J. Appl. Poleims edr a read@R7dilud@3r a48e nflinsiGb PR 8in hikakx IHMBERdyShdmeRar ed usi ng

a magnesi um oxi de catal yst in acetonitrile. Equinolar anpunts of acetam de,
an undesi r &MelagipgeDYBbiLgE!l hay vary kv kaubrispseedorn axample lapp thap R k a

process. Nogi.sRi,8kEeh.00 Bk %%aﬁfng PHEHSY %E&pﬁﬁ@ LdePRGHink Breb RGOS ARk OV ka

reference; only the ratio of nono- and 'di-epoxide derivatives of DVB, which
is 5, is nentesorepexy fpardations. clhgepoxy formdaicons bede fram D \BDPatcaysefuNes.

2,982, ﬁgZ ig%eﬁig%)é hfjtﬁg b&ﬁuc‘ﬁ%ﬁ%@%ﬁrloqé §tﬁ!erqj§g&?1cts. 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,0,) 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 also co-produced in the Worzakowska
process. No isolated yields of DVBDO are mentioned in the Worzakowska reference; 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



in US. Patent No. 2,982,752 yields an acetic acid side-product which can
cause serious yield |osses since divinyl arene oxides and di oxi des show
hi gh aci oweensli/tisssdty. Hopff et al., Helvetica Chimca RcraS2¢qi®zs8p9 40,
274; and German Patent 5 No. DE 1079614 descri bes preparing DVBDO by
reduci ng chl oroacetyl benzenes with |ithium alum num hydride, and
subsequently renoving HCl1 from chl orohydrins in 32

%,yi el d.
SulfonlunlVPP6@§aﬁéﬁs¢ﬁ@ﬂﬁﬂébgﬁagﬁﬁﬁbﬁ¥2@%%}$%é@wFP%ﬁ¥%ﬁ?BﬁﬁV¥d@BWﬁ@unds
are descri bed d PaGaneY 2082, 242 yiclds arMPetiCREMideSASduct HARR caBdiubSderiohP -

867-868. The reaction of losulfonlun1ylldes and carbonyl conpounds is
successf ul Vigldjegsgs fipge ctlﬁ@.‘/@}‘mﬁ REdpssang fdigpdov/BPo Highaid snpEydehyde and

m (phenyl enedi et hyl ene) - di met hyl sul f oni um bromi de in an al kal i ne medi um
providing 70 %yi el dlo belrlelvett%Cbma%%ﬁ%tal(l%ﬁdlblﬁ()c% il Grpp Batgove

pr ocesssi S NIIRARAs Yol b ﬁ?«gﬂnBQEVB@ﬁY%PfeQﬁ’dﬁ%éh@&o&Etyﬁﬂ%ﬁzeﬁé@ {gpi um

brom de as described in U at ent U’S. Patent .

5, 962, 547 @i@@ne@éanrmbyd@udwaﬁawsme@tﬂy DVBDQE 1] gmObbreydying in33ddenmar k of
E. I. duP Q%lde Nenours and Conpany) in an acetone-water reaction m xture
with no cata yst The process described in U S. Patent No. 5,962, 547

roduces DVBDO in quapf; apd 1 nol
EZSCA besi des the gctlvg&g%ﬂ%g%%%ﬁkg?x%%ﬁgme%%%%&qﬁm}agahgroc s of U. S.

Pat ent No. aRQleSri®d6Qin3Axey ¢thb, uder. Ohed. Yrol, 186% 8% 65)0fp. B b BES. ﬁlélermtlomcﬁf DVB is
t ht h f VB,
aug B’hl I%lﬁhf(?{ﬁ%l? ghc}es gIHC% %a X gl;&lmgguncg lfgSQéce\Q%I 03? &sgg ifc??lge snRt!he (i)s ofD

resultlng enerati o rge ANDUNTE S e7si de- products
ori gi nat i ngn-BDVBRQ fremdxneskhpfe apst ind@henydemddiniethyocledipathyisuifonsunh daivgde i n t he

oxi dant. The a cesses .kn i.n .t riop art uffer . fromthe

o saavant agb ougy e BRI PETRT R P, Pl b Pt PhimoBHR T b agent
These undesbévegrécesiichahpeprdaguld Bng fuebayggodetios ofhiesulfoaivachrosidarae t he

oxi dants or, su|fj.d en qu iym salts are used, nust be separated from
t he deS|re&5ﬁWEﬁEP$f%3% ‘Qﬁgpzalent amount of acetamide is produced in
the acetonitrile/H2 syste e Sld roducts

chIoroﬁ%drlns are tgﬁétéﬁlmg#h§§g%é%kg§9os £E8é§§9uﬁwgaddltlon

the differ @xbné@(dgﬂmmf BpRO@PHRAs Ndgidads |alsid gbmpan@ﬁml DWcptb)-elge0f DVBDO.
The process di scl osed Corey et al. above describes a 70 @6%|eld of

VB0 howdAEton Bt BRBASALT Hode PRYCS HOEESan | & Heud oA Porntl dehyde
and a sulf 9fHdUé'@s$ﬁJ’ EDO%ﬂ@laﬁtﬂﬁﬂve\oﬁ&@e%oﬂe&%maﬁﬁﬁ i) KHMRYE NN kL0 ong
reaction tine period, for exanple as nmuch as four days.
besides the active component of 2 mol KHSOs. In the process of .S. Patent No.
20 5,962,547, the use of 2 mol excess of Oxone per mol of DVB is taught which means that
four mol of KHSOs was used per mol of DVB, resulting in the generation of large amounts
of sulfate side-products originating from the excess of oxidant and the accompanying

sulfates in the oxidant.

The above processes known in the prior art all suffer from the disadvantage

25  of generating residual products from the oxidizing agent. These undesired residual
products, such as acids when peracids are the oxidants or sulfides when sulphonium salts
are used, must be separated from the desired DVBDO product. An equivalent amount of
acetamide is produced in the acetonitrile/H>O; system. Salts are side-products formed when
chlorohydrins are treated with a base or when Oxone is used. In addition, the different

30  known preparations usually provide low yields of DVBDO. The process disclosed by
Corey et al. above describes a 70 % yield of DVBDO; however, as aforementioned, that
process is based on formaldehyde and a sulfonium salt; and such process requires an

inconveniently long reaction time period, for example as much as four days.

R



The di sadvant ages of above processes nmake such processes unsuitable for

i ndustrial scale preparation of divinylarene dioxides. Accordingly, it is
desi red twodeueliosoa process for the successful prepararconsediiaessonyl ar ene
di oxi des using an oxidant while m nim zing the co-production of undesirable
si de- products; and provide an econom cal and 5efficient process wherein a
di vi nyl arene d| oxi de product i's produced in hi yi el ds. SUMVARY OF THE

| NVENTI ON ISPH@‘“&%%%@ﬁPOYGW%ﬁGE)WagQﬂP%P@@@%W%%P%\Wrdes a
process fohpgucsesst g}ebyra@érﬁﬁ@wlmar&ievch&m@r AREorGih OX 1 HRetedth Bl clobal ds
(e.g. greater than about , at high selectivitres for epoxide

f or mat i on, PEIsessder the ?"é?eéﬁfl‘lb@eﬂ’%k@ﬂ of digtnylapraR dipxElgs BURE Joridan il ocesses

wi t hout th%nﬁhhf?ﬂhgiﬁﬁ Cprrthaldardf Qe dbl i REGSRRE; %Hpﬁ}oéﬁe eﬁPecBﬁ&ﬁiHﬁtahéPn of
undesirabl e acidit side-products or excessive anounts of sal

One enbddi wHisienpprogdse wheremayttivipylgrens dioxidé groduct édﬂtr‘eﬂlc‘tdjnéllghr}’@d@ss f or
preparing a divinylarene dioxide including reacting (a) at |east one

di vi nyl ar ergivmiiRRYeoPatH VN Tient ral i zed sul f ur ononoper oxoi ¢ acid as an
oxi dant; (c) at Teast one basic Ibconpound; (d) optionally at |east one

sol vent; and (e) opt T&rﬁéslaﬁ/tqn\%nﬁéﬁ AvithgeotMSOvIRONAb QDR r E&cés@fumf a

di vi nyl arene di oxi de product. mgr esent invention process produci ng
di vi nyl ar e@éﬁpémmlﬂéﬂawgeéloalﬁe&%h ryteldsd gy herepderslantabeyt|6) %l)eﬁithrléll i zed

sul furonon for

obt ai ni ng ﬁ?gﬁggﬁgfo& %?& fﬁﬁn{ﬁ%ﬁy g?‘g}éﬁt %&%ﬁgcﬁgéh%%plt%%ghgygggss of the 20
pr esentlOi npestisenvidhngt e nebienisred theipnionatl praeeserssechol cealadusienstods. The
present inyentd, E&&Sﬁ?% é”‘&te'XSéé i% %A{O&M 4i&f or the preparation of

di vi nyl benzene 1 oxi d very I'ow viscosity liquid epoxy resin,
from di vi nyl benzene i N process is
carried out under coéf% e?%bgﬁ@%‘éﬁ%tﬁ@ﬁr%&i ge&ggﬁbsf%%gtg@l{oorﬂx%gunges| rabl e

si de- pr odugtepaiing adininplaee dibrid2 Sethdingireaa(ing Qaeatpeascmshxolﬁylarhm pr esent

i nvention qvanttege%ulﬁra}/lzé%r Hr%e%no |evolxgcaar ene. di. ﬁ es Eﬁ%t ?%\T\{I el ds,
exanpl e, i n yiel4EY 6F " Greater XSS 46 2040 PP O oF THE
DRAW NGS  compound; (d) optionally at least one solvent; and (e) optionally, a catalyst; under

conditions to form a divinylarene dioxide product.

The present invention process for producing divinylarene dioxides uses an
oxidant, such as partially neutralized sulfuromonoperoxoic, such as for example Caro’s
acid, suitable for obtaining high yields of a divinylarene dioxide using the process of the

20  present invention and generating minimal amounts of salt wastes. The present invention
process is particularly suited for the preparation of divinylbenzene dioxide (DVBDOQO), a

very low viscosity liquid epoxy resin, from divinylbenzene (DVB).

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

dioxides in high yields, for example, in yields of greater than about 60 %.

BRIFF DESCRIPTION OF THE DRAWINGS

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
30  understood that the present invention is not limited to the precise arrangements and
apparatuses shown in the drawings. In the accompanying drawings, like reference numerals

are used to denote like parts throughout the several drawings.
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For the purpose of illustrating the present invention, the follow ng

drawi ngs show a formof the present invention which is presently preferred.
However, woO8houbmdobe 30under st ood that the present i nveoTiusno1il928300
limted to the precise arrangenents and apparatuses shown in the draw ngs.
In the acconpanying draw ngs, |ike reference nunerals are used to denote

| i ke parts throughout the several draw ngs. . . Figure 1 is a

bl ock flow di agram sFig&F Ads Hiackeligypdieganshoying gae gydinent gf e gegalht t he
present 1| NBEJIEIs QR thd Prditht Fle Al GARING aﬁ%}géﬁi@tsoﬁéﬂt%@t@écki@@o;{b%foﬁttd Qpakf 2S€parat e
a divinylarene dioxide product froma reaction effluent.

Fi gure 2 i divinybireneidigidnprefuaghraime s¢p6Wpndflesdt her enmbodi ment of the overal |
5process of the present invention using a phase separation operation to
separate a di vi nyl arlégEe ditoxblaek vodiggramsspeing apetherepbadisren) oidisroveETAl LED
D_ESCRI Pl %O%SSBH%GIPMEMA\gNiOH using a phase separazm)ﬁ oﬁér%&ﬂt) séﬂﬂi’a@éu ron 1s
directed to an economcally favorable process for preparing a divinylarene
di oxi de. Adudinslagiieahende PR dem afreachen gileaént i nvention is 10 prepared by
reacting a divi nﬁl arene with a partially neutralized sul furononoperoxoic
acid or CalTAIBEDDESCRIREIGY OFdAHINMENITONS| ¢ conpound; optionally, in the
presence of a solvent; and optionally, in the presence of a catalyst;

wher ei n t he reagent sTheridesapyliyentien is dyecigddo g permpmgallplaypiplaiprasessier anount s
of salt wa SENELA m tihe I - i nbodi nent of
the pr esen? ;e?%ventélglhgqgh(é?l\% ltﬁl% %%\’rl\%%l}%ne |1%§clle§8eﬁs gﬁsegéslﬂ\é@\gig%;ﬁll benzene

di oxi dé0( DyRD@ed hmycapiengpy dpaylendyite p garohiy meytralizddl viliworaenoneroseic keider

di vi nyl ben e B).,. 1 o) . rf. e e ], X sol ution
W ih s bast iyt e Runrtitic sk WA oh Bne ol S0 L
(H2505) as ahdeptoxaltant the prescanobivaratagysh edhernhe reagahitsvand yhdaremes dreoxi de such
as_DVBDO may. be; 20 RERARS S b ArtgPh kg fll AV BE GG, SuCh as DVB i
acetone, nixrng tHEMEBIULT BRCW T H °5" BAST € agueoltid” butt'et" and usi ng
partially neutrali Zelgorgggn?llg ir?cril dem %dlI het(()) bdargéte'nt ilnnenttiml 5 cﬁrgbqgrierqgnt !
acetone may al so serve as 25 dhPH yst. Mhed ThE“rEaltion ’rrayVB% carried out
at a t dfpexakide@udf asldet nydienzab didkide (CVBD (D moaytbe Piepaied A tidsoltihga epoxi dat i on

step is conpleted, the resultin ct can be renoved fromthe reaction
i ur o - anipissiice Samuboradel DY sttt Ry BB by known
means such@audh $ii & bald &0eous buffer, and usink PartiiGy KLBROY @@iol’syacicﬁ(‘l—?ﬁ@ya@

process of the present invention, the anount of side-products fornmed from

t he oxi di zitmpxalpent, are minimzed In U S. Patent Application Serial No.
61/ 315, 200, filed of even date hereof, incorporated herein by reference,
Oxone is described as aasthencnthadimehipp divinylaspoxiiakade soch ofDEYBVONYy ter enes.

Oxone 129 alp?e%allé@ BWiS&SIViﬂg a divinylarene such as DVB in acetone, mixing the solution with a

basic aqueous buffer, and using partially neutralized Caro’s acid as the oxidant. In 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 the epoxidation step is completed,
the resulting product can be removed from the reaction mixture; and if desired, the resulting

25  product may be purified by known means such as distillation.

In the economically favorable process of the present invention, the amount of
side-products formed from the oxidizing agent, are minimized. In U.S. Patent Application
Serial No. 61/315,200, filed of even date hereof, incorporated herein by reference, Oxone is
described as an oxidant for the epoxidation of divinyl arenes. Oxone is also known as a

30  “triple salt”, since 1 mol Oxone is composed of 1 mol KHSO4, 1 mol K;SO4 and 2 mol of
KHSOs, wherein the KHSOs, a peroxomonosulfate, is the active component. Consequently,

an aqueous waste that results from carrying out the process contains KHSO4, K>SO, that is



30 "triple salt", since 1 nol Oxone is conposed of 1 nol KHSO4, 1 nol K2SO4
and 2 nol of KHS05, wherein the KHSO5, a peroxononosul fate, is the active
conponentwoOQongaasent | y, an aqueous waste that results PCcomSe@nnyssng out
the process contains KHSO4, K2504 that is present in Oxone and KHSO4 t hat
forms after KHSO5 | ooses its oxygen in the epoxidation reaction.

U. S. Patent Application Serial No. 61/315, 200, filed of even date, hereof

al so descr PESSI{ThEXRe RIS grt Brms pligr KIS lepseitoaryasn in e ridHiann ¢ he
process by tbgomom ni m zati on of the excess of Oxone that is used for

epoxi dat i on. One way to further mnimze the sulfate side-product
formation in the proggspa@fi ApPReaRbE SRl NoWienitsi?v, filsd biQvkis gar@ndadtalsg! |y
neutralized sul furononoperoxoic acid such as partially neutralized Caro's
aci d sol ut idewripgidhenminraiqofsplfay deproguct fymagongimpedroeesyy tBe aci d ( H2505)
may be gengfiahfsdibh 6fths MEurdrexdrd @aQl ull ePhanaiidg02 fol l owed by a parti al
neutralization 10 such as for exanple by the addition of one equival ent
base such as sogLighPAtANd: deninRRLAS P s H Qi dBrm A RH i il pRIBQRALR,

pot assi um carbonate,” or m xtures thereof to the Caro's acid sol ution.

