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WD 2008/ 002416 PCT/ US2007/ 014246 PROCESS FOR
PRODUCI NG EPOXI DES FROM OLEFI NI C COVWPOUNDS The present
wonvamnz4an rel ates to a process for epoxi di zi NgCT/US2007/014246

epoxi di zabl e ol efinic conpounds under phase-transfer

catal ysis conditions. Mre specifically, the present

invention 5 relates to a process for producing an

epoxi de by reacting ol efinic conmpounds including

ol efins and aliphatic or aromatic dienes with hydrogen

PROCESEFORAGR) DACING EROIINES AROM QLERBIC €@¥POUNDS

transition netal catalyst. Even nore specifically, the

process of the present invention is advantageously

used thehrdpar Ptk 8R 18fa oS fGadpoR B ihE efb:8BRabIR olefinic

forma cycloaliphatic diepoxide. Thé epoxide products
compoungf unfier phasstransfersatalydio noxaﬁﬁom d¥lgre spscificaldy. e presend invention

in the 10 [ . . .
relates tog prbiti Sor BioaEE i Spitiap bl pcRb SElric Ltbo iR\ Guding olefins
and aliph@€ioPe aidneRic diermapatt mfdrogen paoxidagHeDs)gs eompadint inoths presence of a

.. It is geperally known tg epoxj dize un urated. ..
wransitions et RREDEb BTG FOF T (BHBOoRR R PO deeriag is
advantag_@%ﬁs?ﬁﬂ&&i o Bt PpoxiMatioR bflh cyaehNplafid ditd 6 Gein Peyclshlithatic

| e

] ' presence of a phase transfer catal yst. For ,
diepoxidex Thplepoxide prasiwets of tlasy prepent dpvsotiga@rowsesil 23 intpragdigtes in the

producticqjx ?p&hgxs Bhdets for éxgﬁkwgtﬂ&bﬁé’ﬁk A& intBatefds YrebRings, laminates,
es acid

ers, using a per such as peracetic acid as an

composiiex, ewapsulaiond] ad meldihg comip@sitiddst ent No. 6, 255, 500.
However, the,. known processes usj.n I i ' .
B S e

peroxy cBin@butdy fsasdidimtymdh uspesicilio atid and hyéfoke perokiderid the presence of a
very energy_ intensive. For _the kno rocesses. of.

phase (a5 sH GO NG CGUISGRIP b A PFecoah (3 e SPPHOMSE ApER St ipRe esters.

gfafs afRe QAN n2eetacid S&NMBIpRfdcEdc &did RE 8ldgidant is

fs"at a high yield becalse the product includes

disclosedin YdhHlatenaNopd265500¢ he product. Typically, the :

conc .0 i ' . t i \ .

cor 8l e OhpAARELS s R B Ret Sodflo egue a pre
amount dfomhineerianck) sib¢ ¥ high qorsivdenadinmwapret ess-efficient and are very energy
) . easie 0 run wthout the. need of. racidic acid, 1t L
intensiv UG ETOE PROABHG: OF Pﬁ@%}n@éygl%@a}?%%eeségde&ﬂ}a& f* Reracetic acid
as an oxanWent MBS A drity 6NSiodact 9@t a BidheyIsia HRBshse @esprdatict includes

require a |l ot of maintenance. It would _also be,

oligometseaserartcafdhe prodpetoViyméclynth soperasiionsf eHepRer de & poduct is 10

t BEWeRihPgHGlatM th @ | ower viscosity without having to
percen Qﬁrfﬁ%f p%%gess the product such as by distillation.

It i st skonid eeladvaniageeltsce theiduatry gy provide anrpyy prpcass that is easier to
L I
not energy imMéiBive3 dogeipensd dnyl doeswot relgaire @Xlamngfl eainenpnage ds wofilgralso be
beneficiztllhtg p%gxgigcli thlegv per c?e)é_l. gv%tlcihogrogrlceglaer{évp gro% ctrv%%: ta ilé)vrs)erv%igc%sity without
having to further process the product such as by distillation. It is desired to produce such a
product having a lower viscosity and good flexibility.

The process of epoxidizing an olefin compound with hydrogen peroxide is also
generally known. For example, a process for the catalytic epoxidation of olefins by reaction with
hydrogen peroxide as the oxidizing agent is disclosed in U.S. Patent No. 5,274,140; PCT WO

98/27099 A2; and Japanese Unexamined Patent Publications No. 5-213,919, No. 62-230,778, and
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hydr ogen peroxi de as the oxidizing agent is disclosed
in US. Patent No. 5,274,140; PCT WO 98/27099 A2; and
woapmresac Unexam ned Pat ent Publications No. 5P2t@sSu9/014246
No. 62-230,778, and 4 WO 2008/ 002416 PCT/ US2007/ 014246
No. 62-234,570. These prior art processes do not
provide for pH control of the reaction mxture to
obtain a high product yield. It is desired to provide
a process for the catal ytic epoxidation of
No. 62-28a3%0dThaty griorcdrepiovtRecoipoLprdsidefonpHontrol of the reaction mixture
_cycloaliphatjc dienes via an oxidizing agent such as
to obtainpplgigh uet wiels t he process is sinple and
cost 1effdeciEdio F0didRPHERS fét tBO ea@g@i@@?bmaﬁ&pa Hoxidizable
- product in excellent yield and purity. It is desired .
olefinic ¢npounds dectnageystoagiphatin dibngssvia ianﬁpcé%,;mgg BaeT seetops @ wherein
and .relatively | [ . . i j
the proof s BIEHAY Eonk ot REER T phGiAAH oEARRBRUAE DY A Bl iin
excellenfyialdt dridi preitef Itisidesiredac pravidepa prhwess which inisipgide, sghightferward and

relativelg {%%ggxgsh%en %gé%%éaa%gd <r) eta% ﬁzgrgtg (s)% & Fl%%ﬁllP 'gﬁcg ul%g %cs)mfrr%rrcially useful
quantitie8 PP pLLSSactidiEpOlifctt he process uses aqueous H202 as an

oxi dant agent plus a phase transfer catalyst to )

epoxi One aSPaAt & the PrAsentdBYAMGIGRAS dBeetrd B ReYrl Peasess fog preparing

i ) Hhadd LR Ads CwHERRLHEProdkss Qs iaBhéds 31,0 idant

epomdesz)égé(?di?&k%% g%éo%at Ton 1's con%ﬁct ed | ﬁ ag vva; g (_%as am oxican
agent plasonphask ttanefep bhtaliyst theppridize anrplefivlicpompgynd tesarf epoxide such for

exanpl .addition of .a buffer.sol uti o . .
exanmple B REithe | Rl Pt iid: diictBol Baudtf copduered ina vay

to contrdtR€ pHIPhe fdactigh AiRbitim suthentfboexaniple b adbition ofl apuletsolution to
i mprovenent. of nore than 50_per%ent for

( e le to. .
the reactigremgdivpp hHpfer tp BXICER WPIHIGNS R tiGPTRBTS G U PRt pvention, there

is a yielPHnpoVeteh: diSBoRithaANsEpteaMTor 8218 té BEONPHEES eftixide with low
the present invention provides a high purity product

formation aftheavy bwpzedeht of ol i gomers. The process of the
' i | S0 L. hi - :
pres e(%da L%%%%‘ﬁ@{& %fézom thE Bi{d §Softlle %%’e%&ﬁd &véHtﬂ)'ﬂ ﬂffbwglhgs a high

relate 056 1o 10 perce The use 0o
purity pioductomith allo® Gnagantf olignmerx.aifht eracebudfl the psasenttinventionmlso

., the pr nt i.nvent | tovi des su i sSin igh '
providex st ¥l Fifh YGRSl ey Cr gt [ TEcn AhELigofa pH control
agent, f&ilexbinphga buli&t Jodition, ANDERedseaspeeitic prohRlep s@peising high

_invention is directed to a conposition conprising the
epoxidagipmyiskd wathsrcyglogiigbrticmetsh Hg BerdhtEoxi de of a

di enes WOBELIDeLdYE thPEIEEN inv MBBAGPANEQ& 1d d\cdhfusition comprising
conposition i's | ess than about 10 percent by weight of ]
the dieppride o paliensraputaining wireerwiepoxide of 8 £@¢(V@lmrel@fthq (percent) monoepoxide
. Ot er m nat ed, by-.pr ' . i L i3Sl .
e YR R S LA PO TPAR Ll S e
content 60heHiteminh@d by-produqps dihe tomipssitish iylesnidhantbart 8 percent by

weight; gg $v if:é:eiir{fl Ithepcroo peors}t{o?lshas a low product viscosity and other beneficial properties
such as good flexibility.

The process of the present invention for the epoxidation of an olefinic compound
such as a diene includes (a) reacting an olefinic compound with H,O, as an oxidant at a
temperature of from 10 °C to 100 °C, in the presence of a catalyst; and, optionally in the presence
of a pH control buffer solution; to epoxidize the double bonds of the olefinic compound; and (b)

isolating the epoxidized olefinic compound from the resulting reaction mixture.
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such as good flexibility. The process of the present
invention for the epoxidation of an ol efinic conpound
weuais/as1a di ene includes (a) reacting an ol ef PATAIS2007/014246

conpound with H202 as an oxidant at a 30 tenperature

of from10 Cto 100 C, in the presence of a catalyst;

and, optionally in the presence of a pH control

buffer solution; to epoxidize the doubl e bonds of the

ol efi nic compound; and (b) isolating the epoxidized

ol ef Tht olefnigpcorngolndusetiae arsmuhg hmagpriad atthecmaqmmtoﬁ the, present
) -2 WO 2008&%3241%EPCT/U82007 42 I ? tq doubl
inventiors Y, 8% ARY 0 S PSR 81 i ol sFphlaieshone double

bond; an@ indySnRLEEERbr HRYEBGUNO bER Sheh abdieabedt dlefil@ivithasultiple double
unsat urat ed bonds. The olefin contains at | east one

bonds. Theulonble hondts) meaycbeniaierador sprmindlo The dlefitemay hsyeirpBr{asto Cie
carbon a ugs gﬁ %’e&g%ﬁ él?}gl}a?#ﬁgé/ E%Lglc%lt 51—1 %ﬂa‘tiglcg Hmi ePre?&Qﬂ? the olefin

i nternal or m nal
is a comgdudtlithatrdays haveoniaiomrdGogen eBirBertt. d?hel;amcais ofréleemcsenwwentlon is

. advantaggg%‘ggpal Pﬂ? E) & %x%lnlla&éuajr g%qﬁ%&%gsa 1H%{CS: @lgpémg oqfulres

controllif® fe3I oﬁtH%' rEﬁ&ﬂ)%r}n&llﬁﬁﬁBtobtaTﬂ @n Bp&Kias pradfuct thergffonsent
Invention is advantageously used wth ol efl n st art%attg

mat erfihgldefimusefal ia th%a%qs?rrt\}%vetn&OBHl%&CWéa Pr eFample

o \YNneé e 1eRiR shdahkernal
vierGAELEL B s EASLp RS R D B e

olefin, etpr)e Sepibeanmibistthe rendayn Mirshigdd th@rnémﬁpé(efsm 9f fagyy acids with

glycemn%3 taﬁlcéﬂF ufgg co%% )S[fro“ﬂg@%?@%tﬁ#xj rf‘a’tu | Hesoy ie:in a{bg%)ﬁan oil has the

followmgta(!er)lge ﬁmdnmmm in ths pd}]lyan¢aandmm(many doeblefbondi® fatty acids that

iglycerides (esters of fatty acids with glycerine,
ChOICSte’é’llcPP%’m?étqlﬁﬁﬁlprﬁﬂg"'&ohol) provi ded by nother nature in

t he soybean. Soybean oi | plersadidie2s9.0! | owi ng aver age
structu e rich i poI uns tur ed (many_doubl e

bonds id ro <CoNnstCi ols dleters

prefe O of ei c aC| d - 250/0"(53'P|Crﬁ9'fér é“’ém d - 51 %
£

Satura};f’ aci ds® stearic acid lincAShic Qahmg%c acid -

% 15 So beano,dh\/\/\/\/\/\///\/\/\

Saturated acids:
stearic acid - 4%, palmitic acid - 11%
Soybean Oil

Linseed oil is produced from the flaxseed byproduct of the linen textile industry.

Linseed oil is a polyunsaturated oil consisting of a random mixture of fatty acid triglycerides with

the following average structure, which is particularly rich in the triply unsaturated linolenic acid:
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Linseed oil is produced fromthe flaxseed byproduct of

the linen textile industry. Linseed oil is a
weoabosinsas ur at ed oil consi sting of a random nm RCUUS207/014246

fatty acid triglycerides with the foll ow ng average

structure, which is particularly rich in the triply

unsaturated linolenic acid: -3 WO 2008/002416

PCT/ US2007/ 014246 Soybean Ol 0 oleic acid - 19 O

linoleic acid - 24 HaC\ / HC-OOIlinolenic acid -

A7 "~ CH2-O Saturated Ssobeai@ilacid - 4. nalmitic acid

- 6 Linseed QI 5 Tall oil and the fatty acids

derived@fromtall oil (pelele&sidratlly ol ei ¢ and
I|noIepl\v9ekgL/a(%/byg;zﬁgvps\vL»LQg/KLth\paper wood
pulp:Eg prazess. T ese byp &9-@@54 ylt from

ori g| r\al Q7 pr ape

pul p. H < 0\ /%10 2- Et hyI heanompq %ﬁr‘é B

esterifi J 0 a o] a h X
tetra-al cohol pentaerythritol the 15 foll ow ng
structure is obtSgtwed#d 0 oleic acid - 46% OO
linoleic acid - 4lstéaritiacio -@.lnaioitiearcid -&&id - 3%
CH2-0 O Linseed Oil

Tall oil and the fatty acids derived from tall oil (predominantly oleic and linoleic

acid) are byproducts of the Kraft paper wood pulping process. These byproducts result from
sulfuric acid catalyzed hydrolysis of the fats originally present in the wood used to make paper

pulp.

