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PROCESS FOR wiblbw/idofyUFACTURE OF EPOXY COMPOUNDS PCT/EPR/ 0528y ent i on
is relating to a process for the manuf act ure of epoxy conpounds.

More in-particular the invention is relating to a process for the
manuf act ure of epoxy conpounds without the involvenent of hal ogen
and in 5 particul ar chlorine gas. Epoxy conpounds, which are
manuf actured in a great varlet¥ on large industrial scales
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the other 30 panyrBapdre idE eneaarﬁktcme%aﬁtwé 4 eRERGHES ES for
chl orinati on of propene in the gaseous ase there
industry, coatings 1nc1ud1nJ)the organic solvent based
coatings as well as the more modern aqueous 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



- 2- still a need to inprove the relatively lowyield and to

di m ni sh t h&vongsghezboul i ng t endency. Mor eover ,potppbsngzszhe
reaction of epihal ohydrine with - phenolic conpounds to form epoxy
resin it is not possible 5 to avoid conpletely that hal ogen,

ori gi nating f5eMmiMeneed to imftRveatAOYEIIL Loy | Ui a resin as
a product in _, orm‘fﬂﬁat t he hal oégn 3z(itom |ﬁ1eliﬁem cally bound to*

t he W‘rsé’sltﬁel P%%q‘ ffouling tendencyas one of the inportant
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and that one ?&%ﬂfﬁ@l}d epsorced in the near future, and starting
fromcheap and general |y avail abl e 20 basi ¢ cheni cal s. . One

of the alternati ® ﬁBﬁuPﬁc’f’tﬁ iAgorbatepPdicapbsis of the epexy ns, pr oposed
in thaopast wessiradtls aaeapsingilheof micro eflebttemingmakapiaf,) ad reaction

gﬁpehe will be appreciated that this intermlngf%d 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 -
application conditions and of the present environmental
legislation and that one presumably enforced in the near
future, and starting from cheap and generally available
20 basic chemicals. '
One of the alternative manufacturing routes for epoxy
resins, proposed in the past was that according the
following simplified reaction scheme:



tion vmthegv [err]
cycl oal kyl end¥O 99/69620 eCIEoRohe aryl -
al kyl ene carbonate -3 - : or
di al kyl ene car bonat e
(derr]-Cerr]al kyl) oH and
preferably Hzc’ propyl ene [err]
+ al kyl enegl ycp cycl O, # : IV al kyl ene gl ycol
or aryl- g OH +C—C—CH—OH—wF Ry,l ene glycol, and pre-
ferably propyle Ol ycol ¢ ein Renr] tepseseatifiga+ esi due
conpri sing one or m)re addi ti ona phenol |roub¥,°n whth ¢i.g. R2
represents a r estidyB,cEQIPri Si ng one or smie a?&i? FIiﬁa‘iargﬁm of the
f ormul a. H
[err] (V) 5 s ié’t: epresents a
resi due conprising one or nore addi ti onal grgm: ﬁ or rrul a.

or dlalkylene

carbonate . %

(CrCqalkyl)

and preferably

propylene

éh?" carbonate

H Catalyst
R; O~CHy G—Clty ~———p; ° o_&{ ~No”
0" ~C02

+ alkyleneglycol, cyclo-

v v alkylene glycol or aryl-
alkylene glycol, and pre-

ferably propylene glycol

rwherein Rj represents a residue comprising one or
more additional phenol groups, wherein Ry represents a

residue comprising one or more additional groups of the

formula.
. H
Y _C%_ F—— CHZ_ OH,
OH
(V1)
5 wherein R3 represents a residue comprising one or more

additional groups of the formula:

H HZ
o "—-CH27C— C\
Q\\\ ///p
C
Il
{VII) o
and wherein Ry represents a residue comprising one or

more additional groups



(V) [err] and wherein R4 represents a residue conprising one

or nor yodfdbdab ONal  groups PCT/EPS8/0
[err] - (M 1) Al t hough fEt vvgzs&al r eady
known frome.g. Japanese pat ent ap'bl ication Sho 61-33180 A, to

produce epoxy conpounds py—decar boxyl ati ng a carbonate conpound,

usi ng ’ as catal yst a conpi nat \on of an alkali netal halide and 5
of a di hydrogenphosphate of "an aICkaI Yet 4 ‘V\nga—e Hier pr oposed
simlar processes were known frn 0-57-77682 A and

US- 2, 856, 413, said route could not o be use® for econoni cal
rranuf acture of epoxy corrpounds ug to now. 10 In particular
from JP- Sho-61-33180 it will viii) appreciated that the finally

obt ai ned nono- epoﬂylthough 1tawqmmid9aaadkwch faomi apg e Jﬂplaﬁeuéar structure,

t hat d ti
Mxture by desPiHy piighEEAY R et aTadh,| el bRonce eyl DL O"
appeared to becpmpounds by decarhnxylading he easienate atomncandar dstid unct i onal

and mul £ f dnediiyerak 8&93‘%&9.@05@% 17291 3hetal halide and Fromthe
Japanese patent _application JP 60260568A process was known for the

product i%on of epkyityizegpuRhogphate g %aﬂé‘aéﬂ E‘%ﬁ%’er‘@ﬁéﬁ 8RTIIRE hydr oxyl
group(s) of a proposed@ipeuat grddedgepheasd llﬁ'xohﬁdf%'e.@ OUIO(S) IntO a

Ly 23 ponet dopl iestun kT Al BE-bop b LONER e coma' B0, c010n
a be used for economical manufacture of epoxy compounds up
to now.

10 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
they could be recovered from the initially crude reaction
mixture by destillation. ’ -

15 However such a destillation has appeared to be not

" 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

20 scale manufacture at all.

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

Ra—0-CHy-CH—CH2
| ! (A)
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25 process was known for the preparation of ethylene oxide,
propyl ene oxivdeesmeeol, 2- but yl ene oxi de, conprising the PCI/EIOS4eY Si-on of
a mxture of ethylene glycol, 1,2-propylepe gl ycol and 1, 2-butyl ene
glycol into a m xture of the correspondi ng cyclic carbonate esters,
fol | oned.by thes3)cur,-ceecaipoxyl ation of the obtained carbonate esters
into epoxi des ifn the presence of caal ysts and subsequent

- 4 separ ati onoof ¢ohe epoxide m xture into the individual
conponents by destill at NoA. From US patent No. 4,276,223 the
preparati on was kBown of vicinal epoxides, having from2 to 30
carbon 5 atons per Mol ecul e, conprising heating the corresponding
carbonate esters of the Pornul a C

[err] in the presence of a catal ytic anmount of a catal yst

sel ected fromyhaLmORE eePsdsdntzd of phosphoni um hal i des,

sul f oxoni um halj des and netal salts sel ected 10 from hal i des,

sul phat es and ar Bo¥fP¥Pes, having 1 to 20 carbon atons, of iron,
tin, manganese and zi nc. Fyomyhe German patent application No.
1940205A, a * process was knovmp or-ot hp—preparati on of epoxides
conprising the splitting of cyclic estgr 1,2-diols, 15 having from 2
to 6 carbon atqns i,n the glycol .part, and carbonic acid ‘or

sul phur ous aci't*®&& "™ Rpﬁg%‘stletﬁeé?%;‘y‘???ﬂﬁn 100 to 500 [err]C
(preferably frama@e@stidud)OcdmpurijsChg ome tdremore additifomagngeowds asthydr ous,

basi cal ky reaghjGkaki- or
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(2) a group Rg—Q¥}p—alkyl—Q}5;— wherein the alkyl group
is straight or branched and contains from 2 to 30 carbon

or

atoms wherein Q is aryl of from 6 to 20 carbon atoms

(preferably phenyl) or cycloalkyl from 6 to 20 carbon
10 atoms (preferably cyclohexyl) and a and b are 0 or 1,

wherein Rg iepresents hydrogen or a residue, comprising

one or more additional groups of the formula



al kal i ne earth conpounds (preferably the alkali or 20 al kaline earth

car bonat es) . W0 99/09020 However these processes coul d not pberpsapess or the
efficient production of epoxy resins of_ dj phenyl ol _ pr opane.
Therefore there was still a strong need for 25 | nprovenent of this
broposed rout e.1,9aBLea) S Ebal of —-a1xyiC8lEmauiagiure at all.
As a result of exténsive Tesearch an exper?nentaﬁ n It has now
been surprisingly found, that e@onpounds of the o éornula
- 4o - \ ferr] or \ /
[err] o S

it ]
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(3) a group
Rs

wherein Rs represents hydrogen or a residue comprising
one or more additional Qroups of the formula