"Parti al | y PFeeRt iyetaads tonise e partipbareytralived adtirehenerepxaneci¢gishwapanallybase to
Caro's acid, .This partially neutralized ro' cid solution ¢ e
directly. st PR S Bl PR St BB Suf VRRS ol el af RS0 e f at
buffering mRiBiozidaded R85 EQEAR aYidbP oRln ThMALODEILEELPE £:360GEuPiz 4]

i nactive conponénts KHSO4 and K2504 from t hé oxi dant ‘decreases the salt
wast e dénewsathed finex&0pledy e aflditibm el one rpuivalent ppecedsasscdnomydoxidhe sul f at e
sal t by-product, Sani 8L SOl Ak ShoRHY bEL&do! Ol ARRIORKI AL S fygl S and
used in di PPEFEHE YHEULE IR SHEORE PRETIIHAIORRS TN s e Siif es of

i ndust ri al (farced atsd {dhaionu Seargkdlyasstralineds\Hefead @ednd cetid@ditian oRbreregtiodlentn t he

fact f |l b ; t t 20i | ping; f h
Cuppr ossanp rdp RO Ear Mgl BaOrHL A Rt st uABr B st

conponent it cpakiefiss phasedf dividyl hrogestwithi Gsrophgle Bikddrink inGidimifie@ @estérablyhe nost
important agricultural application is the use of potassiumsulfate as a
fertilil2er elimpgting theggesanceok theppactiye eompeagnts KHYOs @yddrs Qudrogethe pxidany made
from Car o' i n i r t. W th 25 t |ution, a
ot ass: um SsTERARY AlsORhuRE b S0 I i BB B R e e
tripl e sal sultafhaltpygeabst dao bmiskkteilhpgitied td e epsariate lewldmd ordédoed, f or
exanple, in. .S . Patent .. 5 607,..656 (herein "the '6 arent"),

“heor por at U A5 spdPiiBieal Fryctans dEeEhh of A srgEBBEbE e hyol ves
t he oxi dat ipomssifm sulfafelindlGdeaetderador @l teanmmifiduréRBORalloardgaaeatcempbenact i ve
conponent, .Caro's acid. Then, the resulting highly acidic mxture is
Sl A e Bt AR AR S IR S i S

triple sal tohpaRnhiasqicdudiesed yatidd fiidethdwhiightai ﬂygnv emelh@t BMRRas@t i on of
water to concentrate the aq{ueous solution. The solids then need .
agricultural application is the use of potassium sulfate as a fertilizer; and to lesser extent in

animal feed.

Oxone is generally made from Caro’s acid by an alkaline treatment with a

25  potash solution, a potassium carbonate and potassium hydroxide based system, to form the
triple salt. The process to make this “triple salt” is described, for example, in U.S. Patent
No. 5, 607, 656 (herein “the ‘656 patent”), incorporated herein by reference. The process of
the ‘656 patent involves the oxidation of sulfuric acid or oleum with H>O», to generate the
active component, Caro’s acid. Then, the resulting highly acidic mixture is neutralized with

30  potash to obtain a solution of the triple salt. The triple salt then has to be crystallized which
involves the evaporation of water to concentrate the aqueous solution. The solids then need
to be filtered, washed and dried. Consequently, the energy requirement of the process

described in the ‘656 patent is quite high.



to be filtered, washed and dried. Consequently, the energy requirenent of
the process described in the '656 patent is quite high.

Al t hough woppovaasnt s to the process of the ' 656 patent Phaws2desessnmde such
as renoving the cold crystallization steps to isolate solid Oxone, the
process of the '656 patent is still energy inefficient after the water

evaporation process. The solid nmust be transferred dried and the process
appar atus nust be fublhregh inprayraynisds Be@rosay of deyea Rienbhavs dae Yades of t he

filtrate i suGoRRLRSEE hOcABESLRNTRIOE s&BY lodsdRIORTid :2ak,Ad @B offthe sol i d
may al so re&%;re additional eéequipment tor drying the triple salt.

In the pres@®tPajehtis sl ensrevangfleientaf e the water eiaporadoraapess Heisalid pegdeas an

active oxi gapdrerrda&iiel %@&@pﬂ%@&s Qﬁara@&%ﬂus@@éﬁ%@%a%d bes&d aﬁﬂe&ﬂ‘ﬁn@&ﬁ . The
acidic solution is neutralized wth the appropriate base such as a potash

sol uti ofi antklysieofitsliiirate igeonmilaed towbiain meuseldl @enehkobsprielithe sofienay
sinplified aBB?&]ﬁﬁ‘éacﬁfitic{‘n le%lgfp%ﬁpftor h@ﬁ‘%% tgl_Ple%Lllt.m nates the formation of

sul fate waste that wou gener at fromthe sulfate salts originating

fromthe addition ofy,the exhrigy Hbﬁ,‘drpitaﬁiagfh&tﬂaﬁ&%_ ’é’aéiﬁ?,rusé § aRRGRAr at i on

and crystallization of thhe triple sal so significantly decreases the
ener gy needsidait, hengoloredre set, begn drserihed onated in by ap.otlad dcohg sadwtipstial | i zat i on,

filtration,andy 0ol SpdOoled HE NSSIRI Gl Sa%] A3MEnBRMoARI N the
present invention Is pre?era y 1h an aqueous so ution; “Parti 2
neut r allDz atusadras dfe dxiilanCalihe 'sinpdi€ied process uf the presenainyoetivhicbomimfes thee oxi dant and

can directly be used for the epoxidation. In contrast, . when one, the
solid 11 pramei RESugh e fuE PRl REkorsBine' Put BE BN st PSEuTRTRR + oqui r es
addi ti onal tsmaditios obthe Wataesulfutidadid Secbs g d@she sreppPiontah@ ciyseBiesnionionyent i on
conpri ses a,IHr 0ces for .prepari ng 20a di vi ngl rgne di oxi de i ncl uding
reacting (&Paialt 4 SIRLCaniY, feqirshs diresnergy ol ob e REIGesS: SMFEM8i"H Y he oxi dant
is partial kyapopiabh akyse@dated, altftiog bt driing is(i8)old. IFeaBdrmoRehbasident@asmpound,
under conditions to forma divi n}ll,ar ene dioxide. Optionally, the reaction
mi xt ur d5of it ke PR HYENYORSRFEICER pirae é%%eowlqtlﬁe-| Derdalpeuralizaiongf thee ot 5 yst,
at | east o@rSPANEMsuliANd sORtibOORhd ¥xi@nh&ld A8 airs@R e vadidbt hy 8soxidhrdhe

di vi nyl arene and the other conponents above, are contacted with the

neut r al i zed CAHBsIsWhaE; Qrop%ithi ilif finigelfts pssddhe @aencaredsippe tplvhilzeBe bat ch or

conti nuous 1 aRdedddes IRARMANMuRESf @hlpwed to react to produce the
correspondi ng di vinyl arene di oxide. The

In its broadest scope, the present invention comprises a process for preparing
20  adivinylarene dioxide including reacting (a) at least one divinylarene; (b) an oxidant,
wherein the oxidant is partially neutralized Caro’s acid; and (c) at least one basic
compound, under conditions to form a divinylarene dioxide. Optionally, the reaction
mixture of the present invention process may include at least one catalyst, at least one

solvent; and optionally other desirable additives.

25 The divinylarene and the other components above, are contacted with the
neutralized Caro’s acid oxidizing agent in a reactor, which may be batch or continuous; and
the reactants are allowed to react to produce the corresponding divinylarene 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

30  may optionally be purified, for example, by distillation, crystallization, or other purification
methods known in the art. The co-produced salts maybe purified and used in other

industrial or agricultural applications.



co-produced salts, the other conponents left in the reactor, may be
separated fromthe product to give a usabl e divinylarene dioxide product.
The di vi nyDanamasboxi de product 30may optionally be purcfritsdoiifoessoexanpl e,
by distillation, crystallization, or other purification nethods known in
the art. The co-produced salts maybe purified and used in other industrial
or agricultural applications. One of the exanples of the
present invention is O ¢f dha examplss af (B Bressns inyeiop isdissr st {uhPT8sesHIVBDO by

epoxi dat i onrRhralMPMAYBDOI b6 88N oMD&BSKith &1Bﬁréib§)whéﬁﬂﬁﬁe &@ﬂraﬁh@s éa’%O' at ed
or generated in-situ as described in RW Mirra 0 (16)

2847, 1985 beisnlasd s eancerrdipriy ps doycrihed &%%Mum%{el iGig. ﬁheal gﬁérﬁé@)z@@f%n of

di oxi r anes 150 tichRorafdMRIPREARGDc@ BidiARAu BetleFiidh PELBLRRALs rec-flﬁl%s gtrong
oxi di zing agent of the present invention is partially neutralized Caro's

aci d. The kevonadeotpenendiziaeesenasThe srangpyidvingngent onheptesenbigkntion i t s
ori gi nal gglrtlgllﬂéu%h}eﬁ gaﬂjxé &?& ' ﬂﬁ KefAd E(Srf?lﬂ)'nent ac é asa cat?_}%ét Qn@&%v&%b odi ment,

DVB in an appropriate solvent such as acetone an presence of an
aqueous sobadki tors ofigihd etalyardiecthe ordaimmdestich as an i norganic salt or base 10
are treated wth the oxidizing agent; and after the proper incubation tine
DVBDO i s obt ai ned asIntOheemh@dbmemda‘éBiimm mpudmieite sQver s c@rﬁslaeett@eDVBin

conver si on; 0 t he

o moont don e ttstadih B e i DRSS ERH oo FR B b0 b A Qsllr Bl N0
can be 16xt mmateeed mithoharxidiriggaagent; and sfemthe pnagteeincuiasihe dme @p/tB]:oihasl I y
filtered n distilled to |veah1 VB rod

15c0- pr oduePamsy & bt Y seifr R PR PR e B e

preci pi t at enifg agoLhdRss tpmoabodt ) af e hynSoxiqel (ff dmwl&fnz@e [DEVBM((D)H)em'ghe

ket one co onefqt can, be recycl ed and reuse can .be i sol ated frogmthe

reaction Thip (e @é?tb)lntpé‘idiuﬁtrfa% © EXEr Ht‘b?f‘ geant P NI anot her

enmbodi ment opdddBily N1teBd, ARAdRENE Ao wal MY psd CIVRISO peghangnand 20 in the
presence of an aqueous sol ution of the basic conpound such as an inorganic

sal t orldpasePEaducts pregpibdesihatigan Hay BArcotsBde: BPICREASRS thlling agent; and

after the ?f&ﬂﬁﬂigdﬂﬁjﬂQﬁltp!eq{/‘aytdf@&a@\/mh@k&g{e%bﬁﬁ&wﬁﬁaﬁIB@IJ&?{HQJ arfgeact i on
product with conplete DVB conversion; with mnor anount |ess than about 40

% of the miwveeskilbieande ispadyann e Zeas oy DUBNEPY PREFIREAOB ORRracoied t he
reaction pgyagdigfoncan be extracted into an organic 25sol vent, water washed,
optionally filtered, then the nono and di - epoxi des are separat ed with

In another embodiment, DVB in an appropriate solvent such as acetone and
20  in the presence of an aqueous solution of the basic compound such as an inorganic salt or
base are treated with the proper amount of the oxidizing agent; and after the proper
incubation time DVBDO is obtained as the major reaction product with complete DVB
conversion; with minor amount less than about 40 % of the monooxide of divinylbenzene
(DVBMO) being formed. Then the reaction product can be extracted into an organic
25  solvent, water washed, optionally filtered, then the mono and di-epoxides are separated with

appropriate methods such as distillation.

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

30  mixed with an aqueous solution of the basic compound such as sodium hydrogen carbonate.
Then the oxidizing agent for example partially neutralized Caro’s acid may be added to the
reaction mixture; and then the reaction may be carried out at a temperature of between about

0 °C to about 80 °C. After the epoxidation is completed, the solvent, salts, and other



appropriate nethods such as distillation. As an illustration of
one enbodi nent of the present invention, for exanple, a divinylarene

di oxi de swohloa$11EMBDO i s prepared by dissol ving a divi npCanse@1sessho as DVB
in acetone. Acetone can al so serve as the ketone catal yst and the sol vent.
The solution is 30 m xed with an aqueous solution of the basic conpound
such as sodi um hydrogen carbonate. Then the oxidizing agent for exanple
partial |y mefRriakimaydy reneved drogethe piedyctiad ddlseiseds Ge preustasytieanrifisd®dur e; and

then the reaGhi ARaBYCHIR a6 14dRd TAMolfint SanttRIRGERY HiEre®ed DRMWMRRNRcADOUL O C
to about 80 C. After the epoxidation is conpleted, the solvent, salts, and

ot her mat @Fqdasas! splgte padts carhppeilied ap Yspéingilsd industrighiad pgriyéeial ed, t he
product may,he.piki fied by known nmeans such as distillation. The sol vent
can be recycled and reused. And the co-produced sulfate salts can be

purified and used i nrRIBEke bitflHalhicat uRAA iBAGE bW HhalicaRRly 6AL KBRS, SThe
source of divinylarene useful in the present invention may cone from any

known sour éeskeoya spaices and [pagticelar tekonmn pioeeseesdersthe pieparpieonst dpyaydarenssh of
di vi nyl ar enes. I n one enbodi nent of the present invention, the
di vi nyl arene usef ul lngng pabeshimen of the piesent inyantiriy the drphilasencansfukinibeet i t ut ed

or unsubst %ghe%rﬁ %v@ﬁtﬁﬁ%i}%ﬁ%ﬁ? eﬁ?g?ﬁsﬂﬂlé ud ¥ e Qﬂéfs?%%dciéugg%/arialg B

posi tion. e arene may ‘i nc exanpl e benzene, sti e
10benzenes vingt groepshis iyt i gerbsitionn ghamend dyadclbénpeeragipledrdzan substieged her eof .

I n one ,enbqdi t Lvinylbenz r et or, i soners or
any i A0 ur SARER e ok PERERRG SR PEn i MR Therf. B
oxi dat i on- eabbditnamt digmglbpszeharmhyitk ovg)id, eeraexgpt Bosat ur atyedixailrkibreofar yl |

hal ogen, nitro, i.socyanate, or re R.may be saturated al kyl or

eyt Yo AU TRHERRG fo Bimb D Ea SR R B R RRER s 8o “exanpi o
napht hl al ergyrakGtaikiyr, alyy,dapgap hitvalsesianaté v RONEwherk ® manst saiuxdied @igyl bher eof .

I n anot her enbodi nent, the divinylarene may contai uantities of

subst i t ut ed VA SRS THReTGh WS- bl Pt gl (Gi5erplarRuRlanes
depend 18N tRhRTOGPEHaILEE and He 1iRE afd @P@irad thewofof the di vi nyl arene. For
exanpl e, DVB prepared by the dehydrogenati on of diethyl benzene (DEB) may

contain quantities oh agbthyt evibodinfean) arrieyid@artieMBly @nchiAtBntitdier amount of EVB
is preferably |l ess than 50 % i.vinyl arene used in the

. The di
process of StiidusdasaRs Thorsiorniond seyetyrs of Gaaubsiinted Reene Ereidsnils benzene,
di vi nyl naphidoalseR@l in dicirepat iR BEmY bivirdiavinay ke Rhep! BYRafpaRRthy Mt ur es
t hereof . The concentration of the divinylarene used in the present

i nvention Meliydpisenadiqp et dethulbenzee gty santain apanigieypitetpdyipdhenzenst 0§ to
about 39 wWpV) Rlaadies. abldaniduanaabays p}ef%&%qéspth%gy%% w % nore

preferably fromabout 2 Wt %to about 6 % and nost preferably from
about 4 wt % to aboufncRfyiMflarde used in the process of the present invention may include for

example divinylbenzene, divinylnaphthalene, divinylbiphenyl, divinyldiphenylether; and

mixtures thereof.

The concentration of the divinylarene used in the present invention may
25  range generally from about 0.1 weight percent (wt %) to about 70 wt %, preferably from
about 1 wt % to about 65 wt %, more preferably from about 2 wt % to about 60 wt %, and

most preferably from about 4 wt % to about 50 wt %.

