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PROCESS FOR. THE MANUFACTURE OF EPOXY COVPOUNDS The invention

i s rel ati g 98mB483pr ocess for the manuf act ure of epoXBCT/EFSSH0TS and
to a process for the manuf acture of internediates therefor. Mirre in
particul ar the invention is relating to a process for the 5

manuf acture of epoxy conpounds char act &r +z&d by the I nvol venent of

significantly | ess hal ogen and in particul ar chlorine gas.

Epoxy compounds, | | LeLy on | arge
i ndustrial scal es%ﬁ%ﬁ%%ﬁ@ﬁ %Egra%]?%%dc?'ﬁg@ﬁg Xt ensive
scal e of end applications, such : as the manufacturing of shaped -
articles, includi : : d et ' 0 S such as
Ser - condig: sprene 18 8 B0 3k Ens ELrs PR R TR o
manuf act ur e BRnpErstudecpfcapeyyf spmppundseeéndoffioc al process foxrsthe

coatings i nclydi?gctiee0bgaRhe kiRt eBatBlrefor. MoTRALNPRIRS ikl as

t he nore nodern aqueous epQxy resin di spersion coatings, and in
particul ar c&ReaRBVERGAPD 18 relafingn§e, acBFFsSESe SO ani nat es showi ng
great s mahu@sicRuldet wf apdxiyheompe®ndd0 character$ded Hhariheng epoxy

conpounds wer,e nuf actured up taq. now neans of, t,he starting
reagent epi haPdyl HFWﬁEkaﬁg Slgnl%lcﬁﬁtﬁg%éﬁﬁﬁl%%%ﬁ&%ﬂﬂQﬁpbﬁﬁﬂrine, which in

its turn wasparticularaehilactimecdiasi.a al | yl chl ori de, prepared from propene

and gase e 5 . Lt wll I at at on the
one hand, there %ngghcghggaggéh 88%5Pb55 F%ngg%ﬁgggﬁgggﬁ e%%F rtl’in
particul ar variety eon lerggstindussniedr scades rdvwomghemtp tdes warlid,om

natigral or egl oRaly FRLCHAMEREAN SRS ARG applicdtSPHd RIS O
chem cal process industr I n order_to 30 drasticdlly reduce possible

chlorine em 8§ &heom fctyring of shaped arEigdesf IINGING conpl et el y,

and on the olh®yedded small electronic components such as semi-
conductors or chips and the prepregs for the subsequent
manufacture of printed circuits for the electronic

15 industry, coatings including the organic solvent based
coatings as well as the more modern agueous epoxy resin
dispersion coatings, and in particular can and drum
coatings, composites and laminates showing great
flexibility, and the like.

20 Said starting epoxy compounds were manufactured up to
now by means of the starting reagent epihalohydrine and
in particular epichlorohydrine, which in its turn was
manufactured via allylchloride, prepared from propene and
gaseous chlorine.

25 It will be appreciated that on the one hand, there
has been developed in the last decade and in particular
in the last five years, an increasing pressure from
national or regional governmental regulations and
requirements to chemical process industry, in order to

30 drastically reduce possible chlorine emission or even to
avoid the use of chlorine completely, and on the other



- 2- hand, in the current manufacturing processes for
chl orination of propene in the gaseous phase there is still .a need

to inpro ﬁﬁﬁmﬁJeld further and to di mnish t he hj L0g
t endency. Mor eover, during the reaction of epi hk%’ﬁ‘&%% wi t'h
phenol i ¢ conpounds to formepoxy resin it is not possible to avoid

conpletely that hal ogen, originating fr émt he epi hal ohydrin, is
i nterm ngl e hat the hal ogen

%aé_%arelnasa oductfl
atomis che pgnufacgyring, 8§PﬁeF?§§I As
one of the |dn1mﬁmatmplafcgm'ommeof1m Ittheegasgous phaseesharems

encapsul a1 an gy 1l G LHECLANGd R LAlnd eurcner oMl LoPB1ARRISR! 2 o0

that this intermngle era €s as an aci by norsture,
during use dfhe high rfaiulllslg tengemoyl.e for a | ong period of tine and this

aciddeads 10 woreove’ RTHH ‘theax'gﬁkﬁh.oﬁabfr le?!thalohydrlne wifRerefore

one obj ect of the present | hve tion process, meeting
t he requi r erdiignPlgic gampounds t°prf@§EhteP9PFV Féﬁﬂ@nﬂ-ﬁl 1Fe§P§I ROBSAPARA t hat

one presumally RRid cpletead ithaith®aleden,Ubtiginabdngt xbingnkr om cheap

and eneral.l aval |.abl.,e basi.c chem.cal s.
al ternative e%ﬁ‘ﬁlﬁ t’é’é‘fefr&m(f’a&%y in a resip.ag,a pﬁP&j}Sget‘Jnl n the

past was t haihéicﬂﬁﬁ‘ndlmti lthe haloger aitiomviisg chenflicalllydbbeaadt tonthehene:
- 3- [err]

tiomith al§RAXY resin itself. ene carbonat e
(derr]-Cerr] #skyne of the important appllcatz.ons of the epoxy

resin is encapsulation of micro electronic material, it
will be appreciated that this intermingled halogen
liberates as an acid by moisture, during use of the final

15 article for a long period of time and this acid leads to
corrosion of a metal material.

Therefore one ocbject of the present invention is
formed by a process, meeting the requirements of the
present environmental legislation and that one presumably

20 enforced in the near future, and starting from cheap and
generally available basic chemicals.