O)K/\/\/\/\/\/\/\/\
/\/)/\

2-Ethylhexyl Tallate

By esterification of tall oil fatty acid with tetra-alcohol pentaerythritol the

following structure is obtained:
0 oleic acid - 46%

)I\/\/\/\/\/\/\/\/\
o 0 T N
| linoleic acid - 41%
O o

linolenic acid - 3%
)j\/\/\/\/\/\/\/\/\
CHo-0O
O
saturated acids: stearic - 3%, palmitic - 5%

O
Pentaerythritol Tallate

4-
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saturated acids: stearic - 3% palmtic - 5% O
Pentaerythritol Tallate -4 WO 2008/002416
weOeCHsg20607/ 014246 The ol efi ns enpl oyed i n t heCcprss®nni4246

invention are preferably aliphatic dienes. Various

al i phatic dienes that can be used in the practice of

the present invention include for exanple

3-cycl ohexene-| - car boxylic acid,

3-cycl ohexen-1-yl methyl ester ("Di ene 221") 5 [Fornmnul a

| A]; hexanedi oi ¢ aci d,

bIS(3 cyclohexen 1- Inethyl)ester JFormula 1 1A];. .y

cyc| dhepisfins emplayed in the Py FRIRYAWOBRES B‘iegerf‘tﬁéi @Aighatic dienes.
Various ﬁltqlf%tm Widh¥s fhat Leﬁi '@é(\?é'éﬁ(l}(qu pr[agﬁ?éé@ the bMAtst invention include for

ropyl ene glycol, 3-cyclohexenecarboxylic diester
example pl—'(mclmnleaer\#\]-ca@zgylm&oqw 3- gyczlo]aﬁxg(lfﬂeyh}qth)g ester (“Diene 221”)

rormr 6L LR GRS L PR M e o pan cotonese
4,4(1- nﬂﬂtxﬁdm\yldiéh;)blg{%@lfdldlrd:ll%A] sa?ﬁﬁﬁclmeagm(wwms[mgngiwdéﬂ?], ‘

i somers an cycl ohexane ano r a
tripropylgpg Apcols3 ey EPBHEREHEPINIE BB (omaelad lﬁgtcwﬁiohéﬁﬁﬁ'b‘“mﬂhﬂ 3
cyclohexﬁaﬁ&fa%)@laté/ {EdrNula ¥181; Ryblbagan i 4-bis(methyl 3-cyclohexenecarboxylate

3-cycl ohexenecarboxylate [ Formul a | XA]; and n1xtures

mixed withdsEaind 1 @rwwepare@h@um mixg 159mATS }d 2ng
cyclohexi] 1@&%@%@8*’@’;&1’1@{5 VAR clglgéxenyl aﬁ?ﬁ‘&@lﬁaalcld methyl ester [Formula

ructures e die e as starting material for
VIIIAJ; 2-|amyrheume Sﬁyclmhmmpmnylatﬁfennubrﬁfaﬂea@dwmmurqs thereof.

their, corr 0 oxide is
prtera§E T el iy A Pkl SRR R PoP .
fol | omg chQ'm&l sfhu@ufds oPtkedidneshiedab @tai‘tﬁlg-_malm:lhbfolr Bhe?frocess of

the presegt ggvpgpﬁ% ALe spp}fzg(rl%:ogxg{lgéﬂg?@% lal?d {hleg c%?relsﬁ)%d%_é epoxug_ls shown in

Formulas IB-IXB, respectively, as follows:

ssa e nae

Formula |A Formula 1B

O\/OMO/U °©\/o\£(\/\/?’\<>«©0

Formula ltA Formula 1IB

HsC.__CH HaC_CH

Formula 1A Formula llIB
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IVBL O Formula IVA o~~ Formula IVB2 51 CH3 OCH3 O

w2000 | OT, _~0J.'~" OTI,"~00 0 CH3 CHBCO/USED7/014246

CH3 10 Fornula VA Fornmula VB o 0 O O 15 Formula VI A
Formula VIB O O OO0 20 Formula VIITA Fornmula VIIB 0 O
O CH3 <Y-a-CH, O 25 Formula VIIIA Formula VIIIB OO

| p ~O Formula | XA Epreuta | XB -6 WO 2008/ 002416
PCT/ US2007/ 014246 °rab| y, the aliphatic diene

used in the present invenFoonulaa®/Bhe starting

mat er i aIG/\

Formula IVA

O

Formula IVB2

O\w o OY\oJ\O Ow wﬁof”%o*@

CH, CHg

CHy CH,

Formula VA

Formula VIA

Formula VIIA

0O

G/U\OICHB

Formula VIIA

Shaee

Formula IXA

Formula VB

O@/‘%/\O/\O*CDO

Formula VIB

o@/io/\g\o)k()o

Formula ViIB

Forn(w)ula ViIB

“ORAGH

Formula IXB
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Is a cycloaliphatic diene having the foll ow ng
formula: FORMJULA IA O5 O The correspondi ng

wepwsiodzaaed material, the diepoxidized di ene, pPesmiSkIONG14246
fromthe epoxidation of the diene of FORMILA | A above
has the following fornula: 10 FORMILAIB OO O O.
Particul arly -desirabl e epoxi de conpounds with FORMJLA .
| B above that are 15 prepared by the process of the
present invention include an epoxide product having a
content of |ess than about 10 percent by weight (w

per cent f a, nopnqepoxj.de, and preferably | ess than . .
 DboulTenbtydnd BtpiengsPE i B PeieRbmian Y s hinoptips material

is a cycldaBphi§d #dBe having XRdTIRwiISPREARS having a nonoepoxi de

content of from3 wt percent to 10 wt percent and

preferably from3 w pEPRMWLAJA7 wt percent. 20 The

fol |l owi ng nonoepoxj.des and their isoners nmay be forned

during the epoxy 7O

PCT/ US2007/ 01424 ORMULA |1 C O Mophoepoxifde | somners:

MV 236 Typi cal | ; ' j

nol ecul ar wei ght e0us hydrogen

per oxi de (H202) of the pngsent invention is the

preferred peroxy conpould that is used in carrying

out the epoxidation reaction of the present invention.

Hydr ogen peroxi de, due to its oxidizing action

asso(That @utrespoiding epaidized matdriabrthe digporidized diene, resulting from the

) b i | i . K 02
oo B B BT BB e g2,

of the present invention. The aqueous H202 is

commercially available in 1% mﬁq% range of
concentrations for exanB B B percent to 70 wt
percent. The anount of

2

Particularly desirable epoxide compounds with FORMULA IB above that are

prepared by the process of the present invention include an epoxide product having a content of
less than about 10 percent by weight (wt percent) of a monoepoxide, and preferably less than
about 8 wt percent. The preferred compounds of FORMUILA IB include for example, epoxides
having a monoepoxide content of from 3 wt percent to 10 wt percent and preferably from 3 wt
percent to 7 wt percent.

The following monoepoxides and their isomers may be formed during the

epoxidation process:
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hydr ogen peroxi de used in the present invention
conprises fromO percent to 20 percent stoichionetric
weoexemaw24above the theoretical anmount required POT/US2007/014246
conpl ete epoxidation of the double bonds of the
ol efin conpound bei ng epoxidized. In the epoxidation
reaction m xture of the present invention, the
hydrogen 15 peroxide (on a 100 percent basis) is
generally enployed in an anmount of from1 wt percent
to 20 w percent, preferably from4 wt percent to 16
wt percent, and nore preferably from8 w percent to
12 wt percent. The epoﬂﬂﬁ%?ﬂ@hxﬂgaction of the present
invention is preferably carried out in the presence
of a phase transfer €italyst. The catal yst preferably
contains a transitiofl netal. The 20 conpounds usef ul
for the epoxi ti(n1eﬁtalyst epoxi dati on
reaction o Q) [ ef erably
geneous and hef erogerngeous catal ysts
based such as Ti, Re, , Wand M,
preferably 0/ per@xo conpl exes. The catalyst is -8
WO 2008/ 002416 PCT/ U$2007/014246 preferably an
anphi phili c quat er nghy ammoni (
t ungst opho
i nvention
Organic Ché&m str Q
Patent Nos. 4,562,276, 4,595, 671 ane”5, 274, 140; and
Eur opean Patent Application EP 1170 291 Al. 5 The

catal yst usef ul h@nkgﬁbgagﬁﬁﬁkx§mxvmgjan may be in the
formof a solid prepared in accordance with the

Pr 0Ceps,;ARRL el v TdndfoBRAVBoeH AL aGholcbtlaiweight of about 236.
Chem stry; "or the catalyst may be in the formof a
| i qui Alqessmp dyiltdgen parxitissEhObkef tha pREentipgentipn iathe grgferred

porory B Ry 30 S g 5 LB B v

Hydrogedpegbkidaiadudde stsaxidinipg attioomsodaediveitntheaabsenvgsif environmental
conpound, a 10 quaternary opnium salt and a.m ner
protemg BB B AU S BB B P Ra R o e
epoxida@BPPiddals Mhé ptabitShvdr@ion! e Qgﬁéﬁu@ FHJMIs coaicially Siflable in
) be selected frominorgani c acids containing tun?sten
wide rangesisonsrptatipas for saample o @ W RATERIY & 74 M REESAt af B 3rgount of

hydro geg %:egﬁ('%eﬁq}l ti%e ﬁx@?&ng ;?Jv ehfiGh H?rﬁpri&g et A Per&ont 10P@pércént

ramc - acl and salts thereof, for exanple,
stoichiopetticercesmasivatties thootetisali ammung regrtitad or ¢dmpletgrapoxidation of the

t ungstat e 5 ammoni .Lungst. ; and
dOMﬂeQﬁﬁgg8%@5HH§%%F%@?O?%f&%%%C Sj"‘ezufj)i&gcclidiumdodecatungstate,
pot asEi theepovidaiai reagiéraingxtaretbfahepresenminvention, the hydrogen

dodecat ungst at e; . and het eropol y-aci ds and salts
peroxide {490 pq:grei:nt basis) 1s generaﬁy eglpllgyeg(in an amount o} %rom 1 wt percent to 20

wt percent, preferably from 4 wt percent to 16 wt percent, and more preferably from 8 wt percent

he cat Jour nal of

to 12 wt percent.

The epoxidation reaction of the present invention is preferably carried out in the
presence of a phase transfer catalyst. The catalyst preferably contains a transition metal. The
compounds useful for the epoxidation catalyst for the epoxidation reaction of the present
invention are preferably selected from homogeneous and heterogeneous catalysts based on

metals, such as Ti, Re, Mo, V, W and Mn, preferably W/oxo/peroxo complexes. The catalyst is

8-
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exanpl e, phosphotungstic acid, sodium
phosphot ungstate, silicotungstic acid, sodium
weizbisporaangst at e, phosphovadadot ungsti c aci d; aQ@/US2007/014246

phosphonol ybdot ungstic acid, preferably tungstic

acid, sodiumtungstate, potassiumtungstate, and

phosphotungstic acid. There tungsten 20 conpounds may

be enpl oyed alone or in a mxture of two or nore

t hereof. The tungsten conpound for the epoxidation
preferabli/@aGhiphiptific tliienhhatnohiinh peioke sergstophoysintte. oThereatalyst used in
e pesc PR oAY P A S e P R PRy 1959, 5.
pp 1553 L2537, SPBRERTNOs. I 4156 £2 76 4495, 6101274, 04, an@FEiR6pedn Patent

the anobunt of the olefinic conpound used in the
ApplicationdéR 1 bi) 2PBA0Nn t he process of the present invention,

t he t j - f i i

cat altS e AT KRR ThE Bl o 300 on «Rky be' (NERGHEL OPA LR preparcd
in accordanedpiith, the piosetsydemedited in theramviedouaial of Odganic Chemistry; or the

tridecyl met hyl ~anmmonj um chloride. trioct

catalyst i B LI PN P ACBLHEYA R R 1o eI AR  Hreh A
chl orfcR @x arif1RZ itletdat 8y Yibe PIRITRE biedehh Géritid@, may be the catalytic system
di met hyl di dodecyl amoni um chl oride, benzyltributyl

described imBR1 [A20MAS whieh insdudss larqommas iflon ompmitg &iHngyah gempound, a
quatemagnn%gggleﬁytla&l TRV a@{qcrgnl um chl ori de; quaternary

nium hydrogen sulfates; for exanple, o
t ri ochel tmegster ceampaumids msiblel faghe epenidatica caglsstdenide gpoxidation

. _anmmoni u chl.orat es, for exan '
escion TSR ASEURTPLSE g P o RIPIPL Apgh FhE  AM mror e
tungsten 2063/c00R4liHe RETS bivd® FA®/ tAdréagithcludie hfpd eagraplep hogptiaiad (wolframic
. for exanple, trioctylnethyl anmoni um.di hydrogen..,.

acid) and, sl HEIPRE: FOrFAMEN: SPY LA INIRT i AP A0, g iy unestate,
ammonififnl t@&dsYd 8BV odBEATRME Seted) ifdr XaBipld) dad b @b decaififftite ipdtassium

hydrosilicofluorate, for exanple, trioctylneth
dodecatungaate an aymiepisim dedscrimassies; anthaeterppalyedfidy @flf‘é&% thegert, for

a ' hyel: ' .
xS 3 5ingl o AT pRRCAMEL i AT, s
silicotungatiates phguphbesdaidbynngstixt aridiany phiospiningotybddtiigssic agish; preferably

. preferably trioctyl neth anmpni um chl ori de .and.
tungstic BF RIS XS AR U CAREOP IR P DB By i Bhere tungsten
compoufid ¥y be Bnpldyed dle&r 1 b YniQHiré! 6F S2b br mbrd fhereof.
epoxi dation catal yst may be from, 0.0003 wt percent go
4 w Heertuatten gorPRHTC K i GPORIAIHOD FeRFFOROL &gérl@sﬁpdto the present
inventiotﬁ ﬁ%}’é‘?ﬁ:&?}%ﬂﬁ?&f in APt P £ ©0B0RNR Peicehto/ S e PErc@iit, more

IC conpound used in the reaction. The
preferablyi fiemd).0Qk wtipergeatsp @ Woperedns, ingepsdefitiragstemetampspased on the
L ael ude: .f or - pho ic acids, sulfuric
amount 3@&1830 ?jeef}]n)}%?%rgﬁ?%}r&)%%gé? Q{E %gérl%ﬂ oric acid,
hexafInube pricksscofaha piedentrinterition, the quaternary onium salts usable for the

epoxidation catalyst include quaternary ammonium halides, for example, trioctylmethyl
ammonium chloride, tridecylmethyl ammonium chloride, trioctylmethyl ammonium bromide,
benzyldimethyltetradecyl ammonium chloride, benzyltriethyl ammonium chloride,
dimethyldidodecyl ammonium chloride, benzyltributyl ammonium chloride, benzyltributyl
ammonium iodide and phenyltrimethyl ammonium chloride; quaternary ammonium hydrogen
sulfates; for example, trioctylmethyl ammonium hydrogen sulfate; quaternary ammonium

perchlorates, for example, trioctylmethyl ammonium perchlorate; quaternary ammonium
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acid and tetrafluorosilicic acid. Preferably,
phosphoric acid and sulfuric acid, nore preferably
wohomponnsc aci d, are enployed for the epoxi daPCOMWS2007/014246
catal yst. The above-nentioned mi neral acids 15 may be
enpl oyed alone or in a mxture of two or nore thereof.
The content of the mneral acid in the epoxidation
catal yst may be from0.001 w percent to 5 w
percent, and preferably from 0.005 wt percent to 3 w
dihydrog&?g‘pﬁ@s'ﬁhateg%le&a%lé,rtﬁocl@ﬁﬁétﬁ&l davhoning Bihyd@geR pBbiphiate;
conpound used in the reaction. Mre preferably, the
quaternanysreingrivm eigrpig, farexample e ylmethy) SFINHURLUIRE: quaternary
. C £ i hed. i andhSn . - and
ammomufg&g{i%glﬁﬁgg‘ﬁo [ IFOSE? %J&Bged ﬁé(glhtilﬁg@é}gl [ ow ngmc e%sélg%ﬂuorate’ o
quaternai$tanuRbniue adef4ds) Bor ckBAplAMGXAZINRIHY] InBonihey aseRtd. sAgong the

svovemsed SERREEo B SISO oSS B mor

preferablGHRERFImARY abrkB6idm ANskidD4Rl $idecylineddll binmoiiura chloride are
exanples of RAN+ in the above catalyst fornmula are as

employed.ol | ows: 30 a: [(C6HL3)4N] +; b: [(C8HL7)3NCH3]+; and

-10 iatke epoxi m e from
.