The sulfuromonoxoperoxoic acids useful in the present invention as

component (b) generally contain sulfur, oxygen and hydrogen atoms. Caro’s acid is one
30 example of a sulfuromonoxoperoxoic acid. Caro's acid, H>SOs, is also known as

peroxymonosulfuric acid. Caro’s acid is a strong oxidizing compound. Caro's acid may be

produced by reacting a sulfuric acid such as concentrated sulfuric acid, or oleum with



The sul f ur onronoxoper oxoi ¢ acids useful in the present invention as
conponent (b) generally contain sulfur, oxygen and hydrogen atons. Caro's
acid is owe280/axmnpl e of a sul furononoxoper oxoi ¢ aci d. PCaus2611ae88d) H2S05,
is al so known as peroxynonosul furic acid. Caro's acid is a strong oxidizing
compound. Caro's acid may be produced by reacting a sulfuric acid such as
concentrated sul furic acid, or_oleumwth hydrogen peI’OXI de to produce

Caro's aci @ydregm P@%ﬁ?ﬁlt%moéu‘ﬁr%‘é%%aq oﬁorﬁ?‘aé?iﬁ‘? jarpgocestrier Rreppging Creo’ sk r i bed

in U S Pajentcdied iy 53Padfi Kol 519U Riat @sbriled E‘ér&n@? rér&bfleence.
The oxi di zi ng agent or oxidant, conponent (b), use in the present

invention may conpripR Qg agEBtr& oRfdahin& ﬁéhér@‘(ﬁ)n&efuﬁ &Dth@pﬂé?ernﬂ ally
neutralized Caro's 5acid; (2 partially neutralized Caro's acid in
addi tion t @V&n%@tw&W%O@@ﬁm @féheaf@llewnéaﬂﬂ a paytigliy nputrglzpd parofy al |y
neutral kzed:Gahp, Earﬁ&llﬂlehﬂalﬁg&j CEﬂo%rhcfdQn AEELL0G WILE AnRE %&{e%@ssana n

di oxi rane oxi dant whi is isolated; or (4) m xtures thereof

For exanpl exidantpagiti; @)lwﬂmléhtlﬁrua‘al@é@a@? @wdsme@éiilaow lﬁ@r@mhenhyﬁ@aerbtys
neutral ! 2100 o Rkt AN 0180800 APhE.AL: hligaf of oW no: (1) an

i nor gani ¢ base an ammoni um corrpoun 11i) an al kyl ammoni um base;
(iv) an aryl anmoniu ) (vi) an

al kyl phosphoni um bar@&%%%]ﬁ%\é aﬁla%fsgﬂ‘ag%é@gﬁf(ﬁﬁm Jbggﬁg?% %@?ﬁﬁﬁ{ xe

al kyl - ar yl npiudiping Al dsabeith gre qrimore ofi the t@ﬂlesﬂntgh@)r@oﬁorganlc base, I n one
enbodi ngnt .of t [ rali

acid |gﬁusé1 Wi a?ﬁno%u%??ﬁﬁeqouﬂ(Y%uﬁ]aQQlk %%)nr? o 6\{ é%v an n}r]%erﬁraﬁB é}]lgas% esul ts
in direct hﬁap@b(allcta{ar}mmnmémumbaséo(m)lamaﬂiqﬂmho@omamthasd Kkwi)meutral i zed Caro's

aci d. r...enmbodi ment of the sent ven ) a

e tialy Anipegte R B T PRRg ar%lémﬁfph%‘ TR g é&%ﬁx&gﬁsn@ 'as a
ket one which result |nth i oXi .n.situ. The
di oxi rane may be iso ate goc{élm %IL{E{F] hﬁ Y ent mventlonbél ar? eélérélézgd or the

di oxi rane wayw’ beider nerdatidduf 1 konEan o pH caﬁtrdlealﬁiwtolnmemama&lymulusm diket
presen 200f .t he djyinylarene. and itu as the oxidant of the
5, nogniqagn of e Motk bonﬁﬁa deniereup s o Sl oxi i

pr esent ‘oxi dant used in the
resent invention era udes froma equi val ent s
Py Goubl o bond. " oo dRan iR sbe S shurvrieh 2t d RuEH  arent o

and nore prafesar maf b@mxa@ wh akadklySCGutly &l St dhe tdich.résulOial iiéfoemison 025The
basi ¢ conmpound, conponent ,h}fsuseful in the present invention includes

i nor gani ¢ AdHPEPRERIdNEY sHe Hhrsdiexinne way peisplge and lep uiod it &5uBFeqyeRis er i ng

t he aqueou%rd@@@ﬁ& (BOGoRAFRY nfdly BE g@fdraRl frdMRCaldH Rl anti AR aRRGE in @b prERhce
exanpl e e inorganic additive can be sodi um or potassium carbonate;

hydrog@ﬂ c&f %Ha’ﬂlé/laf%d’inﬁﬁi‘%‘rmﬁ’@t 338G RN o B PrgEEnt BVERONc sodi um or

pot assi um phosphate; and m xtures thereof. . .
The molar ratio of the oxidant used in the present invention generally

includes from about 0.5 to about 10 equivalents per double bond, preferably from about
1 equivalent to about 4 equivalents, and more preferably from about 1.1 equivalents to 2.5

equivalents.

25 The basic compound, component (c), useful in the present invention includes
inorganic additives such as bases or salts that are capable of buffering the aqueous phase
and providing an optimal pH for the reaction. For example, the inorganic additive can be
sodium or potassium carbonate; hydrogen carbonate; sodium or potassium hydroxide;

dibasic sodium or potassium phosphate; and mixtures thereof.

30 The concentration of the basic compound used in the present invention may

range generally from about 0.05 wt % to about 30 wt %, preferably from about 0.1 wt % to



30The concentration of the basic conmpound used in the present invention may
range generally fromabout 0.05 wt %to about 30 wt % preferably from
about 0. Iwetofotiersabout 20 wt % and nore preferably frecrasout/oisss %t o
about 10 wt % based on the aqueous phase of the conposition. The
optional catalyst of the present invention nmay be sel ected from conpounds
that can provide an oxygen transfer fromthe oxidant to the double bonds of

t he 5di vi nyPentef@t Fnan @ﬂWé??e%%WQK?bﬂPP%l%?%@?H%W‘giﬂf%*“ﬁ@ﬁmé%hnple t he

cat al yst may,des gRbestRdIfpegiket ones or imniumsalts. The ketone conmpound
useful in the present invention can be for exanple chiral or achiral and

may be for exanple, 'ﬁ%&%ﬁ&ﬂﬂcﬂﬁ?ﬂ%fm@bh¥&nKﬁ%ﬂﬂ%ﬂmﬁh%%aba&iﬁ&mketOneS
(trifluoroacetone, tri or tetrafluoro acetophenone), chiral ketones, and

M xtures t KOPRGMS hermes Drovidsian or veen dpyder (s prexidaydethe dpyilebeidoal Ban al so
be chiral %Rm%@ﬂ&k%hd@&g@ﬁ%&%ﬁBﬂgoﬁéﬁﬂkgth%fQhﬁﬁﬂPHBQHﬂ%ﬂﬁﬁybe

bi phenyl azepi ni um or bi napht hal ene-azepi ni um sal ts. Typi cal eéxanpl e of
above st r uétlegtedsirem éetﬁ@q@mtr@alubeﬂabw The kp@yh eprapqred eafélﬁ ) hdepeedent | y can be
hydrogen, %{Veﬁtquéan b& Yt ?ﬁlllqéiy l‘hira?‘Brchhir ':aﬁl& }ﬁ}{ btgfo?g léa qgetéJé @tjhgyl

cycl oal kyl ara roups nmay al so contain teroatons su as 0 or
N, and wheﬁ@yNﬁmuacﬁunmde@éﬂdgmmhﬁu@ammbmehakmgmnﬂmneaﬁmﬂhumm@bdnaie,

t et rapheny te I e and the like. The imniumsalts can al so be
gener at ed %%%é%tﬂmf X&&Qt&%%% and al dehydes 20 or ketones. An exanple of an
am ne nponent can |.J.chi r electron
mﬁthdrg§ﬁng groups.yﬁﬁlg%ﬁ?gﬁgglgﬁ%ghéﬂ%mgaﬁwg%&hﬁgﬁggkéEﬁkfgr%a??c
alicyclic ah@shydﬂfmandhkhbmmgmmﬂnﬁnmh@hmwku@ﬁmhmuﬂbdammmﬂ@gsmqﬁmUmexanple

| oh dehyde ~ 2-chl or ob d the Tike.
Y ansi 11 on NGt APPEG st DEet ot ] BeC BT RS, Pl ysts  Beapl es of 25

useful transition nmetal conplexes are Manganese Schiff base conpl exes such

as Mn(l11)- salen conpl exes R,

A
[:::]::jji/ﬂ1 o R1 N
X- Q
X_
N ‘i!'5
2 \R1

15  where Ry each independently can be hydrogen, or alkyl, cycloalkyl, aryl, aralkyl groups;

Ry

and the alkyl, cycloalkyl, aryl, aralkyl groups may also contain heteroatoms such as O or N;
and where X each independently can be halogen, tetrafluoroborate, tetraphenylborate,

perchlorate and the like.

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

cyclohexanone, benzaldehyde, 2-chlorobenzaldehyde, and the like.

Transition metal complexes could also be used as catalysts. Examples of
25  useful transition metal complexes are Manganese Schiff base complexes such as Mn(III)-

salen complexes

-10-



The ratio of the catalyst in the present invention may range from about O
to about 500 nol % (referenced to DVB), preferably fromabout 1 nol%to
about 200woubfh1iexsd nore preferably from about 10 nol % tPoTAlSet/01£300 ol %
The optional solvent useful in the process of the present invention may
5incl ude for exanple any inert organic solvent that is inert to oxidant
under the reaction conditions or it could be a ketone type solvent and
besi des organi ¢ sol ubieIrrdefithcatalyshindhe prasensigycraion Say gatise femy apeyt O teor

exanpl e, tRBowR 8OYRBI% (BkrenB& tymﬂ)al%@ﬁﬁ‘alﬂﬁlf?&n abdeRNaR1% WS hboas
di chl oronet hane; aromatics such ol uene; pol ar organic sol vents such as

di met hyl f 899w %eeind soes praferably feom alast Hhmolst loctRe 90 guih.

t etrahydrof uran, di nmethoxy ethane; 10al cohols such as tert- arryl al cohol ,
tert-butanol, and netisamEpnal srlvenf pssful ipihe arosess OhBE STeseit Hivaagion may

trifluos Oehﬁﬁ{a@ lfor REXAE LY QLS 9&5&9 @&Qént R0 ifBroth Bk B8nt W& 8 reaction
Preferably, the solvent conpound useful in the present invention nmay be for

exanpl e, e@h@ite,ong gei cadd B¢ frsetprexyre Sekvget and besides ergapictsplubidigatiog dtralggan
acetonitrilg, 955%?1 Uﬁé} e§§m€189th<9£b% ”thcfuﬁe %ﬁ!ﬁ%ﬁﬁgéalﬁéﬁég 4§ ol Ol uene,

xyl ene; hyérocar on sb vents Such as 1Bhexane an nt ene; I'or i nat ed
sol vent s sdchloaandhanh] awepatEs kahes tadwengy poiau pratiheplegfts such as dimethyl The

concentrat i:o f t Ve resen ange
gener al 1y fobftse e BRANERbOHE B HiOF sPFRR T S TN 7I0%,
about 718 whalcholasudh aoee- amydaalemla)bltgn -butanmnl ealndutetlﬁﬁoer f%ohoatabﬂcxthoﬁ@uw %

based on the total e .Sonp osji tion. 20Another optional conponent
useful in ta%glﬂ(éf”é)gglﬁlfoL?‘W@%fﬁW%%r?Pﬁg}o HY iR e &anpl e a phase transfer

agent. The phase tr ent, use i esent i.nvention be for
ooampi e tertaal kyl TREEPLORENNR Sohaipd st p ISR e SR B
phosphoni um;eﬁrﬂ{ilé &thegrsdcmsﬂruétﬁsxybmemeedifoxaﬂ%r ﬁhﬂésadnbtyas atcaemﬂ{lasetohésansf er

salts may include for exar U4NHSO4, Bu4NCl .ng m xtures thereof. 25The
ratio of tAETEHASEON YRYAY Sogﬁg‘ﬁts“‘ihﬁ‘stt%‘éenﬁr’@ At IR EReR SHYRRY U Hge from 0

mol % t a5abaetand andnténé;rcfogin&BE advén@ sl;lva)s,dldmcﬁasrﬁéta@ieyorrmlxmf@mg@oft rom about
1 nol %to about 20 nmol % and nore preferably fromabout 2 nol %to about 10

mol % The concentration of the solvent used in the present invention may range
generally from 0 wt % to about 90 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.

20 Another optional component useful in the present invention may include for
example a phase transfer agent. The phase transfer agent useful in the present invention
may be for example, tetraalkyl, tetraphenyl, or mixed alkyl and aryl ammonium or
phosphonium salts; and mixtures thereof. Preferably, the phase transfer salts may include

for example BuyNHSO,4, BusNCI and mixtures thereof.

25 The ratio of the phase transfer agent in the present invention may range from
0 mol% to about 25 mol% (referenced to DVB), preferably may range from about

1 mol% to about 20 mol %, and more preferably from about 2 mol% to about 10 mol%.

An example of another optional component useful in the present invention
may include chelating agents to remove trace metal impurities to stabilize the oxidizing
30  agent. The chelating agent useful in the present invention may be for example phosphates
such as K,;HPQO, or ethylenediamine tetraacetic acid (EDTA), diethylenetriamine pentaacetic

acid (D'TPA), and similar chelants with phosphonate groups such as

-11-



An exanpl e of another optional conponent useful in the present invention
may i nclude chelating agents to renove trace netal inpurities to stabilize
t he oxi diwOng1iddeéwmgent . The chel ati ng agent useful in tReTAISeGI@O288DOIVENt i on
may be for exanpl e phosphates such as K2HPO4 or et hyl enedi am ne tetraacetic
acid (EDTA), diethylenetriam ne pentaacetic acid (DTPA), and simlar

chel ants with phgsphonate groups such as . . .

et hyl enedi &tWlkasdapigereirayqiatenerefaphopBapingid CILANE ogdevty. dngsnemizedi ke, A
gener al i Zeduilb et Ak iRpehahaniowss depicted as fol lows: r X
wherein X could be carboxylic acid or phosphonic acid groups or their

al kali metal salts and 5 Y could bexequal to X or -CH2-N( CH2-X) 2.

The concentration of the chelating agent used in the present invention nmay
range generally fromO w %to abbut 20 wt % preferably fromabout 0.01 wt
%to about 10 wt % reffxabty from about 0.05 wt %to about 5 wt
% based on the tot wei ght of the conposition. 10Nunerous additives can
optionally be enployed asl|part of the present invention including for
exanple, a free radical po rization inhibitor. For exanple, one or nore
free radical polynerization inhibitors nmay be added to any of the steps of
t he pr ocessvhofeirt Xieoyld s eqiboxiyhiv adid bophosphohiddtidgrduds ot thsit alkglemtdabsalteact | on

step, the recoyery step_and/or urification step. The inhibitor may
conprisé a YpHabieeayal §F5dé§ﬁ§hﬂi”gh15quinone; an aromatic nitro conpound,
j .or m xtures

a nitrophenol, an anm,he; a nitro conpound; a nj.troxide;

ther eof | " on g atiionof i DA TR AR TSP MRl Ry be
enpl oyed i Mangh @erRFAISEfdin O BV &b iaBdut 20 RE by Befdraly a¥anpbe Ophenoh s Hdehi0as

4- met hoxy phenol , 4-tert-butyl catechol, or ,

2,6-di -t er B0 139‘11 mﬂieri%‘ffﬁ?l’]pfﬁéﬁbﬁ‘io“ Q/@? Bl i A BPRS S S ¢, aggd on the total weight

1, 4- di hyr dpomybens&nenor 3, 5-di- 20tert-butyl benzene-1, 2-diol; quinones
such as 1, 4- benzoqui none or napht hal ene-1, 2-di one; aromatic nitro conmpounds
such as 1, 3-di nitrobenzene or. 1, 4-dinitrgbenzene; nitro nol s such as

2- (sec-Butyl) - 4, 6- di NFPFOBHEHGMCS 4D HB‘%‘WﬁY % W@Pﬁ&ﬁéﬁ%ﬁ 5“h (B¢ Psoby hy1- 2, 6-
di ni t r ophengknti@Thé€sinS e Bxaspld) AeRe tduicaZpdMnerization inhibitor. For example, one

Nl - phenyl - Nd- pr opyl benzene- 1, 4- di am_ne,

N( 1, 4- di meChYPEdreyadicarInBrgaaipn FREHT erdP affgido any of the seps of the

N, N-di et hy Ry e @ e 388 invehddnQ8Q@uding for instance the reaction step, the recovery step

and/or the purification step. The inhibitor may comprise a phenol; a hydroquinone; a

15  quinone; an aromatic nitro compound, a nitrophenol, an amine; a nitroso compound; a

nitroxide; or mixtures thereof.