One of the alternative manufacturing routes for epoxy
resins, proposed in the past was that according the
following simplified reaction scheme:



cycl oal kyl ene car - . bonate or

aral - . w098/34930 kyl ene carRQIERIS/00721
preferably pro- . pyl ene car bon-
ate [err] o cycl oal kyl ene gl ycol,
or aral kyl ene glycol, -3 - preferably

pr opyl ene glycol wher ei n
Rl represents a residue conprising one or nop® addi tional phenol
groups, wherein R2 represents a resi due co¥epri si ng one or nore
addi ti onal groups of e w #ornmula. H

[err] i“‘<fj;4m* ‘—“*—“Q—WF*G#<E>5°—46 Rhérein R3 represents a
resi due conprising one or nor addi tional grdups of the fornula:

- 4- I (ﬁlyc1dol) (M kg a@%égggé'é}f%%ca-
represents a residue conpr|5| ne of

tion with alkyl-
ene carbonate
(C1-C4 alkyl)
cycloalkylene car-
bonate or aral-
kylene carbonate;
preferably pro-
pylene carbon-

ate

c"fi"\
R4-®—O——CH2—2\ O/CH.g Emmt —@-o—c(

v Iv
+ alkyleneglycol,
cycloalkylene glycol,
or aralkylene glycol,
preferably propylene
glycol

wherein R; represents a residue comprising one or
more additional phenol groups, wherein R, represents a
residue comprising one or more additional groups of the

formula.
«<:>>o—cult—uq—ou
L
(V1)
5 wherein R3 represents a residue comprising one or more

additional groups of the formula:



nore addi ti onal groups [err]

(Vi) Al though it was al ready known fron1e,ch¥ﬂgﬂﬁﬁi?

pat ent éﬁﬁ?@@g??on Sho 61-33180 A, to produce epoxy 5 conmpounds by
decar boxyl ati ng a carbonate conpound, using as catalyst a '
conbi nati on of an alkali netal halide and of a di hydrogenphosphate
of an alkali nmetal while earlier proposed sim | ar processes were
known from e. g. JP- Sho- 57- 77682 A d US- 2,856,413, said route could
not 10 be used for econom' re of epoxy conpounds up

to now. In particul ar”fromgJP- -61-33180 it wll be

appreci ated that the finally obtained no/epoxy conpounds had such
a sinple nolecular structure, that 15 gythey coul d be recovered fromthe
initially crude reaction m xture destill ati on. However
such a destination has appear efV¥®) be not possi ble for the

comrer Ci al. St id RYNEEpReabntela residulllbbpdigthgaheegexy Compounds
aimed at. 20 . .Therefore there was still a Strong neeg or

i npr ovementtBte A9l t3oRsds§FMBSt e to enabl e i ndustri al scal e

manuf acture of epoxy conpounds at all. " As a result of extensive
research and experinentation ..541\10/3@2 now been surprisingly found,

t hat conmpounds of the 25 formal a [err] wher ei n Hal
represents chlorine, brom ne ofVIDH) ne, preferably chlorine, wherein

Ra represent s BydiGeh 9t as alreh8y WUBWHOERLLSETY. Chgohe M © addi tional

groups of the
patent application Sho 61-33180 A, to produce epoxy

5 compounds by decarboxylating a carbonate compound, using
as catalyst a combination of an alkali metal halide and
of a dihydrogenphosphate of an alkali metal while earlier
proposed similar processes were known from e.g.
JP~-Sho-57-77682 A and US-2,856,413, said route could not

10 be used for economical manufacture of epoxy compounds up
to now. ,

In particular from JP-Sho-61-33180 it will be
appreciated that the finally obtained mono-epoxy
compounds had such a simple molecular structure, that

15 they could be recovered from the initially crude reaction
nixture by destillation. _

However such a destillation has appeared to be not
possible for the commercial standard difunctional and
multifunctional epoxy compounds aimed at.

20 Therefore there was still a strong need for
improvement of this proposed route to enable industrial
scale manufacture of epoxy compounds at all.

As a result of extensive research and experimentation
it has now been surprisingly found, that compounds of the

25 formula



5 can be very efficiently prepared from conpounds [err]

wher ei n Ryoegs@®sent s hydrogen or a residue conprising PCI/ERISEO7210T €
additional groups of the formula [err] by reaction with gaseous
hydrogen halide (i.e. hydrogen chl ori de, hydrogen brom de or hydrogen
I odi de) and nore 10 preferably hydrogen-chloride, in the presence of a
catal ytic anount of an acid of the fornula Rl er]-COCH (I X

wherein R5 represents hydrog-' or. VKéﬁ qrouE havi ng from1l to 10
carbon atons, optionally s ta A to three hal ogen atons,
or a cycloalkyl gr oup haV|ng 5 or’ 15 6 carbon atons.

Preferably, the acid of formula (IX) is used in an as much as
possi bl e conehereidmncdabrregpresents ochiohime, bromipeeberabding| aci al acetic

acid is use £ bl 1
The gaseousd%§%r%r%n %af?d%r%?ebre %?%ﬁ? ‘hydr%resents hydz tRP3 $|%£ fo be
used for therﬁﬁbéﬁgsc%mp¥h%l§9e@%ﬂtOr more %@@éﬁ%@@ﬂlnﬂyoﬁpatafntheaces of

water up to gsrmapant of up to 5 % but preferably the gaseous HCO
will be as s dry as possible. It has been found, that the
process of the present
H
——<::>4pcn—§—wTAML @
5 can be very efficiently prepared from compounds

nr—<:>>4>4h—rkcu-ou (n
H

wherein Ry represents hydrogen or a residue comprising
one or more additional groups of the formula

._<<:>~4F4M—Im4m?4m D

by reaction with gaseous hydrogen halide (i.e. hydrogen
chloride, hydrogen bromide or hydrogen iodide) and more
10 preferably hydrogen chloride, in the presence of a
catalytic amount of an acid of the formula
Rg-COOH (IX)
wherein Rg represents hydrogen or an alkyl group having
from 1 to 10 carbon atoms, optionélly substituted by one
to three halogen atoms, or a cycloalkyl group having 5 or
15 6 carbon atoms.
Preferably, the acid of formula (IX) is used in an as
much as possible concentrated or glacial form. More
preferably glacial acetic acid is used.