0.0003 wit petdent pbwi percensnandeprefaray fon AOOB veispergenp e & negcent, based
5 preferabl 0 . it din an

onthe oy ST e To P BB poRT b oSl
pr ef amabhinefal aciddugabid fqrehe epuxidaiob. talyst preolwden for example,

nore preferably framQ.4 . wt .percent .to.1 w ercent. .. . .
phosphof RS S BEE Bl AR TR G g nBBEERRle i, v
acid and SREF1ASiIRc hEAC Pr&Brably, phedptioaiblayid ddrsulfatic adid, mord preferably

presence of a buffering agent. The buffering aq,ent I S .
phosphotig geid. et eppioyedfor thePPORISIaRPR Coialyst ol hraphpvgimetipged mineral acids

may be Jn?p(ﬁg%%f)ﬂoﬂg S EmphuR JHiwBlor nfis uldiady, 5 during the
epox

atron reaction because for cgzrt_ai n ol efins,
whos el tepmmieaie of dreenmersd acidie theoepoxidasioneatabyst aay bedrom 0.001 wt

t cid-catal yzed, . hydro LS, .t ' '
L O
amount @ﬁngﬁd of lefinid@nmipusididsedirethe eeatibfii ci ently prevent

the ring opening of the rel ated _epoxides. The

put 1 OMPTRQRSERTS e PP BN YR Lt el o gy be 2 catlyst as
described YPAIRN CheinNEb8EI15391535821557 and illustrated by the following chemical

structure:

(R4N);* {POJ[W(OXO02):1a}>

where R is a C1-C24 hydrocarbon chain. Some examples for R in the above
formula are as follows: CHsz; CgH;3; CgHi7; Ci¢H3s; and CgHaz,
And more specifically, some examples of R4AN" in the above catalyst formula are

as follows:

a: [(CeH13)aN1%;

b: [(CsH,7)sNCH3]"; and
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15 followng three materials m xed together to
function in conbination as a buffering agent in the
wonrem@z4isnvention: (a) a tungstate material teCAISR®U/014246
in maintaining the activity of the catalyst; (b) a
phosphoric acid also to assist in maintaining the
activity of the catalyst; and (c) an al kali netal
salt to maintain the pH of the reaction m xture.
Conmponent (a) of the buffering agent may be any of the
tungsten conpounds 20 descri bed above with reference
to the catal yst. onent (a | oyed in the
epoxﬂda{t[pmHWﬁ?@f*e@% R@GaIAC HP)nPhe epoxi dati on
reaction of the present invention, preferably includes
Na2Woa*2H20, K2Wo4, [ (NH4) 2woAa and m xtures thereof.
Con"pdﬂ@mata(lﬁ) emplayedadn the @pontdaaipn regtction of tHerprasedt pracess is

preferab]g&weef r‘rﬁoneag’t&# as) | th al oafm?"ﬁg ﬁfrﬁg} élkf wit Cpeacen‘tato 1.5 wt percent,

preferab§EBéihiE It B&eﬁttt@\lez Wi })&Célﬁf afi®ieee prfériiely trina Dyiswt percent to 1 wt
nponent (b) enployed in the epoxidation buffering
percent. agent for the epoxidation reaction of the present
i nve HRE& ﬂ?@éx it GBS HRE dg%m&a&m i pkeferabl
'S ugielé%lﬁr ({% ra%l o of frgm Qémt“o abut .m @[e ey
carried o@binpibr gngsengec)f/ a:la;f&}ryygtagem@ rm]@;ffer(ng) aggft is [added to the reaction

mixture g)srgﬁnéal?gh al%e%l(%nh e}/xrt)lrlroecagga’ g%ﬂ #F f l lgaclur{n %é‘l %%c?ﬂdauon reaction

Bresent Sinv
because Ha’reeﬁqimecﬂaﬁns olhioké quﬁm»s daesatsnimsta giaz&ernentm rto the acid-catalyzed
sel ect ed %n1bas nic, co ds of alh
hydrolysfig A 55 I ORECFIETEE] FOTODEPEL Shfie SAREHE hacps adjusted to 2

value suitdH1€ Q3/Sufficleatly pieht he ‘i‘mﬁa)%eﬂlr?%f\tﬁé teat6d epoXi@est han 7,
preferably 8 or nore, nore preferably 10 ->> WO

2008/ BEtafEringpeesaneferaiy Q%PEiﬁeSrﬁ)méXm@tquCmePBP@“S including the
rotlowinf8 Gl gl BB HIRpBRAS 6 QPGSR Mg ot n

present ialdmion: (a:—)taa:hﬁgsthe oeatdyon &b essiwfin malnahmm@lﬁlalastlwsud)ﬁﬂlt eatalyst; (b) a

f kal i tals, . id f | i t .
phospholf BTG LA B Y PR R 875 0 an s et
salt to mein€ah IRNBHEST e reabtid im@urecarth netal s and sulfites of

al kaline earth netals. Preferably, the hydroxides of

al kal Fomperans (2)mf dhe bufferinecassnt mk B jany et thegungsten compounds

describell iaﬁéY@Qrﬂﬁtrgi%réﬁfc & {ﬁ Ic'ata ¢ abﬁrx%ﬁ&qeﬁtl{laﬁéﬁxﬁﬁ)ﬁ&i ik @pbxidation

s are oye nor e ef er abl
buffering ggimo fokbs epbxidhtic neamrmfstha peesentpnyswon, preferablydncludes

Neswo Z5FEB! 0. 3P, by lgaics and alkalne
sodi Lmi_lnlnpdmcm( i(a)eis ufmlgneanum matitr abdirala,0: bar §:0r@omponent (a)/catalyst
T e SN RSP Ve TS Bescrmea
above witBtéference to the catalyst. Component (b) employed in the epoxidation buffering agent
for the epoxidation reaction of the present invention, preferably includes H3POs.
Component (b) is used in a molar ratio of from 0:1 to abut 30:1 Component
(c)/catalyst.
Component (c) of the buffering agent may be an aqueous alkali solution usable for
the process of the present invention. The aqueous solution may be at least one member selected
from basic organic compounds of alkali metals and alkaline earth metals and ammonia. The

aqueous alkali solution has a pH value of more than 7, preferably 8 or more, more preferably 10
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carbonat es are potassi um carbonate, sodi um carbonate,
magnesi um car bonate and cal cium carbonate. Practica
weoexenspoeseof the al kali netal bicarbonates arerPCT/US2007/014246

pot assi um bi carbonate and sodi um bi carbonat e.
Practical exanples of the alkali netal sulfites are
potassium sulfite and 15 sodiumsulfite. Preferably,
sodi um hydr oxi de, potassi um hydroxi de and sodi um
sulfite, nore preferably sodi um hydroxi de and.

or more, BOIl afsit PRRfBMBIYOKI Semafe Ebasicastgardiheonlpound inehtdes hpdroxides of

al kali. netal conmpounds and_al kal i pe,,earth net .
alkali metgpyRshrnston s alifakaneials. BATInRig: of a’&%ﬁﬂbﬁiﬂ&s‘“ﬁ‘?ﬁ%%@kah metals,
hydroxid%éc‘)'mD QXS AL RIEMESals, BarBoMt¥d 8 AkMAined ¥RhChedR! Bichiboh&ed of alkaline

Conponent (c) enployed in the epoxidation buffering
earth metajreantd udfites lo€ alkpbing crthi wataly. drefaraly ghe hydrogides ef alkali metals,

cvonaSE el S50l AL T 5 PRI B e

employe8 dhdl nfdre prefeabbitha hpd@xfilds of alkhl nadals avsemplayed.of

about_ 4. . onent ) i,s..used jin a nolar, ratio of

fr omf@?“imtgg %@%ﬁéﬁ%ﬁ ﬁb?ﬂ‘ e f&%ﬁf@gf and aflg%lme earth metal
hydroxide¥ bfEpdihginat 8piroadeasd agaaiakokiad, ieyghetinm Iyde6xias, Habium

_proceed as desired. 25 Conponents (a) and (b) are

hydroxugoagléd:atceurﬁﬁqyﬁfcaql#-t he catal yst active. Conponent (c)

is usgd.da e@nfi‘l‘:?‘bf‘ﬁk%ﬁm‘?ﬁn@ﬁd hB4hates Ad diRAshe eAAB metal

buf fering agent” of the epoxidation reaction of the
carbonatps aeqrutaspiunt esbonate sopiuny eatborgie anagnesinm carhpngte prthealcium

b tto mai ntain the pH of the reaction m xture at about 5

carbonalfy | ess and to mmintain the reactivity of the
cat al Brattical BRarhples 6f thegllagiemetapbivdibdastes hee poeassiunohicarbonate and

mxture wth a 30 pH of generally |ess. than 5 and ,
sodium DeubEnas| Fra0tom ool of e Shsgh i TY1ER g potassium sulfite and
Sodiumg}gﬁg&i dation reaction of the present invention may be

vant ageously carried out in an inert solvent, _
Sui t altreterablygr sodiugh hedrozideh potapaymbydierddeang spdiya sulfiig more

preferabli/)\%])s(ﬂ%%p 8/}8%1%)4&& %p%l-réeo,ltjggﬁ% fq?cir%gldd@ ar® Eﬁ;gdéfgdp THE G5Sve-mentioned

uae exa esters, nat ed
alkali mbpHeanpoleis sind alkalioa kagthatetad commpdnodsaanidolisglingreerth niatal compounds

hydr ocarbons, . al cohol s and m xtures thereof. Mre
may be GHREIEE EIRP ot DR EIRET e Sgr R EEbEet ol i n the
pr esegbmpBN&R [(&)inpIBYed Mahe gpoxibaiorEmdferingl agemefonts epoxidation
aromatic solvents, dichloronethane, dichlqramnethane
reaction g dhePHeEANt icaHoB g glermbly inchides & a%n‘ﬁ@ﬁ‘e%ﬁmﬁ ,an‘gmlxmres thereof.
al i ph@Bﬁlﬁoﬁﬂ'ﬁ (©Yis u8& inPhalhSudskEReSt 18b6@hod SH of the aqueous phase
a

et hers, ogenat ed and nitrogenat ed sol vents and
of aboutrdt. x€ompsendri é¢)ds fased in a molar ratio of from 5:1 to 20:1 Component (c)/catalyst.

The buffering agent advantageously allows the process to proceed as desired.
Components (a) and (b) are added to maintain the catalyst active. Component (c) is used to
maintain the pH at about 5 or less.

The buffering agent of the epoxidation reaction of the present process is employed

.in an amount sufficient to maintain the pH of the reaction mixture at about 5 or less and to

maintain the reactivity of the catalyst. The buffering agent provides the reaction mixture with a
pH of generally less than 5 and preferably from 3.5 to 4.5.
Optionally, the epoxidation reaction of the present invention may be

advantageously carried out in an inert solvent. Suitable inert solvents that may be useful in the
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When a solvent is used in the reaction process of the
present invention, the anount used based on the
woversab4i6eacti on m xture, is generally in therpcamgeooohi4246

fromO.0001 wt percent to 90 wt percent, preferably

from0.5 w percent to 60 w percent, and nore

preferably from30 w 10 percent to 50 wt percent. In

t he epoxidation reaction in accordance with the

process of the present invention, the organic sol vent
present ;ﬁ!‘&)és;bﬁlcﬁﬁlétfat 8edingsls, dkyleawkd, mwgerihteulrhydrothbong ayd:loail'phatlc

ystem There is no I|mta%wgn to th

hydrocar b AR SRR oHGORS PHETH Gursitberetl MRt Recifisplly. one or

more sold@ﬁtﬁ hé@'ﬂf Althe Erés@ﬁ’c 1ﬁp&iﬂo§<’ﬁlé hchR8ChdreBne, Toleed #aIrématic
solvent for the reaction nmedium.includes 15 aliphatjic

solvents rditidgromaateaneh dishlnramsthase and ehleipaigd s01VERTS ohf‘dﬁaa? (Ryclohexanone,
allphatlcgagfnillk&]ogﬁgé ?{&%ékeﬁi% d,ralgdh% égﬁu‘éﬁehgﬁ @nat@c} enated solvents and

ocar for xanp e, cyc ohexane
mixturestherenf. heptane and aronatlc hydrocarbons for
exa ene,

ot \RER 5P GER s 1551 e Soigh BB Eaf R aveppiopy e amount

used baséd Bh b eral réa\éﬁo@ Emﬁ@&@ id E&fe&ﬂfy in\fi€fanigb &f ogAD.0001 wt percent to
solvent is enp Vb(K the amount in wei ght of thgi
90 wt pespeghPrefenO s EPTEHS WirRsrenklsl 60 WhBEICRR w&a@éedprf rably from 30 wt

B (more preferably does not exceeding 10
percen“{o tpé? e wei ght of the ol efinic conmpound. The

e pOXI Ideh@qvmndmdm refictidnan prewdmace] widte Hiei yacess of the present
d.
IDVCI'IUOH [g? uc%ean d: yOlV?Iﬁ glt arc?o%‘algéh ?SOJ 1'6%%‘?01’8_21%8{11?‘} ﬁ’l &IE ?%ﬂgggﬁ system.