Free radical polymerization inhibitors which may be employed in the present
invention, include for example phenols such as 4-methoxy phenol, 4-tert-butylcatechol, or
2,6-di-tert-butyl-4-methylphenol; hydroquinones such as 1,4-dihyrdroxybenzene or 3,5-di-

20  tert-butylbenzene-1,2-diol; quinones such as 1,4-benzoquinone or naphthalene-1,2-dione;
aromatic nitro compounds such as 1,3-dinitrobenzene or 1,4-dinitrobenzene; nitrophenols
such as 2-(sec-butyl)-4,6-dinitrophenol, 4-methyl-2-nitrophenol, or 4-methyl-2,6-
dinitrophenol; amines such as phenothiazine, N'-phenyl-N*-propylbenzene-1,4-diamine, N-
(1,4-dimethylpentyl)-N’phenyl-p-phenylenediamine, N,N-diethylhydroxylamine; nitroso

25  compounds such as N-nitrosophenylhydroxylamine ammonium salt; nitroxide compounds
such as bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) sebacate, 1-oxyl-2,2,6,6-
tetramethylpiperidine, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-ol, 1-oxyl-2,2,6,6-tetramethyl-

4-n-butoxypiperidine; or mixtures thereof.
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25 conpounds such as N-nitrosophenyl hydroxyl am ne anmoni um sal t; nitroxide
conpounds such as bis(1l-oxyl-2, 2,6, 6-tetranethyl pi peridin-4-yl) sebacate,

1- oxyl- 2,R0epa/11680r anet hyl pi peri di ne, PCT/US2011/028800
1-oxyl-2, 2,6, 6-tetranet hyl pi peridin-4-ol, 1-oxyl-2,2,6,6-tetranethyl-
4- n- but oxypi peri di ne; or m xtures thereof. The concentration

of the inhibitors used in the present invention can be for exanple from
about 0.01 w % up t Bhegepsntrafiqpof dacipfibigpropset HbthﬁPWFerW}né[?Ié‘r?é caerelgr

Preferably ckdmHORUhAb6@0AR iR T RPBUEL Pwils Wasedood hd BvidPaidhe A1asl, % based on
t he divinyl arene added. 5An assortnent of optional additives nmay be added

to the conp&dseblyH sbould Fagpiresaheut Odvene bt 3heet Lidt fdassrondkanpl e, ot her
resins, staRidi#&lcSadadd !l ers, plasticizers, catalyst de-activators, and the

l'i ke; and m xt'ures thereof. _ ~ The concentration of the optional
addi tives used in the, PLESER of MHRRLI QM VEYMAyAHRIBILRD Ble@bpodifiHBhaM % to
about 99.9 wt % preferably fromabout 0.1 w %to about 10 99.9 wt % nore

pref er abl y prasetnimbein inclydingtor exaatda pthgoregipns, sabidivrds. mdlsts, plasetigerabl y from
about 2 “‘.&(&%d@%&%&? a%ﬂ‘@]th‘goﬁkér;%dﬂ{' Bag ﬁlfe{eQJf“. of divinylarene dioxides

with the mnimzation o e COo- production of undesirable side-products

b hi db ' Ny : . oM Al
may be achi eved by (. c%?%g{}%lotn%fﬁlero AGHPhadiiRs H Rl 119%@%&&%1?&&%%@3

| east one divinyl arene; asic co oundd or Its aqueous solution;

150pt i onal Irange g¢neradladronohet $abwbntt 99.and %o prdfonley Ipm spulehwt %“dmebaiat al yst ;
(11) cqptaghing @E,*}Sor§ ﬁl%?etrfbg); ﬁowawutﬁav&t%ﬁub}é UL IRl 1A stcagfgraﬁ{_y. dfl: and
then (iri) "al'l'ow’ng € reactant conponents Yo react under’ Feacti on

condi t i ons abaut prvodueeabbited8oard.espondi ng di vi nyl arene di oxide. In the
process, the basic conmpound nmay be added at the begi nning of the reaction,
si nmul t aneousl y or i riftermépatagng bfydivinylarenddiogidedaittt the A0Aidzati emctt thoco-

conditions _t nuf.act ure_the divi nyl arene di oxi des,..such as DVBDO, include
carrying o@fO%fl %g)nroé3?:4els%aﬁ’leosflget’%rg&%cé%né%yabﬁtaghlﬁ%egj}ry qg ap %H%g)r%eﬁcrtoer,t%gener ally
i n the rangdloofing reanmanab aLitasOoke didngdhend; t@batc cpnpduad abltyaduea@msalboet; 5C to

about qgc and re r ef ergbl?( from aq§/ut 20 Cto f"bo?t 50 C. The pressure
of the 'PealPiYR il b Oheif ‘FE’PS}J‘PWSH? bt  reraglpa (D EOUpdHe "o13 k Pa.
The pH of tdhetaheaGhipanialPieddali2d @ant sad;laad Hed (id) Aldvahg the @aciahout 5 to
about 12, preferably from about 6 to about 10, and nore preferably from

about 7 t o CaBBRRenig L0 react under reactiopondidgps ip BRI sYTSPONIRE dptimdanic

i nvention AR¥idee IRhB Bfsells Ahe BaskQBpBURIUSayQE8SSat thENRoinRAE bPihe Y8, N t he
process may be any reactor and ancillary equi prment vve?l known to those

ski | | ed i nStpdaggopsly spingerad@niy with tsexida{ct i on above, the process of the
present invention may include further processi ng, steps such as a nethod of
separ at2png any co-pr Jeacson gpndigns to manufacture the divinylarene dioxides, such as

DVBDO), include carrying out the reaction of the reactants under a temperature, generally in
the range of from about 0 °C to about 80 °C, preferably from about 5°C to about 60°C, and
more preferably from about 20 °C to about 50 °C. The pressure of the reaction may be
generally from about 10.1 k Pa to about 1013 k Pa. The pH of the reaction may be

25  controlled to a pH of from about 5 to about 12, preferably from about 6 to about 10, and

more preferably from about 7 to about 8.

The reaction process of the present invention may be a batch or a continuous
process. The reactor used in the process may be any reactor and ancillary equipment well

known to those skilled in the art.

30 In addition the reaction above, the process of the present invention may

include further processing steps such as a method of separating any co-products formed

13-



during the reaction from product. The separation nmethod may include any
separation process and equi pnment well known to those skilled in the art.
During t hworenctissn for the preparation of divinylarenePdiraseadaes?28800

equi val ent anount of potassium sul fate side-product fornms that can be
removed by 5(i) filtration and with the separation of organic and aqueous
conponents of the reaction m xture; or (ii) by extraction of the

di vi nyl ar e dB1Rg Bk reaeipdemypedyits hhcscRypuen Bethes] maninglads 1yseraiEin, f ol | owed

by the appraRedsah@cpdifine Wes ReswiPh ddie sangmnine #hase. Qher undesirabl e
oxi di zed by-products and derivatives, such as for exanple carbonyl

conmpounds and hydr ol yzafd ®PR¥NioR TQAMCHSparAof ol MhyRBdne iRxMRE bt vaAsY
appreci abl e 10quantities using the process of the present invention. After

the reacti 8ROBH of RelagsiasalpteiskgarRqueiforpibat sagbaiepgltEdby - pr oduct's; and any

r ema-' ni 39, (icf ﬁitf’altibfﬁ Lnd @iﬂgthé Qép\éﬁlm)m om%arpcearfdeaq@éﬁﬁg cérﬁbdh@tﬁ@gﬁtﬁe ﬁea&’tﬁﬁbl e
di vi nyl arene di oxi de product. Then the product nmay optionally be purified

by wel | - knowruigean@) bnextiqeticaral theybivingareps/digkide proflegt wath 2 crystal | i zati on,
preci pi tat g, &3 GLLORIAAA riG el bl gE § QL YPRLHANG AL BLYS
conponents 0 n?ﬁe r@gcf?on&h?xtusg a?efgé %Pg?egk¥r§ﬁ%t et'?J?ny arene

di oxi de pr obiaset Other welebirdbleowndizpd b preducts lad dartvagvestsudsasdyr elasiple] | at i on,
extraction h i ed, T . by- u is
cepar at e F oo FE bt AU LOEVE Sy pragries ereaie MEGREN W AR BRI o s
by fil tlpat iqgomtitiRewimgubd procqgyaoi the pesthemyvemiaybe renoved by organi ¢ 20sol vent
washes, calcination, recrystallization, partial recrystallization or
adsorption on acti vatid teariion ahdie pegent idvention, the undesirabld by-jonéncesyimadi nent
of the process of .the i nventi.on rocess f aring a

resent th r.e
di vi nyl ar oAb G B0 YT g VRl eI PR E I RE e g e SVRHARES =
cont act i ng daixide@asiuco Maewlihe ipryduamedyepibidily papiuitadd by wigiutnoahinzeads oalio' s 25
acid and a basic ﬁoggoﬁnd or gg.agueous.soLution of tge b@fic conpound;
opt i onal | y 2k*t4h &30y de§EttiograyLhlicrane. PRtpigtion sxectighddit Miyst; to produce
a diviqglarene dioxhﬁf épduc% iq a reaction_mxture; . (B)
separ attng the di vi nyIcaPRRY 20§ 6441 CEPBATRYE of B AEgUHMB{EHATE ASPAFAY t he
reaction mohikhe d@fnyRkep d{oAde product by well-known means in the art such as by

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
20  solvent washes, calcination, recrystallization, partial recrystallization or adsorption on

activated carbon and the like.

In one embodiment of the process of the present invention, the process for

preparing a divinylarene dioxide generally may comprise the steps of:

(A) contacting at least one divinylarene with partially neutralized Caro’s
25  acid and a basic compound or an aqueous solution of the basic compound; optionally with at
least one solvent and at least one catalyst; to produce a divinylarene dioxide product in a

reaction mixture;

(B) separating the divinylarene dioxide product formed in step (A) from the

reaction mixture of step (A);

30 (C) optionally, purifying the divinylarene dioxide product obtained in step
(B);
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30(C) optionally, purifying the divinylarene di oxide product obtained in
step (B); (D) optionally, recovering and/or recycling the
sol vent aw020atiabygst fromthe reaction m xture of step @AX/US201d/028800

(E) optionally, recovering a sulfate by-product forned in step (A fromthe
reaction mxture of step (A) and purifying the su.lfate by-product
recovered from stepé&aA 5As an illustration of other enbodi nents of the
process of the pres ) PRNRRALY- SFEOVETHIS 3611/85@5%0111“%)FheﬁP]é‘B%{raP‘ill@atﬁy%i&\?PhyI arene

di oxi de mayhe B5iBA G ARG oPLiep)€atdne fol | owi ng optional steps: (i)
generating, in-situ, dioxirane froma catalyst, which can be a ketone, and

an oxi di zi ng agent, ai ¢hidally, R&oRerRlatsufthik By Bﬁidh&t%ﬂn?e@@nﬁ%!@\)f’fm%@éh@ in a
pH controlled reaction in the presence of a divinylarene h H can be

cont r ol | ed MYUAOMIAES ORD (Ag 2! BUFTiag thgsuHalsdyinsodeipenypgd iﬁﬁflbstétpr{é) react or
and then delivering the oxidi mgtg agent; or by the sinultaneous delivery of
the oxi di zi ng agent An iHufREen ofrotka sabodippyts P@B‘é?ﬁoﬁ‘“g“aﬁth%ﬁlseé% ed di oxirane

generated QM. &%Ea%@ss@%rﬂﬁh I—ié hé 2l v&y&%ﬁ%@%xﬁ&%y@ﬁ&@deﬁm@%{ HoMihd a
di vinyl arene such as DVB in a controlled environnent; (iii) separating

sul fat e co{Pludigensiond sieps (i gmerwm&rl@ﬂ@t diaihriergm adijelystoviiph ean 119\$BDO
product, bxe§ohé,aﬁ@£d (andlﬁﬂgg%ﬁlt T gﬁg(g Qﬁal neAYRDQ! wh R Al o

sol vent ; renoving a ent an roma divinylaréne OXI de
product suchntedle@BOONpN ddlp@etsenC(e@fadwsUlalrdnlen@htapldlcm eydoatrelivd byl OXI de

product; s ”%@ﬁmﬁ)\’aﬁm uttf LSS (io%é) ltn}/demt% A 1%9 B0k hn 'RMB'%Qn%{ht% dvi)

recycli ng a or a so corrponen by separatin ne from
a divi nyI angme odbsamedemptaodmstléls/@mkémm dxydlpngagept dngtbutier ordhas:t |(11] atl on or
extraction Vi i

regeperatin
our 1yt g roa A PRED 0 Rk SRt Borh S kften e o b R P a G o
recrystal | iwitdtai cmﬂnyaﬁreﬂmloni M DYB inh thent@(ﬂ@aBn\aro@mﬁhtamlmpirm@mhﬂatae<b| vat ed
car bon. vant age . of rocess . j s that
e ohCv ol dErre A P E R s etHE RhES Bl e P SREERLL of 't he
presentisi nyRmdctionof MVBDHON ighanydredritssoMendtivi I'@Mlbaﬂhg a@oldm)amdle@%or@rfﬁﬂug ed, the
process of the present invention 25advant ageous gstreqw res no recycl e of

di vi nyl ar ed&ylargRestiondearedist spohabkY §R0 product; (v) distilyngea digpypregs dpgde of t he
di vi nyl ar epgadiQueRD VB0 YeRMchY o @ hRhGREsSD VB DONRoRIE$ANtecldient i on, is

general ly %r eater than about 60 % preferably greater than 75 % and nore
pr ef er abl y Kgfpaaxgndfor g alnerg somponent byrepaigingdhsdingdiom a dipgylpreae dioxiglef r om

about 60 % M?iu&ﬁ%@ﬂz%ntjo?%reéi 1@&&? 8@l idn of ARREFont (&g}e’gbﬁw&u g@m@ { gi@lpeut 100
% nore preferably, romf about 80 %to about 1 % and nost preferably,

f rom aB8ut (90 1%1@@g@@émnfym the wHaedy omodyriiyrysaciob est washesnepleraationi al .
Advant ageo'ﬂe%k ball DUt Ao tﬂu%rotfpﬁ'o& P&kt ﬁl'lﬂaﬁé%fl@cﬁva%edac%fb%n‘)f the present

i nvention, ower generation o e-pro UCt Su tes can be achi eved.

As an il USt ration Od‘)n g%ﬂ%gr'e o?%%@és@i‘ﬁ”ﬁveﬁ{lo& GiceR! Qﬁ%?gl)%?glekﬂ%f present

i nvention, the process eparing a divinylarene e may include one
or nore t hélW@dr@wdmgu@maMaprosltl@;déw tifd progpenedrtiag pragynt inpensipn. uWIthlh@ghl rane
froma cat t en whi ch can
be a parti l%dr% Oﬁgl\t%m ; ffn(zéegj tcgr @Oﬁ&é&qge pl%géjss gptlblgé}egén% nr\]/?'ft%g r eactl on in the
presencé ofadandgmunlylrapmn@no ehyeelqodd dmalwldureneonnmlimmﬂdracb hynooxide.

The “high yield” of the divinylarene dioxides produced by the process of the
present invention, is generally greater than about 60 %; preferably greater than 75 % and
more preferably greater than 85 %. In another embodiment, the yield is from about 60 % to
about 100 %; preferably, ranges from about 70 % to about 100 %; more preferably, from

30  about 80 % to about 100 %; and most preferably, from about 90 % to about 100 % based on

divinylarene starting material.

