WD 98/ 34931 PCT/ EP98/ 00653 PROCESS
FOR THE MANUFACTURE OF EPOXY COVPOUNDS The invention is relating to a

process for the 'nmanufacture of epoxy compounds. More in particular the

i nvent i oWO¥/3481ating to a process for the manufacture of RPUREIS®OGHROUNdS
wi t hout the invol venent of halogen and in 5 particul ar chlorine gas.

Epoxy conpounds, which are nmanufactured in.a great variety on |arge

i ndustrial scales throughout the world, are used for an extensive scal e of
end applications, such as the manufacturing of shaped articles, including

10 enbedded sRBESS! FOR THEC MANPFACIURE SUFC Eraxys exmmpoumpduct ors or
chips and the prepregs for the subsequent manufacture of printed circuits

for the electronic industry, coatings including the organic solvent based
coatings as wel IThes inwentpren noglerel atirmuse eppaocass nfdS the  di spersion

coatings, a | ' r 8% OahdAgSs | | am nat es
showi ng gregfar*%e%‘#f%/;ﬁ ea <%,E‘?he I 1&el!.qagslai 6%?a%z%iclg£g@€%%§<f§%g£n&g%unds wer e
manuf act ur ed-HRR B PR W HYESERRENDT P B’E%@%?%gﬁ%a@éﬁtm@p‘ﬂ%ﬂ@mm%e and
20 i N RAgdahf W ShpORMEH | 9L ORNEE | Bte I ETvétieht Sof ULAT ¥EGen Nl agt ur ed
via allylchloride, frepﬁgﬁd fron1gropene and gaseous chlorine. It will be
appr eti at ed RIR T O hS/HE HAN I8 her e has been devel oped in the | ast

decade and in paEpdxylesmiunds, whitheatastafhfectyered, iRnaiqesnsi ng
pressure {! VRIPLeIn PL SOl BRGk SRS PORILS KB ALLE 88 Worta,
are used for an extensive scale of end applications, such
as the manufacturing of shaped articles, including
10 embedded small electronic components such as semi-
conductors or chips and the prepregs for the subsequent
manufacture of printed circuits for the electronic
industry, coatings including the organic solvent based
coatings as well as the more modern agqueocus epoxy resin
15 dispersion coatings, and in particular can and drum
coatings, composites and laminates showing great
flexibility, and the like.
Said starting epoxy compounds were manufactured up to
now by means of the starting reagent epihalohydrine and
20 in particular epichlorohydrine, which in its turn was
manufactured via allylchloride, prepared from propene and
gaseous chlorine.
It will be appreciated that on the one hand, there
has been developed in the last decade and in particular
25 in the last five years, an increasing pressure from
national or regional governmental regulations and
requirements to chemical process industry, in order to
drastically reduce possible chlorine emissions or even to
avoid the use of chlorine completely, and on the other
30 hand, in the current manufacturing processes for
chlorination of propene in the gaseous phase there is



drastically reduce possible chlorine em ssions or even to avoid the use of
chlorine conpletely, and on the other 30 hand, in the current

manuf actwoisg4gnocesses for chlorination of propene in thecgerepemsphase
there is WD 98/ 34931

PCT/ EP98/ 00653 -2- still a need to inprove the relatively lowyield and to
di mi ni sh the high fouling tendency. Mreder, during the reaction of

epi hal ohydri ne w.th phenolic conmpounds to form epoxy resin_it is not
possible 5 St oaag‘ﬁre EOnPIEEEv? 4 rﬁ%a&dé’ﬁ,lyoﬁioé‘i ¥atS iy %A he

epi hal ohydri dimiiisht ehel hdloed fionld ngesiendamay .product in the formthat the
hal ogen atomis ghem cally .bound the _.epaxy resin..tsel.f.. As one of the

i nport ant applicggfgﬁgeg? F glgﬁb%%elﬁ%acglc%bgin%ﬁ%qg%§ﬁ¥9ﬁ%§ﬁigﬁt mcro
el ectroni ¢ nphenicdlic icompioindse tapdoeni &pedkyt hatsirhiis iist erat pelsed Hia ogen

| i bergtes as.gn i1 R oSl kL 4 HW I8 dés§; Ofoqty o .cl.e for a

| ong period o?,tai%r(rar)éL an%tf‘?%ies_ aé_’?é’ eads td(?%c_dr rogtsll%gr?f ot:‘l%g frgel%da tqnllsat erial.
15 TRAPSLONYIFAE : o BiSe A tErMiRG e déhta iHafER i36h & Prasuetd iy a

process, neethBy fhe toR ReREH:S dfert RE dM 8SEMheNEIA! Bld [tRgicglat i on
and that one presumablly enforced in the near future, and starting from

cheap and gef@PHY| yei& P45 thasi ¢ chemicals. 20 One of the
al ternative manuhacoue bpf okt dapoataepoxpplications of the epoxy
10 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
article for a long period of time and this acid leads to
corrosion of a metal material.

15 Therefore one object of the present invention is
formed by a process, meeting the requirements of the
present environmental legislation and that one presumably
enforced in the near future, and starting from cheap and
generally available basic chemicals.

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



resins, proposed in the past was that according the following sinplified
reaction schene: WO 98/ 34931

PCT/ EPOSWOMSES39313- [err] transesterifica- tion with e.g. aPKI/ERIREOES, bo-
nate (C-C4 al- kyl), cycloal kyl- ene carbonate, arylal kyl ene carbonate or
di - al kyl ene carbon- ate (A -C4 al- kyl) and prefer- ably propyl ene
carbonate [err] + al kyl enegl ycol, cycloal Kyl'ene glycol or arylal kyl ene
glycol, and preferably propyl- ene glycol ,wherein frr] represents a
resi due conprising one or nore additional phenol %szps, wherein R2

repr esents a "
Hp H ( \\
R1—<<:::>>~OH + c<:—:7c-ca2——ou——aaz<<:::>>-o——c > oH
0

I II(glycidol) ITI transesterifica-
tion with e.g.
alkylene carbo-
nate (C1-Cy al-
kyl}), cycloalkyl-
ene carbonate,
arylalkylene
carbonate or di-
alkylene carbon-
ate (Cq1-Cy al-
kyl) and prefer-
ably propylene

R carbonate

PN
H Catalyst (“C /
R CHoy~Co——CHy ¢ R '
¢*<:>*°* ?‘\W/ 2 “go; ?*<:>“°“ 2 0

v iv
+ alkyleneglycol,
cycloalkylene glycol or
arylalkylene glycol,
and preferably propyl-
ene glycol
,wherein R; represents a residue comprising one or

more additional phenol groups, wherein Ry represents a

residue comprising one or more additional groups of the

formula.