0—-cx~12—C:H——-—cH2 o.r 0-—-0115-([:&——?32

AV \/
Il I

{4) a group
H H ! " H H
I T
Rx Ry l Rx Ry
_ n
5 wherein Rt represents hydrogen or a residue comprising

one or more additional groups of the formula:



wherein R err] represents (1) a group

[err] wWOo99BMt ein Rlerr] represents hydrogen POOEPYB/052A21 due,
conprising one or nore additional groupsof 5 the formul a
[err] - (2) a group R[err] [err]-b-al kyl--[err]a- wherein the

al kyl group IS stral branched and contalns from2 to 30

car bon ato 59@&6 carggp at ons

(preferably phenyl) or ycI aIkyI fr n16 to éa[ on at ons
1 o o

(preferably cycl ohexyl Rgnd wherein Rq
represents hydrogen or’a resrdue ncorrprrsrng ne or nore additiona
groups of the fornula [err] C [err]
-6- o
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wherein Rx and Ry may represent hydrogen or only one of

Rx Ry

the symbols Rx and Ry may represent alkyl, having from 1
to 4 carbon atoms (preferably methyl), wherein n is an
integer from 1 to 100 and preferably from 5 to 50,

5 can be very efficiently reacted with alkylene oxide
having from 1 to 20 carbon atoms (preferably from 1 to
4 carbon atoms), in the presence of a catalyst, selected

from the group of compounds containing at least one

‘cation:
RC
Rg—-A (t)—Rrg (c)
Re
10 wherein A represents nitrogen or phosphor and preferably

phosphor, wherein R, Rq and Rg each represent an
optionally substituted alkyl group having 1 to 10 carbon
atoms and preferably from 1 to 4, or an optionally
substituted phenyl group and wherein Ry represents an

15 alkyl group having from 1 to 6 carbon atoms which may
optionally be terminally substituted by an aryl group
(preferably phenyl) or by a group of formula,



(3) a group [err] wherein Rs

represents hysrsog®eo or a residue conprising one or nopeTadsidsisanal
groups of the fornula -8 - S _ 11
(4) a group [err] 5 wherein Rt _
represents hydrogen g a residue conprising one or nore additional
groups of the fornul a:

Rq—aA(+) ' (c')

o

in combination with a counter anion X~ selected from
halogen, acetate, phosphate or carboxylate or com-
binations thereof, to form alkylene carbonate or alkylene
sulfite and a compound

B
Rb-o—cnz—c<—7032 (D)

o

5 wherein Rb represents
(1) a group

Rf

wherein Rf represents hydrogen or a residue comprising

one or more additional groups of the formula

H
0 _CH2~ C

Cﬂz

N

(¢}

(2) a group Rj—Q+p—alkyl+Q}5—~, wherein the alkyl group
10 is straight or branched and contains from 2 to 30 carbon
atoms, wherein Q is aryl of from 6 to 20 carbon atoms
(preferably phenyl) or cycloalkyl from 6 to 20 carbon
atoms (preferably cyclohexyl) and a and b are 0 or 1,'
wherein RJj represents hydrogen or a residue comprising

15 one or more -additional groups of the formula:

~40+p-alkyl4Q}3—0-CHo—~CH—CH2
\ /

o

{3) a group



7- [err] [err]
wherei n R erwg sgpaokoRy may represent hydrogen or only one péypppegnsss t he

synbols Rx and Ry may represent al kyl ,_hgvi ng from1 to 4 carbon
atons (preferably nethyl), wherein n is an integer from1l to 100 and
preferably from5 to 50, 5 can be efficiently reacted with

al kyl ene oxi de having from_1 t20 sar bon atons (preferably from1
to 4 carbon atons), in theRBrserﬁ:e of~a catal yst, selected
fromthe group of conpounds containing east one cation:

Rc er, 10 ereln A represents nitrogen or
phosphor and %?%?%%natﬁh]y representp%(gxg\g%%?nv%raeir%s ue RiP™RFd sRB9each
represent an one or nmgpe edditicormlbgrotips edf dibeylfogmolio having 1 to 10

car bon atons and prefer froml to 4, or an optionally
. H . P
0—-—cn§-c\ CH,
0
{4) a group
ST
Rx Ry Rx Ry

wherein Rx and Ry are as defined hereinbefore and Ri
5 represents hydrogen or a residue comprising one or more
additional groups ¢of the formula

x
b1

H H ' H
f T——o 'T T 0 CH;—C—CH,
Rx Ry a RX Ry- | \\\f/

According to a preferred embodiment of this process
step, the counter anion is selected from halogen and more
preferably this counter anion is chlorine.

10 The substituents of the alkyl groups or phenyl groups
Rer Rg and Rg may be selected from halogen, nitro, alkyl
or alkoxy having from 1 to 4 carbon étoms, carboxyi or
sulphonic acid groups. More preferably the alkyl ox
phenyl groups Rs, Rq and Rg are unsubstituted or the

15 phenyl groups are monosubstituted on the ortho place.

According to further preferred embodiments of the
hereinbefore described reaction ethyltriphenylphosphonium
chloride, ethyltri(orthotolyl)phosphonium chloride or
ethyltriphenylammonium chloride are used as catalysts. As

20 most preferred catalyst ethyltriphenylphosphonium
chloride is used.



substituted phenyl group and wherein Rg represents an 15 al kyl group
havi ng_ f r omwWo @s@ocar bon at ons whi ch may opt i onal pormyesdsasam nal |y
substituted by an aryl group (prgbecably phenyl) or by a group of
formul a; [err] i n conbination with a counter anion

Xerr] selected fDieneral theieRInbEESIALS gecreégéamta%t%ncar boxyl ate or
com b| nations thereof, to form al ene carbonate or al kyl ene

sulfite and a'RERFFFMFEePLr13 carriedgout aW@P‘EFﬁaWr& AR EBPr B3RGR s
(1) a group of from 100 to 250 °C, and prd®rably from 130nMiergoe

S A QI 0prBs582 U cRPLAGE W £rom 1 &'odppflOhRa 207 11 ONa!
5 preferably from 15 to 25 bar. During said reaction an
excess of alkylene oxide is used with reference to the
molar amount of the compounds (A) or (B). The applied
excess of alkylene oxide can be in the range of from 10
to 100% of the equimolecular amount and preferably in the
10 range of from 20 to 60%.
According to a particular embodiment of the

hereinbefore specified conversion step, compounds of the

Aty

N4

- O
or

R ):|
SO ans e dlk:

\/
I

formulae

wherein Rk represents a residue, comprising one or more

15 additional groups of the formula

N

NS

i
o

and wherein Rl represents a residue comprising one or

more additional groups of the formula



(2) a group Rerr]-[err]b-alkyl-[err]a-, wherein the alkyl group 10 S
strai ght or branched and contains from2 to 30 carbon atons, wherein
Qis-aryl ofWPPYMOW to 20 carbon atons (pr ef er abl y peraryds2sar
cycloal kyl from6 to 20 carbon atons- (preferably cycl ohexyl) and a
and b are 0 or 1, wherein R err] represents hydrogen or a residue

conprising 15 one or nm addi tional groups of the fornula:
[err] _ g o—t@E+gi— cn, [ erngy
[err] wherein epr esefys hyd\ogen or a residue conprising

one or nore additional groups of the Pornula o

[err] s

i
0

are reacted with alkylene oxide having from 1 to g

10 carbon atoms, in the presence df a catalyst, seiébﬁqd

L e

from the group of compounds containing at least one

cation:
Re
Rd:::A(+)—Rg (C)
Re

5 wherein A represents nitrogen or phosphor and preferably
phosphor, wherein Ro, Rq and Ra each represent an '
optionally substituted alkyl group having 1 to 10 carbon
atoms and preferably from 1 to 4, or an optlonally
substituted phenyl group and wherein Rg represents an.

10 -alkyl group having from 1 to 6 carbon atoms which may
optionally be terminally substituted by an aryl grouﬁ;.
(preferably phenyl) or by a group of formula,

RC
\A (+)

Rg—

re””

in combination with a counter anion X~ selected from

(C')

halogen, acetate, phosphate or carboxylate or com-
15 binations thereof, to form alkylene carbonate or alkylene

sulfite and a compound

H

Rf o—cHzC c2 (")

N

More in particular the specified conversion step can

be carried out starting from compounds



[err] wherein Rx and Ry are as defined hereinbefore and R 5

represents hydrogen or a residue conprising one of nore addi ti onal
groups of t vwo ssapaasl a [err] pPCT/EPISASEP ding to
a preferred enbodi nent of this process 12 - step, the counter anion is '
sel ected from hal ogen and nore preferably this counter anion is

chlorine. 10 he substituents of the_al kyl & oups_or phenyl groups
Rlerr], Rerr] and R er may pe se| ected f£om hal ogeh o, al kyl

or al koxy havi ng BOAomol po—ad—dar lpon )atBrsio{ caPboyytce OH sul phoni c
acid groups. Mire pkefeyably tRke alkyl or phleny gups Rc, Rd and
Re are unsubstituted or the 15 phenyl groups ar & sonosubstituted on the

ortho pl ace. cardi t u r . rred. enbodi nents of the
her ei nbef ore O(fesh(?rlfﬁgaatr:éég’ctllnoRggf:ﬁcg‘f{ar’{ tﬁggﬂﬁﬁ%oﬁ%gp edtﬁivﬁgevgs chl ori de,
e:ﬂhyl _t(rji (ortﬁhmgbﬂ)ph?mismmtngrﬁm ppl}gmeritic ce.armﬁbtxgzplrm?i anmoni um
chloride are asy’ Hl1%en ' : d akys

et hyl tri pheny Qﬁ’qsepﬁo%?um © cﬁl o?l}d(félsgg%ugg%aﬁerr% '8

- 10 - taining png¥RAtaramuprher ek shepel b TEPRS,f WBUCh 8RN | on

(process steRartiatdyl b£dipletel P UoiverCed Nidthe tlhéngéoups' of . of from
100 to 250 [eqr*{@] % ang preferably from 130 to 200 [err] ~and at a
pressure int 8hg8-df from1l to 30 bar and 5 preferably from15 to