con I'ng na nera
There is e:boﬁnﬂaiidnaa theapeiodithe orgynibsolvendasdbag as mea)rgmde solsiengas not

reaction conditions. For exanple, the tenperatu
dersimerig 85 FPoRSIA R TPEHRE GFhe LETURERAPRYOT P FFARgOR Pl ggrcludes
ahphau&i%ah?%%&ﬂ@lfyaf&lambnb%\N@ﬁﬁinﬁ@ &h1aRorf) dichlorbathadelraati on
0 e

reacti on deg;en s on the nature and on the

dichloromedhranet 3liphtic pen-hedgsngisd hydrrebens fpnesmmpledyaivhgrpe and n-
heptane ;?a{e}lélga?ﬁrg%!ig %*%U%rggn% Bod daniMi& Hefizene! {bhﬁﬁ'& fxglr&g.e The above-

from m’'nut es
mentioned ogagid sofvenitemag be employcRrabdneraxth p,mixhee ep tx$ damioonthereof.

reactjon tine f t O h st
prefe P#eo‘értg\%ﬂa%rfro g{freénpg]ﬂ%edg :)alﬁ?cgun %W%:ngre era Iorganlc

solvent f)ﬂékrﬁmsi desERotaceed 2 tings, amdefore@réfefableacdsi mon exdestling € 0 times,
a tenperature in the range of 10 Cto 100 C over a
ﬂlewela@épf@@ ogfiie 6APOHRtut e to 300 minutes. -13 WO

2008/ PQ@é%ﬁIEQJMZ I %@senrnﬁleﬁﬁ&ﬂf‘ S R0 @2d®yQhe epoxidation

t he epoxi tion reaction Is gener al y romvacuumto
of the olgfinicdinkegphenm¢ain¢chinmthe staiing meteriel AGegeraidy. WekepoKidation reaction

may be @or}%uéteatxﬁ Wi HS oe?‘[ %%rf rQ;Icu?H QB%AIBGHSO]C F&Jk@(a ttlllept%mperature range of

als’isn can be carrled
the reaction is generally from 10 °C to 100 °C, and preferably between 50 °C and 70 °C.

The duration of the reaction depends on the nature and on the quantity of the
catalyst, on the solvent medium and on the olefin used in the process. In general, the reaction
time can be from minutes to hours for completing the reaction. Preferably, the epoxidation
reaction time can range from 1 hour to 20 hours, most preferably between 4 hours and 6 hours.
Preferably, the hydrogen peroxide is added to the reaction mixture at a temperature in the range

of 10 °C to 100 °C over a period of from 1 minute to 300 minutes.
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in any order. Preferably the mxing is carried out in

the following order: first, the toluene and the 5
woaimlogstie (as a solid, as a solvent sol ution, BCTAS2007/014246

cat al yst conponents separately) are added into the

reactor; then the diene is added to the reactor; and

then the H2Q2/ buffering agent is added to the

reaction mxture. The reaction m xture is thoroughly

m xed under vigorous m xing conditions. The reaction

My ge padshire daniel of thel BporiAatidiarehctipmsis gemasibifrom sacohm to 30

as nitrogen. Preferably, the e X|dat|on reaction is
atmospherg (atta) RNt PreferabliRetveenil apARd e Pst em 10

cons FI‘f’ﬁz gff a8ditib Wf@xdmﬁ%‘ﬁg GRATBYi 1S §sbt ichiBic8ll i dah e carried out
conpound anot her I'iquid phase conprising the

in any ordqu é?ne&rdbysdﬁmgnmrpglso:ﬂm@ e lin thegipl loyingserde fisstathedoluene and the
catalyst (F%g é?lilcg RS @ gogfgp? Toglgtrl% e%%g‘%& 8’[? %u SIF&%MS(LQ{’]&Q&#Q are added into the
reactor; tAb@tHetiiéneCio Ap@sd @, tha Beac&ﬂuaﬁllﬁleh)dférldgﬁeﬂbtrf&rmg afent is added to the
solution and a catal yst conpr.i sSi n?‘?f-ﬁ ansition neta diti
reaction GHBEs EAPEH OTGREN LR BIOCPRELR LSO e P B ye conditions.
CONSitgle r&fctidA hd}ebd cAAsd bl urRed Bp irfert gustatrﬁg@hegﬁ@chaﬁ Ghitrogen.
by 15 heating the resultant m xture under an anbl ent
at moSiseferably, phecepnyidation rapctionds eargisd opf sty rquigdiphpge system

| consistlrlltgl'l)qr %ﬂi éha%g 'c%)ﬁl(tg'ngﬂl A€ olBERIUESnp MR didi R0 liquid phase

to re ctlontenperature As nentioned
compnsmgdweaqweu&ahy@ogdﬂwromBolmnonavh@e&amﬂf%ted frogeershther. For

f I
example-l-“\g eBP}élfl%tll?rgffa ?r}%&f:agf\ed 8 t% evrl roXsl Er)ﬁ)zl %thlg:ﬁge]?m?co%pound an

aqueous Mydiogen bE@x iedbhitidvd ad dmitzﬂystt&bﬁapmsdlgiwmimmgmn metrabmrdpound with
and reacting at a tenperature of fro’%r)ISO Cagnd7 db
each othey ingy atmEFRICER thahmBy CORYSY U A8 TS 108 SKaBRlsc Ritogsn Bas: and by
heating L‘nE ?%Ylﬁgﬁ O @ WA SR %ﬁbi%ﬁi atHﬁﬁﬁﬁerl@'&%uP@or dhdgRased pressure,
inart, such as, for exanple, distillation or
while thm)oughitytagﬁatmgﬂhe noiaturey Theredy na lisetasion te thaieaetion epperature. As
mentlonf,cP gtﬂ:gvteeralg% tg¥ reacklon l§ [} ow}afﬁ?&?ﬂfﬁeh?rhahp ol o ést?amﬂ °C, and

one e rocess o
preferabgriesxarﬂoqmuﬂ(l?can the 25 process is conduct ed usi ng

tlrer a,heat - ontro

t tted
gy;f 2 5 elgrepg??tﬁngé oE %@?H’ﬁt € Ep%xxg%st lgﬁll gshrélaxmg thcgstartmg

material$l Hﬁd‘hydrbgél ﬁé’i@xﬁ@tah@ getinkR€a E@ﬁ{férﬁﬁféof(ﬂ'ﬁﬁzoa‘mﬂaﬁdfﬂ) °C. After
olefin in the solvent) are introduced into

completionafttiey reagqtin, &g aqoﬂgt:t HAYPHEFCPEFIFA §Y 258 ﬁ?n‘rf‘é“%t gpans known to
those skil¥d'; {? dHCEfnI ARt EQ e@ﬁhﬁﬁtlél{]mt X8rad88h.T €He catalyst may also be

quantities. Under orous stirring, the heterogeneous
separaterhfvdnm te rleactiumdzyg\hell koown mecang stthiedrt- t enper ature for

ﬁ 2:0? glﬁr ggj h;iagerbfp tonet DS <? §aichet {tﬂg tp&@c%@%bptﬁhetp'r%?nt #0€ntion, the

ar ates 1 n
process &0@Indiged a¥ing afreddier ﬂimbtvith a sphaﬁeasheat-hmtaﬂbug sigstamdnd a reflux

o SR ST S 57 815G O SO el TR covens
are intrddROdPintd e TRt G OPHtatfi Gt RO @Hﬁ%ﬂﬁg 8enk Deals@Hittddubd into the

reaction mxture can be carried -
reactor in the desired quantities. Under vigorous stlrrmg, the heterogeneous mixture is brought to

the reaction temperature for the desired time. At the end of the reaction time, the reaction
mixture separates into two phases. After cooling down of the reaction phases, the epoxide and
the reactants may be separated by conventional means and methods such as distillation or

extraction. Isolating the epoxidized product from the resulting reaction mixture can be carried
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WO 2008/ 002416 PCT/ US2007/014246 out by any techni que
wel | known to those skilled in the art, and the
wonres@z4isnvention is not limted to any part PCuUiUSR007/014246
method for isolating the reaction product fromthe
reaction m xture. The process of the present invention
provi des high yields, for exanple preferably higher
than 90 percent; and high selectivity for exanple
preferably higher than 90 percent of 5 product that
out by anjak&miquitewéll RE®SH t@itiosaskillee il tie art)and thetystsenainvention is not
o application of tHg process The epoxi dation process .
limited te,pny partisplas mgthod fopisplasine she tragaen mg%t G R fgqcuon mixture.

advaniRyReMSs Bf PR PrédcBBinvEAtdH ol Riek Yighhaelds o Bxdtigle preferably
epoxi de ‘product for various end uses. For .  exanpl

higher than 80 @gesent ang high relechizigy fonaxqle preferably hiehes Hipm &} percent of
product t;'nétgrg}ﬂ%e}%hg gfg)tcth%(%%g&nfe%ﬁ &e&ﬂd&k@qal gﬁcatﬂfn‘%fqﬁ@ fotess.

cps, and nore preferably from 230
cps tThe3pOxlpgomprarbsshf the prdsent, invémgioprpaavides mprodact with

er cent er cent Lght (W) nonoepoxi.de cont
sdvantagBpus igRPOombo e Shr D SBE e At Rk dfy FfRahd uses. For
example! Bk %bo?iﬁ@ @b%iiuct pasef ﬁ%?tbﬂity t;fl ﬂﬁt]lcﬁaﬂgd\gf ﬂeihCFﬂGlc&ﬁpdi@es#(cps) to 350
ercent and nore_preferably from rcent t wt .
cps, prefprablyeiom 220¢pa tzé%ﬁ? &Pt 2B H@rpp&fﬁﬁah‘g(%éfaﬁ%-g cp? fRidtd s at 25 °C.
Also, the\?\érotig& Hag %‘ml'c%n]t (ébea%lﬁt)rtﬁn\gglgg{ S\éft‘j %n@eﬂxiﬂ@é&géﬂv\tﬁ okl 0 wt

percent, preférably from percent to
percent tpdiSceperesmd bawwdeonphe tetabpioguét; prefgably finem 2evitperesny tand O wt percent
ercen 5 The, OH-t er nLnat - LI IN! _
s o5 i T L AL 0 o
products ldfeforenrample iaaigponega bf frona0 o pespoxiodkd, wt percalitpreferably from 2 wt

conmponent is.a diepoxide, t rinmer"1s a triepoxide,
percent (G WY perorntiand fhorf atpibly ol } B E ey fereel:
str UCfﬁH@Hi—tﬁrmﬁ'ﬁfdmﬂyapMﬁcts BAY oleonR Intoledilies tanQilEhave unreacted
_structure of Forrmula (X) .is when n=0 [Formula X(A)], .
epoxide grappshd heimanomer COMPORRILLiS a FRRIYCPRXde. a7 fimpey CREIBPPCRS 2

. . sh . \ i . ‘é; .
o SO o SR AR LRI RD Srndfe il
Formula (X). For example, the monomer structure of Formula (X) is when n=0 [Formula X(A)],

and the dimer structure is when n=1 [Formula X(B)] as shown below:

FORMULA X
HQ, O OH
O O
O=<< O=<<
O O n
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OH FORMULA X(B) OH OH The oligoners of Fornula X
present in the final product may be oligonmers of 5
woubdasiopt4e nrononmer units wherein n can be from @CTws8007/014246
The resulting product of the present invention has
good properties including excellent flexibility.
Flexibility is neasured by the wedge bend retort
nmet hod. The retort wedge bend nmethod is carried out by
bendi ng a coated netal panel sanple, for exanple a
coated steel panel, usFORMUn&MA)bend instrunment and
then placing the 10 sanple in an autoclave. The
aut ocl ave contains water gind i s operated at about 121
Cfor 1 hour. Thet a "ét es steam and
about 14 pounds per re inch_(psi) pressure. The
tenperature and the steam affect theé coating and rust
exposed steel. Coatin ed and those that
are cracked/pitted algﬁaﬂt éegﬁggge | ength of bend are
failures with the worst fg lure being along the nost
severe bend with fewer pitls observedHal ong the | ess
severe bend. 15 The.@“ﬁ pr'épe ¢s of the product
make t he product usef [ N\t i ons which need
I mproved toughness, for exanple. A® an illustration of
a typical product of P 686 pr ocess, the product
may contain, for exd , Che | owi ng conponents:
-16 WO 2008/ 002416 P S2007/ 0124246+ 7 percent [nono
3 percent[ nono epoxy/ (nonoepoxy epoxy/ (nmonoepoxy +
die oxide)] + die oxide ] Gas Gas Chronotography
Chr onot ogr aphy GC Area (GC) Area Die oxide 89.6
91. 8 Thepeligasests 6t Ferngula Xypresesyyiniyesijna perslvet Bray bg obigemers of

multiple monomer units wherein n can be from 0 to 6.

The resulting product of the present invention has good properties including
excellent flexibility. Flexibility is measured by the wedge bend retort method.

The retort wedge bend method is carried out by bending a coated metal panel
sample, for example a coated steel panel, using a wedge bend instrument and then placing the
sample in an autoclave. The autoclave contains water and is operated at about 121 °C for 1 hour.
The temperature generates steam and about 14 pounds per square inch (psi) pressure. The
temperature and the steam affect the coating and rust exposed steel. Coatings are observed and
those that are cracked/pitted along the entire length of bend are failures with the worst failure
being along the most severe bend with fewer pits observed along the less severe bend.

The good properties of the product make the product useful in compositions which
need improved toughness, for example.