i nvention can only be carried out in an efficent and econom cal way
by the use of gaseous hydrogen halide and preferqﬁh%mﬁ@@? nd not
W th aq%ﬁ@g’%’g?ut ions of ECl, 10 HBr or HI1. .ﬁft he term

"catal ytic amount of acid" is meant an amount of glacial or
concentrated acid of from0.01 to . g . 5 w%relative to the weight of
the starting di-[err]-glycol of formula Il1l. 15 Preferably

amounts of gl aghal gae@bhe Agigogén§ halide or pr&@gaﬁpy%y&%?&?_ mor e
preferably IT will be

rrom,Q. to 2 % are used
appr eci at e ﬁéP%Fh§°b%8dﬁfﬁékgPr the proggss,pf Whe BFEESPREd according
t hi s procedinmventioncaay?@ontaini httaedsbef avanetr gpandi At amelyt cepvert ed

into the COLLes dj C ound. of t forpula V.in the
her ei nbef of'& &3b§c%%§'scﬁgné?g§§9§é¥Xogggpyggségss&gﬁ.Wlfy Be 3%hi s process
st e uses dryemsepoisgiblen t he range of from 10 to 120 [err] C and

f bly f 4 . f bl
el el 0T fgeedl St Line P e hegs o Bl pRg <l 01

a ketone such . etone ne and using
a basic inventiogmsadn@nlyubr S3rKAER, CBEoiRdrRgeEbbRgnteands with an

epoxy gr oupcepiiral( He9) byl the0QsBNBE/ §8s86uli BP&Fogen halide TAG§efore the
process of t%& p;&ﬁgﬁéﬁbnventlon provhdes 30 an,economcally
attracti ve PAfd S i pPBHaPQEi Bhth aqueous gaiutiQRs, of MCirom a
cormqmound ofBxowruET.l and I to the finally desired epoxy
conpounds of formul a,V, .Loste . f fhe-former depicted route,
conpri si ng sevgéa ne tel bggFF%X%%E ?%a%?#oﬁfs?%%g, %ﬁdm?%ﬁFe§%nting

t heref ore amo3@t of glachaleoy gbhrevtiatednaaidcofir Engmppotksso

-7 5 wey be1WilileP@cARRECGRRLAE BEa{:hQOEtQP£¥n§eé1§Lﬁx\-’§!L¥col
si npl e conmpounds, such as [err
(di pheny! pidpdeemydaD@EY .can be used as starting nateri al of formula

| iy5 the above pdeFiesiapdySaneuBLEObrt Badial aBE€Parati@nopfribg starting
di -a-gl yCOlO’.ObZUttoalf(x)ﬂt% and more preferably from 0.02 to 2 wt% are
used.
It will be appreciated that the product (of

formula A), obtained according this process step, can

20 indeed be almost quantitatively converted into the
corresponding epoxy compound of the formula V in the
hereinbefore depicted scheme, by a known process step.
This process step uses a temperature in the range of from
10 to 120 °C and preferably from 40 to 70 °C, in a polar

25 solvent and preferably a ketone such as MIBK
(methylisobutyl ketone) or toluene and using a basic
compound, such as NaOH, providing epoxy resins with an
epoxy group content (EGC) of 5000 mmol/kg or higher.
Therefore the process of the present invention provides

30 an economically attractive and efficient preparation
route, starting from a compound of formula I and II to
the finally desired epoxy compounds of formula V, instead
of the former depicted route, comprising several
bottleneck reaction steps, and representing therefore a

35 much less attractive manufacturing process.
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ol i goneric or polyneric conpounds, containing a greater nunber of
phenol i c éﬁjyﬂgﬁuowhlch may be converted into t he gr GMOIYERSSMOG73E nul a
(Viin). |.e. the sinple standard epoxy conpound of formula
[err] 10 can be prepared according to the process of the present

i nvention, but also a multifunctional epéxy conpound, havi ng a nuch
nor e conpllcated structure. However, the use of

di pheny! ol pr opankt (FF) he appreciaged tthat meekronly i selreiveled. 15

For exanpl e &imbié Scomsdesds, Ss@tagsvariety of phenol f or mal dehyde
resins can be used as startlng material | (novol ac resins).

It was known for a long tine to rr ho the I ndustrial scale
manuf act ure of conpound | staf 0 - a ketone and phenol,
provi di ng cheap products. %n |nportant representative of
conpound |, having a rather sinple structure is
DPP(dlphenledbph@aybpropane or DPPA santbe usedeas statgiyglmaterrah be

regarded as at v §$EV r e f ene.
Itgis true, ?ﬁ F°¥mu %%Ighéw g BQﬁﬁngﬁ gaﬁgge £GE' £ oPune II p.
292, 3943, iprep3rahidon ¢5rthe| eﬁgrt:ing db-a-glycotenbutt aggcerol into

1, 3 di cht or 052 bRBADG! ol pOiric compBRfabl LOReRIAPRACE g& areatal ytic

anount of gl a acetic acid wever ect|V|t|es
of number of phenolic groups, which may be copWexted nﬁPEonDIecule

reaction as £gpé ngapgcbflgdrmﬁmalqvxxl) certainly not be regarded as an
incentive to a p art to tra g g1sa| prior art
cBEstP

reaction t%p FBe ﬁl?ﬂgﬁs?ﬁ?ﬁgaﬁﬂnﬁPSEYUFPHB°B? 5P¢fe 5

efficient manufacture of epoxy resins It will be appreciated
mmnUf acturi g process & *"ﬁﬁ—f—méﬁ”%" apoxy T o8l n5: |
conprising the her ei nbef ore speélfled i nproved process step and
startipng 10 can HEORYRpRPLUPAERELasARPELNENE! brotdsh 83 PRR peesehandard

invention, but also a multifunctional epoxy compound,

having a much more complicated structure.