25 bar. During said reaction a' exgess of al kyl ene oxide is used
with reference to the D 2O HENS Qt—t—h@*zcorrpounds (A) or (B). The
applied _ / _

o

It will be appreciated that not only relatively

simple compounds, such as

CHy H o
HO L on, HO c OH,

[ H t

CR ‘
. ca, " :
HO !; on, HO c oH

| H

CH,
HO—(CH,) —OH, H (I:u-——cnz—-o fl:H——cazoa

CH3 CH 3
P

wherein n and p are integers from 5 to 50,

10 but alsoc polymeric compounds, containing a greater number
of hydroxyl groups which may be completely dﬁ partially
be converted into groups

H
-—O—CH2—C\—;CH2

¢)

I.e. the simple standard commercial epoxy compound of

formula



excess of al kyl ene oxide can be in the range of from 10

to 100% of

gg; equi nol ecul ar anount and preferably in the 10 range of from20 to
0 cording to a particul ar enbodi nent of tQﬁ '
her ei nbeforewgﬁ%??@r%i ed conversion step, compounds of the /EPISOSR mul ae
or ) _ o - 13 - [err] wher ei n
Rk represents a residue, conprising one or nore 15 addi tional groups
of the foornula Ch, [err]
and wherein Rierr] represents 3 duf cofiprigi ng one gf H nor e
addi tional groupsizef ctheifo 0—CHz—C c?

. o, Ny

10

15

20

25

30

can be prepared according to the process of the present
invention, but also commercial a multifunctional epoxy
compound, having a much more complicated structure can
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

be

industrial scale manufacture of compound I starting from

a ketone and phenol, representing 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.

It will be appreciated that the invention is alsol
relating to a complete integrated manufacturing process
for the final epoxy resins, comprising the hereinbefore
specified process step, and starting from a polyphenol
compound I, such as DPP for standard commercial epoxy
resins, and glycidol (II).

Accordingly the invention also relates to a process
for the manufacture of epoxy compounds comprising the

steps of:

(a) conversion of propylene into propylene oxide, its re-

arrangement into allylalcohol and its subsequent
oxidation into glycidol, in the presence of a
heterogeneous catalyst comprising at least a transition
metal such as titanium, vanadium or molybdenum, as such
or in the form of a compound of said metals dispersed i

a chemically inert carrier, or in the presence of a

n



- 11 - [err] are

reacted with al kyl ene oxide having from1 to - 10 carbon atons, 'in the
presence of a catal yst, selected fromthe group of conpounds
cont ai ni ng a¥CPERBY one cation: P &Fﬁ‘m%
wherein_ A represents nitrogen or phosphor4 and preferably phosphor,
wherein Rc, Rd and Re each represent an optionally substituted al kyl
group hla?/i Ng fhoh&gdibdiay fé@!ﬁééyst fozfitdﬂ%yaaddgfﬁ]]ﬁieabby fisparkeildo 4, or an
optionally std tut group an erein Rg represents an 10
al kyl group hﬁﬁnﬂ‘&“‘?‘f 3# fatlg %ggﬁ%on at ons whi ch nay optionally be
term nal | y suliblitedad dmy odinaaplyénairicugompound (Xpr ef erably phenyl) or by a
group of fornula, [err] in conbination with a
counter anion X err] selecged on halogen, ggetate, phosphate or
carboxylate or com 15 bi na ¢ thereof, to form.al kyl ene..carbonate or
al kyl ene sulfite and a conpdund o
with glycidol ' ' T
Hy H
C—C——CH3—0H (II)
\ 7/
o]
5 into di-a-glycol
.
|
CHZ

kz—@—O——mz OH ( I.'II,

(c) reaction of di-a-glycol (II) with alkylénecarbonate,
or alkylene sulfite, and preferably propyléﬁé”carbdnaﬁé
‘or ethylene carbonate, into the compound {A)

Rk‘@—o_cﬂz_ (F _Hy (B} .

N
il

0
0\ /
]

o/

or

(d) reaction of compound (E) or (F) with alkylene oxide,
10 having from 1 to 20 carbon atoms and preferably from 1 to

4 carbon atoms,
in the presence of a catalyst, selected from the group of

compounds containing at least one cation:



[err] More in particular the specified conversion step can
be carried out starting from conpounds

- 12 [err] or hal ogenated, in artlcular
br om'nat ed dvevplg\g/ggtolm{/es t hereof, but also starting e e P er i ¢
conmpounds, such as phenolic fornaealslehyde condensati on pol ynmers, con-
taining a greater nunber of phenolic groups, which my 5 partially or
conpl etety be converuag into the groups of the formul a

H Lerr It will be appreciated that
not only relatively Ra——-é @ conpounds, sudR)as

Re

wherein A represents nitrogen or phosphor and preferably
phosphor, wherein Rg, Rq and Rp each represent an- ! &
optionally substituted alkyl group of from 1 to 10 caﬁbon
atoms or an optionally substituted phenyl group and T

5 wherein Rq represents an alkyl group having from 1 to
6 carbon atoms which may optionally be terminally sub-
stituted by an aryl group (preferably phenyl) or by a
group of formula

R¢

Rq—A(+) | (cr)

e

together with a counter anion selected from halogen,

i0 acetate, phosphate or carboxylate or combinations
thereof, to form alkylene carbonate or alkylene sulfite
and a compound

. H q .
Rf “ 0—CHzC c? {D'")
N,

(0]

The oxidation step to form glycidol occurring in

step {a) is preferably carried out in the presence of a
15 catalyst comprising titanium dispersed in silica or
vanadium on silica.

Another aspect of the present invention is formed by
the final epoxy resins, which contain only traces of
intermingled halogen and in particular chlorine, which

20 are obtainable by the complete integrated manufacturing
process as specified hereinbefore and which show a
significantly deviating molecular structure as compared

with those of the conventional epoxy resins.



[err] wherein n and p are integers fromb5 to 50, 10 but al so

pol ynmeri c conpounds, containing a greater number . of hydroxyl  groups
whi ch nmay be coqpletely or partially be converted into groups

[err] WOSSMP28 i he sinple standard commercial epoxyPEHEPRSESE2 of
formul a - 16 - - 13 -

CH3 [err] can be prepared according to the

process of the pregaeatcharacteriB¥€8th®Ibcdidlr 8t SQ-EOAWICiBE fovel
mul ti functional egoxz . c Ofnd, haV|ng a much npre conplicated
struct ure CEH]%B?X r Slniwéﬁﬁaﬁga.r y expressed by HPLC diagrams made

of these resins and by a total halogen, and in particular
chlorine content, of below 1300 ppm.

5 More in particular the novel epoxy resins, containing
only traces of intermingled halogen below 1000 ppm and in
particular in the range of from 300 to 1000 ppm, can be
characterized by the hereinafter specified HPLC signals.,

Said halogen contents are significantly lower than '

10 the usual range of from 1400 to 1800 of conventional .
resins. .

The epoxy resins according to the present invention
were characterized by HPLC analysis using a HP1090 liquid
chromatograph (as depicted in Fig. I). For comparison,

15 also a chromatogram was taken from a standard epoxy resin
{as depicted in Fig. II}.

2.0 Gram of the resin was dissolved in 20 grams .
acetonitrile. Anisole was used as an internal standard.
The analysis was performed using a Novapak C18 column,

20 15 cm x 3.9 cm, Waters. The flow was 1 ml/min, injection
volume was 1 microlitre. The initial solvent composition
consisted of 75% water and 25% acetonitrile. A solvent
gradient was used.