As an illustration of a typical product of the present process, the product may

contain, for example, the following components:
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H gh MNV By-products 0.7 2.5 Total By-prod cts 3.8 5.5
The final product may have, for exanple, a | ow
woub@maras wei ght by-product such as a producPChasRoegoi4246
a nol ecul ar weight (MN of 270; and for exanple, a
hi gh nol ecul ar wei ght 5 by-product such as a product
having a MW of 522; and ot her hi gher MV by-products.
The epoxi de products prepared by the process of the
present invention are useful as internmediates in the
production of products suitable for use in the fields
of coatings, inks, adhesives_ lannates conposites,
potting, encapsul afi ngpemeant [(msngi ng cdrpsecantimpe. The
epoxi di zed product |pempaf(ednbgpaxye |peprrei@naioepery
present invention ils usefapoxidell as |one+clieneaidenl i a
urabl e epoxy resin conpogiaki on wherein t &asepoxy
aomound is reacted @hiokhatogtphyng |agehiomdtog@apher
i th other typical |i ngretenkéa forl cur{®g) tAiearesiin
JOBRESkideON [0 prgvide TRegosels [for thejwarious end
USE e nBEdRxiaT€d aboye.—The Cgrabl e §poxy Teghn
O I.N-BII_p;i,bJalﬁc?L g Lll_@_;fpluxy cagmpound £qn al so

Of D add;tlr)ldl ePOoXY bUII[Ji)SIIdb,

(o e
IS !‘gzq P Fyspm;gtfsr nlact '?\i 201 o H I l o @@~ i Ao

G5 oy ot —aSt —et-S; HTEe+S —etrents
ankital B&'ﬂ}?o‘m%{ cdrmonl v fed 15 a-del-i—t—i—*%gif-g-r—t-;e
application being enployed. The epoxy conpounds

Prepag 11?é:l$%cﬂic@n Q%ag(n?,gw%%ﬁ%?ﬂi&hd RVERbIRA1aE 2R by-product such

used al one or | ination wth other epoxy _
as a produehhaning e maecdauveighu™NWOof 8d0rprukier esaple, Hhigh molecular weight

reacting the epoxy COREU ). W I €
oy-proaiel oy eRPuCHR g L IR A SE it e her IS By PRG s
exanplig eppXidieprodadts grepgedity thelpfocess ¢ thy ardemtrindation are useful
. di am nodi phenyl met hane and 20 di am nodi phenyl.sul f one; .
as intermedigft b PERAlISHIGR o BredHsa rsss@}gﬁ ??Fdstd’{l &m@%ﬂ? CoRHigES. inks,
adhesived! MhBRReRLAIHositEN BY¥ink déhcapRVAEE hisd mdlaid{gné@ingssi_tiaﬁuj
phenolic curing agents such as phenol novolac resins;

and "Fhf;@pgxé@,izcchp{roggpt_ prgmagppl b)ﬂ Hieryoerss of glecg;ﬁs%ixyggté@] is useful
as one céxgxﬁg%éerx‘? 14 cﬁgéggpo?ﬂr?tx#rqgsiﬁ %gbéﬁ&k %h??éiﬁ’ [}?eheg%ggl 'cB&R_OQﬁd is reacted

inclu he conposition fromt eginning
with a cirfing fgene b getheragith btheatypidahirentdients Hor awdegtheaésin kemposition to

provide HEpOE RS h YAE TR 12 (b 08 ERC B oty i
composineh/coiAdin HelelbRy coftiporad e alod coiiainep@y matpddienhsl, epoxy
and preferably from0.5 tq 1.1 equi v%rzpt %g,r egox 1 d
compoupg; SOPBISt CARLYRePlagisiarTe Sllgtn B Rentpndy o any) gphergemonly use
iti | 8 apARRLoA BEingirhpleed or exanpl e
addnuwgg?ra 9 opﬁ?ﬁg¥%§ aéﬂgg?ide (THPA), methyl _
tetr a’ﬁlgnd R mnq;mgﬁpse@pzied@cqwnt}mp the present invention can be used

alone orhlg )ég%gl{a%%gtvol% E&Ie{?‘%?réoﬂ&oﬁhﬁlp t%) manufacture cured epoxy resins by

reacting the epoxy compound(s) with well known epoxy curing agents. Such curing agents

rh

include, for example, amine-curing agents such as dicyandiamide, diaminodiphenylmethane and
diaminodiphenylsulfone; anhydrides such as hexahydroxyphthalic anhydride and styrene-maleic
anhydride copolymers; imidazoles; and phenolic curing agents such as phenol novolac resins; and
mixtures thereof. Such curing agents can be added to a resin composition immediately before
curing, or can be included in the composition from the beginning if the curing agents are latent.

The amount of the curing agent used may normally range from 0.3 to 1.5 equivalent per epoxy
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5 nmet hyl hexahydrophthalic anhydride (MHHPA), nadic
nmet hyl anhydride (NMRA), pol yazealic pol yanhydri de,
weuaemsionz4e anhydri de, mal ei ¢ anhydri de, phthal i CT/US2007/014246

anhydride, and m xtures of anhydrides. More

preferably, the curing agent used in the present

i nvention may be nethyl tetrahydrophthalic anhydride

(MTHPA) , hexahydr opht hal i ¢ anhydri de (HHPA), and

met hyl 10 hexahydropht hal i ¢ anhydride (MHHPA). A
equlvaleﬁt)(ﬂlﬂﬁ‘@épcﬁ@@bmﬁdiﬁhﬁs anhgreterdbly froo0M a0 i heguitempex epexy

npound prepared by the process of the present

equwale‘i“‘rﬂfé‘?ﬁ?MYW%@BtScorrpr| se, as an optional conponent,

cat a|P¥§fE§abi)P rl:he &fﬁr@ agehi@hay Iﬁﬁ:lﬁcfé%l’ bRdnple tétRhydisphyhalic anhydride

conmpound and t he curlng agent . anpl es of the
(THPA),SImtljalttb@ah)cdantyghcsargw rldmmg}_mAQSthg@hthahc anhydride (HHPA)

ey QSRS S0 DA AL s Qoo

polyanhytdiidef siwbmm zmhydhﬂe,pnalmd amhydmadea iptithatic bobydride, aed mlxtures of
phosphoni um salts such as ethyltriphenyl phosphoni um
anhyd“déﬁl ori de, ethyltriphenyl phosphoni um broni de and

et hyINgbieiereys1Pas piahs AsBnBa&idah She PreferdivaliioMnSd] Besmethyl
such as benzyltri rret%l anmoni um _ chl ori de and

tetrahydigphthglie pnhmkrwgw (MrRERAbrhengsdaphibalicadyride (FEEA), and methyl

]ﬁ‘%ﬂ Hpﬁg,[m nitiators, which rel ease an
hexahyd;{%ﬁgﬁw&é‘n exp%gde to uftra vi ol et (U\ng 20 or

el ectA cypitrdapoxpthsit ¢aposition doatain erpxade eqrppgupsipyepared by
the proc&-Irs%E(’)f al ala e?nl(t) ?rg/enga(:t Ia?/na SO con?;ﬂ?seegs o%?o%?%i‘ﬂg onent, catalysts for

exanpl e’honopol*yneri za n an acti’ons
catalyzir@f thé P&cﬁ@ﬂ XY tlﬁﬂémﬂy r&dm’pﬁdnd ﬂlichmb cepng wgeaniixangdss of the suitable

oxet anes,. and drox l.es
caaysiagt roBRES LR it PRl BB E R et ety

imidazoRY {efrt@ﬁ'y WHiA& §u%h@1§ ‘ilrl@tﬁwamh&d hrepylapihSaniDiribatylaifhe; phosphonium
non- nucl eophilic anions capabl e of curing epoxy

salts suchem etiyltvipbenyirpespboningm dlomgge, éﬂ’é’@ﬂpb‘?ﬁbﬁ@&ﬁph%}lﬁ’t rgpride and
ethyltnpfler\xfyl rz??xo o%qpo%n&m%f f:ﬁtanae a&?g ?ﬁlﬁl’l g%l?sgs(#fﬂ Vz\is IB@mﬂr]@ﬁl?é?ﬁylammomum

enerally ranges 1rom percent to

chloridewnd lbéhi:ﬁﬂimethﬂkirrpn@ﬁem&blkiw)ﬁd@ and ntigtunes tyhereoént to O. 5
wt percent, based on the total weight of the reaction
m' Xt uCstionid phawsinitidtont whixhi relehse hatid ivsrhenieaposedrtayaltra violet (UV)

or electer é)'egqfn;rg{lnlﬂup? d‘H.il%vf)i B § eeél: ?:Se%fa%i’%% fea?tlons of the epoxy
compoui(:fﬂ ?ﬁc@ﬁcﬁb% Yor eﬁ@h’ghé’ B&rﬁoﬁﬁymbﬁﬁdtuﬂ@nheei@tioﬁis ﬂSEtH&:}dpany onempound and

I azabij o.[2. 2. 2}23?t oct an tA
other eppEy W‘ﬁ??‘“&kﬁ Wéf’éanqsnil‘ﬂjatiﬂ)‘/ yésnﬁ)r&é?qnp FS of suitable cationic
photomftxﬁ}oqg"?n%hﬁie aryl s%lféhﬁﬁﬁg’él&%h%[’yﬁ idasHiRdass Zo&ﬂiﬁu{é)lﬂﬁ-mucleophilic

rine, benzyl triethyl ammonium chloride, eth
anions capahdé eﬁytltru@cmpm;nsluﬁwh@d exposed b)Y on elegsrasnbgam radiation. The

amount gggwg %3y£¥%u%r&_?1}q] Brﬁt%er% i@%&g&k gmw mgesl&o%.OOl wt percent to 2

wt percent, and preferably from 0.01 wt percent to 0.5 wt percent, based on the total weight of the
reaction mixture. The amount of cationic photoinitiator may vary from 0.001 wt percent to 20 wt

percent, and preferably from 0.1 wt percent to 10 wt percent.

Preferably, catalysts may include benzyldimethylamine (BDMA),
1,4-diazabicyclo[2.2.2]octane (DABCO), tertiary amines, imidazole and derivatives of imidazole,
1,8-diazabicyclo[5.4.0lundec-7-ene (DBU), chlorine, benzyl triethyl ammonium chloride, ethyl

triphenyl phosphonium iodide, benzyl triphenyl phosphonium bromide, tetraethyl ammonium
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brom de, Mark DBVIII from Wtco, stannous octoate,
zinc octoate and including m xtures of these
woavmlogstie. More preferably, the catal yst usedpcmush®7/o14246
present invention include benzyldinethylam ne,
di azabi cycl o[ 2. 2. 2] oct ane (DABCO, and i m dazole and
derivatives of 5 imdazole. Preferably, cationic
photoinitiators include mxed triaryl sulfonium
hexaf | uor ophosphate salts, for exanpl e CYRACURE
bromide, Mérk GRDII 266 Wiitee Osthririoas Yhtoatd, kimpiogtaate and including mixtures of
hexaf |l uoroanti nonate salts, for exanple CYRACURE
these catalygfs. 6976, products of The Dow Chenical Conpany; and
m XeQﬁo% ?f érat19d@1%fb%l{91 1&8dd ianophesitiadativalihdudd or
exanpl e trgacure 10 250, product of G ba_Speci al t&’ )
benzyldin@Hbytagdne, @mblﬁbeB(féﬂf]ﬂcé@e@ﬁE@QWymé‘@ﬁZ@EF and derivatives of
conmposi tions wherein the epoxidized product of the
Present invention is used as one conponent in a resin
ConpPRsiférably, tanionigphdtomitivtorns ondeds nmadctnlaryl isnifonivm

hexafluorgRhOBRER Alsb Lo SHAAIF oot ATLHES LRATBEs: add el S8R sulfonium
hexafluotohSthosAtk *séltsn Sorcixald C&@A@UR@SMI@% Iﬁraaﬁctm gf The Dow
wre used to nake electrical 15 notors; gott

ChemicalGoppan apg Fmé%bﬁmld?@omﬁmdﬁxﬁ%‘l“?@@}éosé’p s 1%%@ example Irgacure
250, proc?]rc{ ?@(%g)%k% e&ag?@l%}mﬂl RlihnkyOr  Pressurized rocket

aer ospace conposites; and a crosslinker
f or Exbtmpissiof therafly @atadr;g)mpogx@np Mégrqm the\epoxidiged product of the
ostoswherlnth 0
present “b‘feg‘g‘% is ?Sﬁg 25 0ne ﬁmingo%e g Sé(sgg %ﬁgoﬁﬁﬁrg#x: igx‘?ifﬁc!ulﬁeconcentratlons
include ihditdtb@goL MR trimgnOarf@aidrs stvidok geﬁrﬁ end hu&énq@se metliiipe voltage power

e s 5 TR R S S a3 R b e

; potft HABF SafabRbrse i AMRloBtagbbie6tichl drtdsﬁerﬁrfdament winding for
motors; &k 1géso g%ns) V\%{ate base coat%ng used on Iam nat ed

pressunzstl eetkebfebtaalie and AETOSRIge CARPOBFEST A1dhd SEoaslinkier IRFAPTRefive
roncoatip@ckagi ng; rapid prototyping; and el ectronic
P atings. The epoxidi zed product of the present
i NV efxaaiplesaof BV sorddeconseitins avheagin d@@mv@hg@duct of the

pesns S5ERE bED e TR S OB o, B, e

used for ?%B%'chic%ﬁodthdﬂ@l H&ltﬁ@ diDdtec? XaiBhds (&dﬂr mnﬂal&(}&’geuagkercans) coating
or organophosphat e %?an aulic fluid;

on steel eQIULBEIG éforfeépmﬁg, bisgy s apd ayrPsRd CPWCYVﬂg? %P%cqagpg used on
lammatela%tg%is hetPaddQafls; O GE ilrh @hd B6iP AT Padldadiiiy; « énd prototyping;

r dant conp03|t|on and an aci d scavenger use
andelectrhmmcoa:hngsnanuf acturi ng processes. 30 Preferred

appl '—ﬂ.éet | ons %fprE,Quct ebﬁr%se‘?ﬁ ROEnti&n Hﬁyca@mﬁsteh QK an acid

and t
scavenger composition for example wherein the product is used as an additive present at less than

imidazol

5 percent of a total composition, including for example an acid scavenger for organophosphate
hydraulic fluid; an acid scavenger for poly vinyl chloride (PVC) siding for homes; an acid
scavenger for brominated flame retardant composition; and an acid scavenger used in chemical
manufacturing processes.