However, the use of diphenylolpropane (DPP) as

starting material is preferred.

15 For example in this respect, a great variety of
phenolformaldehyde resins can be used as starting
material I (novolac resins).

It was known for a long time to carry out the
industrial scale manufacture of compound I starting from

20 a ketone and phenol, providing cheap products.

An important representative of compound I, having a
rather simple structure is DPP(diphenylolpropane) .

Also the reagent II (glycidol) can be regarded as a
relative cheap product prepared from propene.

25 It is true, that from Organic Synthesis, Collective
Volume II, p. 292, 1943, it was known for a long time to
convert glycerol into 1,3-dichloro-2-propanol with HCL
and in the presence of a catalytic amount of glacial |
acetic acid. However, the yields and selectivities of



commerci al epoxy resins, and glycidol (I1). Accordingly the

I nvention r s to a process for t he manuf act ur Eﬁ@ﬁ&ﬁﬂ :
conpound!’o sing the steps of 15 (a) reacﬁ?@% of a conpound
wi th a conpound [err] in the presence of a polar conpound and in
t he presence of a base to formagconpound of the fornula: [err]

(b) conversion of the conmpound of fornula (I11) obtained 20 in step (a),

into a conpehig sfimphe holavhde reaction as far as specified, ¢&ild

ot a vt ¢ aseskAiRRvoRss BYCESSERalR adtn ! bR NS E pppson O 2
-9- SWhéﬂedn1ﬂ5thepagsen03taanaf¢ym spidpprhewiant fresctiicm
10 carbon a}ge Rt ﬂ“i‘hhﬁ &'ﬁ?é% hiths f'agé’qu'ﬁgt;grééE§§ for %%ha' ogens, or

a cycl oal ky oup aV|ng tons pre erably in an as
nuch Sas pos§ﬁ LeiephcBanngreguse of epoxyxesingorm (c) conversion

of the conpoundrgf wi®lMHkaafpi8éLafdd PRAY the inver@fBPUY Lied ormul a
~relating to a complete integrated manufacturlng process
for the finally desired epoxy resins, comprising the
hereinbefore specified improved process step and starting
10 from a polyphenol compound (I), such as DPP for standard
commercial epoxy resins, and glycidol (II).
Accordingly the invention relates to a process for
the manufacture of epoxy compounds comprising the steps
of
15 (a) reaction of a compound

m—«<:>~4n 1

with a compound

H2 H
C CH Ol 1
\ 7 2

in the presence of a polar compound and in the presence

of a base to form a compound of the formula:

nr«<:>—4—wrjrﬂmran ¢an
H

(b) conversion of the compound of formula (III) obtained
20 in step (a), into a compound of the formula:

Rr<::>4F{h—§Lmzﬂhl Y

by reaction with gaseous hydrogen halide, in the presence
of a catalytic amount of an acid of the formula
Rs -COOH



[err] at a tenperature in the range of from10 to 120 [err]C, in a
pol ar  solywgyyYs/saésd Usi ng an al kali conpound. 10 Pr e POTMHF§/04721 St ep
(a) toluene or a ketone or a m xture of ketone with an al kanol
having from1l to 6 carbon atons is used and an al kali conpound such
as NaCH at a tenperature of from 80-to 110 [err]C. Mor e
preferably in step (a) an aqueous solution of 15 NaOH (40 to 70 wt% is
used and a t¥hpEranuRe BEPreeANte an alkyiogrowPfehayEng from 1 to anot her

aspect of theoprasssh hB¥RB! bpRibRal2y"BdbBYituted biNenki B3l tapaYY resins,
which are obtainable b ufac%urln% Bro ess as :

y the C | et e n
speci fi ed heP8LREEPSr eO%02 cycéﬁﬁlﬁﬁgggrﬂHBsgggﬁPgi StgRi FREARPI y | ess
i nterm ngl edatoms, pltefegablendni Anpast maghaascpbesibde Concentirat&d0 ppm
and sybstantial ly no_build-up products (conpounds which are normal ly
preseft in CSHVS%FF&R Ik?rwroduced epoxy resins produced from a
bi sphenol andcépcbairelgionnodf theec@ipoundf ofnfibamula A into anwkppsyn R6

and R7 may rgg@ggﬁgg égg@grah&gl and preferably nmethyl, or hydrogen

and wherein Sai d epoxy resins are characteri zed

by HPLC anal ysi s. Th hr omat ogrtam ¢l early shows the absence of "t he
so-cal l ed build-up produd%s %E;ﬁ,‘hzﬂ'et H2whi K are normal | y

present in conventional epoxy resins, prepared frome.g. bisphenol A
and epichlorohydrin related to peaks at 60.7 and 76.8, whereas sone

extra peaks @#eageehperature tihethlr eamgegodMiram Aan the 10er cregdihram the

polar solvent and using an alkali compound.

10 Preferably in step (a) toluene or a ketone or a
mixture of ketone with an alkanol having from 1 to
6 carbon atoms is used and an alkali compound such as
NaOH at a temperature of from 30 to 110 °C.