In 110 min the composition changed linear to 6.5%

25 water and 93.5% acetonitrile

At 115 min: 0% water, 100% acetonitzrile

At 125 min: 75% water, 25% acetonitrile

At 130 min: 75% water, 25% acetonitrile

The analysis was performed at 50 °C, with

30 UV detection at 2735 nm.

The chromatogram clearly shows the absence of the
so-called build-up products (n=1, n=2, etc.) that are
normally present in resins prepared from bisphenol A and
epichlorohydrin (Peaks at 60.7 min and 76.8 min}., In

35 addition, some extra peaks emerge in the chromatogram



5 For exanple in this respect, a great variety of

phenol f or mal dehyde resins can be used as starting material |

(novol ac resins). It was known for a long tine to carry out the
i ndustci al S¥AP¥9huf act ure of conpound | starting from JRETEPISASIRet one
and phenol, representing cheap products. 17 - An i nmport ant
representative of conpound |, having a . rather sinple structure i-s
DPP(di pheny! 0' PIPRARE) the cyclic bisBh$Bohh€e r&AGLNT 3b!s (Mycigdol ) can be
regarded as rel ative cheap product prepared from ropene 15

It will be app?%%ﬁ%{né’dwﬁﬁﬁtmﬁé:aﬁli\?é‘ﬁ BoATPYP aﬁ“:‘,gme ePOXY (HoMB)Img to a

conpl ete integsag eﬁmauﬁaat—gllym)prace%mm, and 1508 hie. f'ri—mﬂe epoxy
resins, conprising.the he[(elgl q: t eg{ff i e roces step, and
starting from2HoltfcneRaks do not oggus iRqthe chrepa fﬂb? r standard
commer cisal epogyantard epbegi rssirend Fdgyclibl Hddides these mentiofedor di ngly
the invention also relates_to 0 Chyke of
epoxy conpound®®® eSeng the fhie %mef ot cuffEe(y'?'rd:gg l["T%Rklﬂlegiotrtli\&/{erS| on of
propyl ene i nt oty oqhdomaaogxa!deg its re- 25 arrangenent into

al Iyl al cohol and ifé;ﬁiﬁgsﬁg reciated tﬂéﬁc%ﬂé(E}ab@thgéﬂﬁidHﬂtlme t he
presence of a et erogeneous cat al ySt COITprl Si ng at | east a

transition can vapyt SOMSHbAt RetWeeRnr¥RPT AR um or nol ybdenum as such
or in tiee form of 'ﬁxecameuaﬂlo@fl§emﬂtmtrahsmhweaeﬁyl th&(followdng

chemcally inert carrier, or in t e resen

- 14 - hmﬁéﬁé’oﬁg cSPIPIRAL VS FER™B e% cﬂ°§"seole\5édm‘th°cﬁ sper sed

conpound of saréstEicting its s¢dpe rwatchiese speciflerubpdinampound (1)
Preparation of the bis-gm-glycol ether of DPP (Compound 1)

Example 1
15 In a 100 ml three-necked round-bottom flask equ;pped

with a reflux condenser and a thermocouple, 22.84 gram
(0.100 mol) diphenylolpropane (DPP or bisphenol A) and
15.54 gram glycidol (0.210 mol) is dissolved in '
- 15.05 gram (0.150 mol) methyl-isobutylketon {(MIBK) and

20 15.04 (0.25 mol) isopropylalcohol (IPA). Then 10.80 gram .
(0.100 mol) anisol was added as an internal reference
compound. At 80 °C 6 mol% of an aqueous NaOH solution
(50 wt%) was added at once. The mixture was maintained at
80 °C for 6 hours. Then, the solvent was removed in

25 vacuo. The bis-a-glycol ether of DPP (1) is obtained as a
white solid material (33.9 gram, 89.5%).

The material is analysed by High Pressure Liquid
Chromatography. Sideproducts are: the so-called build-up
product (oﬁe extra glycidol group added), the 1,2-OH

30 (resulting from incomplete conversion, and the 1,2-1,3,
which is a compound that bears a 1,3-propane diol moiety.

Examples 2 to 19 are summarized in the table.



10

and preferably

into the conpound (A)

reaction of di-[err]-glycol
PRaction of conmpound (E) or (F) with al kfFEERs@sasEe,

(c)

or al kylene sulfite,

or ethyl ene carbonate,

[err]

at e
0

ey

having from1l to 20 carbon atons and preferably from1 to

(1) with al kyl enecarbonat e,

propyl ene c¢

[err]

wi th gl ycidol

- 18 -
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4 carbon atons, in the presence of a catal yst, selected fromthe

group of conpounds containing at |east one cation:
- 15 - [err] wherein A repres ’i: rogen or
phosphor anav%?’@’fxgpably phosphor, wherein Rerr], 8’03 4 Rl err]
each represent an optionally substituted al kyl group of from1l to 10
car bon atons or an optionally substituted phenyl group and 5
wherein.Rlerr] represents an al kyl ‘group having from1 to 6 carbon
atons which may optionally be termnally sub- stituted by an aryl
group (preferably phenyl) or by a group of fornula
[err] together with a counter anion selected from hal ogen 10
acet ate, phosphate or carboxyl ate or conbi nations thereof, to form
al kyl ene car bonate or al kyl ene sulfite : and a conpound : -
err .p
lerr] & g
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The oxidation step to formglycidol occurring in step (a) is
preferably carried out in the presence of a 15 . catal yst conprising
titaniumdispersed in silica or vanadi um on silica.
Anot her. aspe®™O%BPRhe present invention is forned by PCHERISHS28%al "epoxy .
resins, which contain only traces of = 20 - interm ngled hal ogen and in
particular chlorine, which 20 are obtai nable by the conplete integrated
manuf act uri ng?® During priuice sxpasinpetidipddodr easbddsade iandswhimdteshow a
significantly dgxg?géggofrrﬂqugl gEe-S&ﬁél&}eLg e as conpared wi th those

re

of the conveng ona
- 16 - From Qai-‘u Wﬁ'a@ﬂeﬁ'é@ ivthwodatifer aft alycideloknthe novel

epoxy resins ar grgkeddd Yo aSERE hye HRIE 61?85.@6% made of these
resi nsoglnd by .2 tot al hal ogen, and in particula chl ori ne content,

of bel 0% 1300 “pPnf0 ¥t% NazCo3’ RBLBEIOR pEAst M€BFar the novel epoxy resins,
cont ai ni ng only traces of intermngled hal ogen bel ow 1000 ppm and

in | ar theraneof fram 300 t 00

characteri zed&% gt’lﬁer%a r?af‘?e?g’éﬁ%lémﬁ ef Bpte &B]'galwsf%m’t e Sai d
hal ogen pontentsoaselzeqpm,fmbanbiy-afgtycdﬂhanheﬁ of DPPt H@)usual range of
from1400 to %gggtghf so&vear}ttbgnggohnq dcwmr esi ns. The - €poxy

resi ns accordi resent 1| nve were characterized by
HPLC anal ysi stepanahmPﬂitheLhusﬂcychc carbapatmasyespht (BRP depicted in

Fig. 11 For qeBmgbhs®p) 15 al so a chromat ogram was taken from a
st andard epOXé resin (as depicted in Fig. I1). 2.0 Gam
of the resin L | ved in 20 grans acetonitrile. Anisole was

used as an internal 166 aildabdnd-bottom fllagkanal ysdryesasripRr 2oroeatsi ng a

Novapak CL8 CQlUlfly 0s-g1ycot etZ Je oMo Wi gi%, Toa halt it ™ /M 1.

28.58 gram (0.280 mol) propylenecarbonate. The mixture is
15 heated at 100 °C and 2 mol% of an agueous NaOH solution
{50 wt%) is added. After 1 hour, a vacuum is applied to
remove the formed propanediol and excess propylene-
carbonate (final conditions 160 °C, 20 mbar). The .;g;
compound is suspended in water, filtered and dried. The
20 yield of the solid white material is 22.4 gram. :
Example B ——
The same procedure as in example A, however with a
larger excess of propylenecarbonate (15 fold excess). The
distillation was performed using a Vingreux distillation
25 column. HPLC analysis proved that the selectivity
enhanced by this procedure. The compound is suspended in
water, filtered and dried. The yield of the solid white
material is '22.2 gram.
Example C
30 The same procedure as in example B was used. The
solid product was heated with acetonitrile until it was
almost completely dissolved. After cooling down the

material crystallises. The compound is suspended in



volunme was 1 mcrolitre. The initial solvent conposition consi sted

of 75% wat er and 25% acetonitrile: A solvent gradi ent was used.

In 110 mn taggg[ggl&)osmlon changed linear to 6.5% 25 wat er and 93. 5%
acetonitrile At 115 min: 0% water, 100% acet orFGY§RO#05282

At 125 min: 75%water, 25% acetonitrilre2l - At 130 nmin: 75% wat er,

25% acetonitrile The anal ysis was perforned at 50 [err]C, w th
30 W det #@tpsn &iltpedymnd dried. The sehecthyirmiteogtam bigarly shows

the absence ofcychec carbonat%oegagkegs t&lﬂo@tuﬁo@r oducts (n=1, n=2, etc.)

that are normal |y present in resins prepared from bi s henol A and
epi chl orohydrpﬁ—géﬁéﬁ%wlmcﬂrbm?te |9stex of DP d'di tion, some
extra peaks emEgagplendt he chromat ogram

- 17 - t clic |sarbo e _geste 0.5

conpound wi t h one%Ba?b{c}Onoat GPEED AH rg‘ Cﬁé:oélﬁ aém@ﬁ’% aSi eqUIPP%dB M n
(bis-[err]-gl ydah)a nefmanmpdandenarmm theTheseauple, 22 Buagfazﬁ\/\o peaks do
not occurlntecgi) A 88 o P ndar (pFlg 11).
Besi des t hese rrent{ﬂ ﬁ?ﬁg{e ¥l % ipa e(?)tg%lg agjfg ge nu erﬁof di fferences
between the 15.12 gyemctl.@Pdt Gg%hn@YCldOl is dissq]qu,q itin be appr eci at ed

that the exactor, @Qeei'éxﬁ)n(d '3”%%1) propylene c!@BMnmﬁ"ﬂg gt ygerne -
experipents. 10 invention is further trated by the

fol | owtrPg U.48 gﬁ%‘ﬁpﬁ%é”%nﬁa%nb%ﬂ)at‘le\/é‘%?a%l%%P) 8#d Wi t hout
restricting ifdropadpe. iThd empespertd iis eatisddnent® °C. AfterPrepar ation of

the bis-Terr] sabygol sifiry o BPP, (PUMAUAR 1) occq andPRIP) & 1 19

In a 100 m thAree-necked ro I pped with a refl ux
condenser andtsmpheatwroui ¢aigedsdo ghtdn°C. The miXLu@0 isol )

di phenyl ol progang:§ Brfu Wt RiogPRENpl, A.‘)O Mdutes. Then, propanediol
15 and excess of PC is removed in vacuo. The residue is
washed with toluene, filtered and dried at 40 °C in

vacuo. Obtained was a light brown, crystalline solid -~
material (39.4 gram, 92%).