Preferred applications for the curable epoxy resin composition and the cured

compound include coatings, inks, potting, and encapsulating compositions.
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compound i ncl ude coatings, inks, potting, and
encapsul ati ng conpositions. -19 WO 2008/ 002416
weOeCHsg20607/ 014246 The present invention w || PO®US2007/014246

further illustrated by the follow ng non-limting

exanpl es in conparison with the foll ow ng conparative

exanpl es. Exanple 1 Tol uene, catalyst and

3-cycl ohexene-| - car boxylic acid,

3-cycl ohexen-1-ylnmethyl 5 ester ("D ene 221"), in the

anmouithg pesk ihbé@ionRviliady Rirthebluettated®l ehfotloganl hon-Himiting

1liter (L) continuous stirred tube reactor (CSTR) :
examplesj instompatisen with thetrlloyring gomppat Vet Bt rechani cal

stirrer, thernocouple and reflux condenser. Table |
Example GOVPONENT grans Catalyst 6.621 Diene 221 C14H2002

264. -

<ol ultosRp g 1 M PRRERe ToboR iy doid: ¥ eigohenent1-simethy!
ester (“DikptalR 1Aybuie 28R MinG2dehorifdibint Babpef belowe wefe ¢Haegaddact § bﬁﬁ’r (L)

comnnon i PSS B AT STREL A0S B ohelphpicn s

thermocdupfd Al REukRehddider | Me) by setting the tenperature of
the heating oil which is contlnuously punped to the

reactor jacket. Consideridgbethe exothermcity of the
reaction [bg Wﬁl hFe 221 and|[HZ0Z, Heter caoil was
nounted Jinfernally in the reac¢tor inga%rdpr tolcontrol
t he tenpeFGMBb@tof the reaction and ek ain the 15

tenperatu destderate v ge—THe
reaction ‘?168823381@%2098 at mospheri c 2erBr‘%tzsure (abut 1

bar) and [RSOBONEL wepstertr er gpeed is set at 600 rpm
to ensure satlsfactory cont act |bet ween %he or gani c
and the aqﬂéaus phases A mixture of -5blution of

hydr ogen é@h%dﬁtlénﬁ O 3PGRCENT concentration) and a

buf fering éscribed iln Table Il bel oW, was
char ged i pwapemséntbr at ed gl ass ayl i nder295

Toluene 357.0

Total Amount 922.62

The temperature of the reaction was regulated at a temperature of from 60 °C (for
initial 2.5 hours) to about 65 °C (for final 2.5 hours, including cooling time) by setting the
temperature of the heating oil which is continuously pumped to the reactor jacket. Considering
the exothermicity of the reaction between Diene 221 and HyO», a water coil was mounted
internally in the reactor in order to control the temperature of the reaction and maintain the
temperature fixed at the desiderate value. The reaction is conducted at atmospheric pressure
(abut 1 bar) and the magnetic stirrer speed is set at 600 rpm to ensure satisfactory contact between
the organic and the aqueous phases.

A mixture of a solution of hydrogen peroxide (30 wt percent concentration) and a
buffering agent, as described in Table II below, was charged in a calibrated glass cylinder
mounted on an HPLC pump suction side. The glass cylinder is connected to a balance in order to

control its flow rate and the time needed to feed the solution into the reactor (60 minutes).
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20 nounted on an HPLC punp suction side. The gl ass

cylinder is connected to a balance in order to
woaonisroo2416ts fl ow rate and the time needed to Peeaskive014246

solution into the reactor (60 mnutes). -20 WD

2008/ 002416 PCT/ US2007/ 014246 Table |1 COVPONENT

Units Buffer solution + H202 solution 320 g H202

30. 4

wt percent 295 g Na2Wo4*2H20 2.3751 g H3PO4 85

wt percent 4.10 g NaOH 10 wt percent 12.6 nml The
hydr ogen peroxi de/ buffering m xture solution was fed

at a

feed rate of 5 4.9 cc/mpute with an HPLC punp

for 1 hour; gnd when t he ¥l s st opped (after 60

m nut amount _corfr espondl nggges 2. 2/ 1 noljar
ratidg r%)%lggt ?jgthe D ene |221 has bgeté%@saddpd (1

per cgrBufifOdlweionesHQver stjoi chionetric rati o)
reacti on .
qdfA 't erred to hereiln as the

At th‘eﬂg(ppl 30f4 wheerédrgest i on time peri2zghgthe resul i hg
m xtu %@—-MGFQ—‘—@-F?@F&\—H-FQ—E&E’%UI
250C) | NesVa*Hlait es and difscharged +H {0 & 1.5 litlr
separ E0pd gﬁg}g Ercent €2VI NG The TWO Seppgate phaseps -
an orlgani ¢ phas

peri

wer e

, tihe
continues for 4 hdurs. This%—ogur tinme
""didestion" tijme

and _an aq 5es
NeOHllvy pedetnd charfact eri zed126imyg t he

anal yt-eal—rethods—desertbed—as—fottows—i5Tabte |11
- Anal ytical nethods and sanpl es Phase Anal ysis Met hod
Reactyhe 'h&@‘dg%ﬁ iperoRiRBsufferm g GhixeuretsopitidpWas fed at a feed rate of

m xt ur e/

ani ¢ conposition Phase Reacti

! co : v X
5 4.9 cc/miputy Wifhjan eumpdar | howp gae Whenthe festliipsiopped (after 60 minutes)

and an amount

corresponding to 2.2/1 molar ratio respect to the Diene 221 has been added (10

percent H202 excess over stoichiometric ratio) , the reaction continues for 4 hours. This 4-hour.

time period is referred to herein as the “digestion” time.

At the end of the digestion time period, the resulting mixture is cooled down to

10  room temperature (about 25°C) in 5-10 minutes and discharged into a 1.5 liter separatory funnel,

leaving the two separate phases - an organic phase and an aqueous phase.

The two phases were then analyzed and characterized using the analytical methods

described as follows:

15 Table III - Analytical methods and samples
Phase Analysis Method
Reaction .
Organic phase Gas Chromotography
mixture/Organic o
composition (GO)
Phase
Reaction Residual H,O, content | Iodometric Titration
mixture/Aqueous '
pH determination Potenziometric
Phase
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m xt ur e/ AQueous Phase pH determ nation Potenzionetric

-21 WD 2008/ 002416 PCT/ US2007/ 014246 The product
woho@iozdei n tol uene solution is a mxture of: PCT/US2007/014246

3, 4- epoxycycl ohexyl net hyl

3, 4- epoxycycl ohexanecar boxyl ate ("ERL4221") and

nonoepoxy of 3-cycl ohexene-1|-carboxylic acid,

3-cycl ohexen- 1-yl met hyl ester ("nonoepoxy"). The

results of the reaction are described in Table IV

bel owhapeodlcs th&iﬂéﬂﬁﬁ toleéhe éfaluttbn'l'ahl mixWire ofabl e |V

Concent rati on ONENT (W Pep ﬁ‘)@ r(é%ﬁ“g@z% iwfg)'pnoepoxy of

3 4-epox gyl yimeshy B.4- meya@z@fh%@ns
3- cyclohgféhe qnéa)rboxtgﬂﬁ:"h%lc? %1c Eﬁé&ﬂ%‘ﬁm@@@l Bfer (MORBERINY). +

ERL4221) Yi'el The rati o bet ween nonoepoxy
pr oddibe ramits mﬁ mi’etp@c@omg dersribgdl i TeWe Y below ad, é]tSO isymmarized
5 inTableS’/g 10 described in Table V below Table V Percent
noepoxy / COVPONENT ( Monoepoxy + ERL4221)
Monoepoxy 6 ERL-4221 94 Tdble Donparati ve Exanple A
Conparative Exanple A was conducted using the sane

pr ocedure @S described in Concentration
COMPONENT (Wt Percent)
Diene 221 0.00
Monoepoxy 2.61
ERI-4221 43.25
Toluene 54.39

(Molar Percent)

Diene 221 Conversion 100.00
(Monoepoxy + ER1.4221)
Yield 97.50

The ratio between monoepoxy product and monoepoxy product plus ERLA221 product is as
10  described in Table V below:

Table V
Percent Monoepoxy /
COMPONENT (Monoepoxy + ERLA221)
Monoepoxy 6
ERL-4221 94

15

Comparative Example A

Comparative Example A was conducted using the same procedure as described in

Example 1 except that no buffer was added to the reaction mixture. The results of this example

-22-
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Exanpl e 1 except that no buffer was added to the
reaction mxture. The results of this exanple -22_ WO
waQoes/0pad16 PCT/ US2007/ 014246 are shown in TabrasXor/o14246

Exanpl e 2 Exanple 2 was conducted using the sane
procedure as described in Exanple 1 except that the
reaction tinme was 2 hours and the aqueous H202
concentration was 15 wt percent, 5 but the sanme 100
percent base H202 anmount was used. The results of this

are showSXaMwble vAr e shown in Table VI. Conparative Exanple B
Conparative Exanpl e B was conducted using the sane

Example® ocedure as described in Exanple 2 except that no
buf fer was added to the reaction mxture. The results

of t Exsmeledrplae condubfedarsingsthe wamie pracdive ag| desm;in@xample 1

Exanpl e .3 was co cted t he [ ure as
except (L Qe FFEn TR A EUE A AHE FP o0 R RO Lt A3y percent
but the sﬁiﬁ@ ?§@ pEPe8t bak@HGOL aPuhi Wad @deldd THRSedidR &f thivkkanpld are shown in
2 solution was added in 90 m nutes; and the

Tﬂﬂe\qreactlon time tenperature profile was as foll ows:
initial 2 hours 15 at 60 C, and 3 hours at 65 C
Comparativa&xgaiptBcool ing time). The results of this exanpl e

ar e Q?Haé}%l"é)é?ﬂf?}gl g m&%ﬁaﬁg'u\éggﬁgl ng g)cedure as described in

Exampleld @&egtwhst RSbESONADRlet fo tHexanplon Mixexes ﬂﬂletrbmﬂts P @fs example |
stochjonmetric ratio was used. The results of this
are showgyinhsble ¥k e shown 20 in Table VI. Exanple 4 Exanple 4
was conducted using the sane procedure as described in
_lﬂmﬁkEianple 3, except that reaction tine tenperature
profi

s,as follows: i.n
Pour Xt S eRer e gl bie g i e Sidctbodin Eyampte 1
except tHalil§ V\QE)éfﬁéh@Hfzmﬁeﬁd%@MﬁvérI%toTahbmeMc ratid was23edABuffered H,O, solution
2008/ 002416 PCT/ US2007/ 014246
was added in 90 minutes; and the reaction time temperature profile was as follows: initial 2 hours
at 60 °C, and 3 hours at 65 °C (including cooling time). The results of this example are shown in

Table VI

Comparative Example C

Comparative Example C was conducted using the same procedure as described in
Example 3 except that H>O, stochiometric ratio was used. The results of this example are shown
in Table VL

Example 4
Example 4 was conducted using the same procedure as described in Example 3,
except that reaction time temperature profile was as follows: initial 2 hours at 60 °C,

4 hours at 65 °C (including cooling time). The results of this example are shown in Table VI.
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WO 2008/ 002416 PCT/ US2007/ 014246 The results of
Exanples 1 and 2 and Conparative Exanples A and B in
woabismoddic show t he ef fect of a buffer sol uti onpamas2007/014246
aqueous H202 concentration. The results of Exanples 3
and 4 and Conparative Exanple Cin Table VI show the
effect of reaction tenperature profile and reaction
time on product yield and nonoepoxy - 5 ERL4221 ratio.
Exanple 5 In this Exanple 5, an ultra violet (UV)
cur ed’he @edults @f Basmphdd dnd@ruid€ompyckive ExpimpldscA and B in Table VI
epoxi de duc prepared in le 4. The viscosity
show thegffeghedpn E‘Ff e ‘E&?(‘,“I | FIHRALS; 22 FEEaLifhy es was
Meas 4R Gedtits 08 E& ambits CAAHHN a0 kP afedivt IHxamipld @le ThHRWVI show
Cannon | nstrunent npany. The density used to
the effectefl readtinnetempreature Peefileapd spacsign fhingst on producicyigld|ang maRnaspoxy —
i de sanples was 1.17 g/nL. The viscosity at 25C
ERMZZPFZR{&ne cycl oal i phatic epoxide of Exanple 4 was 304

nti poi se. The epoxi de equi val ent wei ght of each of
E—x@pl—eie cycl oal i phatic epoxi de sanpl es was neasured using

a st ti t | on 0

epox %ﬂ‘ Pﬂo %T(w)sc u? dégoca)li/lgg V&H da%tef rom the
cycloaliphafi¥ epexia p@ﬂ@ﬂ@@pﬂe@@ﬁf&i&ﬂpl@ 4/ eqw val ent . In a can

end nanufact uri ngzt operation th

éJV cu r1 ng, UV 4
cur abihe HILesith @f Cﬁﬂf@aq: Fyil?@lpgﬁg? ERQFide samples Was Sheasure using a
Cannon-FeikkEcagilRiERbe $aeCant o Bhtramént OSmpaaL erhessddsit usdcro calculate

passed through a 'conveyorized UV cure unit to cure .
the viscasity of seahi ofghe rislealiphatingperie sypRles #d5 f dr/ye/Bdat Thigyiscosity at 25°C

RRFRBOARhG; s applied to
of the Cyt:ﬁ)rahg?fﬁ{%%pt%pem% f‘ﬂﬁ% %feet S. Tﬁa Sheets are 20
t hen H&sqgﬁﬂet‘aqougd‘sm vxtd@rt@leach/@ﬁthp oydogliphatie epoxide samples was
ani tar

measureg Hsing 8 ar{:d%g;{ 15;{%1061arﬁle d 8y e;%l’)lc%e &%f T l!le ?}{09( uéth weight of

the cyclliphhti@epckidd e Blapirte axpasEd.4 g/eyiealehher mal process
used to cure the sani tary coatltgg durﬁjw can n&x 1
manuf Hc GRend manudagiiRg AROTIOT St Useyl b GRS GU Y qugble coating
i ARFkRXRO $icBIsHRRTES) And NRIIRIARREKE &S PABI through
typlcau)Hy Pgﬁ%%]%qcfbgtéte tﬁe ° uv ggat?ngs Wil | ebe exposepgbto ongn e

conveyoazectl éJf\hahre pngde seredhe coring. e adeunileyre padBEs caalieg, for
example 3 Y ven e@age% %gatﬂngp 1y n%?ﬁlg& lt@gr bﬁ%ﬁﬁ%’n{i&e 8f the sheets. S’ﬁhe sheets are

ure ng en rom coate eets
then pas@efd &t@@h a tth‘nzﬂ @veh ng cireehd auitesy d:cmtinge ndtsfpiﬁh@lrc arofile for a

ends are attac can, bodi.e urin ckin
sty P A Ao T e R B e
thermal ﬁf&%sﬁis@d@é taehedsdnatheoting dacidp ean bisd ﬂgnﬁfacfmlm cRS$sprudent to test
| ed doubl e seam ng. Doubl e seam ntr:; gl dlﬁ/
uv coatértg;é\fr@r V\f BTRE Qﬂﬁioexl?@?l’&g t’{lg‘ﬁé? Adhermal proces en 1t 1s anticipated the

UV coatings will be exposed to a thermal process during a manufacturing process such as can end
manufacturing,.