~<<:::>>—0——CH2~i~——CH2~—Oﬂ,

H

(VI)



resi due conprising one or nore additional groups of the formula. [err]

WD 98/ 34931 PCT/ EP98/ 00653 - 4-
wher ei n W® 98s3ggrsents a resi due conprising one or nore addCriEpssdossy oups of
the formula: [err] and wherein R4 represents a residue conprising one or
nore additional groups [err] 5 Al though it was al ready known from
e.g. Japanese patent application Sho 61=38180 A, to produce epoxy conpounds
by decarboxyl ati ng, a carbonate conpound,  using as catal yst a conbination of
an al kali met#Wreraiy &3 FRPTFSN T Ry o RReiph OSPTRI &S 19 Nl KalTorket al

while earlieradditionaDl@pOsss &f NtharcPrmeesses were known frome. g.
JP- Sho-57-77682 A and US-2, 856, 413, said route could not be used for
econoni cal manufacture of epoxy caq unds up#to now. In particular from

JP-Sho-61-33180 it will be 15 iTéd_that the finally obtained
nono- epoxy conpounds had such a sinple ecul@r structure, that they could
be recovered fromthe initially crude reac 'dﬁ m xture by destillation.
However such a destillation has apfdared todbe not

and wherein R4 represents a residue comprising one or
more additional groups

(VIII)

5 Although it was already known from e.g. Japanese
patent application Sho 61-33180 A, to produce epoxy
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

10 proposed similar processes were known from e.g.
JP-8ho-57-77682 A and US-2,856,413, said route could not

be used for economical manufacture of epoxy compounds up

to now.
In particular from JP-Sho-61-33180 it will be
15 appreciated that the finally obtained mono-epoxy

compounds had such a simple molecular structure, that
they could be recovered from the initially crude reaction
mixture by destillation.

However such a destillation has appeared to be not

20 possible for the commercial standard difunctional and
multifunctional epoxy compounds aimed at.

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

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



20 possi ble for the comercial standard difunctional and

mul tifunctional epoxy conpounds ainmed at. Therefore there was still a
strong EE@8B#M3LI nprovenent of this proposed route to enaBE/ERPRSHI53| al
scal e manufacture at all. 25 As a result of extensive research and

experinmentation it has now been surpri 5| ngly found, that conmpounds of the
formul a WO 98/ 34931

PCT/ EP98/ 00653 -5- [err] wherein Ra represents a residue, conprising one or
nore additi onal groups of tR J___ nd wherein Ro represents a

resi due conprising one or mor € d|t| groups of the formula
[err] can be very efficiently converted ijnto conpounds of the fornula [err]
and CJerr] or SJerr] respectively wherein Rc represents a residue
conprising one or nore addit4%nal groups of the 10 formula: [err] by
heating at a tenperature in the range of from 120 to 220[err]C and

preferably from 140 to 200[err]C in the presence of a hydrogen halide
addition salt of a tertiary

b—@-—o——cnz—g—é—g (8

wherein R, represents a residue, comprising one or more

additional groups of the formula VII and wherein Ry

represents a residue comprising one or more additional
5 groups of the formula

~<:j>4h£@~ﬂ%€{ (8"

\ﬁ/

can be very efficiently converted into compounds of the
formula

H
R —«(::::>—o-cuz--§ el ()
¢ \c/
Ha

and COp or S0, respectively wherein R, represents a
residue comprising one or more additional groups of the
10 formula:

H

RO
H2

by heating at a temperature in the range of from 120 to
220 °C and preferably from 140 to 200 °C in the presence
of a hydrogen halide addition salt of a tertiary amine
N(Rq1RoR3) as catalyst wherein each of the symbols Ry, Ry

15 and R3 may independently represent an alkyl group of from
1 to 10 carbon atoms and preferably from 1 to 5 carbon

atoms, an aryl group and preferably a phenyl group, an



N(RLR2R3) as catal yst wherein each of the synbols Rl, R2 15 and R3 may
I ndependently represent an alkyl group of from1l to 10 carbon atons and

preferabipoksgxl to 5 carbon atons, an aryl group and pr efcaveksosssphenyl
group, an WO 98/ 34931

PCT/ EP98/ 00653 -6- aral kyl group having from1 to 5 carbon atons in its

al kyl group and preferably benzyl or phedyl- ethyl, a cycloal kyl group
having from5 to 10 carbon atoms or an al kyl cycl oal kyl having from1l to 6
carbon at onsa¥alkys group havkypg §rewpl ¥ReShyarbgonaigmsdén d.tse used for
the additi OMaiRyl hgy8hNend& Oprb 86 FRL 9N rahZiMe GaLAKSY SIEy el ected
from hydrogen chl oride, hydrogen brom de or "hydrogen_iodi de,” but preferably
hydr ogen chl 8YFHeaisydsggoupohaving fromy gf L3R 0y CREPOTaAEoME X &Hiti on

sal ts deriveglkyoaytiChadrglt hhakkyl &xome 1Steh sagakboretEmiTine its
triethylamne ‘t%i-n-ﬁropylanine, triisopropylamne, tri(n-butyl)am ne or
tri(i2obutyl FaRYheST8MB nore preferably salts derived from HO ~ and
trimet hyl am ne orhd5hydrogéni bahytantpebear esesedoas that alddkitts onlhe peri od

of heating t C n . L he -h i f S I £ied t-enperature
Wil normal |€ﬁ%e9%qﬁﬂgh§°?a§5£ﬁ??%%ho.8§ ?égz%ﬁ‘%&??%&n%%%r fé’fee(rjsa%ﬁe%efgm 0.5
to 1 hour. 20rom hydrogen ﬁgﬂprbéeapbyégpaﬁ@dbﬁﬁ@ﬂdﬁhérphMﬁRQQQﬂnajned

iodide, but preferably hydrogen chloride is used.

10 Preferably tertiary amine addition salts derived from
HC1l and trialkylamine such as trimethylamine,
triethylamine, tri-n-propylamine, triisopropylamine,
tri({n-butyl)amine or tri{isobutyl)amine, and more
preferably salts derived from HCl and trimethylamine or

15 triethylamine are used as catalysts.

The period of heating the compound A or B at the
hereinbefore specified temperature will normally be in
the range from 0.5 to 2 hours and preferably from 0.5 to
1 hour.