More preferably in step (a) an aqueous solution of

15 NaOH (40 to 70 wt%) is used and a temperature of from 60
to 100 °C.

Another aspect of the present invention is formed by
the final epoxy resins, which are obtainable by the
complete manufacturing process as specified hereinbefore

20 and which does contain significantly less intermingled
halogen and in particular chlorine, (at most 1500 ppm)
and substantially no build-up products (compounds which
are normally present in conventionally produced epoxy
resins produced from a bisphenol and epihalohydrin of the

25 formula

6 6
2-CH—CHp-0 H~CH-CH-~0 H H
O OL L SO FOL T
wherein Rg and Ry may represeﬂt lower alkyl and
preferably methyl, or hydrogen and wherein n=1, n=2 etc.

Said epoxy resins are characterized by HPLC analysis.
The chromatogram clearly shows the absence of the



chromatograns in figs. 1 and 2, which were perforned under the
conditio scribed in Exanple H. Al t houghg it I tted
t hat thi gﬁ)r&a gﬁl S not a totally hal ogen and in pgﬁmgﬂcm ori ne

free process 10 to epoxy resins, the amount of hal ogen used has
substantially reduced, as in the conmemujonal I ndustri al
manuf acturing processes a theoretical equival ent of 0.84 ton

chl ori ne peso-ealdedxpuiddrupi prodedtswWifncgasnt® etc.), wﬁbehpiggess of the
present inv on_chlorine ton epoxy
resin is ne?%%?ﬁﬂl@np%gggﬂE th 8§%¥eﬁéé?na}h%pﬁ¥¥sﬁﬁ?lﬁ?00@§§P not rely
on élr@meﬁ‘t gl. bAsphenelndrand epichlorohydrin nelavedttdi kely
produces | e soaR ¢ochl nggcgnt S p t The
peaRis0aRi ¢ochl ghlingeCy @hﬁk@?s Qﬁe égggg ﬁeak% %MEE%% and

invention i§ further illustrated g
conpat at i ve 18 &RF SHroRghegzam, mFFhﬁﬁF be deer¢ sfromtthg its scope to

t hese speCIEthmﬁbedramQISn figs. 1 &a@"| eyhich were ef? gtion of the
bi s- chl or oh drlg @her % err] gl ycol
e

ether of DP nﬁg ﬁaFSﬁglgpbns aslﬁeﬁcﬁﬁbe%1l?h3§%mﬂ%%k%d round- bot t om
flask, equi ppedAlthough utt hsaafhbttedothie, this-tohed isbeomng a reflux

condenser a I0 gk ac added and
the mixt uregﬁgglf?g ?a ggg 6%6'[ !‘éi’rilr#%,‘l“t§§uiﬁ'sgﬁiorlne PSR PERCRRE a
contli®huous &er eRARYf raF§neiC thasamaunpasfcbaBogen usedritagh the flask for

b h 0 h
about h|40rgﬁgbsgig%ﬁgrm!?@éaﬁcé& ag in tid c/%ng%&}:fﬂgftiﬂéﬁgt}laf €

Exanpl e B ( gErying Brpregses a the°reF¢@®hr%§¢tﬂﬁl#ntkmﬁ

bi s- chIorohydenntehhehleflﬁPPper ton epoxﬁkfééﬁﬁ P LeHRE S Wi Fed B0 1O
produce the rin ether of DPP via reaction W th aqueous

HCl. 5 ’fg‘ Pe88??8n°§/atﬁﬁe§’¥%?ﬁ%’a TRAVEREEPD AN APt RL only
t en@er at ur e . 2nttmaSChlenlnelpdrtboneepuxy1té@lﬁeﬁ@tmé&eSsary, in a two

phase systen1(mQ5ﬁéo ?9 aghgrgggégnéaé é%%1?°e%dm%%F%gBEr all attenpts

were fruitless in ethers were
obt ai ned. ¢€lemental chlorine nor on eplchlorohydrln and most likely

produces less organic chlorine containing side products.
The invention is further illustrated by the following

20 examples and comparative examples, however, without
restricting its scope to these specific embodiments.
Example A

p . f the big-chl hvdr £} £ DPR
67 mmol of the di-a-glycol ether of DPP were charged

25 in a 100 ml three-necked round-bottom flask, equipped
with a thermocouple, gas-inlet tube and a reflux
condensor. 0.08 Gram (2 mol%) glacial acetic acid were
added and the mixture was heated to 100 °C. At this
temperature a continuous stream of dry HCl gas was passed

30 through the flask for about 4 hours. The conversion is
100%, the selectivity to the bis-chlorohydrin ether of
DPP is about 95%.
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10 Exanpl e C (Conparative Exanpl e) - Preparation of the

bi s- chl ongBwiiig3ect her of DPP + The sane proceduE@!ﬂﬂ@&mHWple A
was used, but no acetic acid was added. In this case no

chl or ohydrr n et hers were obtained. 15 Example D

Preparation of the bis- brormhydri n et hetlof DPP The sane
procedure as in Exa Is used in order to try to convert the
di - a- egcoIEﬁﬁmnlﬁigniﬂmmﬁﬁﬁﬁﬁ#ﬁﬁ Examp e)c:orrespondmg bIS bronohydrln

et her of DPP. Thg.=2{k

E X g

si gni ficant aout 45% or si e re%{:tlon |s cl eavage of

t he DPP noi ety, §QKEF§¥H4ﬁﬂ?WHFﬁﬁwqﬁﬁuﬂ§ﬂﬁn4QNﬂﬁ°'uce jounds occurs.