Advantageously, by using a partially neutralized Caro’s acid of the present

invention, a lower generation of side-product sulfates can be achieved.
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introducing a buffer or a basic conpound into the reactor and then
delivering the oxidizing agent; or by the sinultaneous delivery of the

oxi di zi ngvagenti1iersd buffer or base; (ii) using appropri &Ce/uszé1diozssng agent
and divinylarene nolar ratios that results in the formation of a

di vi nyl arene di oxi de as the mai n product acconpani ed by a divinyl arene
nonooxi de as the 10m nor onent iii) reacting an isol ated dioxirane
generated froma ket%fh@%lﬂ ”B%?ﬁaé}f)'ihﬁr Fheediant oldhe piers et Be PSR th a

di vi nyl ar eng st @ $rd¥B thibrébaR bl & ARty Prd @ di RN Y NABRe: onk b hoRRAr at i ng
sul fate co- pr oducts from a divinylarene oxidati on products such as DVBDO

and DVBNOD pelistiiies @pliopd) sieps: (ip aencemingrittsir drrrecromn A colilyH. wicleagehsiac

sol vent; (yhoh&aRY] Ar{‘&xl@mﬁg D%//e%mwh% aff Bl QEﬁuﬁlf}%&é‘al%G{ CQ%‘saarcﬁinﬁl ef)ﬁﬁ dati on
product such as DVBDO product; (vi) distilling a divinylarene
mono and dicoxiadled pﬂa@dmn thmeftS@nCé o ydivinalrpvRDD pliddarDyBMDrpfeddiict s to give a
hi gh purit i BRO i, i et one
and/or a sgqt%g{ﬁ@ﬁ%%ongﬁ?gﬁ? éég{ 81?12165 P@gtgf{lﬁg&(% S3 %Elh\eéh %I(I)Jr%ggél e\(/)?%ﬁnfk rene

di oxi de pr eginttor Spthesmultayequs édwryt(ﬁtthe(}nqdldn§ageht andibofferoor baset (@cdsingn;
(viii) regeper n 1 S0l uct by
filtrati On%plzm]?nate 1(%%11% ggenﬁgndgcbwfwl 113{16 %glala lta sgthgt rg%lﬁgj tﬁé ﬁ(}lr%XuSogll 391

washes or dazhlmlenateldmsm@ras¢Heyﬁi1abiddz<atac®mmmedidﬁmrhptnymmmfmdnbeudermuha ties
onto activated carb rence

ohown dNe. BHEGAPRERESfi rectesp ol et EaEE trohl ki fusTing GHG |

i ndi cat ed hyutrlin®Rr @ro’108d wilhe dviedass wth & guBen 4 pHrohtides eavifoamctior 10, a
separation/filtration apparatus evapor at.i on a aratu 3

25puri fi cafivoiPERERs U fé‘t% i“Bi rl?mé‘ﬂiﬁé% o iyigylaiepe ?—’P%‘PB P “‘Etﬁ 81“5 a ﬁ)@%m

feed streagh®bveivd Pyldaseme fildatiod aﬁ(ﬁ&ctx&adt@amlmfan I@@oiaﬁia@oﬁ@l{tvwienmd{gor
catalyst 12, a feed stream of a basic conpound 13, and a feed stream of

oxi dant 142 saiventgpd kgtenedrqupa diyinylprong opjdaiidn ppdict Righ phb ¥ BDREAENEMOL

appar at|ys, pffa&t Qf) d@ilid QJd1&iﬁflﬁﬁéh@ﬁoﬁ}%ndtcﬁt%l&gﬂéfdﬂ%ix@ﬂe LRAGE DB ep of
t he pr eseng) i nvent’i on. E recycle stream3 may al so be introduced into

react or 10 andPYBEP PrWHcthst gvg)a high purity major DY Bd?%élﬂfbmm@f P¥BMQ Brogystt s from
reactor é}{} Qec?ﬁgl%’ngbaq(ekd?l% LRGNCAD RS c%rrf SR BY £e‘fo§1‘lh&g5thE QetBllIbefrom a

separat i on f| | t i'on apparatus 20, rein solid and 1 quid conmponents are
separ at ed. dmlmlaqmedh@mwbm/wé\ten@amrmmﬂomdeq@ﬁiaﬂt@tqnsxtmu@mmla) ns the

di vinyl are C e u essi ng
t o appar at 3% g%wﬁ (ng gg&l é:}‘é\)c?(ﬁ %ﬁlﬁg%en%%%% gqtd?lgtg) fgggttoélm{ gﬁlﬁ{nﬁg&:ﬂ%cl ude a
sal t byfr oduttq by- §r0é®pay atgeuic folpmt thaghep poaistitatibn quirgstglizaéamvi2tisangorst r eam

22 exits apparat us. The divi nyl arene di oxi de product stream
e 1mpur1tle OI%tO a%thvated CilI‘bO
stream 21 can be‘sen verit rermval/evaporator apparat us 30, for

et ation of the pr tf%éfer‘éﬂc%% %O'u%’e A h/efeﬂit ?1% Stonfiﬁ NBoRREQAY Gl Rik&agp from
pparatus 30, stream purifi cathion as stream
31, 32; or t}@gjrésemahxbeymoragnsﬂabywndlcated oy hederhi 108s The pﬁ)cqfsls ofltigredtindades 31 may
be a reactor 10, a separation/filtration apparatus 20, an evaporation apparatus 30 and a
25  purification/distillation apparatus 40. In Figure 1, there is shown a feed stream of

divinylarene 11, a feed stream of ketone solvent and/or catalyst 12, a feed stream of a basic

compound 13, and a feed stream of oxidant 14; all of the streams 11-14 which are fed into

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

30  (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
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
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introduced to a purification/distillation apparatus 40 as feed stream 31,
33. An organic streamcontaining the solvent/catal yst from apparatus 30,
st ream 34yormay/tie1snenoved from apparatus 30 and opti onalPCy/useeiymbssdo t o
reactor 10 as stream 34, 35. Optionally, stream 34 10 may be purged as
stream 34, 36 or sent to an organic waste recovery unit not shown. An

aqueous waste streamfromreactor 30, stream 37 can be sent to a waste
wat er t r eafSREHN SRHIPON Sfeagspich may include a sal bygradue hdhsepgRisd Iropyhe

di vi nyl ar epgadi@gulieuPiRdbstd slfigamebitoppapRas@t us 30, stream 31, 33 nay
optionally be introduced to a purification/distillation apparatus 40, to

15form a purified praguglingiteadbxidd fro@d deanii@m 1 dh vé @t @ eO@1vERNooXi de
acconpani es the divinylarene di oxi de product, the divinylarene nonooxi de
can be sep&ratvale aBOAOBYIRBEIGH: ST vepaiiapolithe pragichipmplearticaalve JBRI | ati on
appar at ¥s 4qudiGesth ﬁbfﬁ%ﬁir@cﬂ@%“@@@a%éld‘ﬁla%é’ﬁéé‘a%ﬁhohﬁ’ﬁl\fﬁ‘e? pBRRALA s 40 as
stream 42 and distillation bottoms as stream 43. Possi bl e contam nants with
| ower boi | istgpdi, A8: arlearedYBROshdwayrin deigaddings, 2Bairkdacitiggin e myede oxi des or
low | evel s ngodE?&%'dQ@L g&‘i‘ﬁ@é{w&i&ﬁﬂ%éaﬁbﬁ%ﬁhﬁgs REq a?d%ﬁ{ﬁt ed Ahdhgeoved from
appar at us as stream 44. ny o he recycle streans of Figure
1 may requistremacqeniinglihe sgrent/oniblysiliousappaage 30.cttamB4, ndydeendad roof
|npur|t|es W.t h f di ment
of "the. 25pBHad SR eERGRL RefhaHoTedron DS BN RS s e e
200. THe pm@@sgungédfssgmam 32, 36rmlswﬂ35ara)rg:&acwwe r]:ﬁbvsrymnllta]l()t sthowhhadn shown in
Figure 1, ase ar a n/filtration, a mlar to that sh in
Foure 1wl pa oA dphiin foabRah i parFbl aafurdud Popta
purificati omhdisin)l | ati on apparatus 40 simlar to that shown in Figure 1,
and a separation apparatus 70. In Figure 2, there is shown a feed stream of
di vinyl arene 11, a f&@ﬁo&hfeﬁtﬁiﬂe@fth@d)vilﬁ@lhﬁﬁed1©ﬁ1'ﬁabi5()ﬂﬁctam@b/nofrorﬁ(abmﬁs 12, a
feed stream.of a ?SI C co 13, gn ‘é‘% (?C‘i\ f) oxi dant ﬁ4 Al'l of
whi ch are PedFHt ﬁ?énaryeqé’ bﬁﬂ)‘]ﬁ%&’ B‘EeﬂéoaP seto/digiliation apartiigOout  t he
epoxi dasi oforheagrifed pfldeR s@éarﬁ Rgeddi €5 eAko ifAKERl4reRt. méhobgiay SdcBmpidi@am 71, 72
al so may be introduced into reactor 10 (described belo

W .
The product eﬂlYIEﬂﬁﬁeﬁ%le’fdg‘?ﬁrPé%’tt%er dl‘f@ylﬁ’iﬂ}e Benotidesan betrpaaiclagy st ream 15

to the sep@z@bmﬂétfdainuzah RPpuARLAOLAINEARn a}ﬁfﬂﬁit@d 49, I'hetdngnydir¥ieny| ar ene
di oxi de product stream 21 al so contai ning catal ést/sol vent, is separated

from the s&MOPRIEMFETEE laveeapmnmRps 49 As fttWéméﬁﬁa Aivelition Rowes & SEFafur e 2,

the divinyl,ar pnginii &lﬂﬂaﬂﬂnaﬁ{s%%%wéiﬁoﬁ%@goﬁ BRPVEDO, St &&fbleot O the
extraction apg,ar at us stream 21 is introduced into

ext ractZDon akp aryéheuéengoimw lese frarlap! onddtion by Prdueis cancils tardpaatiubids
sol ubl e coqalq&g@%%mgtypp%g %551 s%aﬁﬂ"‘zlﬁh an organi c extraction solvent, stream
ex

53 and a recycle action solvent, stream 67, 68. The extracted product

in the extraction SOA%&S}“%& écﬁ%ﬁe%?&’fﬁ%&%%ﬂg é’cﬁ%@%?n&f‘@ér%oﬁtﬂf&oﬁ@y be

introduced to the 10 separati‘on apparatu ream 51. An aqueous
or gani ¢ wagtwge §t hma thefudduragpapaitigs. 50, stream 52, may al so be renoved and

i ntroduced to the separator apparatus 70.
With reference to Figure 2, there is shown another embodiment of the

25  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
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

30  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
the epoxidation reaction step of the present invention. A recycle stream 71, 72 also may be

introduced into reactor 10 (described below).

-17-



Stream 51, may be introduced to separation apparatus 60, to separate from
the extraction solvent. The purified divinylarene product stream stream 61
| eavi ng appanaiue1s60, can be used as is w thout further POTAISe®ILI0LEPN0 aS
stream 61, 62; or optionally, 15as shown in dotted lines, the stream 61 may
be used for appllcatlons requiring high purlty pr oduct and t hus may be
purified further and fed as stream 61, purlflcatlon/dlstlIIatlon
appar atus, appar at us Wro%@t@%@rlééﬁop’dﬁa%‘gl 1\9é’%&y bedntradyerday feeggireaghl e

recycl ed i pd @ 3RRAKBE/ HEraBOn afpRtabR18! \¥oreif il @RMVES 10BN dhﬁud%l{i&ﬁ@lt @eart ream
67, 69 or sent to an organi c waste recovery unit not shown. In another

embodi ment 21 ehe centaipiag e3tahisiaolyentyis spapiegHIonihe st Repredis s Re Ip dect i on

sol vent/ Cafeﬁ‘o&ﬁllnefﬁ"?;h&k)n ﬁ‘ilIsi%rgQ-Qh@@ivﬁl?ﬂ?én@rdﬁ)%dte@%Etuﬁeﬁffts&@ﬁﬁ bpRs A vent in
apparatus 60 and recycled To reactor 10 as stream 64, 65. Opt i onaIIy,

stream 64 maijpe berashomaparagis $Pr eam 64, 66 or sent to an organi c waste
recovery unit not shown. Product stream 61, 63 can be further purified in a
purification/distillled @trﬁazs%lpt@am@ﬂwd i@ exfragsoneappareas 06 fasepmpey | f

di vinyl ar e%nﬁﬁ??@ég%%néﬁ b ctoaf:p ﬁ'én\’s‘ B}ye'x i%ﬁ “th%'oiig%ni% ROUGLy the

nonooxi de can a e sep inp catlon |st| |'ati'on appar at us 40.
H gh puri t yoldéni snyziraﬁénmtl moﬂﬂﬂﬂextrefawesola@p&traarmﬁ AB. dbe sttrag@prtipet

d|V|nyIarene de.b m 4 istill tonms as
stream 43. %lggf ga\% %%)Ill e)é{r)n neg)ldﬁed %“ﬁ%hf%‘ﬁ‘ée‘m%%h%?. anng I%a |be “?tiqn Qed%@ , for
exanpl é030atphydtivn agabpersz®ne stooandels Ar aquoausloegaelcsvaste soxdnd fbinappdyytapfduct s

can al so be _se at ed. and renoyed fro rat us as stream 44.

Stream 52, SPHE g dusdL0 %ééfé’v? lﬁa%gf%fftﬁahesﬁpaf?howﬂpaféwﬁ?ﬁ

cat al yst/sol vent . Stg eam gré a. s @{1 ap artagus such as
apparatus 70, to sepalat\ t]ﬁ%y wat'er l’fc?%os%aéaéo& %aﬁ% tar Ay %rag iYponent .
From appar mdhs;trz&pntsaeerﬁorwepmﬁ@aﬂaziwere@mmaesn’eama&ehﬁ6[ Eﬁyiﬁlg ed as stream
71, 72 back to th i on reac% r 10. Cgti % &eam 71 be
purged as SPRAEUM 1C & “8? Bris WERUUHEthaPTagesang & %%?é‘ &lr e U Ertipny |’t not
shown. 1An agiRMSn WaE8insd, RAednl @mnﬁyaa@as@ﬂ foiQpplsdali®BFeqidringigh Reisent Sto

a waste water treatnment unit (not sh Cb% Any of the recycle
streans of Pﬁdﬂﬁ@édﬁluﬁﬁ?y?"%a‘ﬁﬁfi‘e@f&mﬁé?‘i‘ flas greardde ¢hidus purge to limt the

bui | dup of plffdatibd/i€SHation apparatus, appafatusdDY ITRY &:afem divexd drRamyreppd.ad by the
process of the present invention, particularly those derived from

di vi nyl ben?éfﬁéY@%mth@p%ws &% anpianally. girept GEm2eprebewshds decapfHiBED) , are

class of digpaxifesathi sk Ila@a&%r}amqt%%ﬂov,ﬁl Yo dOMhch bt SROSI¥i AUt @
hi gher rigidity than conventional epoxy resins.
20  solvent might dissolve some of the reaction solvent/catalyst which also can be separated

from the extraction solvent in apparatus 60 and recycled to reactor 10 as stream 64, 65.
Optionally, stream 64 may be purged as stream 64, 66 or sent to an organic waste recovery

unit not shown.

Product stream 61, 63 can be further purified in a purification/distillation
25  apparatus, such as apparatus 40. Also if divinylarene monooxide accompanies the
divinylarene dioxide product, the monooxide can also be separated in
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
30  alkylvinylbenzene oxides or low levels of oxidation by-products can also be separated and

removed from apparatus 40 as stream 44.

Stream 52, the aqueous phase from apparatus 50, might contain

catalyst/solvent. Stream 52 can be fed into a separation apparatus such as apparatus 70, to

-18-



The di vi nyl arene di oxi de prepared by the process of the present invention
may conprise, for exanple, any substituted or unsubstituted arene nucl eus
bearing two 20imypbisgr oups in any ring position. The aren®Cparsteia2gshot he

di vi nyl arene di oxi de may 15conpri se benzene, substituted benzenes,

ri ng-annul at ed benzenes, substituted ring- annul ated benzenes, or m xtures

t hereof. The divinylarene portion of the divinylarene dioxide nmay be ortho,
neta, or pé‘?P&rqt%’Bﬁé"taEer 3PméW0HeRY%F3éY st REpRogent. Kepeh NPT 78BSt i t uent s may

consi st of ($RARAESITHRADSnel QURS rdcHEILAISH t8ars 3l UnatabdiodhddHoxidakion readiit! 0gen,
nitro, |socganate, or gmhere R may be a saturated al kyl or aryl).

Ri ng- annul dPe@roenabieriseted] may be Biprd Herean 7 b apPesCREpiE RIZaPiE a5 ©
tet rahydr onapQtpahieRG shene ADSqueblsGyasfiQPL0 80MSEa P90 A8 Hah FHRSA b thed)

benzenes nmay conprise for exanple biphenyl, diphenylether, and the |iKke.
The di vPnyltar wasic wricdecapnod ueit (nof ghowned by the process of the present
invention may be illustrated generally by general chemcal Structures | -1V
as follows: St r uchuy & the regyclasgregineofi lfigure 2 Sray gequire @ periqdic or continuous

purge to limit the buildup of impurities.