20 It will be appreciated that the product obtained
according to this process step, can indeed be
guantitatively converted into the corresponding epoxy

compound

H
R4—<<:::>>-o——cHz-c;87cng (8)

by a known process step, using a temperature in the range

25 of from 10 to 120 °C and preferably from 40 to 70 °C, in
a polar solvent and preferably a ketone such as methyl
isobutyl keton (MIBK) or toluene and using an alkali
compound, such as NaOH, providing epoxy resins with an
epoxy group content (EGC) of at least 5000 mmol/kg. It

30 will be appreciated that the significantly improved
process step of the present invention has formed a
bottleneck in the hereinbefore depicted complete reaction



according to this process step,
the correspondi ng epoxy conpound [err] by a known process step,
t enper at WOP8{3d93the r ange 25
from40 to 70 [err]C,

met hyl isobutyl keton (M BK) or toluene and usi ng an al kali conpound,

as NaOH, providing epoxy resins with anm

can indeed be quantitatively converted into
using a
of from 10 to 120[ err] C RQI/ERIBNESAD| y
in a polar solvent and preferably a ketone such as

such

poxy group content (EG£3 of at

| east 5000 nmol /k eciated that the si i.cantly
i nproved prol& ?“‘%t éjﬁroisotmﬁg tﬁf‘b%eﬁr{aqﬁﬂi%n i?fs“’f‘%l)ﬁ?d t“?%ck in
t he herei nbeflese dgiratcgd veonpl et e reacti on WO 98/ 34931
PCT/ EP98/ 00653 - f IS Ki r route much
| ess attractive. & %& %mﬁe %g) prraatt d tk{?%t r{r?]%[ %Pﬁl q1aq:tai \ﬁl

conmpounds,

s %Wpd@

ecl ate

rtially or conpletely be

si npl e
QQWHOW§dS: Syh & used as starting naterlal of formula

| in the above depicted schene but aI g pol ymeric conpounds, containing a
greater nunber of phenolic gr ~4qE¥FQ§
converted into the groups of for NQ l.e. the sinple

standard epoxy conpound of formula

5

10

15

20

25

can be used as starting material of formula I in the
above depicted scheme but also polymeric compounds,
containing a greater number of phenolic groups which may
partially ox ébmpletely be converted into the groups of
formula (VIII).

I.e. the simple standard epoxy compound of formula

H i3 B Hp
Chy—sC—CH -A<:>>4P{mr{;~c
& O iﬁ; o

can be prepared according to the process of the present

invention, but also a multifunctional epoxy compound,

having a much more complicated structure can be prepared.

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
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.

The process step from compounds (B) to compounds (C)
of the present invention has been surprisingly found to
be not possible at all when using as catalyst only
hydrogen halide either as a gas or as an aqueous

solution.



[err] can be prepared according to the process of the present invention,
but also a multifunctional epoxy conpound, having a nuch nore conplicated
struct ur waess4dxt prepared. For exanple in this respect, a BCeEmPoswassdety of
15 phenol f or mal dehyde resins can be used as starting material |
(novolac resins). It was known for a long tine to carry out the industrial
scal e manufacture of conpound | starting $rom a ketone and phenol,
provi di ng cheap products. An inportant representative of

20 | .
conpound |, havi A &¥lat G apRgReiatedctide FRe PRI bHeRy1 D dE¥pane) .
Al so the reagentadind glycd dednip Létre bent egasded msnardet@ting $H6a@sHr oduct

repared fro rqpene.. The process step from conmpounds (B) to c ounds (C
DR e ot | D s 1 BHF Feg B COREH EPTRTTERS fetnirnettenar
possi bl e at adeaiheiredisingyr@sed atabysss ost gp hyold ogiesrhivhg dBremtder as a gas

or asn aqu g}ﬁfpﬁ%ﬁi g&(;bné%ouélé? o8] ,3431%&[1 28 DPP for.standar

PCT/ EP98/ 006 | preci ated tha e tnvention 1S5 tFso relating
to a conpl et &€duRaxfiaeEpeRnf 2@ LRs ng@ptogtEsider {hE) final epoxy resins

conpri sing the hefQidhefRyB, SBEC {heent 1B ONESo PFOLHSSs SEEPa APFSE QLI NY
froma 5 pold?/ henol "conpound p% such as DPP for standard commerci al
epoxy resins,E%n }gﬁy@ ag L epo

yye o Xy compounds comprising the
steps of

10 (a) reaction of a compound

m—<:>>on 1

wherein Ry represents a residue comprising one or

more additional phenol groups, with a compound

cgg7m~c@—cu 1

in the presence of a polar compound, such as a ketone or
a mixture of ketone with an alkanol having from 1 to

15 6 carbons, and in the presence of an alkali compound such
as NaOH, at a temperature of from 30 to 110 °C, and
preferably from 60 to 100 °C to form a compound of the
formula:

R2——u<::::>—~4}———cHz*~—ZH——CHz——OH 111

H

wherein R; represents a residue comprising one or more
20 additional groups of the formula

H
A<<:::>>—o-—cx2—c——-cH2~—on
oH

b) conversion of the compound of formula III obtained in

step (a), into a compound of the formula:



Accordingly the invention also relates to a process for the manufacture of
epoxy conpounds conprising the steps of 10 (a) reaction of a conpound
wher ei n WD @8R4t epresents a residue conprising one or nor ECIMRRMBIONTA

phenol groups, with a conmpound [err] in the presence of a polar conpound,
such as a ketone or a m xture of ketone wth an al kanol having from1 to 15
6 carbons, and in the presence of an alka?i-conpound such as NaOH, at a
tenperature of from30 to 110 [err]C, and preferably from60 to 100 [err]C

to forma conpound of the orfgza: [err rein represents a residue
conprising one or nore 20 L d |t?€ﬁ%{ %bupsmgg the fornmula [err] b)
conversion of the conpound of formula II@ obtained in step (a), into a
conmpound of the formula: WO 98/ 34931

PCT/ EP98/ 00653 [err] wherei noRa represents a residue, conprising one or

nore additional groups of the fornula: [err] and wherein Rb represents a
group a residue conprising 5 one or nore additional groups of the

formula R —@——o——caz—gx———gu (8)
b 2
\ﬁ/
wherein Ry represents a residue, comprising one or more

additional groups of the formula:
~<C:>—o~mz-n H A"y
s;jsﬁ

and wherein Rp represents a group a residue comprising
5 one or more additional groups of the formula

M<:>>o-w§7m—qg (8")

0

\E/

by transesterification with an alkylene carbonate or
alkylene sulfite, having 1 to 4 carbon atoms alkylene
group, a cycloalkylene carbonate or cycloalkylene
sulfite, arylalkylene carbonate or aralkylene sulphite,
10 or dialkylene carbonate or dialkylene sulphite by heating
to a temperature in the range of from 90 to 160 °C in the
presence of an alkall compound such as aqueous NaOH
solution.
c) conversion of said compound of formula A or B into a

15 compound of the formula
H
R H ct c
c_<::>4»c?~%%¥/, «©
.

and CO5 or SO, respectively, wherein Ro represents a
residue comprising one or more additional groups of the

formula:



[err] by transesterification with an al kyl ene carbonate or al kyl ene
sulfite, having 1 to 4 carbon atons al kyl ene group, a cycl oal kyl ene

car bonat goyg/say#l oal kyl ene sul fite, arylal kyl ene car bonat gcepodsssdy| ene
sul phite, 10 ~or dialkylene carbonate or dial kyl ene sul phite by heating
to a tenperaturg rom90 to 160 [err]C in the presence of
an al kal i conpo¢nﬁ—§uch as’ aqveﬁué NaGH @l ution. c) conversion of said
compound of forjul a AREFLAEER o aJ 5 conmpound of the fornula [err] and
CJerr] or SCIEE;F:?ebpectlvel ;egh Rc represents a residue conprising

one or nore additional grOUo~ (C'WO 98/ 34931

PCT/ EP98/ 00653 [err] by heating at a t rature In the range of from 120
to 220[err]C and preferably from 140 to %O[err]C in the presence of a

hydr Iogen \r;\zl bye haddiitdeorat] & emplerativeiet iiar Yhamraagh( BEert-bR[ ero] Boerr]) as
cat al yst e

|ndependentlf%L2p Zégﬁf£5% SFﬁéﬁg ? R[géé ?%E$§5 &:fﬁlégF%gﬁgﬁi errgngay
preferably fanelhmdﬂbg@arbﬁﬁJ&Eo@ddl&no@rwblgroﬁpaamdrpuatgrahhmea phenyl
o e ah (%ﬁﬁquw e %%Jétomq%&gn <SP LAMERRAES r3l, KK, 9roup
5 and R3 may 1ndependently represent an alkyl group of from
1 to 10 carbon atoms and preferably from 1 to 5 carbon
atoms, an aryl group and preferably a phenyl group, an
aralkyl group having from 1 to 5 carbon atoms in its
alkyl group and preferably benzyl or phenyl ethyl, a
10 cycloalkyl group having from 5 to 10 carbon atoms or an

alkylcycloalkyl having from 1 to 6 carbon atoms in its

alkyl group.

(d) conversion of the compound of formula C into an
epoxy compound of formula

#
R4~<<:::>>—0-C82~C———CH2
o

(V)
15 wherein R4 represents a residue comprising one orxr
more additional groups

~<:>>o-c@4:«
(VIII)
at a temperature in the range of from 10 to 120 °C,
in a polar solvent and using an alkali compound.
Preferably the reaction step (d) is carried out in a
20 ketone such as methyl isobutyl ketone (MIBK) or toluene
and using NaOH as alkali. More preferably an agueous NaOH
solution is used of 40 to 70 wt%.
Another aspect of the present invention is formed by
the final epoxy resins which are obtainable by the
25 complete manufacturing process as specified hereinbefore

and which do contain significantly less intermingled

This Sheet Has Been Replaced

]




10 cycl oal kyl group having from5 to 10 carbon atons or an

al kyl cycl oal kyl having from1l to 6 carbon atons in its alkyl group. (d)
conver sVW9%3498he conpound of formula C into an epoxy conBEEAEPIHPOEHr nul a
[err] 15 wherein R4 represents a residue conprising one or nore

addi tional groups [err] at a tenperature in the range of from10 to 120
[err]C, in a polar solvent and u3|ng ah h1kall conpound. Preferably t he

reacticn steg éd% carried cut ket one such as neth

i sobutyl ket dfe® ﬁPBK?ngrlPoPE§ﬁéc§&8 §P&§rN§GH 2@t megs IQQﬂwféﬁkﬁerably
an aqueous hhﬁ&isubatannlaﬁlysad bl idd - a&dﬂuﬁmsAmﬁdmybuﬁﬁﬁxnwﬁﬁcﬁhe

pr esent inveg%&on I S ?grned he flnab % S|nsc¥?|ch ar e _obtai nabl e
by the 25 c%ﬂfW% ynﬁﬁﬁ? U%Pnﬁoﬁrgg ngg. $ RS Kbef ore and
whi ch do contegsinsi gubliucedt Fyohess biispdemoiglaed epilaleg 8931 of the

PCT/ EP98/ 00653,7,,11 - halogen, and in particular chlorine, (at nost 1800
ppm and substantlally no bui | d-up products (conmpounds) which are normally

present in conventional -r d epoxy re oduced fron1a bi sphenol
and epi hal ohydr i rFtpf+-ig ‘rchwz o< 0 > @N

wherein R® and R7 may represent lower alkyl, and
10 preferably methyl, or hydrogen and wherein n=1, n=2 etc.
Said epoxf resins are characterized by HPLC analysis.
The chromatcogram clearly shows the absence of the so-
called build-up products (n=1, n=2, etc.), which are
normally present in conventional epoxy resins prepared

15 from e.g. bisphenol A and epichlorchydrin, related to
peaks at 60.7 and 76.8, whereas some extra peaks emerge
in the chromatogram as can be derived from the
chromatograms in figs. 1 and 2, which were performed
under the conditions as described in Example X.

20 The invention is further illustrated by the following
examples and comparative examples, however, without
restricting its scope to these specific embodiments.

o
In a 100 ml three-necked round-bottom flask equipped

25 with a reflux condensor and an thermocouple, 22.84 gram
(0.100 mmeol) diphenylolpropane (DPP or bisphencol A) and
15,54 gram glycidol (0.210 mol) is dissolved in
15.05 gram (0.150 gram (0.150 mol) methyl-isobutylketone
(MIBK) and 15.04 (0.25 mol) isopropylalcohol (IPA). At

30 80 °C, 6 mol% of an agueous NaCH solution (50 wt%) was
added at once. The mixture was maintained at 80 °C for
6 hours. Then, the sclvent was removed in vacuo. The
di-a-glycol ether of DPP is obtained as a white solid
material (33.9 gram, 8%.5%).



[err] wherein R6 and R7 may represent |ower alkyl, and 10 preferably
nmet hyl , or hydrogen and wherein n=1, n=2 etc. Said epoxy resins are

char act eWQB4B3t HPLC anal ysis. The chronmat ogram cl earl y siewepdsioessabsence
of the so- called build-up products (n=1, n=2, etc.), which are normally
present in conventional epoxy resins prepared 15 frome.g. bisphenol A
and epi chlorohydrin, related to peaks at180:-7 and 76.8, whereas sone extra
peaks energe in the chroggﬁo%ra21aiﬁ%an be derived fromthe chronatograns
infigs. 1 and 2 BGhPERCRBPESRET GPh8d PHRBET AERETC ¥R Hement®s qeddyi bed in
Exanpl e X. 2@ariations &bedepieRtidodn $heuridigre:i |l ustrated by the
foll ow ng exanpl es and conparative exanples, however, w thout restricting
its scope to these specific enbodi nents. Preparation of the di-[err]-glycol
ether of DPP In a 100 m three-necked round-bottom fl ask equi pped 25

with a reflux condenser and an thernocouple, 22.84 gram (0.100 mmol)

di phenyl ol propane (DPP or bi sphenol A) and 15,54 gram gl ycidol (0.210 nol)
is dissolved in 15.05 gram (0. 150 gram (0. 150 nol) nethyl-isobutyl ket one
(MBK) and 15.04 (0.25 nol) isopropylal cohol (I1PA). At 30 80 [err]C, 6
nol % of an aqueous NaCH solution (50 wt% was added at once. The m xture
was mai ntained at 80 [err]C for 6 hours. Then, the solvent was renoved in
vacuo. The di-a-glycol ether of DPP is obtained as a white solid nmateri al
(33.9 gram 89.5%.