The same si dﬁxlmymmmérvwmmm via readififormgeiathisadibsoss| Bl pn was
used._25

rocedure-.as in Exanple Ais
ised §n or acfne FERLELGR, yas, ReFtammAT i AT G SLESSAE, of bPP (1)
into tempsemum)onm eadislsodutiel i to adrforn ORP. régetiont he
conversion i g t i i gni ess, about
40% The rraj%r Si de P%%c%g sri?&s&gl (evgé\t/%é(r aﬁ?& A Sf&ﬁﬁ %ventiefy, t hus
formati on ofHeweveXncalbrifftempts Wetﬁnﬁ%ﬁ#k%ﬁ%QCLﬁ% aYhecage® side
reaction Oc%lféct‘!‘f@é‘lﬁ? no chlor@Ep@PLE dhheps WidPd YBSa 14964

- 12 - F The sane procedure as in Exanple A
is us®d in o%emnle—& (C°‘“P§‘6a’f+‘9et%x%‘6?|]v%)rt the -a- egcoI et her of DPP
(1) into , d DPP. This

5 6es I bl g | h d ' d
Sould e dut oot gﬁ?srﬁé’%ﬁﬁ%ﬁ%’%%g% Frxwpei%?»éo T BRF B9 occurs.

Thi s resul t saceticcanpiewasi addeds. Ifothis case nottkelenolydeason, agueous

HF sol ution e Exanpl e. G (Conparative Exanpl e)
10 ggg%gsggéﬁgrgygﬁgn?dbrs-carbonate ester of DPP in t he
di gl ¥8i dy| et Bsampie Opp Efforts ver e nade to convert t he

bi s-carbonate espggy ¢ 3 =2 f !
DPP, using the roce ure descrlbed | JP— HO 1-33180. _The
reaction was 15pe sa5%r$ BrredusE %%OlTe$¥TTPg%dAa?Sv%%%@n?ﬂa@rgﬁﬁl|ed I n

t he to try to convert the di-a-glycol ether of DPP into the

yb et her of

corresponding bis-bromohydrin ether of DPP. The

20 conversion is 100%, but the selectivity is significant
less, about 45%. The major side reaction is cleavage of
the DPP moiety, thus formation of monofunctional
compounds occurs. The same side reaction occurs when a
48% agqueous HBr solution was used.

25 Example E

The same procedure as in Example A is used in order

to try to convert the di-a-glycol ether of DPP (1) into
the corresponding bis-iodohydrin ether of DPP. Again, the
conversion is 100%, but the selectivity is significant

30 less, about 40%. The major side reaction is cleavage of
the DPP moiety, thus formation of monofunctional
compounds occurs. The same side reaction occurs when an
aqueous Hl solution was used.
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begi nning of the reaction (first- 25 mnutes) the | owest pressure

obt ai na@ég 4 nbar due to CJerr] formation. CH]@W t-he
vacuum ar. The tenperature was rai sed X err]C

About 50% of the material was 20 distilled. NWR analysis of the
distillate showed the presenge- of ketone end-groups instead of
epoxy end- groups. The residue al so contai ned ketone end-groups
and Exampdle gonmeri c structures, but no epoxy end- groups
Exame H  25q, 090t ygi her . ob- -
The conversion gf staﬁ‘g E@E%H]ﬁ%ﬁao Enngﬁgﬂk% & Q¥Dﬁée§ 1n or to an epoxy
resin can%t&'&hlt&/wny'ﬁatat@@nSiéHM‘gﬂa?OI ether oft PBRt f&ht imkoh base in-a
sui tabl e Q:QieV%'&Jtr oﬁafi% Bis- fluoroh B2ih! Y | o 30

20 3 grame%47 mgé ofgfthe bi s-ch o?oﬁ é‘l‘l nielégt g bfe this of DPP S
ol ved H&R549F SoCR ERtaﬁ&eﬁleRP§§lPAES5NPeﬁlper°hydnn " Then,

---'sol ution conpounds could kel )iehléaﬂean 2Astead, cleav(aj.ge S8l Ehe |1§P§dded at

once, and fhe xture is ¥‘|1 orou é i for 1 hour. After
phase sep&FPAtitdh oG4/ s ygesu § in aj copp ﬁ§deRFB€e§wtﬁ°12 0 grans
wat er. Thée&hd BEmes reason, agueous HF solution could not be usedl3 -

evaporat e%:iaﬁnﬂ% ¥0 (8 3% of an EPI KOTE 828 type
resin w an epoxy ér'a%l%'glggngxg'{“s% _(EGC) of 5020 nmol / Kg.

]'r‘PLC anal ysPRdrert RENYBLELAB, , ) atiede pP_Pnusing a HP
1090 I|iqui i di ssol ving 2. (}g_of the resin into 20
g of acetonltr usi ng ani sole as an internal_ standard. The
anal ysi s ff°\7ﬁ§ H@FFOF‘F}BS B9 Agr¥eRpVEPRCRIE10ahPRARe astem X

3.9 cm usifn@p® HhQWCﬁlyllﬁitﬁbndagdy@mdymjéﬁhé?nofobP?E dfing thef 1

mor ol T SeAu AL LAl psnl YNt CRIRORh thalho e poSOIPLRTLNG Of 78wk
| 5110 mi mrégmﬂeel etng69i € oand hargeciubm nee dppHiedd In the water and
93. 5963C6Eﬁ@&55&5§ oéttﬂéSrghBHEEﬁ (Qgég@t§$h$§nutesgaggelfow& etonitrile

and at 125 m nutes: | S"Was pertorned at 50
[err] C wi PREEFULE @ppp.aﬁable was 4t wbar gue to COp formatheer the sane -

condi ti onglezcalftetyt @hearavlam was 1 mB&ffOTHBthﬁQQ}Qtﬁ%@nﬁééd EPI KOTE 828 - -
resin (flgalgéd to 270 °C. About 50% of the material was
20 distilled. NMR analysis of the distillate showed the
presence of ketone end-groups instead of epoxy end-
groups. The residue also contained ketone end-groups and
oligomeric structures, but no epoxy end-groups.
Example H
25 Preparation of the diglycidylether of DPP
The conversion of the bis-chlorohydrine ether of DPP
to an epoxy resin can be achieved via a conventional
treatment with base in a suitable solvent and more in T
particular as follows: —
30 20.63 gram (47.9 mmol) of the bis-chlorohydrine ether
of DPP is dissolved in 64 gram MIBK and heated to 85 °C. =
Then, a solution of 6 gram (0.15 mol) NaOH in 34 gram
water is added at once, and the mixture is vigorously
stirred for 1 hour. After phase sepa¥ation the MIBK layer
35 is washed twice with 20 grams water. The MIBK is