Preparation of the bis glycidylether of DPP (compournd- 3)
20 Example I )
A 250 ml autoclave was charged with 20.0 grams
(46.7 mmol) of the bis-cyclic carbonate ester (I),
130 grams propyleneoxide (2.24 mol) and 3.75 grams ethyl
triphenylphosphonium chloride (ETPPCl) {11 mmol). The
25 mixture was heated to a 160 °C and maintained at this-
temperature for 16 hours. After cooling to room tempera-
ture the excess PO was evaporated and the formed pro-
pylene carbonate was removed in vacuum. The conversion
was determined by NMR spectroscopy and proved to be 93%,
30 about 7% carbonate end-groups remained unchanged. The
selectivity was > 98%, no ketone end-groups could be
observed. The remainder (15.8 gram) was dissolved in
40 ml MIBK and washed twice with 50 ml water.
Subsequently, the solution was treated with a 20 wt$%
35 aqueous NaOH solution for 1 hour. The phases were



15. 54 gram gl ycidol (0.210 nol) is dissolved in 15. 05 gram (0. 150
nol ) met hyl -i sobutyl keton (M BK) and 20 . 15.04 (0.25 nol) .

i sopropyl al cohol (I PA). Then 10.80 gram (0.100 nol) ani sol was
added as an WOPHPPQ reference compound. At 80 [ ePFFEFEMFR of an
aqueous NaOH sol ution (50 wt % ®@s-added at once. The m xture was
mai nt ai hed at 80 [err]C for 6 hours. Then, the solvent was renoved
in 25 . vacuwepathtedi and enhre] ogbyoid lstyrer web ©RFhdd with SBtminefl as a

white solid ! glgisaly ol 3 I 8 %94 ; ) ' S
anal ysed by Z?agh Br égéué’ésgl_b%q i d? gommncﬁ'%ﬁ%%%ﬁr%n&%%bg?zgg%?giucts are:
t he so-cal | ed Wsdicedwiph 50 ml wagesd REtgH renePERAEH 3 iidoVagHBR 2 added) ,

the 1,2-OH 30 prown £ESSabid Matkrm i MeHGYREAQ0NYIRE Sdgky arduphe 1, 2-1, 3,
which is a conpound that bears , 3- propane di Ql noiefy. Exanpl es
2 to 19are s Felfa? rf“eﬁ?é’ngb%&tPtr ti%h &nd pro‘f@éf %o ve
5020 mmol/kg. The only side-products detectable in the
NMR spectrum originated from residual catalyst.
Example IT
The same procedure as in example I was followed, bqﬁ
10 in this case the mixture was heated at 160 °C for
24 hours. The conversion proved to be almost complete. No
ketone end-groups were observed. The work up was per-
formed as indicated in example I. The epoxy group content
proved to be 5180 mmol/kg.
15 Example III

The same procedure as in example I was followed, but:

in this case the mixture was heated at 180 °C for
14 hours. The conversion proved to be almost complete. No
_ketone end-groups were observed. The work up was . ..%
20 performed as indicated in example I. The epoxy group¢%
content proved to be 5050 mmol/kg.
Example IV '
A 250 ml autoclave, equipped with a magnetic stirrer
bean, a thermocouple and a pressure meter was charged
25 with 20.0 gram (46.7 mmol) of the bis-cyclic carbonate
ester (1), 140 grams propyleneoxide (2.41 mol} angd
4.26 grams ethyl triphenylphosphonium bromide (11 mmol).
The mixture was heated to a 160 °C and maintained at this
temperature for 16 hours. After cooling to room tempera-
30 ture the excess PO was evaporated and the formed pro-
pylene carbonate was removed in vacuum. The remainder
(15.6 gram) was worked up as described in example I. The
conversion was about 85%. The epoxy group content was
4920 mmol/kg.



[err] ‘ -19 -

WO 99/09020 PCT/EP98/05282
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Example V
A 250 ml autoclave was charged with 20.0 grams

(46.7 mmol) of the bis-cyclic carbonate ester (1),

130 grams propyleneoxide (2.24 mol) and 5.61 grams ethyl
5 triphenylphosphonium iodide (11 mmol). The mixture was

heated to a 140 °C and maintained at this temperature for

16 hours. After cooling to room temperature the excess PO

was evaporated and the formed propylene carbonate was -

removed in vacuum. The conversion proved to be about 60%.

10 The reaction is-less selective, about 8% of the epoxy -
groups are transformed into ketone end-groups. Perforﬁing
the reaction for 74 hours resulted in 80% conversion.-
Example VI

The same procedure as in example I was followed,

15 however in this case tetramethylammonium chloride {(TMAC)
was used. Thus, 1.2 gram (11 mmol) TMAC was added instead
of ETPPCl. With this catalyst the reaction appeared to be
more sluggish. The obtained conversion at 160 °C in - -.
16 hours was about 74%. Also the selectivity was some

20 lower, about 90%. No ketone end-groups could be detected.
Sideproducts are mainly due to reaction of amines with-
€poXy groups.

Example VII
A 250 ml autoclave was charged with 20.0 grams

25 {46.7 mmol) of the bis-cyclic carbonate ester (1),
150 grams propyleneoxide {2.58 mol) and 4.06 grams ethyl
tris(ortho-tolyl)phosphonium chloride {11 mmol). The
mixture was heated to a 160 °C and maintained at this
temperature for 16 hours. After cooling to room tempera-
30 ture the excess PO was evaporated and the formed pro-
pylene carbonate was removed in vacuum. The work up was

as described in example I.



[err]
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Example VIIT

The same procedure as in example VII, but with ethyl
tris (para-tolyl)phosphonium chloride (4.06 grams 11 mmol)
as catalyst. The work up was as described in example I.
Example IX

The same procedure as in example I, but with
benzyltriphenylphosphonium chloride as the catalyst. The
yields, conversion and selectivity were about the same.
The epoxy group content was 5080 mmol/kg.

Example X

The same procedure as in example I was followed,
except that 1,3-propylenebis(triphenylphosphonium)di-
chloride (compound 2) was used as a catalyst (A bis-
phosphonium salt). The conversion was about 24%, the
selectivity > 98%. The work up was as described in
example I. The epoxy group content of the resin was
5045 mmol/kg.

Example XI
The same procedure as in example I, but with

tris-orthomethoxyphenylphosphonium chloride as the

catalyst. The yields, conversion and selectivity were
about the same. The epoxy group content was 5080 mmol/kg.
Example XII {Comparative example)

Alternatively, it was tried to convert the bis-
carbonate ester of DPP (compound 2) directly in the
diglycidyl ether of DPP (compound 3), 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 COZ formation. Hereafter,
the vacuum was 1 mbar. The temperature was raised to
270 °C. Bbout 50% of the material was distilled. NMR
analysis of the distillate showed the presence of ketone

end-groups instead cf epoxy end-groups. The residue also



- 20 - a During this experlnent gl ycidol was dosed in 35 m nutes

i nstead ‘of being pre-charged. b Fromthis entry on a 70 wt %

sol ution ofﬁg/g0|dol in M BK was used i nstead of ure glycidol 5
[err] A 20 WO¥@IXrr]COerr] solution was used . /EPIO5IRact i on
is perforned in pure MBK (w thout IPA 23s~ a co- solvent) t he

bi s- [err] gl ycol ether of DPP (1) crystallises after cooling down.