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

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

15  comprise benzene, substituted benzenes, ring-annulated benzenes, substituted ring-
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

20  benzenes may comprise for example naphthlalene, tetrahydronaphthalene, and the like.
Homologously bonded (substituted) benzenes may comprise for example biphenyl,

diphenylether, and the like.

The divinylarene oxide product prepared by the process of the present

invention may be illustrated generally by general chemical Structures I -IV as follows:

y
i
X
25

Structure [
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Structure IV In the above Structures I, II, Ill and IV of the divinylarene
di oxi de product of the present invention, each Rl, R2, R3 and R4

i ndi vi duavbyoneméetse hydrogen, an al kyl, 10 cycl oal kyl, &aTAISg011028%a0

aral kyl group; or a oxidant-resistant group including for exanple a

hal ogen,

a nitro, an isocyanate, or an RO group, wherein R may be an al kyl,

aryl or aralkyl; x nmay be an integer of 0 to 4; may be an integer greater
than or equal to 2; x+y may be an integer Pess tHan or equal to 6; z nmay be
an integer of 0 to 6; and z+ Y .lakﬁﬁégggﬁJess than or equal to 8;

and Ar is an arene fragnent
15The divi nyl arene di oxide p
invention may include for exa

ex | g, 1, 3-phenyl ene group.
iz ed by'2t He process of the present
- vinyl -aree nonooxi des dependi ng on

the presence of alkylvinylareneRin the starting nmaterial . I n one
enbodi mrent of the present inventi oA, the divinylarene dioxide produced by
the process of the present invention may include for exanple divinyl benzene

di oxi de,
di vi nyl di

di vi nyl napht hal ene di oxi de, ¢.di vi nyl bi phenyl di oxi de,
phenyl et her di oxi de, and ni%ﬁﬁgggﬁthereof. In a

preferred enbodi nent of the present invenkjon, the divi nyl arene di oxi de
used in the epoxy resin fornulation may be\for exanple divinylbenzene

di oxi de (DvBDO). 5Most prefe

i s useful

dt;¢ne di oxi de conponent that

in the present i nv ﬁor exanpl e, a divinyl benzene
dioxide as illustrated by the~N6I9@ ng hem cal |fornula of Structure V:
Structure V 10The chem cal for[,iﬁ of the above DV¥BDO conpound nay be as
4
z

foll ows:

10

15

Structure III

Ra Rs o
R
R3 Ry R, 1

Structure [V

In the above Structures I, II, III and IV of the divinylarene dioxide product of
the present invention, each Ry, R», R3 and R, individually may be hydrogen, an alkyl,
cycloalkyl, an aryl or an aralkyl group; or a oxidant-resistant group including for example a
halogen, a nitro, an isocyanate, or an RO group, wherein R may be an alkyl, aryl or aralky];
x may be an integer of 0 to 4; y may be an integer greater than or equal to 2; x+y may be an
integer less than or equal to 6; z may be an integer of 0 to 6; and z+y may be an integer less

than or equal to 8; and Ar is an arene fragment including for example, 1,3-phenylene group.

The divinylarene dioxide product produced by the process of the present
invention may include for example alkyl-vinyl-arene monooxides depending on the

presence of alkylvinylarene in the starting material.

In one embodiment of the present invention, the divinylarene dioxide

produced by the process of the present invention may include for example divinylbenzene

20-



C10f1 1002; the nol ecul ar weight of the DVBDO is about 162.2; and the

el enental analysis of the DvBDO is about: C, 74.06; H 6.21; and 0, 19.73
with an epoxbdeéllesni val ent wei ght of about 81 g/ epoxi dePeqaiSeai1oeg800

Di vi nyl arene di oxi des, particularly those derived from divinyl benzene such
15as for exanple divinyl benzene di oxide (DVBDO), are class of diepoxides
which have a relatively low liquid viscosity but a higher rigidity and
orossl i nk A VKaMCIRS AR deiviepBiehensbdppde. divinyidipheny lothet figdider & v
bel ow i | | ughd gt-8sedfeepbodi ment of a preferred chem cal structure of a

di vi nyl benzene di oxi de (DvVBDO wuseful in the present invention: 20

Structure Vi In a preferredAnfié@inkinoMhd pR&h O ddibH She BLiBS1aRNO tdRIIC
enbodi ment of a preferred chem cal structure of the DVBDO useful in the

present i nWeasktin gi5:eromgesip Eqryplation may be for example diaHlbenBIGlPEdGIRPEY by t he
process 50f MRepRfEHBN thel B R iodille dotnpdRSS Al 8 ubGuARtRIpResCREn Rt €€
possi bl e isoners: ortho, neta, and para. Accordingly, the present invention
i ncl udes aiBUBRPOxgyple ot Geinppengage doradeds iklwerata@gv edplfaydpgiehegrical

i ndi vi dual i xp.ure thereof. Structures VI and VIl above show the
nmet a (1,3-h%ggkvg§8§dg%é&para i soners of DVBDO, respectively. The ortho
isonmer is rare; and usually DVBDO i s bl y produced generally in a range
of fromabout 9:1 to about 1:9 ratio of /meta (Structure VI) to para
(Structure VI1) isoners. The presentdnpvention preferably includes as one
enbodi mrent a range of from about 71 t/0habout 1:6 ratio of Structure VI to
Structure VII, and in other enbodijjments [the ratio of Structure VI to
Structure VII may be 15fro : about 1:4 or fromabout 2:1 to
about 1:2. In one enbodinent, ess of the present invention is
particularly suited for theypreparati on of divinylbenzene di oxide, a | ow
viscosity liquid epoxy resin. The viscosity of the divinylarene dioxides
produced by the process of the presegf,jjavention ranges generally from
about 10 nmPa-s to about 100 nPa-s; preferably, from about 10 nPa-s

10 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

of about 81 g/epoxide equivalent.

Divinylarene dioxides, particularly those derived from divinylbenzene such
15  as for example divinylbenzene dioxide (DVBDQ), are class of diepoxides which have a
relatively low liquid viscosity but a higher rigidity and crosslink density than conventional

€pOXy resins.

Structure VI below illustrates an embodiment of a preferred chemical

structure of a divinylbenzene dioxide (DVBDO) useful in the present invention:

20

O O

Structure VI
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20 to about 50 nPa-s; and nore preferably, fromabout 10 nPa-s to about 25
nmPa-s at 25 C. The utility of the divinylarene dioxides of the present

i nventi orwoequiriesot heir thermal stability to all ow theipcTfuseommioagsp@on or
processi ng at noderate tenperatures (for exanple, at fromabout 100 Cto
about 200 C) for up to several hours (for exanple, for at |east 2 hours)

w t hout ol igonerization or_honppol ynerization. Qd.igonerization or.

25honopol yneri zat i oSG Y Lbslomilatatss appthes cobpdinirp ! p Prefyredehemisy a

subst ant i alsrhddt 6AHE DVBIYD) §688 111 e Pres@R idvieftghnl Cr 0ssl i nki ng) The

di vi nyl arene di oxi des of the present invention have sufficient thermnal
stability such that they do not experience a substantial increase in
viscosity or gelling during formulation or processing at noderate

t enper at ur es. The di vj ar ene di oxi de products of the
present invention are useful(for the cpar ati @) of epoxy resin
conpositions or fornul ations|whpch are” upeful for preparing

t hernosets or cured productsbrnh the coat ™mys, fil nms, adhesi ves,

| am nat es, conposites, electronics, e like. As an illustration of the
present invention, in general, resin conpositions based on the divinylarene
di oxi desproducts of the present invephdi@d viry be useful for 5casting,
potting, encapsul ation, nolding, and tooling. The present invention is
particularly suitablwhEODVaIDO & YRere@by Ble@edckistkheGasithtitenist, tding, and
encapsul ation_applications; for nolding and plastic tooling; and for the
fabri cat i oROEPISOPIaIeNedf thrgegionsibla Sepesofiss inegsaaiors  AGRFEREY: Mg | y f or
produci ng Lakag ivkemn iRLRE a DRAITHO RAIEHPEY g JRE BFUE 8RB u@skt Ng, potting
and encapsul ation. The resulting conposite material may be useful in sone
10 appl i catidbyidually Qesp aixgire berepl aftruswsssi Hgnd Yl bexs showdhawrera(bét r oni ¢
encapsypat irfasy t1. no: I L J W)Y i,on,
resin ?Pansfer %%@@?ﬁgg§m3%ﬁ%€2?§g§TH% %%?%65?§%§9?E%ﬂ%#Eﬁ%mE§%b§%%g The
fol | owi ng &RNEHPD essmentlsl peolipalrmnéreldy exanpces frburabhe9:§ folabeitrl t ratie bie
15present i I i et ai =N S . imt the
scope therg%%ﬁ@k?ﬁagﬁghgggﬁé&ﬁgg‘Kfﬁﬁ?ﬁﬁﬁﬁégﬂ%ﬁgégaéééﬂgﬁ}%ﬁgggglform
Al dri ch andncligledaswint kmbodifanttalremgepdi friofu abagti cohto abbve 1famatio af $uucneavViel | zed
Caro’s aci %trHcstgr% \}Iﬂ a%@ 1en 0 eérlrfg% 8c§1m\évr?t§ th%lrgtpoe(gf Structure VI to Structure VII may be

15 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
viscosity of the divinylarene dioxides produced by the process of the present invention
ranges generally from about 10 mPa-s to about 100 mPa-s; preferably, from about 10 mPa-s

20  to about 50 mPa-s; and more preferably, from about 10 mPa-s to about 25 mPa-s at 25 °C.

The utility of the divinylarene dioxides of the present invention requires their
thermal stability to allow their formulation or processing at moderate temperatures (for
example, at from about 100 °C to about 200 °C) for up to several hours (for example, for at
least 2 hours) without oligomerization or homopolymerization. Oligomerization or

25  homopolymerization during formulation or processing is evident by a substantial increase in
viscosity or gelling (crosslinking). The divinylarene dioxides of the present invention have
sufficient thermal stability such that they do not experience a substantial increase in

viscosity or gelling during formulation or processing at moderate temperatures.

The divinylarene dioxide products of the present invention are useful for the

30  preparation of epoxy resin compositions or formulations which, in turn, are useful for
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(1) prepared in accordance with slightly nodified literature procedures; or
(i1) obtained from DuPont under the trade nane Act XoneTm as indicated in

t he Exanpwexoiifinelseoncentrati on 200f the partially neut pariused 1828800 s aci d
solution was determ ned using standard iodonetric titration as described in
ASTM et hod E298- 08. The epoxi dation product m xtures prepared
in the Exanples which foll ow were anal yzed by standard gas. chromat ography
(GC) and g@FPPEetBSHIONS HMEHRISYFE HhiRe &1 OJPP%QES’@&E\?’ﬁg]%ﬁ%’t"e%ﬂf?dmﬁgé?%ods.
25Tot al  or gaRpéssic2ERARIXal dnaken®easured using a Sievers InnovOx TOC

Anal yzer. Sanples were acidified with phosphoric acid (6M. Sodium

persul fate sol ution A3%h Whstio¥GiSh&Se&nedvédtien X behez8 resiPRSARIIHYM hydr ogen
pht hal ate and mannitol were used for calibration of the instrument. Various
terms and &@astgnsebrinylusealiprde pradycs Af Gie mgpersiaYRies may ke ekl Eitned 30
herein gs fc&’étihg,gﬁitirf'g,[%\@é{psﬁltaé&{j&oﬁcﬁ’ﬁg, dhVioBird L &g BR8ent (VR is pdradfs1yf or

di vi nyl benzene di oxi de; "“DVBMY' stands for divinyl benzene nonooxi dé; and
"EVB" st andsitablsrioralhypegiohylepianal epréing, Piotingt 4nd epeppeulitionppplingiiens; fon

revol ution ] .evi ~ ~ ~ h of the
fol Lowi ng Dbk HaHitfe fﬁ’ﬂ%ﬁ?@%ﬁ%@@@%ﬂ %%VB%GS\R%sresb%%aéedcg’ﬁpé’gﬁe?ng 20 %
EVB, but t perty peliddargnigr piodadinglargp oyt ¢som seswelraged mite proddeaddy OvBing Sy nt hesi s

Exanmple 1 : : : Ci r ed 1 rocedure

descri bed PRUBRAL ey org PE s B0eB SRR EAER R AU MENE g

parti allDy mpplicatdnszsach w didvtrapostagsipphcatiyitrop xled@ordsericapshiavisns, castings,

Caro's acid ?cﬁl ut i on. was k&gt. in.a ?00 L pea{er. Q@ 40 %aq%eoust. ot assi um

hydr oxi de QYIRS oPP !¢ B CIFPIREL LY FUFF UL TP HILBICO OIS VEP PR e PAHES 0 €. The

sol uti on wasd sitiliké.ed for an additional 1 hour with the tenperature being

hel d between 10 0 C and 5 C. The solution was allowed to warmup to room

t enper at ur 25 C) and stirred for an additional 1 hour. The

resul ting %éé@?‘lp—%ﬁfﬁmxture may be directly used in a subsequent epoxidation

step. Alternativel y’Tter}gllosoll Ut>i; A& a (l?oemtalizﬁ' € exani Strat

stored in a refrigerator Unt¥ PP UrTRET “USE Sy RINEST s "EXAhpre: 2
15  present invention in detail but are not to be construed to limit the scope thereof. All

nsferr%dsfg e%lﬂf;ont ajner and

chemicals used in the Examples were purchased form Aldrich and used without further

purification. The partially neutralized Caro’s acid used in the Examples was either

(1) prepared in accordance with slightly modified literature procedures; or (ii) obtained from

DuPont under the trade name ActhneTM; as indicated in the Examples. The concentration
20  of the partially neutralized Caro’s acid solution was determined using standard iodometric

titration as described in ASTM method E298-08.

The epoxidation product mixtures prepared in the Examples which follow
were analyzed by standard gas chromatography (GC) and gel permeation chromatography

analytical equipment and methods.

25 Total organic carbon (TOC) was measured using a Sievers InnovOx TOC
Analyzer. Samples were acidified with phosphoric acid (6M). Sodium persulfate solution
(30 wt %) was used as the oxidizer. Potassium hydrogen phthalate and mannitol were used

for calibration of the instrument.

Various terms and designations used in the following examples are explained
30  herein as follows: “DVB” stands for divinylbenzene; “DVBDQO” stands for divinylbenzene
dioxide; “DVBMO” stands for divinylbenzene monooxide; and “EVB” stands for

ethylvinylbenzene. The stir rate is measured in revolutions per minute, abbreviated as rpm.
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15Caro's acid was prepared based on the procedure described in Owsu,
Hydronetal | urgy 1998 48 91-99. To the Caro's acid solution, kept in a 500
nm. beakerwoaosiodsism hydr oxi de solution (10 vt % 160 ) paadiSaddeessover 1
hour at O C. The solution was allowed to warmup to roomtenperature (about
25 C) and stirred for an additional 1 hour. The resulting reaction m xture

may be directly used in a subsequent epoxidation step; 20or alternatjvely,
the resul ting sol uti'dhcechPtHe fpHowyag Bicpaatiqny ithe Exampples, 8ot AV Reras ¢ st or ed
in a refrigeg@heg 20 BXBYBI Butthe YidldPand FaNdenPoli86HSs WerdRkerRaw DR Wi th a
mechani cal stirrer, pH neter, ‘and thernocouple, divinylbenzene (1.03 g, 7 9
mol ), acelQfBesiSZxainle 1 and water (42 nL) 25 were added and stirring
commenced at anbient tenperature. To the flask, sodium bicarbonate (5.50 g,

63 mmol ) in water (30arfkhcivans pREAEd hakd oned pRited@ie ddeiddu@nelyutd, xi ng time
of 10 m nutes. Then partial neutralized Caro's acid (3.35 g, 20 2 mmol)

! zed Ce id (:

fr om SyAt hébgnpdiysyd 998 6\%%%{8?1d@%io’tséckdh%m\f%]dtﬁewhﬁ?@(wﬁl? &PPASSEBY t i ons over
15 m nut esyvdhgaPd Rfiok e reaction m xture was nmai ntai ned at between 7 and
8. After 2 Kours, 30 divinyl benzene was fully consuned. There was no DVDMO
detected in the reactien aBuXbihish V% 198SnAR0E MRLIRAKAPRY10aNdqlEs reaction

m xture contained 96 % DVBDO, disregardi ng EVBO conponents. Exanple 2

DVB (1. 13pglassmmgbydipraflg soluoat one W8 2ddad)o thaselarioy apr bhyur aghdC.sbei um

bi car b_onat @01(1§0n4\gasgs irOP aﬂ?@itlon\ﬁﬁf frodr WA S eet[;,ﬁlﬁ athf t%ingh@ﬁlH)e%éhpped with a
mechani cal stirrer z300 rpm, a thernocouple a pH nmeter. Partially

neut r allDze® "CandSsSCadhe sdlntom vBSypHowekto svar appl woR tpyaperadgéeboun2s €8 reacti on

e onyeons 4 4PB05 53 Rng Db BUONIESl Sy SERTEL o Ry 0
reacti on maxsthsequenaspokidpionatep2 ABernttiecly theoblutine caxdeutansiorraas akcephinbet ween 7

and 8. The r Se%ction%rn%xtur zed by GC. After 3 hours
u

e al
di vi nyl benzmelneorme/gén 't era&%ﬁé\ﬁ%ﬁﬂerfﬁ%re was no DVDMO detected in the

reaction rrixrt1 e régn Ee@ reaction 10 m xture contai ned 95 % DvBDO,

di sregar di %—%%v%—c@m%nt s. Exanple 3 The epoxi dati on
procedyre of Exanple.2 was .repeated, exce 2.5 fol | ar._excess of
Act xond v and 5 1ol A6 vt gbasy EREFEhe Rt e ERBaR BREREC, & s
per nol of IHDUBmeldiargyd0s #901-9AasTe drplaet edtid soldtiongkepoinrassoand . 88k&H DVBDO was

obt ai ned.

sodium hydroxide solution (10 wt %, 160 g) was added over 1 hour at 0 °C. The solution

was allowed to warm up to room temperature (about 25 °C) and stirred for an additional 1

hour. The resulting reaction mixture may be directly used in a subsequent epoxidation step;
20  or alternatively, the resulting solution can be transferred to a plastic container and stored in

a refrigerator.