WD 98/ 34931 PCT/ EP98/ 00653 - 12 -
The procedure of this preparation was repeated with variations as depicted
in the MRPEI9L WO 98/ 34931 PCT/EP98/00653

PCT/ EP98/ 00653 13 - [err] WD 98/ 34931

PCT/ EP98/ 00653 - 14 - If the reaction is perfornmed in pure MBK (w thout

| PA as a co-solvent), the di-[err]-gl y?:c}13 €ther of DPP crystalizes after
cool ing down. Preparation of the bis-cyclic carbonate ester of DPP 5

A 100 m round-bottomflask is charged with 20.0 gram of the di-a-glycol
et her of DPP (89% pure, 47.3 rrrml) and 28. 58 gram (0 280) pr opyl ene

carbonat e (PQ——Fe—nixture—trs—hegted—at—1+60rfer+i€-ang 2 nol % of an
aqueous NaCH sp] utfon (%0 w% is |added. Aftkr 1 hour, ja vacuumis 10
applied to repmdve the foérned opanedi of ._andj exces$ r opyl ene carbonate
[
(final conditj®ns 160 [eag]C, 20 nbar) . ;I;he yleld of the crystalline
material is 22;4 gram Prepahzﬁion of the bi 5~chl )rohyclrin et her of DPP
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Example 1 15 A 100 m three-necked round-bottomflask is charged
with 21.40 (0.05 nol) of the biscycliccarbonate ester of DPP and wth 13.75
gram (Owopsidge3pf the HCO salt of triethylamne. The m xt pcg/ppssivasd ed and
a vacuum of 300 nbars is applied. At 140 [err]C, triethylamne is 20
distilled off and the tenperature is raised in 15 mnutes to 180 [err]C and
then to 200 [err]C. The m xture is held ¥ -200 [err]C for 10 m nutes. The
total reaction tine has been 30 mnutes. The conversion to the

bi s- chl or ohydr i Ffetthd TR siHPeTEereedi vt Pursr ¥IBRahwdEDpUL Si de

products 25 1pa adir# d@lmelﬁ@bputhéo/aladide9@Z§|ld§§h(a§b@Et p2¥ . Exanple Il
The sanme procedure as in )gxarrp sed, but the distillation is

conti nued f&rE¥fs ’r?tﬁ%s *5 §9 fn%rgg"é’ﬁre (100 rrbar) The conver5| on is
100% the 30 ¢ hip :

t han 96% (sane v r }E%(‘?]{?‘ ll | 10 i r egke
round- bottom f| Zisgl%lds) 'ﬁ;&%@ %A% Al QF%%{EB ﬁ?tgl ggcgc rgm
sul phite estafy Wdte 3bi-a-glypppl aﬁﬂhm-’tﬁfGDBB ¢BaMm psoem8l) 3ofmphé H@sﬂ sal t

of WO 98/3A %3] %ram (0. 28 nro;i)ylene carbonate (PC). ThePhIkERRE/ 00653
triethylam ne (Net ure is heated and a vacuum of 300 nbars

is applied & }ﬁﬁl’:ﬁf‘%r%‘} GOercétfﬁﬂ AriTRLY OhiaR i 3TERPF FNPR t he
tenperature dlutticied(s®m wt%) is added. After 1 hour, a vacuum is

10 applied to remove the formed propanediol and excess
propylene carbonate (final conditions 160 °C, 20 mbar).
The yield of the crystalline material is 22.4 gram.

Pr i £ ig- ri Dp
Example 1
15 A 100 ml three-necked round-bottom flask is charged

with 21.40 (0.05 mol) of the biscycliccarbonate ester of
DPP and with 13.75 gram (0.1 mol) of the HCl salt of
triethylamine. The mixture is heated and a vacuum of
300 mbars is applied. At 140 °C, triethylamine is
20 distilled off and the temperature is raised in 15 minutes
to 180 °C and then to 200 °C. The mixture is held at
200 °C for 10 minutes. The total reaction time has been
30 minutes. The conversion to the bis-chlorohydrin ether
of DPP is 92% (selectivity morxe than 95%). Side products
25 are ketones (about 1%) and epoxides (about 2%).
Exanple II
The same procedure as in example I is used, but the
distillation is continued for 45 minutes at a lower
pressure (100 mbar). The conversion is 100%, the

30 selectivity to the bis-chlorohydrin ether of DPP is more
than 96% (same side products).
Example IIT

A 100 ml three-necked round-bottom flask is charged
with 11.71 (25 mmol) of the bis-cyclic sulphite ester of
35 DPP and with 6.88 gram (50 mmol) of the HCl salt of



15 mnutes to 180 [err]C and then to 200[err]C. The mxture is 5 hel d
at 200 [err]C for 20 mnutes. The total reaction tinme has been 40 m nutes.
The convwoIBB#310 the bis- chlorohydrin ether of DPP is OBU(ERSBBSEI vity
nore than 95% . Side products are epoxides (about 2% . Exanple 1V 10

The sane procedure as in exanple I, but wwth the tri- nethylamne HCO salt.