Pr epar at.i on ¢fontthdnpilskesard endagpowes eanssdigepeppp stiructuregeorpound 2)
Exanple A epoxy end-§rdds.m round-bottom flask is charged with 20.0 gram
of the bis-glycol ether of DPP (89% pure, 47.3 mol) and 28. 58 gram
(0.280 nol) propyl enecarbonate. The m xture is 15 heated at 100 [err]C
and 2 nol % of an aqueous NaOH sol ution (50 W% is added. After 1
hour, a vacuumis applied to remove the forned propanedi ol and
excess propyl ene- carbonate (final conditions 160 [err]C, 20 nbar).
The conpound is suspended in water, filtered and dried. The 20
yield of the solid white material is 22.4 gram Exanple B

The sane procedure as in exanple A however with a ' Iarger excess of
propyl enecar bonate (15 fold excess). The distillation was perforned
using a Vingreux distillation 25 colum. HPLC anal ysis proved that the
selectivity enhanced by this procedure. The conpound is suspended
in water, filtered and dried. The yield of the solid white

material is 22.2 gram Exanpl e C 30 The sane procedure as
in exanple B was used. The solid product was heated with
acetonitrile until -it was al nost conpl etely dissol ved. After

cool ing down the material crystallises. The conpound is suspended
in



- 21 - water, filtered and dried. The selectivity to the bis-

cyclic car bonate ester is al nost 90% . Preparation of the bis-cyclic
car bonat e e % Exanple D 5 In a 100 m

t hr ee-necke 9%9(? 0bottomflask equi pped with a r BFIEROSOR enser
and a thernocouple, 22.84 gram (0.1 nol) diphenyl ol propane (DPP or
bi sphenol A) and 15.12 gram £L02@04 nol) glycidol is dissolved in
30.63 gram (0.3 nmol) propyl ene carbonate (PC). At 50 [err]C 10 0. 48
gram 50 wt % NaOH (aq) (6 nol % on DPP) is added dropwi se. The
tenperature is raised to 70 [err]C. After 5 hours 204.18 gram (2.0
nol) PC is added and the t rgt yr is raised to 100 [err]C The
m xture is mai nt ai ned at Mfor 30 mi nutes. Then,

propanedi ol 15 and excess of PCis renmoved in vacuo. The residue is
washed with ol u |4 er t in vacuo.

bt ai ned was a ?g %e grélit.vi/?] eg?;‘g% %c%eﬁrgoof Jnfﬁ&dnﬁsmte“ al (39.4 gram
929 . Preparat*ion of the bis glycidylether of DPP (conmpound 3) 20
Exanple |  Rb-0-CH2-Gr—>&#2ni autocl ave was ch¥rged with 20.0 grans

(46.7 mmol ) of the bi s\c/ycllc carbonate ester (1), 130 grans

propyl eneoxi de (2. 24 mﬂ) and 3. 75 grans et hyl tri phenyl phosphoni um
chloride (ETP Cl% {‘]}J(br pe 25 m xture was heated to a 160 [err]C
and mai nt ai n&¢¢ SPreSenty o merature for 16 hours. After cooling to

roomtenpera-{l) a grougpure the excess PO was evaporated and the fornmed pro-

pyl ene carbonate was renoved in vacuupr—Rhe conversi on was
determ ned by NVR spectroscopy andu 0 be 93% 30 about 7%
car bonat e end-groups renmai ned unchanged. fhe selectivity was > 98%
no ketone end-groups coul d be observed. The remai nder (15.8 gram
was di ssol veghepein Rf reprgsantyldragemashadresdidie GPPRTSILNE wat er .
Subseaggient | y onbh8r SR 448108841 et RBsWoltht Re 26b 1ifu%a35 aqueous NaOH
solution for 1 hour. The phase gre
H
0—'C}?C<-——-/CH2
0

{2) a group Rj—tQ+p—alkyl4Q}a;—, wherein the alkyl gfo&ﬁ
is straight or branched and contains from 2 to 30 carbon
atoms, wherein Q is aryl of from 6 -to 20 carbon atoms or
cycloalkyl from 6 to 20 carbon atoms and a and b are 0 or
10 1, wherein Rj represents hydrogen or a residue comprising

one or more additional groups of the formula:

~40}p~alky14Q),~O-CHy—CH~CHy
\ /
o

wherein Rh represents hydrogen or a residue comprising

(3) a group

one or more additional groups of the formula

| RER ) L PR



- 22 - separated and the organic |ayer was washed with 50 m of
a 10% aqueous NaH err]PJ err] solution in water and subsequently

twice with %mm Hpter. After concentration in vacuum a br own
resinous material Aas obtained. The ep&y group 5 coRECERPIRHS2PZreasur ed
by titration and proved to be ~ 5020 nmmol /kg. The only side-products
detectable in the NVR spectrum origi nated fromresidual catal yst.
Exanpl e -1 | The sape prQcedure asuin exanple | was followed, but
10 in this case the mM%turé wgstteatag—at—+66-¢yrr] C for 24
hours. The conversi on proved N\o be/ al nost co eteZ No ket one

end- groups were observed. The work up was per- © formed as indicated
i n exanpl e I.(Jﬁeaw group content ~ proved to be 5180 mmol /kg. 15
Exanmple 111 The sa procedure as in exanple’'l" was foll owed,

but ) in this case the ¥t urea was heawed a 180 [err]C for

14 hours. The conversion pRd Ct‘o—ﬁleﬂ'r ccomuete. No ket one
end- groups were observed. The rk dp was OI_ | performed as indicated in
exanple I. The epoxy group Rx dontent| pRavedryt 0 be 5050 mmol / kg.
Exanmple 1V A 250 ml autoclave, equipped with a magnetic stirrer

bean, a ther ntRRHTe R¥nand Ry arpyirepresent \ilzolganged o®ly one wift h 20. 0

gram (46.7 miphd $Ymboll8 Rk Saky Hy maGatberédént alkyl n&¥ifd £rbm 1140 grans
propyl eneoxi de (2.41 no 4. 26 a?“rga}rrvs et hyl tri phenyl phosphoni um

) and )
bromi de (11 nhdl9 carbon 2‘““Fﬁre whereipen APEQILT 11 16 [XAGEC and
mai nt aisSned atof hirom 1 to 100 eiMERAt HepréSentlsS hyaubgen Abt 4 readldueg to room

tenpera- 30 .ur.e t excess. PO . evaporat ed apd_t he formed pro-
pyl ene car bon%?mepg\ﬁ%é%ge?r%?/eo imr?%\?agﬁ\é%gl%agl rgé:ﬁgpﬁdgf? the formulas g gram
was wor ked up as descrii ped ikn ex:frrplg | . 4The conver si on was about

85% The epoxy grou TH_GHT%S c c 0~ Chy— CH——CH,
Rx Ry n Rx Ry \\O
and an alkylene carbonate or an alkylene sulfite, by

reaction of a compound: .

Ra-0-CHz-CH—CH2

I t ()
o o
\/
c
]
o
or
Ra-0-CHy -CH—CH
| { (B)
0o o
N/
s
i .
o) ——

T — A g

(1) a group



4920 mol / kg. - 23 -

Exanpl e V A 250 ml autoclave was .charged wth 20.0 grans

(46.7 mol ) of the bis-cyclic carbonate ester (1), 130 grans
propyl eneoxi YR*¥P9¥, npl) and 5.61 grans ethyl 5 tri peampssmsza3phoni um |
iodide (11 nmol ). The m xture was - 28feated to a 140 C and mai nt ai ned
at this tenperature for 16 hours._ After cooling to roomtenperature
t he excess PO was evapor ated and ¢ forned propyl ene carbonate was
renoved in vacuum The conversion PBPO g—1te about 60% 10 The
reaction is |l ess selective, about 8% o0 e epoxy groups are

t ransf or ned iﬁ@é&égﬁ(ﬁﬁergpgégéﬂggnhyd%gaggrning the reaction for 74
hours resulted in 80% conversion. Exanple VI The sane
procedure as Ph & XEHfHWer GeEPFiiingweae 95 more peiddiépnah gafupscade

t et ramet hyl anamai f6Bnillaor i de ( TMAC) was used. Thus, 1.2 gram (11

nmol ) TMAC was added i nstead of ETPPCl Wth this catal yst the
reacti on appeared to be qu%;?. The obt ai ned conversion at

or e
160 [err]Cin 16 hours L) %‘6—tTd'e sel ectivity was some
20 lower, about 90% No ket dne-£nd-groups! coulld be detect ed.