Example 1

In a 250 mL 3 neck flask equipped with a mechanical stirrer, pH meter, and
thermocouple, divinylbenzene (1.03 g, 7.9 mmol), acetone (82 ml.), and water (42 ml.)

25  were added and stirring commenced at ambient temperature. To the flask, sodium
bicarbonate (5.50 g, 63 mmol) in water (30 mL) was added followed by an additional
mixing time of 10 minutes. Then partially neutralized Caro’s acid (3.35 g, 20.2 mmol) from
Synthesis Example 1 was added to the reaction mixture in portions over 15 minutes. The
pH of the reaction mixture was maintained at between 7 and 8. After 2 hours,

30  divinylbenzene was fully consumed. There was no DVDMO detected in the reaction
mixture by gas chromatography and the reaction mixture contained 96 % DVBDO,

disregarding EVBO components.

4.



15 Exanmple 4 The epoxi dation procedure of Exanple 3 was

repeat ed, except eight fold nolar excess of sodi um hydrogen carbonate was
used per wol20uf11EMB. The reaction was conpleted i n one romrUSand/ 028060 DVBDO
was obtai ned. Exanple 5 20DVB (1.03 g, 7 9 mmol ), acetone (75 nL) and a
sol ution of dibasic sodi um phosphate (0.25M 60 nL) were transferred to a
flask equi pped with a nmechanical stirrer (300 rpm, thernocouple and pH
nmet er. Partggéﬂlwneutral ized Caro's acid (ActXone) (23.7 mmol, 30 %

solution, 10.53 g) waepdaliizwey 68 ninfiP addishc (§OHE ), W20t HE L ahdsokitn cour se of
20 m nutes maintaining the tenperature at 25 C. The pH of the solution was

cont i nuous PiFaPENHH 420 &3 2 araclkwpie tgpsfar! @ giflagk gagtraed Witk MgekadicRlde (1.5

M. The reagtd Q8 .ﬁli),lértﬁer%§oufp}garnh%ﬁ rh&&{l@%‘tﬁﬁy aafr.aRalonEed By s After 1
hour, DVB was conpletely converted to products; no DVB and DVBMO were

pr esent Sand&ynthesiseaatleohwan adtled to teonachion auxtagE Vs VBDOE of BS meydesdi ng EVBMO
related co . i f4 i I

extracti ngﬁpﬁg&ggc%ag@eé%%@ﬁ?dﬁ %Hé( cts ?Sgﬁmﬁi@{%ig’e@&mg tﬂ%ﬁﬁ%?%/%&gg%%gﬁ? ori de
(250 L) . Thetioresllietr¢aagommixiyt eaekaphht@5P@e Tsopilivf e selagnt s keptdstvedn wi t h
sodi um bi car a 250 nl. % . sal.uti.on).~then t.he nethyl ene chl ori de

sol ution mgsagggstﬁg%{e\?ﬁ th m\ﬁfjéttugerwa(sfgblyzrﬁfl%? Gacn'd}Q ﬁ re3nho'f1 ﬁe%‘ ‘Pré%ﬂﬂ ntz?nﬁgwarsre'fl yl ene
chl ori de sobnsuined Wase did 0D VRBTO dadtitadnn shelréatien mbhere a0d the ndastioner e r enoved

vacuumifl st R BR o ned s R L Rb Rkt Sa B enn. Vacuum

di stiIIati%n rgsglted in a 10 % DvVBDO | oss; and 98 % pure DVBDO. 5 Exanpl e
6 Ad (0.78 g, 6 0 mol ), acetone (44 niL) and sodi um hydrogen

carbonate (3.07 g, mol.) in _water ni. re transferr a flask
equi pped with a rrecﬁ]gnrﬁeéjgfflzl%tﬂnrpfoé:?&(r%é%%aglr#?y\%ﬁserlﬁ%% u%‘lc%ptgﬁaftoglﬁ%rt er.
Partial |l y redty @ AdecheCanml BfoaCmdlaf &etsXoneydifnl bydogeaehsboddle ¥esabddipeon, 6. 67
g) was deliver into the reaction m xtyre int of 1Q 20 m nutes
i i i g AEDY Eldr S s copilcd i b s E BV Bhaq hudined

conti ntiguslg moni tored and kept at 7-8. The reaction m xture was further

i ncubat' ed | yzed by GC. After 1 hour, DVB was conpletely converted to
products, no DVB andE\[;VBIVD resent and.the Fe ction mxture ¢ n{ jned 95 %
EVBDO, di sr egar di ng EUSID CBIBGRERIES ORRMRE Frspan S RS ERbiE 7 Dve i s

epoxi di zed nwildrlex@ad bfi salliupn Hyetsbéndadrzdae Gak asedl prEME FDVBI TiwvsactibyRa¢ 6. 50 g,

50.0 mmol ), acetone (36.3 Q) andvpot assi um hydrogen carbonate (17.5 g, 175
0 mmol) an&o%lﬁ@gll(%‘@lﬁ?ﬂl)a‘\%ﬁgrggoprzﬁpsqgﬁsr%alfl‘ﬁl'a flask equi pped with a

mechani cal stirrer (600 rpn), thernocouple and pH neter. Partially

neutral i zedX&APIESs aci d

20 DVB (1.03 g, 7.9 mmol), acetone (75 mL.) and a solution of dibasic sodium
phosphate (0.25M, 60 ml.) were transferred to a flask equipped with a mechanical stirrer
(300 rpm), thermocouple and pH meter. Partially neutralized Caro’s acid (ActXone) (23.7
mmol, 30 % solution, 10.53 g) was delivered into the reaction mixture in the course of 20
minutes maintaining the temperature at 25 °C. The pH of the solution was continuously

25  monitored and kept at 7-8 using potassium hydroxide (1.5 M). The reaction mixture was
further incubated and analyzed by GC. After 1 hour, DVB was completely converted to
products, no DVB and DVBMO were present and the reaction mixture contained 100 %

DVBDO, disregarding EVBMO related components.

DVBDO was isolated by filtering the solids and extracting the acetone-water
30  reaction mixture with methylene chloride (250 mL). The resulting methylene chloride
solution was then washed with sodium bicarbonate (250 mL, 8 % solution), then the

methylene chloride solution was washed with water (250 mL); and then the resulting

25-



or potassi um peroxononosul fate (125.0 nmol, 60.70 g) was delivered into the
reaction 20 m xture in the course of 60 mnutes using a peristaltic punp
and mai ntworonglistse tenperature at 25 C. The pH of the ®oraiS2an/ 02%s80
continuously nonitored and was between 7-8. After oxidant delivery, the
reaction m xture was further incubated for an hour. Salt, precipitated
during the reaction was filtered using a Buchner vacuum funnel system and
What man #1 Dfetyiear chlgpds solytion yyas dijgdstystsadivphsuligiey d Re sql ystsgyere Frmacd i nes.
After filtrahirentdedtasal DWAsSO ?fdd@éi yield RaV/BCHUMOM Sl §a4hidud@ i n 26.99 g
dry salt. The aqueous acetone filtrate was extracted with tol uene. The

t ol uene extistbed separast ey RIA@ grodpgt ol ¥BMO. \WhacHudlisgiiptoraeruliethingas hed

with water 130BvEipO AR A d€4 RvehvEpd. um sul fate. Tol uene was evapor at ed
using a rotary evaporator yielding DVBDO as a pale yellow liquid (6.84 g,

87 %, di Sljigg[ﬁélgi@’lg EVBMO conponents. 30 Exanple 8 In this exanple 8 DVB is
epoxi di zed w partially neutralized Caro's acid as follows: DVB (65.00 g,

0.5 nol ), acetone (363pMb.78 6 60 MAlo)), adSRHORB il ahdAddiBm hydrofed @ibon@Bd Wat er
(360.06 L) were transfg%eg to a f)f%sk W th i)ﬁadentétio%s,gzquigaged with a

mechani cal (397 gr3¢mmelh by waerdapme,) wardianslpmediontilaghefiuapad @rb @ mechknigs| ut i on
of KHSO5 ( : i Bt O ican,m in the
cour se of - 1uhrgth ot BHTRGG Fhah R ERENIQAR (o M L85,
rpm The r ¢Hc® mowl. 30Xt snleionas 6T gr vieleliGireitnpahedadton nantugdditte conaé ohour .

After ho Stirring. st the ol utj.on hecked
A e e TR T
equi pped wintonitWéd amchkelatyath €Fhe rSalion masuramak othed intubaeéd hnhanalyded byn@€. 200

g). The sal;t dri under vacuum yj el di n 96 I i th TOC of
Do pom - ridel FRorb TR M8 Ehpl BRI e ifdinB oY Sedhvtiiedefn e
or gani ¢ 10 asdihytrdadtien rQixxiré agitaidsdd5IaDv BAES, hil sre@rdn agBed suntponsad. er (227
m.). The organic |ayer was dried over sodiumsulfate. The sol vent was

renmoved wi tthampitdry evaporation, yielding pale yell ow DVBDO product (73.0

g, 92 % disregardi ng EVBMO conponents). The product was al so anal yzed by
GC and 1I6PC. DVB was laotipkeielle/7 DVBVie ejicadtized withqduzilg nandlind QuBMarivas

et o IR MM R R T A
was repeat .5 gxoeptmhgatiBGA& (36 mL) were transferred to a flask equipped with a
mechanical stirrer (600 rpm), thermocouple and pH meter. Partially neutralized Caro’s acid
or potassium peroxomonosulfate (125.0 mmol, 60.70 g) was delivered into the reaction
20  mixture in the course of 60 minutes using a peristaltic pump and maintaining the
temperature at 25 °C. The pH of the solution was continuously monitored and was between
7-8. After oxidant delivery, the reaction mixture was further incubated for an hour, Salt,
precipitated during the reaction was filtered using a Buchner vacuum funnel system and
Whatman #1 filter paper. It was washed with toluene (25 g) three times. After filtration the
25  salt was dried in a vacuum over resulting in 26.99 g dry salt. The aqueous acetone filtrate
was extracted with toluene. The toluene extract and toluene used for the salt wash were
mixed and washed with water (100 mL) and dried over sodium sulfate. Toluene was
evaporated using a rotary evaporator yielding DVBDO as a pale yellow liquid (6.84 g, 87
%), disregarding EVBMO components.

30 Example 8

In this example 8 DVB is epoxidized with partially neutralized Caro’s acid
as follows: DVB (65.00 g, 0.5 mol), acetone (363 ml., 6.3 mol), NaHCO; (147.01 g,

26-



solution was punped into the reaction mxture in the course of 2 hours

mai ntai ning the tenperature at 25 C and stirring at 600 rpm The reaction
m xture wWaie 2burtibsp i ncubat ed 20 for an additi onal hour pCibyusziao28she
reacti on was conpl eted indicated by gas chronmat ography showi ng 98 % DvBDO
yi el d, disregardi ng EVBMO conponents. Exanple 10 In this exanple 10 DVB is
epoxidized with partially neutralized Caro's acid as follows: DvVB (3.01 g,

23.0 mmol ) L-340ek yKeVed 3 PNGmLEYsre faplsrredig pbask yith i?é@l&tiOQSf@smedﬁ%m) and

wat er (96. @Qne¥hani We§iBret, RIS &IUbRIaddRiod pblt ik conBtibPRE Shividnhbt Ki1gEshani cal
stirrer, pH neter, thernocouple, addition port and condenser. A solution of

KHS05 (15. 487} 2,33 molyivpt Dunied 1o hsaepciion Bdye i b eeyrsl ibepiipgniaiinghe

course of %t@ﬂlﬂé&t&%-at The £1§13sﬁh§1%rht%d)1\ﬁﬁ§ The feacdEmxGRE Wa QR Xt Ur € was
stirred at 300 rpmand 25 C tenperature. After an hour reaction tine, the

pH r eached iguhatedigpan &kletonairhop. xAfiard hamrs semimp vagl stapredtahe te@Hradghedual anmount
of KHSO05 } i i . . di ti onal
orount of - PE ETRRA LALRRDAT R it tEd el i RRNS LR HREE i

decr eased tquiffped withhWatmea d ipaper.nbadt wasevashsl Wit adewne [ ntonga08d).athe2BltC f or

two additional,.hpur.s when the. ain rai.sed The reaction m xture
was again 8&%8 'ed” nélfgfdvatc hie" Ylg@flpl?gﬁ% ‘f%a&tn‘?lﬁlo T(l5<€|§gg?8m%3§n ‘det er m ned

i odonetrically. Ther one t i%J | it of  KHS05
sol uti on was added (%egﬁéatgwéé ?‘q@h%gwﬁgmlﬁ%é%‘e%@ﬁ? d?@gr)‘ﬁgé%dgf”%%% 3. The
reacti dn msoltitions (svaractfand sdlewashneero atagiobdatithAbat€ (287 ndn. &Abkdorpamdnalerhvodr when

R L e A s
resi dual oxtltlanDVBDESEOtyct §13.084) 92 dd idisrayaglinggdfBMO @npKidS@d. s pibiven (3. 00 g
6 5 mol) was deliyer at d the pHto 7. 1. After an additional
hour of i nd#HAL? WYX%B‘? ﬁ%{:g W%%g k@gﬁggﬁ;@ﬁelwogvgge%wrp(g 6§P§B%y and 97
% DVBDO wa$) BMaues Gradéd ! BYBDOI g JsVBMRe bioangldeoddhined O Thaligopeisigaki on
procedure of Exanple 2 was repeated, except 2.5 fold nolar excess of

Act XondTM BRECaLon ShErep skl excess of sodi um hydrogen carbonate were used
per nol of DVB. DVBDO was isolated in the foll ow ng manner.

After the E38BPledn was conpleted as determined by GC, the salts were
filtered via vacuumfiltration via Buchner 15 funnel. Acetone I&%O m.) was

added to rinse out tH¥ PeEflirgPressiyre pilsiampied VauReeatsdt ¢omt the KHSOs

solution was pumped into the reaction mixture in the course of 2 hours maintaining the
temperature at 25 °C and stirring at 600 rpm. The reaction mixture was further incubated
20  for an additional hour, by then the reaction was completed indicated by gas chromatography

showing 98 % DVBDO yield, disregarding EVBMO components.