The total reaction time has been 30 mihut®sT The conversion to the

b hi hyd lectivity n th 950 Sid
oroduct s ar ¢ RECERELSTABBuLNE5p B eponrabe FaBbut S0P RtE8 39 3t anpl e v
The sane procaduus a$ BﬂOembapBelslapb&&eﬁithtth&Oth propgthapiamihiél salt.
The conver5|3§ &gsgbflghsog?hgﬂﬁog E@m@E?QEqu 5&%§ g%iggelect|V|ty

nore than 95 oducts are t one €poxi des 20
(about 2.5% lswnrpatasu ve Eﬁerpq?eamdAFil@@ B0 200 i€ ndiike dniptinre biet t om

flaskgis chapged wttBodled0cdP 6 mDhde oS, t'bﬁebtétﬁﬁrPQQ@EEcaﬁS{:%e At 100

[err]C a contlnuous stream of HO gas is passed throug the fl ask
for 4 hours. FRePEBRVEPSPOIRUEESE nE S|§°n8§F§éﬁ§t§°e§P§er§ | ess than 5%

Conpar ati ve Exmba aklﬁ éeﬁem ofhpee- necked r(@&adclaakrtlw flogek thanchar ged
with 10.7 (09§2? mgl, % . a glsacargonat es%eéo g di ssolved in 40 m
t ol uene, and dr€aRT8Gt&ESTs *HE ?8ﬁﬁ £&n (PEO%EdEE) The mixture is
stirred at S5Exgmpl&CIV2 hours. The conversion of the bis-carbonate ester is
10 The same procedure as in example I, but with the tri-
methylamine HC1l salt. The total reaction time has been
30 minutes. The conversion to the bis-chlorohydrin ether
of DPP is 94% {(selectivity more than 95%). Side products
are ketones (about 1%) and epoxides (about 2%).
15 Example V
The same procedure as in example II, but with the
tri-propylamine HCl salt. The conversion to the bis-
chlorohydrin ether of DPP is 90% (selectivity more than
95%) . Side products are ketones (about 1.5%) and epoxides
20 (about 2.5%).
Comparative Example T
A 100 ml three-necked round-bottom flask is charged
with 21.40 (0.05 mol) of the bis-carbonate ester. At
100 °C a continuous stream of HCl gas is passed through
25 the flask for 4 hours. The conversgsion of the bis-
carbonate ester is less than 5%.
Comparative Example II1
A 100 ml three-necked round-bottom flask is charged
with 10.7 (0.025 mol) of the bis-carbonate ester
30 dissolved in 40 ml toluene, and 40 ml of an aqueous HCl
solution is added. The mixture is stirred at 50 °C,
2 hours. The conversion of the bis-carbonate ester is
less than 5%. The reaction was also attempted at other
temperature (-10 °C, 0 °C, 20 °C and reflux) with similar
35 results.



| ess than 5% The reaction was also attenpted at other tenperature (-10
[err]C, O [err]C, 20 [err]C and reflux) with simlar 35 results. WO
98/ 3493 W0 98/34931 PCT/ EP9B¢ fr8pesh065316 -
Preparation of the bis-bronohydrin ether of DPP Exanple VI The sane
procedure as in Exanple Il, but the HBr salt of tri-ethylam ne is used
(NEt[err]HBr). The product in this 5 - l6case is the bronpohydrin ether of
DPP. Conversion is 100@6 select|V|t over 9596 Slde products are epoxi des,
no ketone coul d Bé<pB4Es-9-88 - MRlpeededy e &BEi n Exanpl e
11, but wthxifple VINet[err] HBr The conver5| on is al rmst 100% the
selectivity is oyer 95% Exanp VI sanme_procedure as in Exanple VI,
but with the tri-ﬁ@tﬁ?ﬁ&npﬁgcﬁgpr§aﬁﬁ l?hngBPQF téacPrbnthprEBRag245

been 30 mi nubéstrihethgiverisieon st astde (NES-ERENOhYHE pretihet) QE BRPsi s 96%
selegtivit h 9 S afr ot hers e

Eabou SWgch é%ogg %é%mgﬁ&%%&%bggé%g o% 5?% ngogver31on l?hé8§
procedure as SeAeEkaNily DveEuﬁ5W|tﬁl@hepmpduceshykanepexmﬁesalno The total

reaction ti nReBasebeelid be observed.
Example VII

The same procedure as in Example III, but with

10 Net3HBr. The conversion is almost 100%, the selectivity
is over 95%.
Example VIII

The same procedure as in Example VI, but with the

tri-methylamine HBr salt. The total reaction time has

15 been 30 minutes. The conversion to the bis-bromohydrin
ether of DPP is 96% (selectivity more than 95%). Side
products are (among others) ketones {about 1.5%) and
epoxides (about 2%).
Example IX

20 The same procedure as in Example I, but with the tri-
ethylamine Hl salt. The total reaction time has been
30 minutes. The conversion to the bis-iodohydrin ether of
DPP is 89% (selectivity more than 90%). Side products are
ketones (about 4%) and epoxides (about 4%).

25 Preparation of the diglycidyl ether of DPP

The conversion of the bis-chlorochydrine ether of

DPP (3) to an epoxy resin can be achieved via a
conventional treatment with base in a suitable solvent.
Example X

30 20.863 Gram (47.92 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 separation the

35 MIBK layer is washed twice with 20 grams water. The MIBK



30 m nutes. The conversion to the bis-iodohydrin ether of DPP is 89%
(selectivity nore than 90% . Side products are ketones (about 49 and
epoxi deswrdsm4p314%) . 25 Preparation of the digl yRGTERISHEGHSr of
DPP The conversion of the bis-chlorohydrine ether of DPP (3) to an epoxy
resin can be achieved via a conventional treatnent with base in a suitable
sol vent. Exanple X 30 20.63 Gram ((47.9 mol ) of the

bi s-chl orohydrine ether of DPP is dissolved in 64 gram M BK and heated to
85 [err] C. THeh,SRRITHATDMDIVEYR dt (0LAE nbl )3 NI (8384 gf adwater is
aﬂded at OnC@_Zpiﬁ{lﬂ:hé he2 a7l ey eof Sréls/égOrMYaﬁhé%cﬁﬁd_é%uﬁ ﬁ@;g%enéfter
phase separ at t he ayer is washed twice wt gr ans

wat er. The Mg%b) %3% 7%4@#%9

PCT/ EP98/ 00653 - A HRLC sareigporsatafil tie ot nad \preddhdiS. Rrogviaded 83%) of an
Epi kotee 828 ty r.esi | t f 5070
nnnl/ég. A Hﬁﬁ' aﬁ%1j§%% péE%%q%ﬁ%ﬁ?%%ﬂg%?g%héém%ﬁﬁ%ﬁééég%Pg fig. 2,
using a HP 16839 Huiry chrbrteGridph Zerinli vt 3hg 200 acetonheriksin into
20 g of acet qpid id fdnch 110 a?é"ér?'fn@ér@é‘l'é%@ﬂ&!i’%d?tﬁ@gaéﬂalgé‘fs _
anal ysis was perforned using a NO\/ODA{{G< Cl8 colum, 15 cmx 3.9 tm using a

flow of 1 n MAH.P PG HSRT oh NOYQRARCK (€18 colymn, rd8rePiXre and an
initial sol vents canpossin®m flow of 1 ml/min. and an injection volume

10 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.

15 At 115 minutes: 0% water and 100% acetonitrile and at
125 minutes 75% water and 25% acetonitrile.

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

Under the same conditions a chromatogram was

20 performed from a standard EPIKOTE 828 resin (fig. 1).