Si deproducts are mainly due to reaction of am Res th . . epoxy
groups. Exanpl e VI A 250 m tocl ave was charged with
20.0 granms 25 (46.7 mmol ) of the bis-cyclicycarbonate ester (1),

150 grans propyl eneoxide (2.58 nol) and 4. 06 grams et hyl -
tris(ortho-tolyl)phosphonfim chl ord (11 nmol ). The m xt ure was

(]
heated to a 160 [err]C and mai nt ¢ ned\at this tenmperature for 16
Rerd- BU0—CifietRéexcess PO was

hours. After cooling to roomte
evaporated and the formed pro- pyl ene cbrbo ate was renoved in

vacuum The work up was Q\\
S
|
0
(2) a group Rg—QHy—alkyl—Q},— wherein the alkyl group
5 ‘is straight or branched and contains from 2 to 30 carbon

atoms wherein Q is aryl of from 6 to 20 carbon atoms u

(preferably phenyl) or cycloalkyl from 6 to 20 catboﬁ'

atoms (preferably cyclohexyl) and a and b are 0 or 1,

wherein Rq represents hydrogen or a residue, comprising
10 one or more additional groups of the formula

—~alkyl—0—-CHy—CH—CH)> or —alkyl—O-CHo—CH—CH2

| [
o o o o
\ / \ /

Cc
i I
o

wherein Rs represents hydrogen or a residue comprising

{(3) a group

one or more additional groups of the formula



as described in exanple I. - 24 -
Exanple VI The sanme procedure as in exanple VII, but with

et hyl tri ara-tolyl)phosphonium chl oride (4.06 grans 11 mol)

as Catalystywﬁﬁﬁséﬁrk up was as described in exanple |. SPCTEPIBERNY| e | X
The sane procedure as in exanple |, bu?with

benzyl tri phenyl phosphoni um chl oride as the catal yst. The yi el ds;
conversi-on and gkelectivity were about the safre The epoxy group

content was k@ —&8-- ci—Exgnple 0 -—CHIREH-S& rocedure
as in exanple | ol | oned? | | 2 except 3 ihl .,i 2

1, 3-propyl enebi s(tri phenyl phosphonioum di - chl ori deo(comgpound 2) was
used as a catal yst (A bis- SCR\,/phosphoniumsalt). The ¢ -ygﬁsion was
about 94% the 15 selectivify > 98% The work up.was asSdescribed,in
exanple |I. The epoxy group contefit of the resin was’ 045 mmol / kg.
Exanpl e Xi The same procedure as in exarpte |, bot: with 20
tris-orthonmet(ddxgpiesns phosphoni um chl ori de as the . catal yst. The

yi el ds, conversion and selectjvity were about the sane. The epoxy
group content was 5080 mmmp] /kpRE H kxa le Rl I (Conparative exanple)
Alternatively, it was triBH t cconviert Phe g%§7‘ 5 carbonat e ester of
DPP (conpound 2) directly in e di gl yci dyl et-her of DPP (conpound

3), using the procedure Rxdedtt i bef], i (RYP- 8¥O 61- 33180. The reaction
was performnmed ) at 250 [err]C and a vacuum was applied. In the
begi nni ng of wherein R% reprggepts iydrogep o5 i FiAWS) the | owest pressure 30
obt ai nable was 4 nbar {flye tg CO[jerr] fornation. Hereafter, t he
vacuum was 1 nbar. The ti:enﬂpftr—act MﬁS—clruaiosaﬁz—t@;——-caz or
Rx Ry | Lx Ry L L'
\/
C
I

|s_ = |

H )
- f c—0 CH——CH—0— CHz— CH—CH,
R [

ey -
\/
I

wherein Rx and Ry may represent hydrogen or only one of

Rx Ry

the symbols Rx and Ry may represent alkyl, having from 1
5 to 4 carbon atoms (preferably methyl), wherein n is an

integer from 1 to 100 and preferably from 5 to 30,

can be very efficiently reacted with alkylene oxide

having from 1 to 20 carbon atoms (preferably from 1 to

4 carbon atoms), in the presence of a catalyst, selected

10 from the group of compounds containing at least one

e . AR A 1

Rq—A (+)Rg

cation:

Re

—_——

“This Sheet Has Been
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270 [err] C. About 50% of the material was distilled. NWR anal ysi s

of the distillate showed the presence of ket-one . end- groups i nst ead
of epoxy eng; . The residue al so _ - 25
- cbntainegwggg%ﬁé end- gr oups and oIi%oneric struct ur es, PREEEHNGE2 .
end- gr oups. - 30 - - 26 -

CLAI MS 1. Process for the manufacture of conpounds [err]

RRTEBI i FERFTISTHeprakepgan or phosphyr sang qpeferably

phosphor, wherein Rc, R4 and Re each represent an

[err]

optionally substituted alkyl group having 1 to 10 carbon
atoms or an optionally substituted phenyl group and
5 wherein Rg represents an alkyl group having from 1 to

6 carbon atoms which may optionally be terminally sub-
stituted by an aryl group (preferably phenyl) or by a
group of formula,

Re¢

Rd:::A(+) (C')

Re

in combination with a counter anion X~ selected from
10 halogen, acetate, phosphate or carboxylate or com-
binations thereof.
2. Process according to claim 1, characterized in that
Rb represents a group Rg—QH,—alkyl—Q}5—~ wherein Q is
phenyl or cyclohexyl.
15 3. Process according to claim 1, characterized in that
Rb represents a group

I

&,
R

H
Ri C
l

X 0 m
(o]

X —0

om0 o

Rx >4 X 4

n
wherein n is an integer in the range from 5 to 50.
4. Process according to claim 1, characterized in that a
catalyst (C) is used, wherein Rc, Rd and Re represent an
20 alkyl group having from 1 to 4 carbon atoms or a phenyl
group optionglly monosubstituted on the ortho place.
5. Process according to claim 4, characterized in that
as catalyst is used ethyltriphenylphosphonium chloride,
ethyltri (orthotolyl)phosphonium chloride or ethyl
25 tri (phenyl)ammonium chloride.
6. Process according to claim 5, characterized in that
as catalyst ethyltri (phenyl)phosphonium chloride is used.

et
-

L




[err] _ wherein Rf represents hydrogen or a residue conprising 5
one or nore additional groups of the formula

[err] wo9xo§o%3 a group R -(Qb-alkyl (Qa-, wherein the al kyl group

is straight or BPAA%hed and contains from2 to 30 carbon PCT/EP98/03280 15,
wherein.Qis aryl of from6 to 20 carbdd atons or : cycl oal kyl from®6
to 20 carbon _atons and a and b are 0 or 10 1, wherein R represents.
hydrogen: or & 'r eEFAGBSE AfFITEiRg to claimnd-§ mbreackkiidegnah groups of
the fornul a: that compoheds Jof the formulae [err]

wherein Rh

(3) a group [err] 21
represents hydrogen or a rgsig 0 gthng___uz ong or nor e addi ti onal
groups of the formula " | T ® 27 - -

" ' \/ -
I o

o]
or
I
' AN /o
S
0
[o]

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

‘@—o—cuz—-/cn —can, (&)
N .
\\\c‘//’
li
i [s]
5 and wherein Rl represents a residue comprising one or
more additional groups of the formula

TN ~®—0 —CH;~CH— CH, iF' )
'

o
.,
y)
are reacted with alkylene oxide having from 1 to
10 carbon atoms, in the presence of a catalyst, selected
from the group of compounds containing at least one
10 cation:
Re

Rq—A(*) -Rg

Nz ORI



(4) a group
represent hydrogen or only one of
al kyl having from1l
range 5

[err] wherein Rx and Ry may
the.synbols Rx and Ry may represent

to 4 carbon atons, wherein n is an integer

HOPOYIP 1 to 100 and R represents hydrogen or PEI/ERSS{08RS

conpr|SJng one or nore additional groupd of the fornula

[err]

and an al kyl ene carbonate or an al kyl ene sulflte by

reacti on of ah@ggpguhdmepresents petrdgen or phosphoprand preferably

10

15

20

25

phosphor, wherein Ro, Rq and Re each represent an
optionally substituted alkyl group having 1 to 10 carbon
atoms and preferably from 1 to 4, or an optionally
substituted phenyl group and wherein Ry repreéents an
alkyl group having from 1 to 6 carbon atoms which may
optionally be terminally substituted by an aryl group
{(preferably phenyl) or by a group of formula,

Re
Rd>A(+) (c")
Re

in combination with a counter anion X~ selected from
halogen, acetate, phosphate or carboxylate or com-
binations thereof, to form alkylene carbonate and a
compound

H H
RE 0—CHy— C—" (D")

\/

8. Process for the manufacture of epoxy compounds, .
comprising at least a process step according to claim 7.
9. Process for the manufacture of epoxy compounds
according to claim 8, comprising the steps of:

(a) conversion of prOpylené into propylene oxide, its re-
arrangement into allylalcohol and its subsequent
oxidation into glycidol, in the presence of a
heterogeneous catalyst comprising at least a
transition metal such as titanium, vanadium or
molybdenim, as such or in the form of a compound of
said metals dispersed in a chemically inert carrier,
or in the presence of a homogeneous catalyst formed
by a dissolved or dispersed compound of said metals,

(b) reaction of a phenolic compound {I)

e



[err] 10 . wherein Ra represents (1) a group

wherein Rp represents hydrogen : or a residue, conprising one or nore
addi ti onal groups of the formul a or
[err] . WO 99/09020 11 PCT/EP98/05282

[err] (2) a group Rg-(Q b-al kyl33(® a- wherein the alkyl group 5
is straight or branched and contains from2 to 30 carbon .