Can ends are manufactured by stamping end blanks from coated sheets of steel
and forming the blanks into ends. The can ends are attached to can bodies during the packing
process after food has been packed into the cans. The ends are attached to the can bodies using a
process called double seaming. Double seaming rapidly and severely folds and bends together
the edges of the end and the body. The rapid and severe bending of the coated steel requires the
coating have a high degree of flexibility and adhesion to withstand the double-seaming process

without cracking. After the ends have been double-seamed onto the bodies, the cans of packed
25~
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30 the edges of the end and the body. The rapid and
severe bending of the coated steel requires the
woaadsioogtihave a hi gh degree of flexibility andpatiussiooni4246

to withstand the doubl e-seam ng process w thout

cracking. After the ends have been doubl e-seaned onto

the bodies, the cans of packed -25 WD 2008/002416

PCT/ US2007/ 014246 food are cooked and sterilized by a
process called retort. Sterilization is required to

food are ddoktd Bad ttefiliged byRe prockssglled varbteStepliaationgs téxpiedne ki bacteria.

~ food in contact with water or ste@r&n or both in thi
RetortinggRualyes BIACBE e #am o FOReLi 69G12ch & TRt B QR Py foth in a pressure

cooker ariGidating tiROWHer a¥VGR BUIBRE FSinh WA SVERateCPRISQIre. Cooker conditions
conglt ons for canned food mai be 30 mnutes to 90 .
for cannertifoord Bgty e 302minGtesrid 90 heingtes 95 L2 b °Gapd the prgssyss may ke 14 psi. The

oo S BREN G B ST 4B R Ao o

| ress
can ends.ends. Cycl oal i phatic epoxi des may be used in W

coatii ich are, used to coat rotect .c

and GoRBANEREE ERIdeS GigaPein BY coinB} RBlorRE gFa® coat and
protect cA@fls Snl Ykbrlsfe P4k af D@ Préditts. ETigsfremstes] shécrs weed tb meuke food can

Weirton Steel and cut into panels Tﬂg%ﬁv coat i n:fg(P
ends were ghiginedl fiRrP N OoRSYiPSl @ad GHY 18q PRncke s TY| Dapjag sftpeles were
applied o e pdrid %ﬁﬁléﬂb e usiRek ohlhé Ae8l sabfc@bndat a thickness of

t hi ckness™ of 17 mls to 0.22 mls using a nunber 4

0.17 mil&/\ﬁ)r(b22/\mjhdls'p}gcﬂ r.lulrnfber&}\ﬁvtrg—aiqwggog\e H‘éf: &V eeptings ﬁﬁ:r%lcured usir}g a
conveyo AU Bpl M AP FHTE S5 JUSTRBH S  andec

ron "H")
(Fusion “\N') 60D WriR¢lt ingtcwgpapobbilb. Thheoatiegsi wigish weictestad fer flexibility
tested for flexihilit re red.usin ener gy .
were UV,saie] ¥y sngey SswesAbRe 2 er cbe ot i BB o bperading
the conv@RE AlthO Ve Surk it G B ¥ B3R of o FO0 e Cipkirenitaliel (ffh). aThe coatings in
speed of about 100 feet m nute (f The coati ngs
1

Examples § angbénsns) Gompaiahive BXamelodss BERebInRuAG: BORSE dor 10 minutes
' ityL OrHl M S tingY ih&xalhples 5 and 6

s o UG B B OB Sy gy

and Compewmtiva ixaimplERanpk ¢estSl fon flegibilitydisDerprgtat WedgcEendies method.

D were tes rfe'il'¥1!§i r P
bend ﬁlgsﬁoaf?@ﬁﬁaéé?anfkse‘%%%aqeé% I%l gtnegl p;e E\g/\eglp ‘ecul)%?](? ﬂlzf N auons in
the steel biffaghgthgerpagdbend astrimettiia astordatdean ATIM 2R &1k¥4. The wedge-
steel surface usin wedge- bend i nstrunent .i.n.
bent pangle St SE {10 DATRRPIRAE OB SUHAGI YR GRSt 1 hipe) waver and
processeWt €2 PIsRA14 Psil 1R a¥SRAUNeMIAE CTRE 16ABIHAGH tRE LAKR along the bend after
cont ai ni ng del oni zed water and processed at_121C and

processingwps measuged apAIAPOBAR 2hBiFrcrackengtn Giomtiae fekiBiliy jrinversely related
n ' Wi legfKasshin.
oth R BP0 Byl SREAEVIL 60 TSR A0,
i nver§¥lopating siréste-cduce tates wera aheasened ubingtaiack-free cetton ball method.

e B35 SRS ERE RPN BAPBISE i S5ty 2t
aluminumSfollJairtatkpdpes eardo buppliet dly ILenetah Gdmples used to measure surface-cure
rates were prepared by applying the UV coating to the substrate at about 0.2 mils using a number
4 wire-wound bar. The coating surface-cure rate was determined by passing the coated card
through the UV unit operated at a given conveyor speed and then placing a cotton ball in contact
with the coating surface 2 seconds after the sample exited beneath the UV cure chamber. The

coating surface was judged to be cured if cotton fibers did not adhere to it. If cotton fibers

26-
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The size of the substrate used for the surface-cure
rate experinments was 3 inches by 5 inches alum num
woaods/doars nat ed paper cards supplied by Lenet apcBasploesi4246

used to nmeasure surface-cure rates were prepared by
applying the UV coating to the substrate at about 0.2
mls using a nunber 4 w re-wound bar. The coati ng
surface-cure rate was determ ned by passing the coated
card 30 through the UV unit operated at a given

adhered t& HRVRYREe BRAGMAtIAR Wdsjedpedltabe Iﬂ@:k& ot ahtwred hahe conveyor speed was
contact wth the coating surface 2 seconds

adjusted I8 PSPECBSGEcH) TBBHUHL e CREPTRER, PETCRERBEN DR e ettt convesor

d at Wikgh LY {ARBe WA thardeed ot Qurbe wab dedrinfne@otItheinaximum conveyor
speec & & ers aﬁ%gnotﬁgdhere toit. If cotton fibers -26 WO
speed wan}ﬁ!@tte@ZS,nl@ PCRCOSPFORAIN14246 adhered to the surface

the 0 isnxg eﬁ@é ahc'ljeqpt%g;l{/%o gngits%%hﬁﬁnﬂﬁ%gg&%l%aﬁyg %xide to

conv usted 1n incre
improve @ d:otuﬁleg ﬂwbtlityﬂiﬁlydrowglr goump@mtre@bt wvithi ¢ycldndiphatic enpide groups in

the preseg%q)\g’e ;3) ré%o g(g lggxaer%é éﬁ%? aotllillécg]%% 1a%01y\@urlng UV cure. The

hydroxyl%%\.\iﬁ)@ﬁﬁ acBREHAIVRBmURRRE Hﬁﬂngﬂ&}etdaﬁoﬁictrﬁr@@@mgpdlymenzatwn of
ol s na¥ be added to UV coati ngs, contalnlng b
epoxidesc Jlte @@nlq phetdlealiphasic gro%ide to hydresd efipiyalepisip gl v coating can be a

useful mgsﬁfg &'d‘né %t%%ch'_yrgét‘i)i X{" S OHASH A InE ST gi%utpg of the coating.

oal T phat1c epoxide groups in the presence of the
Decreasmg ﬂmn@lmfcthg epelpalipitib gpotide-terhyduoky] ¢shvbradenis ratige ghich is

UV .cur.e.
popors 4 e 8 s 0 o R P YRR B Ao 1 e
coating fRAUBINBL IARtdftuet of the@piix bfi esxfacEhare gdte dejpdinds on the ambient relative
TR T TR RERLT TN T (AR

epoxxde-?ot RidrBk AERuivalGts Hﬁi%sﬁﬂlrt??&hl@/&ecfréb&@&h@ﬁﬂfaclfcﬁtmw)fThe hydroxyls
he” coating. Decreasing the value of the

from the thob and pieastixe fé@@xh%wtc@n FRPEbIBRJP CRRtIPYR terper syrfage-cure rate of
cationic YR/ &bl P? 5., 1 onB[qfd%h!?t{c}QJse ta%ohﬂ&(eﬁaéflg Of Ep@oﬂ?ﬁh)égl: epoxide to hydroxyl

concen e coatin ypi cal I'y 1 ncrease
equwalehlb evhena:@tnpmgmglth’e(eﬁfedta; bﬁ/dlfféi'wt eydleadiphafic ehexy samplesopn coating
cure rate depends on the anbient relative
ex‘b‘htﬁlﬁ‘ﬁﬁiaﬁl ?Ce'%lreéf’btﬁut 50 percent relative humdity,

decr Q?SOD@L“SS Wﬂbiﬂb@ wak u§dﬁl|%s(thél poigbl hiae LV tGating formulatlons to
€epoxi e-to I oX ulvalents ratio w
improve @t ¢QabiHg fleﬁénwr f 3%&?@1 paixal e%\éelﬁ%?}obﬁtcz’%}ggo ol was

reportedtalé] %%cfﬁ%além%nrﬂ% ShdHue: debigiiedi Btathkercan conbi ne t 0
ntrlbute to lower surface-cure rate of <cationic

coat nﬁ@sUVl Qoatlsg Beunidation used dw this Espmople 2in m?%?PFeo“Soﬂe’“blhty and
C droxyl equival ents when

uv cured rXte C%uar‘]‘ge ?&%ﬁqg%%ggﬁ%éf erent cycl oaliphatic
epoxy sanples on coating flexibility and surface-cure
rate. 20 UNOXCLTM 3,4 Diol was used as the polyol in

the UV coating fornulations to inprove the coating

flexibility. The hydroxyl equival ent wei ght of UNOXOL
3,4 Dol was

=27~
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reported as 72 g/equivalent on the product technical

data sheet. The UV coating formulation used in this
waxersmost1b to nmeasure its flexibility and UV earaSe@umei4246

contai ned the follow ng ingredients: -27 WD

2008/ 002416 PCT/ US2007/014246 W Equival ents

| NGREDI ENTS Percent Epoxide of Exanple 4 52.5 0. 396

UNOXCLTM 3,4 Diol c¢ cloali hatic diol 9.5 0.132

D.E.R TM 331 aromatic epoxy resin 30 Cardolite NC 513

reactive diluent 5 CYRACURE* WVI-6992 cationic
photoinitiator 2 Silwet L-7604 polysiloxan :
surfactant 1 Total 100 Cycloal i phafW& “Equnvalents
| INGBERWMTSr oxyl equivalents 3 0 faPBECMEMI adenmrk of
Epoxideef Examipteit Conpany (" Dow') ¢r anS8% {1 aPeiP6
UNOXO1L M3, 400ie! Theloaliphatiodiotycl odl | phaPif | epaRildes t
DhEdR %331 aromati® epoxy résincoat i ngli n bl e 5. The
CurabRet NCab 18 aéactive dilgentat ure and rel atise humidity
OVRACURE* ovl-609d carsmient , respegtively, when the
Fﬁ&é,aﬁ@t&ure rate of Exanple 5 wag neasur@d and when

Si tLC?éGll%ly@%xﬁHé%@rfa@tanTeaSU” ng flexibility. The
prtwedge bend crack T'ength of {the cpedi|ing in

He average¢ val ge fron
e \@E%C\I%Cond SanprokM‘bablv‘é’ﬁﬁté g 0

| es and t he stlandard devi ati on was

T“‘I‘rﬁyﬁark Bihe 3G CREhA Compatly 2 Do@%)Sr M affillheed COApahNEF Do
Exanple 5 was 120 fpm 10 Exanple 6 In thls Exanpl e 6,

an cur ed h I
epoxi &SU tg? Bé%a@ﬁoﬁgﬁ’gﬁ%? ‘EQ:P’ﬁlﬁies g‘?%’ltoé(egc 326\5 : Igggtgb%tmg n
Exampleast AR {dmbient mo&y&z eéhpdrhakd @nd%nmﬁvdehuﬁﬁd@( arepd 23 F wad;

centi poi se e epoxid [
51 perce@tyeqSE%ﬂtWﬁWawh@nébfb%rS%ngﬁf i RIS g igasuted andwhen the

coating was cured for measuring flexibility.

The retort wedge bend crack length of the coating in Example 5 was 43 mm,
which was the average value from five wedge bend samples and the standard deviation was 2.608
mm. The surface-cure rate of the coating in Example 5 was 120 fpm.
Example 6

In this Example 6, an UV cured coating was made from the cycloaliphatic epoxide
product prepared in Example 3.

The viscosity at 25 °C of the cycloaliphatic epoxide of Example 3 was 250
centipoise. The epoxide equivalent weight of the cycloaliphatic epoxide of Example 3 was 135.5
g/equivalent.