Alternatively, other bases can be used such as metal
hydroxides (for instance KOH, LiOH, Ca(OH)j3, Mg(OH)3),
metal carbonates (NapCO3, K3CO3), tertiary amines, NH4OH
etc. Also other solvents can be used, for instance

25 toluene, xylene, MEK, CH,Cl,y, diethyl ether, etc.

Compaxative Example IIT

Direct conversion of bis-carbonate ester of DPP in
the diglycidyl ether of DPP.

Efforts were made to convert the bis-carbonate ester

30 of DPP directly in the diglycidyl ether of DPP, using the
procedure described in JP-SHO-61-33180. The reaction was
performed at 250 °C and a vacuum was applied. In the
beginning of the reaction (first 25 minutes) the lowest
pressure obtainable was 4 mbar due to COy formation.

35 Hereafter, the vacuum was 1 mbar. The temperature was



consisting of 75 %w of water and 25 %wu acetonitrile. A solvent gradient
was used. In 110 m nutes the conposition changed linear to 6.5% water and
93. 5% ageadogadoni | e. 15 At 115 m nutes: 0% wat er POYERRRNGS3
acetonitrile and at 125 mnutes 75% water and 25% acetonitrile. The

anal ysis was perforned at 50[err]C with UV detection at 275 nm Under the
sane conditions a chromatogramwas 20- 18 -perfornmed froma standard

EPI KOTE 828 resin (fig. 1). Alternatlvely, ot her bases can be used such as
metal hydroxiafeteqd fep 3Tt &ncdbrol, SO%0RE Cheompteripl MH<OH) [err]), netal

carbonat es (dNater 1140 anmd . aﬂq%@im@rgﬂa Aiei 1] Bite AWhAGSe Sk err] OH etc.
Al so other solvents ﬁ‘%} be I nst ance 25 t ol uene, xyl ene, MEK,

CH err] d [ erRYS=TH e lge{.q.%r}e L TR T RAERIIROFY | 58 r ect
conver si on afrdxizss Carte ned i dss calob ﬂ&&amémdceh@ieycemulgﬁcbﬁpé &hd DPP.

ET ]; ce)r% Fym?:]e?@oﬁ}‘%ﬁé lﬁ[%%\l&]pgs blg%lig&%}éaér?d e%}&{&? ocedure SLS(E:)rP:Dbed in

JP- SHO 61-33180. The reaction was perfornmed at 250 C and a vacuum was
applied. In the beginning of the reaction (first 25 m nutes) the | owest
pressure obtai nable was 4 nbar due to CJerr] formation. 35 Hereafter,
the vacuumwas 1 nbar. The tenperature was WO 98/ 34931

PCT/ EP98/ 00653



- 18 - raised to 270 [err]C 0 terial was distilled. NWR
analysis of the distillate showéﬁl“ ﬂi Hg %ﬂ;f ket one end- groups i nstead
of epoxw@eridgspups. The resid L ket one en#CHEPIgBO68Hd 5

ol igoneric structures, no epoxy end groups. -19- CLAI MS 1.
Process for the preparation of conpound of the fornula: [err] wherein
Rlerr] represents a residue conprising ong or nore_additiognal groups_of t he
formula: [err] 5 by heating a conmpound of the igrnula (A [err] -
20 - wherein Ra represents a residue, conprising one or HBpE:3 addltlon‘al
groups of the formula [err] and whefeLnARA Mer eseit-s—a—tesidue r‘lsi ng

one or nore additional groups of the fornula [err]

| e b

1. Process for the preparation of compound of the

H
R —<<:::>>—c—cn2—~—§ ct )
¢ /

#2

wherein R, represents a residue comprising one or more

formula:

additional groups of the formula:

—@—o——cu?%i—cnz—m

5 by heating a compound of the formula (A)

%—@—0—&2-—3“\?“2 )

or

Rb-—®——0—-cﬂz—— H——-—SHZ (8)
&\ﬂ/
wherein R, represents a residue, comprising one or more
additional groups of the formula

@——O—{Hz—-g:—ﬁ:gz (A%)

and wherein Rp represents a residue, comprising one or
10 more additional groups of the formula

«<:>>o—cw7ﬂwag% (8"

0

\ﬁ/
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5 at a tenperature in the range from 120 to 220 [err]C, in the
presence of a hydrogen halide ad ifiqﬂﬁgahm:gﬁﬂﬁ.tertiary am ne N(R1, R2,
R3) as eoabed/3ussy, wWherein each o %’1% ol RL, R2, and PRGTMRYs/00653

i ndependent|ly represent an alkyl_gro —af-from17to 10 carbon atons, an
aryl group 10 having from6 to 10 carbon atons, an aral kyl group
having from6 to 10 carbon atonms in the2& yl noiety and from1 to 5 carbon
atons in its al kyl group, a cycloal kyl group having from5 to 10 carbon

atoms, or artalASHRTGHUEAR Haihiy FIoER 1L XM 6L 2arBenaf orfe i+ ithe al ky!

group. 15 presehce R¥OCLIB BenE i Mgl 1de Chad it don ChALACLEr hzedriDathat a
hydr ogen chl or.i de ' y amne is_used_.as, catal yst. 3.

|t§$n §§If of a teitiar g

Process accétittiy I dtan 230 et 1Ry i WRThAt R a®RGBr 8hehPehl ori de
addi ti on salgymifolts iRt Rd, an@R; may indepdpdemthe rspussdnasanat al yst.
- 21 4. Pr S ' | - r | z | h

enpdr at ur 6 3950 B AT O B IPed canfSR BEREE, T8l APt "Bl
accordi ng t @rclasiasyl grauarkaiag zewonnl sto 5 carbar ghempedni Aysperi od
is in the rangg 0ffd@M & Tyl da NOVL Sg AR Ph&G ehgbEYohr em@. 5 to 1 hour.

6. Process for 'the manufacture of epoxy con{)ounds conprising the steps of
(a) reactioﬁQﬁC%fhﬁﬂnﬁﬂﬂﬂF' or an alkylcycloalkyl having from 1 to

6 carbon atoms in its alkyl group.

10 2. Process acqording to claim 1, characterized in that a
hydrogen chloride addition salt of a tertiary amine is
used as catalyst.

3. Process according to claim 2, characterized in that a
hydrogen chloride addition salt of trimethyl oxr

15 triethylamine is used as catalyst.

4. Process according to claims 1-3, characterized in
that a temperature is used in the range of from 140 to
200 °C.

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

20 that the heating period is in the range of from 0.5 to
2 hours and preferably from 0.5 to 1 hour.