20 Al ternatively, other bases can be used such as netal
hydr oxi dggpos/S4e3s NSt ance KOH, LiOH, Ca(OH) 2 or My(OH)2), PCI/EPIS/AEIa]
carbonates (NaJerr]CJerr], Kerr]CJerr]), tertiary am nes, NHerr] CH

etc. Also other solvents can be used, for instance t ol uene, xyl ene,
MEK, CH err]C [err], diethylether, etc 125‘ Exanml e |

Preparation of the chlorohydrln ether 15.0 Gram (159
mol ) of t heeYRRPFARYHF FREP 'of ke 9ramw&%3’eha95&r1. n a 100

t hr ee- neckedgpPROTE bt 8 éask resin w1tlechhw¢fb1@pté&ﬁt@xgﬂup| e,
gas-inl et tugﬁpgﬂdog §8§$ $i?§gXtucondensor. 0.08 Gram (2 nol % acetic

acid was add re was heated to 100 [err]C. At this
tenperature a A HPLCczmnlysmmsoﬁtthaunhﬁaxhgd}ﬁ}OQMEtvabvideéd t hr ough

gg?ec?|V|ty % ?ﬁefc%fﬁgoﬁ %# her&&fhc§¥¥5$§ %%%gggﬁb the 95%

(Febr. 1999)dissolving 2.0 g of chE xesig En@c?-tn A ¢f \aeetonitrile, Process

for the preparatyein faﬁ?Q&?Pé’“éﬂé 24 1h€ernal é@éﬂ&&f‘d[efﬁé analysis
wherein Hal represents chlorine, brom ne or ioding, preferably

chlorine, wheR8i RERECFBRR cU8HPE H\MPRQRACKChE scolumRsi ¥5eCBoHpri si ng one
or nore addi$i9ngh, ueuUR§ &f £16® of 1 hP/Mithdand an injection volume  OH

[errlo of 1 microlitre and an initial solvent composition,
consisting of 75 wt% of water and 25 wt% acetonitrile. A
solvent gradient was used.

In 110 minutes the composition changed linear to 6.5%
water and 93.5% acetonitrile. At 115 minutes: 0% water

15 and 100% acetonitrile and at 125 minutes: 75% water.

The analysis was performed at 50 °C with UV detection
at 275 nm.

Under the same conditions a chromatogram was
performed from a standard EPIKOTE 828 resin (fig. 1).

20 Alternatively, other bases can be used such as metal
hydroxides (for instance KOH, LiOH, Ca(OH)j; or Mg(OH)j3),
metal carbonates (NayCO3, KpCO3), tertiary amines, NH4OH
etc. Also other solvents can be used, for instance
toluene, xylene, MEK, CH;Cly, diethylether, etc.

25 Example I

Preparxation of the chlorohydrin ether of phenol

15.0 Gram (159 mmol) of the a-glycol ether of phenol
was charged in a 100 ml three-necked round-bottom flask,
equipped with a thermocouple, gas-inlet tube and a reflux

30 condensor. 0.08 Gram (2 mol%) acetic acid was added and
the mixture was heated to 100 °C. At this temperature a
continuous stream of dry HCl gas was passed through the
flask for about 4 hours. The conversion is 100%, the
selectivity to the chlorohydrin ether of phenol is about

35 95%.



from compounds [err] wherein R err] represents hydrogen or a
resrdue one or nore additional groups of ﬁﬁ%ﬁﬂﬁﬁ .[err]
3@83%%@?P0n wi t h gaseous hydrogen hal i de opti onal 9% cont ai ni ng
water in an anount of at nmost 5 wt% in the presence of a catalytic
amount of an acid of the fornula
(1X) wherein Rl err] represents hyd*%ge
from1l to 10 carbon atons optionally substltuted by one
hal ogens or a cycl oal kyl group, hayj g 5_0
Substitute sheet - 29 January 2001 bon at ons
accordiing to claiml1, characterized in that : the carboxyllc acrd of
formula I X |§ u ddiLESSS ¢! pQgsi ' cen ed or gl aci al
form 5 r 0cess accordi %(fe 8refFa ??m §% ?aS% E%‘?ed in
t hat anhydrcﬁfb’ﬁ"w«?rogen chlori de i's used. A. Process according to
clainms 1-3, characterized I n that glacial or concentrated acid is
used in an anount Qgg? Ll o_g wo% relative to the weight of the
10 starting di-[err]-gfy i ‘/ &J 5. Process
according to clai ms 1-4, characterr zed |n that as catal yst gl aci al
acetic acid_i,s use Hal Pro$ﬁss according to clainms 1-5,
char act er | z&H95F i Ha rtel?§tes§§1t§t§ PR Rt SFPRENEsOEsdgdine,
[err] preferably chlorine, wherein R, represents hydrogen or a
5 residue comprising one or more additional groups of the
formula, '
H .
~_<::>4F{Q—%4mr*ﬂ (A"

from compounds

Rr—{"’—*—“&—i:**r*“ (3339

wherein Ry represents hydrogen or a residue comprising
one or more additional groups of the formula

-——@—o—c z—iu-—cuz—ou I

10 by reaction with gaseous hydrogen halide in the'presence
of a catalytic amount of an acid of the formula
Rg-COOH (IX)

wherein Rg represents hydrogen, an alkyl group, having
from 1 to 10 carbon atoms optionally substituted by one
to three halogens or a cycloalkyl group, having 5 or