The UV coating formulation used in this Example 6 to measure its flexibility and

UV cure rate contained the following ingredients:

-28-
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15 g/ equivalent. The UV coating formul ation used in
this Exanple 6 to neasure its flexibility and UV cure
woatm/opntai ned the foll owi ng ingredients: -28PdDUS2007/014246
2008/ 002416 PCT/ US2007/ 014246 | NGREDI ENTS W Per cent
Equi val ents Epoxi de of Exanple 3 52.7 0.39 UNOXOLTM
3,4 Dol ccloali hatic diol 9.3 0.13 DDE R TM 331
aromatic epoxy resin 30 Cardolite NC-513 reactive
diluent 5 CYRACURETM UVI -6992 cationic photoinitiator
2 Silwet L-7604 polysiloxane surfactant 1 Total 100
Cycl oal i phati c epoxi de/ hydroxyl 3.0 equivalents ratio
INGRBD®FNTE of The Dow Cheni cal| SarReacent (" DEgtijvalantsan
Bididd sl Bchigsiepany of Dow. The frati o §4.7qycl oad.Bphat i g
GROYTE™ 8 Y1 eydibalfidti¥aidint s| I n Exagplle 6 va$3 3. 0,
ERAFE S o e SEUR asinEXanp! € 5. The 3gibi ent
ARRRANYEYs 15 FURE 2 B E,#Td Ter At ve Mumsgity ~wers 73
petfet respectivetyTwhenthesurface-ture
X ) ?REngWéé%g%ﬁgl%ﬁgasured and vvhea t he coating
| RhpLoiptiator i Fe
v o
gth

B ing in Exanpl e 6 was} 39 mMm!%yhi ch was the
Gydpaliphatigepexifle/bigorye wedge bend sanpl s and3tthe
eruavedentsiratiovi at i on was 2.168 1D nm The Isurface-cure
Y hedemafk of Fke RoveEhemigal GonprayrtiIPay Borwa affiliate! coppyny Phigow.
flexibility results for Exanples 5 and 6 were very
simlar to one another and  the reported difference in
f 1 exiBhe 1atig op eyclediphatie epowids pdydiexylpanivaignty i Example 6 was 3.0,
. | " . . g0
which vl SRR A Eam 3] T Atoiont Mok 854 pLRTR ahi Aitive humidity
were 73 dEsod S gerdent, répactiiedy vehearte surfaieecuse rate 0B Esynplertvasmeasured

and whe%%%%azig%g%fssfc%egﬂ oL g‘te\%%&l‘e Fﬁ_’fﬁé}%ﬁ%ﬁf&@(}%@rﬁ? )@/sgg (t)liQsean‘}eSas Example 5.

si gni Thernt webge basidrack Reghnsihat@tiagdo @tanipiet wat 89 mm,
for the coatingfsgorrrul atjons $ and 6. The coati

which wag Q}?Fﬁvggagg vzhig Igé}vpdngge b\e;g §ar§plﬁ§ F‘%‘? ’stan em?[1 ggviz%on was 2.168

mm. The surface-cure rate of the coating in Example 6 was 110 fpm.

ac Lo £l ovi hi K V) \ h whac +ha
for—peasur-Rg—fH-exbity—whi-gh—was—the

1
odae hand cr-ack—|enat

The flexibility results for Examples 5 and 6 were very similar to one another and
the reported difference in flexibility between the two samples (3.4 mm) is probably not
significant. The results demonstrate good flexibility for the coating formulations described in
Examples 5 and 6. The surface-cure rates for Examples 5 and 6 were very similar and the
reported difference (10 fpm) is probably not significant. The results demonstrate a good cure rate
for the coating formulations 5 and 6. The coatings of Examples 5 and 6 performed very similarly,
with regard to flexibility, to a coating made from a commercially available resin, "UVR-6107",
commercially available from The Dow Chemical Company, which is described in Comp;\rative
Example D.

Comparative Example D

The epoxide equivalent weight of the cycloaliphatic epoxidé of Comparative
Example D was 136.1 g/equivalent.
The UV coating formulation used in this Comparative Example D to measure its

flexibility and UV cure rate contained the following ingredients:

-20.
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with regard to flexibility, to a coating nade froma
comercially available resin, "UVR-6107",

woamrsaoziial | y avail abl e from The Dow Chem cal €ompany;/014246
whi ch is described in Conparative Exanple D. 20
Conpar ati ve Exanple D The epoxi de equi val ent wei ght of
the cycl oal i phati c epoxi de of Conparative Exanple D
was 136.1 g/equivalent. The UV coating formrulation
used in this Conparative Exanple D to neasure its

fTexibility and UV cure rate coptaiwed t nEqghivhlenws ng

INOGRESIEES: 25 -29 WO 2008/ 00241 @eRedi US2007/ 014246
| YR ABIH Al SR C IR FeT bent | CYRACURESS!
C hg\;'

a Zn cycloaliphdtic 0.39 epoxideygepin 52.7

VY, | =

W 2D Qclcaliphald diol/ U F 0 gy B 0.gf3 |
Y iOJJ. aronatT U CPOXyYy 1TE5T1T SU L,gd jotrTte NCH13
DR 321 AIOMmAtc enoky Fesith o iperas L~ 60030 Lot i oni-e
Cardalise NG-13 seacive dilepty | 7604 ol veilBkane
CXRAGURIEM WVIpSPAcatienic Oycl oal i phati c

UTTe

phptemitiaioRydr oxyl equivalents 3 0 ratio 2TM Trademsy k
SolfweT he7G0vpalysaivixerd suEfaetrmty (" Dow') or hp affiliatled
Tooatpany of Dow The ratio of cycloaliph@@ic epoxide|to

Cyetbrabipyihticepoxidd/leyitrexyl rq@vaieatsal i ve  Exanpl e3D was
r&i®, which was the sane as Exampl e 5 and| Exanpl e 6}
“T™MTredeaiaiki of Mhe DabCHemtcalrGompty(IBIvE] orrag affitigded c@madny pEDow
hum dity were 73 F and 51 percent, respectively, when
t he FhefratteotaickaliphaticepsixidioioguidsaXw eqExalepisdn Sofpparative
asu nd. whep. t o j [
Example {7 838 BFF pfHjch VAP sl S RtoEhIL S 308 el 6. TREGHbIeADIcboratory
temperatieeaiig/relaive humidity were 73 °F and 51 percent, respectively, when the surface-cure

rate of Comparative Example D was measured and when the coating was cured for measuring
flexibility, which was the same as Example 5 and Example 6.

| The retort wedge bend crack length of the coating in Comparative Example D was
38 mm, which was the average value from five wedge bend samples and the standard deviation

was 2.191 mm. The surface-cure rate of the coating in Comparative Example D was 120 fpm.
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The retort wedge bend crack length of the coating in

Conparative Exanple D was 38 mm which was the
waversageiival ue fromfive wedge bend sanpl es an#8CThs2007/014246

standard deviation was 2.191 mm The surface-cure

rate of the coating in Conparative Exanple D was 120

fpm 10 -30 WD 2008/ 002416 PCT/ US2007/ 014246 WHAT IS

CLAIMED IS: 1. A process for producing an epoxi de from

an olefin conprising (a) reacting an olefin with an

WHAT ISQIeORSEDYVISE ogen per oxi de oxi dant in the presence of a
transition netal catalyst at a Hof t han ab

5 t olf or mARTASEEAOEP ciﬂg@a&g{)x rfﬁm?ﬁfl ? %R{bsulgn@) reacting
an olefin %Hﬂf(érgétffe\%ﬁ§ h?&regéﬂ:ﬁergiﬁmokhﬁnf ﬁ%%?r&gnéeeé&i r&Rition metal catalyst

erern e epoxi di zed product has a percent
at a pH ofitese épmdbdet Hto fqmsalt mlthmmi@ﬂp éﬁ‘t@ﬁﬂs%@ﬁm%hg Bpoxiflized

e total r oduct :
product fh “é%‘-‘ealkt BrFASHSP é’gi ler or o h@t%@% R ent h%# &ﬁ]gt MS Eem
monoepo&lit!'.wdf 18sspfe amutuy) pemnghy weizht BF chnotat esslucf; agi asfheprein the
wherei n the

e S S PRy s B s el e

weight. feaction conpri s_es from 10 Cto 100 C. 4. The process
of Claiml wherein the olefin conprises a diene. 5.

The pr ocesphedfrobdssiof Claithedkitit fife C}ﬁm eym@tiz@drdrh GlRt4.5.
is a cycloaliphatic epoxy conpoun 15 6. The process

of Clsai m ITWhe6eéss of baif ERBeRMEd eRPettiGo P tendaction comprises
having@thefollovvlngforrrula FORMULATA O O-31 WO
from 10 20081002G16 PCT/ US2007/ 014246 7. The process of O aim

1 wherein the process produces an epoxidized product

havi gt heTlaprosess e Glajmiwherqnorg glalin gomprises a diene.

5. The process of Claim 1 wherein the epoxidized product is a cycloaliphatic

epoxy compound.

6. The process of Claim 1 wherein the diene comprises a compound having

the following formula:

FORMULA IA

A
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O0 O'" J1 O5 8. The process of Caim1l1 wherein the
catal yst conprises a catalyst illustrated by the
woabdsmoesnng chem cal structure: (R4AN) 3+ PCT/US2007/014246

{PO4[ W OX02) 2)4}3 10 where Ris a Cl-C24 hydrocarbon
chain. 9. The process of Claim1 wherein the pH of the
reaction is controlled by carrying out the reaction
in the presence of a buffering agent conprises a
m xture of (a) a tungstate material to assist in
mai nyai Ni MhelpdGceds bff @lalind 104hérBi thapeddess profdiigesan epoxidized
phosphoric acid also to assist in maintaining the

product haeinig\the {ollpwing foraatlatl yst; and (c) an alkali netal salt
to maintain the pH of 15 the reaction m xture. 10.
The process of O ai m 1FRRMYBILA e process is carried
out in the presegce of a solvent. 11.- The process of
Claim 10 wherein|the _solvent is selected f
group conpri sing pgenatgd
hydr ocar bons, cyq :
hydr ocar bons, al 20f . 12. The
process of Claiml ' of hydrogen
peroxi de conprises from (@ percent to 20 percent
stoi chi ometric excess abo¥® the theoretical anmount
requi red for conpl ete epoxidation of the double bonds
of the olefin conpound. -32 WO 2008/ 002416
PCT/ US2007/ 014246 13. The process of Caim1l wherein
t he hydrogen peroxide is added to the reaction m xture .
at a8 enpéfhetrrpeess Pf Chaimnk whessib thsrcatal e compiigrs acatpfugt illustrated

bythefog?gg{%%ggﬁgagsgﬁmu;& mnute to 300 minutes. 14. The

I'm 1 wherein the percent nonoepoxide in
the resulting 5 g ﬁﬁg@&xj @s from 3 percent
to 10 percent by $g$§%iqggﬂ tofgﬁgépoxide pr oduct .
15. The process of Claim1l wherein the resulting
epoxi de product contains an acetate content of |ess
where R i@ 12024 hydiOc4ipomn chain.

aromatic 20

9. The process of Claim 1 wherein the pH of the reaction is controlled by
carrying out the reaction in the presence of a buffering agent comprises a mixture of (a) a
tungstate material to assist in maintaining the activity of the catalyst; (b) a phosphoric' acid also to
assist in maintaining the activity of the catalyst; and (c) an alkali metal salt to maintain the pH of

the reaction mixture.

10. The process of Claim 1 wherein the process is carried out in the presence

of a solvent.

11. The process of Claim 10 wherein the solvent is selected from the group
comprising alkyl esters, halogenated hydrocarbons, cycloaliphatic hydrocarbons, aromatic

hydrocarbons, alcohols and mixtures thereof.

12. The process of Claim 1 wherein the amount of hydrogen peroxide
comprises from O percent to 20 percent stoichiometric excess above the theoretical amount

required for complete epoxidation of the double bonds of the olefin compound.
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16. The process of Caim1l wherein at |east 95 percent

of the double bonds in the olefin starting materi al
wanespommiert ed to an epoxide. 10 17. The proceBeTmi2007/014246

Claim1 wherein the resulting epoxide product has a

viscosity in the range of from 150 cps to 350 cps at

25 C. 18. A process of preparing a curable epoxy resin

conmposition conprising mXing an epoxy conpound as

prepared in Claim1l1 and a curing agent. 19. The

proce3ss ofl‘helpmcnssslaf Ghémel whetem thehydopgey eetoxids is added to the

reaction @g&t&%ﬁ@%}%{}ﬁ%ﬁ%\?@? ef 1 tﬂ& a?rf)ga:eo(% i}h-ifp%] ﬂ)OOJC ovt hay period of from 1
minute tdS0RRAKARQONt hal i ¢ anhydride (HHPA), and. nethyl
hexahydr opht hal i ¢ anhydride (MHHPA). 20. A curable

epoxy 4l esiThe GRERIS bf CRHMCOWREIH he p%fbeﬁpﬁféﬁomﬁdhe resulting
as preparedin Caiml and a curing a%ent

epoxide prorect repgsx franed iparasbt i Hhptreem pycrrighpiahe %@@Omde product.
conmpound as prepared 20 in Caiml with a curing
agent15 22 Tha progese of Claim bwhplfellrsthﬁFgeWIW&mﬁlﬁl%Pl@ﬂu‘é contains an

acetatec%lg?agte?ﬁ ﬁﬁ'ﬁanmo%o 28)§Pgle of the diene; wherein the

oepOX| n’°t he conp05|t|on conprises |ess

t han 2?& r%] Del C? %199’} W?;ﬁx%hrba_t o Of.ad; 88 tg? eeg{ oPhdHGbIe bonds in

and erm

the olefibytafingdiisttsal amccbxhe:rtedrmaﬁ iepdxide.conpri ses | ess than
about 8 percent by weight. 25 23. The conposition of
Cl ai m722 henhel prgeeds of Et4ifi 1 whefein desetilang 8hdkidpprodict has a

. . 25 C. 24. e conpositi 22 wherein the
"ISC"S‘tydPélb“o’S?Pﬂ"eOgg ePsde 3365%3&52 i c di epoxide. - 33
WD 2008/ 002416 P t[np S2007/ 0142?6 25. The conpositio
of Q& m 2 PRFErePiPIERT NG A FYab e SRIEY st Sifon Gpinprising

mixing dn¥Pox§ EbhpYiIHasiREFAERn EFMIL A Podinfg agent.O S

19. The process of Claim 18 wherein the curing agent is selected from the
group consisting of methyl tetrahydrophthalic anhydride (MTHPA), hexahydrophthalic anhydride
(HHPA), and methyl hexahydrophthalic anhydride (MHHPA).

20. A curable epoxy resin composition comprising an epoxy compound as

prepared in Claim 1 and a curing agent.

21. A cured epoxy resin obtainable by curing an epoxy compound as prepared

in Claim 1 with a curing agent.

22. A composition comprising a diepoxide of a diene and a monoepoxide of
the diene; wherein the percent monoepoxide in the composition comprises less than about 10
percent by weight of the total product; and wherein the content of the OH-terminated by-products

in the composition comprises less than about 8 percent by weight.

23. The composition of Claim 22 having a viscosity of less than 350 cbs at
25 °C.

24.  The composition of Claim 22 wherein the diepoxide comprises a

cycloaliphatic diepoxide.
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26. The conposition of Claim25 containing |ess than

about 8 percent by weight of the follow ng oligoneric
webkowsoieie: OH OH 10 27. A coating w th inpreceads2007/014246

t oughness derived froma conposition conprising (a)

di epoxi de of a diene and the nonoepoxi de of the diene

wherein the percent nonoepoxide ranges from 3 percent

by weight to 10 percent by wei ght of the total

product, and (b) a curing agent. -34

25. The composition of Claim 24 wherein the cycloaliphatic diepoxide has the

following formula:

FORMULA IB

B

26. The composition of Claim 25 containing less than about 8 percent by

weight of the following oligomeric structure:

Q:O/E O/\C(:H
*opael

10 27. A coating with improved toughness derived from a composition

comprising (a) diepoxide of a diene and the monoepoxide of the diene wherein the percent

monoepoxide ranges from 3 percent by weight to 10 percent by weight of the total product, and

(b) a curing agent.
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