6. Process for the manufacture of epoxy compounds
comprising the steps of

{(a) reaction of a compound

m~<:>»w I

25 wherein R; represents a residue comprising one or
more additional phencl groups, with a compound

C CH—CH H 11
tg i

in the presence of a polar compound, and in the presence

of an alkalili compound to form a compound of the formula:

This Sheet Has Been Replaced

AR
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[err] 10
addi ti onal

wherein R err] represents a residue conprising one or nore
phenol groups, mﬁth Lg q@s[eﬁmi in the presence of a polar
conpoundwaQease493t t he presence o ¢goconpound, at a PETERIHOEe of

from30 to 110[err]C, to forma.c und of “tte=f or nul a: [err] 15
wherein R2 represents a residue corrprlsm one or nore adgi.t

step (a),

f
the formula [err] b) conversion of the tofbound of formula gdhiet iﬂ BEAR ?éce%

into a conpound of the fornul a: - 22 - [err]

represents a residue, coer? poge gddi t,onal gr
formula [err] and wherein epresen “i@ residue, conprising one or

nore addi tional
al kyl ene carbonate or al kyl ene sulfite,

al kyl ene groupheretpcRoakkpresentsr bomatsd dwe comprising one or more

10

15

additional groups of the formula

H
-<<:>4»{@4—4mr4n
OH

groups of the fornmula [err] by transesterification vmth an
having 1 to 4 carbon atons in the

b) conversion of the compound of formula III obtained in

step (a), into a compound of the formula:

Ra——~<::::>~—4}——cH2-8::éi;gn2 (A

or

Rb“@'—o_CHZ“‘gH"“‘“SHZ {B)
\ﬁ Ve

wherein R, represents a residue, comprising one or more
additional groups of the formula:

a@——o—cﬂ H-———gﬂz (AY)
2~—g\ﬁ/
and wherein Rp represents a group a residue comprising
one or more additional groups of the formula

~<:>>a~m€zj~jf; (8"
l

by transesterification with an alkylene carbonate or
alkylene sulfite, having 1 to 4 carbon atoms in the
alkylene group, a cycloalkylene carbonate or
cycloalkylene sulfite, arylalkylene carbonate or
aralkylene sulphite, or dialkylene carbonate or
dialkylene sulphite by heating to a temperature in the

VAR



- 23- cycloal kyl ene sulfite, aryl al kyfrgsnsheaaabBeeareplaed ar al kyl ene sul phite,

or dial kyl ene carbonate or dial kyl ene ting to a tenperature
in the reaaseesifrom9o0 to 160[err]C i of apcaliprosbosss
conmpound, c) con%ﬁ?‘iﬁﬂj@ff§éfﬂf§€ﬁpoun of tormula A or Binto a conpound
of the fornul a [errﬁod“dggg[érﬁrlbrfSC{err] respectively, wherein Rerr]
represents a resigdu fpri’siHg_one;jor -mdRe-addi ti onal groups of the 10
formula: [err] by heating at a tenmperature in the range of from 120 to 220
[err] C and prémgamnsy framoucda ¢ 9DJCCinn threPpresasee ot an hyHrdgen
hal i de additinsalda of a tertiary am ne N(RIR2R3) as catal yst wherein each
of the synbol , R2 15 and. R3 may independentl|ly represent an al kyl
group of frorﬁs)l (EANE LB P i &ﬂ“ﬁ%@?‘gr‘a&%{j}”ﬂ‘&%f tF P FEBOR at ons,
an aryl groupadpgbyridefel atdey foyey| group, an aral kyl group having from1

to 5 carbon atons in its al kyl group anq preferably benzyl or phenyl ethyl,

a 20 cycl oal kyl group haviwg from'5 to 10 carbon atons or an
al kyl cycl oal kyl havi ng fronfigzgsﬁofﬁ?ﬁ toms ¥h its al kyl group. (d)

conversion of the conpound of formula Cijgto an epoxy conpound of fornula

5 and CO5 or S0, respectively, wherein R, represents a
residue comprising one or more additional groups of the
formula:

i
Re—< :>4>wr~§\ el (cn
e

Hz

by heating at a temperature in the range of from 120 to
220 °C and preferably from 140 to 200 °C in the presence

10 of a hydrogen halide addition salt of a tertiary amine
N(Rq1RpR3) as catalyst wherein each of the symbols Ry, R3
and R3 may independently represent an alkyl group of from
1 to 10 carbon atoms and preferably from 1 to 5 carbon
atoms, an aryl group and preferably a phenyl group, an

15 aralkyl group having from 1 to 5 carbon atoms in its
alkyl group and preferably benzyl or phenyl ethyl, a
cycloalkyl group having from 5 to 10 carbon atoms or an
alkylcycloalkyl having from 1 to 6 carbon atoms in its
alkyl group.

20 (d) conversion of the compound of formula C into an
epoxy compound of formula

H
R4—<<:::>>—0-—CH2—C-——CH2
o’

(V)
wherein Ry represents a residue comprising one or
more additional groups

G



- 24 - [err] wherein R4 represents a residue conprising one or nore

addi tional groups [err] at a-tepperature-in.the range of from10 to 120
[err] C, wOe8/3831ar sol vent amd‘ﬂ@gﬂmmwlg@p‘ corrpound SPCT/EP98/0B653
Process according to claim 6 chargteyised |ndthat in step (d) a
tenperature is applied in th€=Faﬂge—G#;#FGﬁF¢&“to 70 [err] C and net hyl

i sobutyl ketone or toluene is used as poRar -solvent. 8. Process according

to clainms 6 and 7, characterized in 10 that step (c) is carried out
according to the preceding cl ai s 5. 9. #Process according to clains 6-8,
characterized in that epoxy resi &ﬁ: Xy group content (EGC) of at

| east 5000 mmol / kg are produced. %% I Epoxy resins, obtainable by a
process according to clains 6-9, an& %ubstantlally free of peaks at 60.7
and 76.8 in HRL@ mmttwas:ur@used:ktw tarideal-afp foompdundss i IR T Qe enal

oo o SO SR g et spRelahg 410 Contalni 1 3
. Process according to claim 6, characterized in that

in step (d) a temperature is applied in the range of from

5 40 to 70 °C and methyl isobutyl ketone or toluene is used
as polar solvent.
8. Process according to c¢laims 6 and 7, characterized in
that step (c) is carried out according to the preceding
claims 2-5.

10 9. Process according to claims 6-8, characterized in
that epoxy resins with an epoxy group content {(EGC) of at
least 5000 mmol/kg are produced.

10. Epoxy resins, obtainable by a process according to
claims 6-9, and substantially free of build-up products,
which are normally present in conventionally produced
epoxy resins, and containing a content of intermingled
halogen of at most 1800 ppm.
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