Example 10

In this example 10 DVB is epoxidized with partially neutralized Caro’s acid

as follows: DVB (3.01 g, 23.0 mmol), acetone (30.02 g, 517 mmol), NaHCO; (8.72 g,

25  103.7 mmol) and water (96.80 mlL.) were transferred to a flask, equipped with a mechanical
stirrer, pH meter, thermocouple, addition port and condenser. A solution of KHSOs (15.43
g, 33.5 mmol) was pumped into the reaction mixture in the course of 10 minutes. The
reaction pH was 7.4. The reaction mixture was stirred at 300 rpm and 25 °C temperature.
After an hour reaction time, the pH reached 8.4. The reaction mixture was sampled and the

30  residual amount of KHSOs was determined iodometrically. There was none detected.
Additional amount of KHSOs solution was added (4.09 g, 8.9 mmol) until the pH decreased
to 7.4. The reaction mixture was further incubated at 25 °C for two additional hours when

the pH again raised to 8.6. The reaction mixture was again sampled and the residual
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flask. The filtrate was transferred to a round bottom flask. The organic
vol atiles were renpbved via rotary evaporation. The organi c sol ution was
phase sepsioapbadiibrsom t he wat er conponent to isol at e DVBRPOTMUse&I@/0psspéty and
yield were checked by GC. DvBDO was obtained as a pal e-yellow |iquid. DvBDO
was produced in 97 %purity disregardi ng 20 EVBIVD Exanpl e 12 Exanple 8 was
repeat ed except that instead of using KHCO3 was used as the buffer.
The sul f at émﬁynt;?if Bk "Wé§et?lin}1‘[“f‘élr1%‘i‘j)meéﬂl%ilﬂeghqr%’€vés RARF é%te‘ﬁ%fjr thglitonghg

purified i apbhkee kdisO;es18ién WaYRdeR2BYr 65%%dlpﬁht11the pH decreased td 8. sal t was
washed with toluene and the TOC of the salt was determ ned after each

washi ng cydhe reapangpixtuewas fgherygeyhatedias 25 8¢ [ofes addigonsh houryhice feddlr eased t o

127 ppm af Taga[m ¥ahs%d%@§9néc%§19se§@9n %%veﬁ%%s@&eto@D%l\Z@ Pc%]n@ifnfc%'ira&&? third
wash. Purification 2 30The salt was dissolved in water and the sol uti on was

extract &éd wi & bangtile o the asiiohamsturcThdnottshew weit iepidyed oxidympessented aand t he TOC

f th P | t
cal ci med ar gy ERp G FrRREEAGR RS 0GR, EE Moy A AR Pl bfoiifen 1S
1. A procegH tharl. griepar adigicmaldiour mfyhcaxbetml I@lrmxﬁwm‘dﬁwassbwgvedéagaé ng (a) a
di vi nyl ar en@rotn(ag)o)gra%%ypgnd d78% Iﬁﬁlﬂ‘ﬁg waWHro uced %Sﬁ@&ldrdl n%)ﬁboxm ¢ acid as an
c a un

oxi dant ; SI C conpo 'Gcess 1’s carried out under
condi tions E%QmEBﬁE“ a 5di vinyl arene di oxi de product

10 The epoxidation procedure of Example 2 was repeated, except 2.5 fold molar
excess of ActXone™ and 3.4 fold molar excess of sodium hydrogen carbonate were used

per mol of DVB.

DVBDO was isolated in the following manner. After the reaction was
completed as determined by GC, the salts were filtered via vacuum filtration via Buchner
15  funnel. Acetone (10 mL) was added to rinse out the residual salt from the round bottom
flask. The filtrate was transferred to a round bottom flask. The organic volatiles were
removed via rotary evaporation. The organic solution was phase separated from the water
component to isolate DVBDO whose purity and yield were checked by GC. DVBDO was
obtained as a pale-yellow liquid. DVBDO was produced in 97 % purity disregarding
20 EVBMO.

Example 12

Example 8 was repeated except that instead of using NaHCO3, KHCO3 was
used as the buffer. The sulfate by-product was filtered, divided into three portions and

purified in three different ways.
25 Purification 1

The salt was washed with toluene and the TOC of the salt was determined
after each washing cycle. After the first wash the TOC was 494 ppm, which decreased to

127 ppm after the second wash and was measured to be 70 ppm after the third wash.
Purification 2

30 The salt was dissolved in water and the solution was extracted with
dichloromethane. Than the water was evaporated and the TOC of the residual salt was

measured as 14 ppm.
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2. The process of claim1l, wherein the divinylarene is divinylbenzene; and
wherein the divinylarene dioxide forned is divinylbenzene di oxi de.

3. The prwoessi/wb18el ai m 1, wherein the sul furonbnoper ox®CE/Used1d/02880€Car 0' S
acid. 104. The process of claim3, wherein the Caro's acid conprises: a
partially neutralized Caro's acid obtained by neutralizing Caro's acid with
(i) inorganic base, 1) annnnlunlhydrOX|de (ii1) al kyl ammoni um base; (iVv)
aryl anmoni um base; éﬂm aIkyI arylannonlun1base (vi) al kyl phosphoni um
base; (vii) aryl phosphonjum base; VII%% m xed I-a I phosphonlun1base
or (ix) mixtures the hesplt wisenlerpd 4b Ok @rB’fOQﬂ‘%ﬁ ¥#el”PPhe Caro' s
acid is neutralized with potassium hydroxi de, sodlun1hydrOX|de, anmoni um
hydr oxi de, potassi um carbonate, sodi um carbonate, amoni um carbonate,

t et r abut yl ammoni um hydr oxi de, tetraphenyl ammonni um hydroxi de, or m xtures

t her eof . 6. The process of claim1l, wherein the Caro's acid
is mxed wiwth a 20 ketone catal yst which results in the formation of a

di oxi rane oxi dant; wherein the dioxirane oxidant is isolated and then the
di oxi rane oxidant is used in a subsequent process; or wherein the dioxirane
is used in situ as the oxidant in the presence of the divinylarene m xed
with the catalyst during the addition of partially neutralized Caro's acid.
7. The process of claim1l, where the basic conpound conprises an 25

i norgani ¢ base or an inorganic salt; and wherein the basic conpound

conpri ses sodi um hydrogencar bonat e; potassi um hydrogencar bonate; sodi um
hydr oxi de; potassi um hydr oxi de; sodi um car bonate; potassium carbonate;

sodi um phosphat e; pot assi um phosphate; sodi um borate; potassium borate; or
m xtures thereof. 8. The process of claim1, wherein the
reaction is carried out at a 30 tenperature within the range fromabout 0 C
to about 80 C, and wherein the pH of the reaction is fromabout 5 to about
12. WD 2011/116180PCT/ US2011/ 028800 9. The process of claim1
wherein the concentration of the divinylarene ranges from about 1 weight
percent to about 99 wei ght percent based on the total reaction m xture;
wherei n the oxidant ranges fromabout 0.5 fold excess to about 10 fold
excess per double bond of the divinylarene;, wherein the concentration of
the catal yst ranges from 5about 1 wei ght percent to about 99 wei ght percent
based on the total reaction m xture; and wherein the concentration of the
basi ¢ conmpound ranges from about 1 weight percent to about 30 wei ght
percent based on the total reaction m xture.

9.



10. The process of claim1, including a catalyst; and wherein the catal yst
conpri ses a ketone selected froma fluorinated ketone, an aliphatic ketone,
an aromatwo 200kiassne, an aliphatic-aromatic ketone, a clrCraiS2keesse) an
achiral ketone, or mxtures thereof; an imniumsalt selected fromthe
group consi sting of a dihydroisoquinoliniumsalt, a biphenylazepiniumsalt,
a bi napht hal ene-azepinium salt, or m xtures thereof; or m xtures thereof.
11. The pr&]éégl%pLéIIMiEﬂﬂIﬂ?O, wherein the ketone conprises acetone;

15net hyul - et hyl ket one; acetophenone; trifluoroacetone; trifluoro

acet ophenone; tetrafl-uor ¢* BOESH IR EFBREE o1l viRyiRicgy digxidp gprapgssing reacting

12. The pr %%&ﬁvi@lg@ﬂle@klﬂ‘aﬁﬁﬁiaﬂ@ a&RialzddR61rhBBhdpRcxBlclacio @t ah ¥alad:Sngener at ed
in-situ froman amne, and an al dehyde or a ketone. 13. The
process of (@adipf $NPeREvEicF iR Hig PTOsERilueATEe qut eadeargpditionstodogemer at ed

i n-si tusframRyERldiskiRereducd Pyrrolidine substituted with electron
w t hdrawi ng groups and cycl ohexanone or 2-chl orobenzal dehyde.

14. The process of c} ai Mhe piaedsWdLRgh RlwHeRASthe ANEnyIRENGDivingREn MRS €i N the
sol vent conprises hal ogenated al kanes; aromatics; polar organic solvents;

et hers; al eéphwheeinfthadyinylarcaidigkide romed isidotmeeszengdiaridet ur es t her eof .

2515. The process of claim 14, wherein the solvent conprises

di chl or onet hane; t ollene;Thapecesiof elaingl, vdicrain the xylerprapropeigkeig asiéis net hanol ;
trifluor oe@afgaé)éc;id'acet one; nethylethyl ketone; or mxtures thereof. 16.The
process of claim1, including a catalyst and a sol vent; wherein the

catalysp is a ketonej angy ﬁ)rcgés%ffﬂgf?n §Qln ?éﬁ]iﬁhie%aﬂ)’4<§cricp&?n ri§&.1ZP§}H%1>PrOCGSS

of claim 16, wherein both the catalyst and sol vent conponents are acetone.
VO 2011/ 11 6¢8aba (82’0 1difl 0P@®edby neutralizing Caro’s acid with (i) inorganic base, (ii)

ammonium hydroxide, (iii) alkylammonium base; (iv) arylammonium base; (v) mixed
alkyl-arylammonium base; (vi) alkylphosphonium base; (vii) arylphosphonium base; (viii)

mixed alkyl-aryl phosphonium base; or (ix) mixtures thereof.

15 5. The process of claim 4, wherein the Caro’s acid is neutralized with
potassium hydroxide, sodium hydroxide, ammonium hydroxide, potassium carbonate,
sodium carbonate, ammonium carbonate, tetrabutylammonium hydroxide,

tetraphenylammonnium hydroxide, or mixtures thereof.

6. The process of claim 1, wherein the Caro’s acid is mixed with a
20  ketone catalyst which results in the formation of a dioxirane oxidant; wherein the dioxirane
oxidant is isolated and then the dioxirane oxidant is used in a subsequent process; or
wherein the dioxirane is used in sifi as the oxidant in the presence of the divinylarene

mixed with the catalyst during the addition of partially neutralized Caro’s acid.

7. The process of claim 1, where the basic compound comprises an

25  inorganic base or an inorganic salt; and wherein the basic compound comprises sodium
hydrogencarbonate; potassium hydrogencarbonate; sodium hydroxide; potassium
hydroxide; sodium carbonate; potassium carbonate; sodium phosphate; potassium

phosphate; sodium borate; potassium borate; or mixtures thereof,

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

reaction is from about 5 to about 12.
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18. The process of claim 10, wherein the concentration of the catalyst
ranges fromabout 0.1 nol % to about 200 nol % based on the divinyl arene.
19. The pwocesisiiefsocl ai m 1, including a phase transfer a&gerusoianessemer ei n

t he phase transfer agent conprises an al kyl or an aryl ammonium salt; an

al kyl or an aryl 5phosphoniumsalt, 18-crown-6, or m xtures thereof.

20. The process of claiml, incl ud| ng a nmetal scavenging %ent and wherein

the netal scavengi ng9 ageﬂ?leéﬁﬁﬁsrslogé]@%wln@?ﬁ%%%%ﬁf & dpvanylaseneet i c

acid; di et yloeN@ih 6T N§eRANPRAGET Bo@B9Gyeight percent based on the total reaction
et hyI enedi am net etranet hyl ene-tetraphosphoni ¢c acid; and m xtures thereof.

1021. The proEEsswhereis|ty ehidant iagas diom thrat Q3 EldOwessdr srawy | Glokhexceris ol de i s

at | east 6QoRFE G&Ator (RN NISERL WnbRG (i Meeﬂ%ggp@ftthé &mﬁ%@mqlgéscfwn?n is a
di vi nyl arene nonooxi de conprising a yield of |ess than 40 pércent. 22. A

pr ocess St orbgt é peerdhhpereendioabayt] Qrveanght dq:refmt Hesed @mﬁxelt@ﬂlrrgamhleynsxt@psandf 15( A
cont acting gt i s Lo aﬁbﬁ’bﬂ}{é s?crb%m 15] Ehﬂin'a\éoﬁﬁ%e{i@lethté%&t@ro S

acid; a basic corrpoun%ﬁr opt I ona east one so and

opti onal | y abauit 86 watght pasnt nel @ahatoyaéteacm@l ipxogeice a di vi nyl arene di oxi de
product in a reaction mxture effluent; (B) separating the

di vi nyl arene di oxi delOpr O(Tlhlepm‘cgaswédlainnl,sin@l{mil@a) cdiglyatn anth @heeadhé oarlyst xt ur e

effluent of, %I‘l% Sﬁétm%e S%%SJ PRL! ORkhied Eetf(Hﬁ) X ;ﬂ&h&tﬁ% fan'a%'ro%a%Qe di oxi de

pr oduct obt & recovering and/ or
recycl ilig tkhens eh vigrhtiaadmeat kdtyet a Ehinirkdibre, meahiraldcntommtumeum fhereet of
step (A); and . . E) .optionall C erln |nga

by br oduct S8 dppitpbelrsterted b Bl Snatinglof A5 080BRT il 14 "9, %0

i ncl udi ng aguemgazopigiuar sad endphe@lene-azepinium salt, or mixtures thereof; or mixtures

thereof.

11. The process of claim 10, wherein the ketone comprises acetone;
15  methyul-ethyl ketone; acetophenone; trifluoroacetone; trifluoro acetophenone; tetrafluoro

acetophenone; or mixtures thereof.,

12. The process of claim 10, wherein the iminium salt catalyst is

generated in-sifu from an amine, and an aldehyde or a ketone.

13. The process of claim 12, wherein the iminium salt catalyst is
20  generated in-situ from pyrrolidine or a pyrrolidine substituted with electron withdrawing

groups and cyclohexanone or 2-chlorobenzaldehyde.

14, The process of claim 1, including at least one solvent; and wherein
the solvent comprises halogenated alkanes; aromatics; polar organic solvents; ethers;

alcohols; fluorinated alcohols; ketones; or mixtures thereof.

25 15. The process of claim 14, wherein the solvent comprises
dichloromethane; toluene; acetonitrile; dimethoxyethane; dioxane; methanol;

trifluoroethanol; acetone; methylethyl ketone; or mixtures thereof,

16. The process of claim 1, including a catalyst and a solvent; wherein

the catalyst is a ketone; and wherein the solvent is a ketone.

30 17. The process of claim 16, wherein both the catalyst and solvent

components are acetone.
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radi cal polynerization inhibitors to the reaction m xture. 24.The process
of clainms 1 or 22, including the step of purifying the divinylarene dioxide
reacti on woaductietsy distillation. WO 2011/ 116180PCT/ USPOTA/SOR3BER0R5. The
process of claim 22, including the step of purifying the salt by-product
wi th calcination; crystallization; organic solvent extraction, adsorption
of the inpurities on activated carbon; or a conbination thereof.

18. e process of claim 10, wherein the concentration of the catalyst

ranges from about 0.1 mol % to about 200 mol % based on the divinylarene.

19. The process of claim 1, including a phase transfer agent; and wherein
the phase transfer agent comprises an alkyl or an aryl ammonium salt; an alkyl or an aryl

5  phosphonium salt, 18-crown-6, or mixtures thereof,

20. The process of claim 1, including a metal scavenging agent; and
wherein the metal scavenging agent comprises K;HPOy; ethylenediamine tetraacetic acid,;
diethylenetriamine pentaacetic acid; ethylenediaminetetramethylene-tetraphosphonic acid;

and mixtures thereof.

10 21. The process of claim 1, wherein the yield of divinylarene dioxide is at
least 60 percent; and wherein the minor product in the reaction is a divinylarene monooxide

comprising a yield of less than 40 percent.

22. A process for preparing a divinylarene dioxide comprising the steps

of:

15 (A) contacting at least one divinylarene with partially neutralized Caro’s
acid; a basic compound; optionally, with at least one solvent; and optionally, with at least

one catalyst; to produce a divinylarene dioxide product in a reaction mixture effluent;

(B) separating the divinylarene dioxide product formed in step (A) from the

reaction mixture effluent of step (A);

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

the reaction mixture effluent of step (A); and

) optionally, recovering and purifying a by-product salt formed in step

25 (A).

23. The process of claims 1 or 22, including adding one or more free

radical polymerization inhibitors to the reaction mixture.

24, The process of claims 1 or 22, including the step of purifying the

divinylarene dioxide reaction product by distillation.
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25. The process of claim 22, including the step of purifying the salt
by-product with calcination; crystallization; organic solvent extraction, adsorption of the

impurities on activated carbon; or a combination thereof,
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