15 6 carbon atoms.
R B




15 7. Process for the manufacture of epoxy conpounds conpri sing
the stepswofogse9ss (a) reaction of a conpound [err] PCT/EPSBIGN721 n
Rlerr] represents a residue conprising one or nore addi ti onal phenol
groups, 20 wi th a conpound [err] in the presence of a
pol ar conmpound, such as a ketone - ¥ a nixture of ketone with an

al kanol having from1l to carb n,at ons n the presence of a
base such as?an ProcessaFESPFdEBﬁpBBnﬂ 8dBhlasC ﬁﬁﬁﬁpﬁﬁrézﬁ nﬁ@rﬁgﬁre of
from 30 25 carbox¥l@c|[ acifCoft fokmuluaIXoipousedofint A &er fukh as

Lerrl gPS’EB\gggF LA RLELLL LAPLESEALE 1217 galgue comprising one or more
[err] 3. Pgbpeesnaereirdingf toheladmpduny 8f tbamatteflikel obt ai ned

in step (a), h3t0aAntATeasNdyakoblf bAB B is used. [err]
4. Process according to claims 1-3, characterized in
that glacial or concentrated acid is used in an amount
from 0.01 to 5 wt%¥, relative to the weight of the
starting di-a-glycol of formula B.

10 5. Process according to claims 1-4, characterized in

that as catalyst glacial acetic acid is used.
6. Process according to claims 1-5, characterized in
that as starting material is used:

H3
no——cuz-—in—nzco—®—§——®—ocug—in—cuz—on
H H3 H
7. Process for the manufacture of epoxy compounds

15 comprising the steps of
(a) reaction of a compound

m—<<:>»4ml 1

wherein Rj represents a residue comprising one or more
additional phenol groups,
with a compound

H2 H
c\\n//c CHy——OH 1
20 in the presence of a polar compound, and in the

presence of a base such as a ketone or a mixture of
ketone with an alkanol having from 1 to 6 carbon atoms
and in the presence of an alkali compound such as NaOH at

a temperature of from 30 to 110 °C, to form a compound of
25 the formula —

Hllllll \l\l\l III\\ LI
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H 5 by reaction with gaseous hydrogen halide, in the presence

of a cat unt of an acid of the fornula éﬁfﬁ*&wégx}i-
wherein %ké%@? represents hydrogen, an al kyl group, having romlto
10 carbon atons optionally substituted by one 10 to three halogens or a
cycl oal kyl group having 5 or 6.qﬁgbpn atons in as nuch as p055|ble

concentrated or glacial form (c) conver lagBe und
of fornmula A into an epoxy conmpound of formula u

[err] 15 wher ei rkzRé ' i Hs-Cia—P!ES| duenconpr i

addi ti onal groups [err]

tenperature in the range of from 10 to 120 [err]C |n a polar :

sol vent and} re . _Process

accor di ng tgh%F% g §§§?§8§EF?253§%%1 é%%gklslﬁgeﬁpieﬁr i"O%&rried out
in the preséﬁéétépnélpérgﬂps of the formulaconpound sel ected fromtol uene,

ketone or a m xture of ketone and al kanol having from1 to 6 carbon
atonms and in t he pres -—cﬁ%oh conmpound such as. NaOH, at a
tenperature of from30 to 110 e C. " . Process according to claim
7, characterized in that in step (c) a tenperature Is applied in the
range of fr 40 to # C and, ne | sobu ketone or t ol uene
i s used ) §9T¥8FEFOBPECh ounq_ EF#%EEE%? &d ai s
7-9, charactieristegp i(n)10into at bampstnd ¢H)the fwwmmrw out accordlng to the
precedi ng
Rr<c:>4k{@—%—mzﬂhl ()
5 by reaction with gaseous hydrogen halide, in the presence
of a catalytic amount of an acid of the formula
Rg - COOH

wherein Rg represents hydrogen, an alkyl group, having

from 1 to 10 carbon atoms optionally substituted by one

to three halogens or a cycloalkyl group having 5 or ‘

10 6 carbon atoms in as much as possible concentrated or

glac1al form;

(c) conversion of the compound of formula A into an epoxy

compound of formula

H
u—@—o—cuz—c\T/cuz W
wherein R, represents a residue comprising one or more
15 additional groups

H
~<::>4—wr&§$h (VIII)

at a temperature in the range of from 10 to 120 °C, in a
polar solvent and in the presence of a basic compound.
8. Process according to claim 7, characterized in that
step (a) is carried out in the presence of a polar

IR R




claims 2-6. . 11. Epoxy resins, obtainable by a process accordlng to
to . . wWo®B@ig® 7-10, and substantlally free of buil d-upPEX

whi ch cause in conventionally produced epoxy resins in 15 HPLC anaIyS|s
peaks at 60.7 and 76.8, when neasured under conditions specified
her ei nbefore, and having a content - 17 -of intermingled hal ogen of at

t 1500 MCS21/ TSP586 PCT
mos PR compound selected from toluene, ketone or a m£&ture of

ketone and alkanol having from 1 to 6 carbon atoms and in
the presence of an alkali compound such as NaOH, at a
temperature of from 30 to 110 °C.
5 9. Process according to claim 7, characterized in that
in step (c) a temperature is applied in the range of from
40 to 70 °C and methyl isocbutyl ketone or toluene is used
. as polar solvent.
10. Process according to claims 7-9, characterized in
10 that step (b) is carried out according to the preceding
claims 2-6.
11. Epoxy resins, obtainable by a process according to to
claims 7-10, and substantially free of build-up products,
which are normally present in conventionally produced
15 epoxy resins, and having a content of intermingled
halogen of at most 1500 ppm.
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