R OH (1)

with glycidol

Ho H

C — C——-—CHy—0OH (II)

\ ./ . T
0]

into di-a-glycol
OH

CH2

&;\
Rz-—<i::::>»-o-cnz on (I11)

(¢) reaction of di-a-glycol (II} with alkylenecarbonate,
and preferably propylene carbonate or ethylene carbonate,
5 into the compound (A}

RO i

NS

¢
i

0
(Dt
o
\/
f

o)

or

(d) reaction of compound (E) or (F) with alkylene oxide,
having from 1 to 10 carbon atoms and preferably from
1 to 4 carbon atoms,
- in the presence of a catalyst, selected from the group of

10 compounds containing at least one cation:

W



atonms wherein Qis aryl of from6 to 20 carbon atons (preferably

phenyl) or cycloalkyl from6 to 20 carbon . atons (preferably
cyclohexyl)gagd a and b are 0 or 1, wherein Rq represents hydrogen
or a‘residug, %%%{'ﬁ”i sing 10 one or nore additional gr &GHEPW0SSRAE
formul a, C- 34 - S
[err] (3) a group [err] X
wher ei n Rs r &peasefit stoythmyed kylene resibhnateonpr akkylene sulfig@e or nore
addi tional grQiPs ebmbéiend Or mul a - 29 -
[err] 0 0 (4) a
group H H H g H
[err] Rf 0—CHz~C c? (D)

e

10. Epoxy resin obtainable by the process according to
claims 8 and 9, characterized by a total halogen content

5 in the range of from 300 to 1000 ppm and substantially
free from the usually present build-up products.

R DT



wherein Rt represents hydrogen or a group H H
[err] H H . [err]
wherein Rx and Ry may represent hydrogen or only one of t he synbols Rx
and Ry nmay re@pueat al kyl, having from1 5 to 4 car boRCaEDPAS5282
(preferably methyl), wherein nis anl/2 integer from1l to 100 and

preferably from5 to 50, with an al kyl ene oxide having from1l to 20
carbon atons (preferably from1 to 4 carbon atons), in the presence of
a catal yst, selected fromthe group of conpounds 10 cont ai ni nggat
| east one cati on: / Re [ enr] o
=]
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- 30 -
phosphor, wherein R err]

optionally substituted a

an opti_onal | WOS98%e9 t ut ed phenyl

represents an al kyl grou
optional'ly be termnally
phenyl) or by a

in combination with a co

wherein A represents nitrogen or phosphor and preferably

group of fornul a,

, Rlerr] and Rlerr] each represent an T
| kyl group having 1 to 10 carbon atons or
group and 5  wher ei nec¥eroshsasz .
p having from/2to 6 carbon atonms which may
sub- stituted by an aryl group (preferably
[err]

unter anion X err] selected from 10 hal ogen,

acet ate, phosphate or carboxylate or com bi nati ons thergof.
2. Process according to claiml, characterized in that 2661
represents a group Rg-(-Qb-alkyl-(Qa-- wherein Qis 61 ph | or
cycl ohexyl . 15 3. Process according to clai m#v.ggar agteriged in that
Rb represents a group H H
[err] ' wherein n is an integer in the range fromb5 tjo 50f®
4. Process according to claim1, characterized in th868d8== cat al yst
(O is used, wherein Rertho.Jerr] and Rerr] represé€@8%0 8 alkyl
group having from1l to 4 w | geoup pptionally
nonosubstituted on the ortho pl ace. 5. Processogomsdi ngpHo claim
4, characterized in that as catalyst is usedgg9g9
et hyl t ri phenyl phosphoni um chl ori de, et hyl mlg@a gl yl )jpgosphoni um
chloride or ethyl 25 tri (phenyl)ammoni um chl or & ggfg‘?“ Process
according to claim5, characterized in that 1¥6°66 ©
810°v¥2 [©
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P

as catalyst ethyltri(phenyl)phosphoniumchloride is used.

-, 31 - 7. Process according to clains 1-6, char act eri zZERQ nDG 1
t.hat conmpounds of the formul ae .= 4 - or

[Eérr] wherein Rk represents a residue, conprising one 027m07? 1999
addi ti onal groups of the formul a _ o

[grr] 5 and wherein R repLask reguj‘légz_(:g@nm&% one

NV

(VIII)

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
5 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
be used for economical manufacture of epoxy compounds up
to now.

10 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
they could be recovered from the initially crude reaction
mixture by destillation.

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

From the Japanese patent application JP 60260568A a
process was known for the production of epoxy compounds

20 by means of conversion of the hydroxyl group(s) of a
compound having phenolic hydroxyl group(s), into a
1,2-carbonated glycerin ether, which is then converted
into a glycidyl ether.

From the German patent application DE 4213010A a

25 process was known for the preparation of ethylene oxide,
propylene oxide and 1,2-butylene oxide, comprising the
conversion bf a mixture of ethylene glycol, 1,2-propylene
.glycol and 1,2-butylene glycol into a mixture of the
corresponding cyclic carbonate esters, followed by the

30 decarboxylation of the obtained carbonate esters into

epoxides in the presence of catalysts and subsequent

: AMENDED SHEET



ﬁbre addi tional groups of the fornula [err]

11 " Jerr] are reacted wth al kyl ene
oxi de having from1l to 10 carbon atonsz +n the presence of a
catal yst, selected fromthe group of conpounds containing at |east

one 10 Catio%ﬁga:aﬁion of the epokiidel mixture %nto the iﬁdivi ual
- 32 - whérein A representsS nitrogen or phosphor and preferably

phosphor, wher eicompomerits RyedestiddaRienrt] each represent an

optionally substituted alkyl aroup,havin 10, car bon , at ons and

preferably from1 tkﬁ o gﬁ%8§$i§ﬁa|ﬂygg%'593 gBBS?F?B?Eﬁtbﬂ%nV?Sgroup

and wherein Rg kepwes@f ¥idinal epoxidelsyl hgkaup Baymnng £60B0 lciéfbéncar bon
ly be term nal|y substituted by an aryl

atons which ma opt i.onal ; I
group 5 HEOMST RS TSRS, 0 OBPTa S4PEUBCBF 1Ry hiF acorzésponding

carbonate esters of the formula

Rl Rl
| |
R-C——C-R
| |
0O 0
\ /

o
i
0

in the presence of a catalytic amount of a catalyst
selected from the group consisting of phosphonium
halides, sulfoxonium halides and metal salts selected

10 from halides, sulphates and carboxylates, having 1 to 20
carbon atoms, of iron, tin, manganese and zinc.

From the German patent application No. 1940205A, a
process was known for the preparation of epoxides
comprising the splitting of cyclic ester of 1,2-diols,

15 having from 2 to 6 carbon atoms in the glycol part, and
carbonic acid or sulphurous acid, at temperatures of from
100 to 500 °C (preferably from 200 to 400 °C), in the
presence of anhydrous, basically reacting alkali- or
alkaline earth compounds (preferably the alkali or

20 alkaline earth carbonates).

However these processes could not be used for the
efficient production of epoxy resins of diphenylol
propane.

Therefore there was still a strong need for

25 improvemeq;-of this proposed route to enable industrial
scale manufacture at all.
TKS a result of extensive research and experimentation
it has now been surprisingly found, that compounds of the

formula

AMENDED SHEET



[err] in conbination with a counter anion X err] selected from 10
hal ogen, acetate, phosphate or carboxylate or com bi nati ons ‘
thereof, to form al kyl ene carbonate and a~ *° ~ conpound

[‘err] 8. Process for the manufacture of epoxy conpounds,
conprising at | eRatOaChpoCdssCEsep according to claim7. 15 9.
Process for the manufactute of epoxy conpounds(a) according to claim
8, conprising the steps od: O (a) conversion of propylene into
propyl ene oxide, its re- \ / arrangenment into allylalcohol and its
subsequent oxidation into glycidol, in the presence of a 20
het er ogeneous cat al yst conpuising at |least a transition neta
such as titanium vanadi um@®r nol ybdenum as such or in the
formof a conpougd of said nmetals dispersed in a chemcally
inert carrier, or in the presence of a honogeneous catal yst
formed 25 by a dissol ved or dispersed conpound of said netals,

(b) reaction of a phenolic conpound (1)

- 33 - R [err] wi th gl ycidol

MCS24/TS0647PCT
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H _H [err] (c) reaction of
-[err]-glycol (11) with al kyl enecarbonate9 - and preferably
propyl ene carbonate or ethylene carbonate, 5 into the conpound (A)
Perr] (d) reaetjyon of conpound (E) or (F) al kyl ene OXIde
having from1l to 10 Pon atoms and preferabl
carbon atons, &0 presg: By c@fal

ecqﬁic}fz—r'ﬁ“t'ﬁﬁ*’gr oup

of 10 corrpouhd ai ni ng at Ieastl one cati 0Q 5

0 o}

\/ N4
c s
I
o

(4) a group
H H I H H
R C c o} C c
| |
Rx Ry n RX Ry

wherein Rt represents hydrogen or a group

|z = ]
i: T— o) Tg—-c&——o—-cai— CH——CH, or
Rx Ry [1 Rx Ry ]o L
N/
C
1
]
== ]
]c lc— 0 (I:H (,I‘H—O'—CHE— (IZH-—(le
Rx Ry Rx Ry o} 0
\_/
)
1
0

wherein Rx and Ry may represent hydrogen or only one of

the symbols Rx and Ry may represent alkyl, having from 1
5 to 4 carbon atoms (preferably methyl), wherein n is an

integer from 1 to 100 and preferably from 5 to 50,

with an alkylene oxide having from 1 to 20 carbon atoms

(preferably from 1 to 4 carbon atoms), in the presence of

a catalyst, selected from the group of compounds

10 containing at least one cation:
Re
A\
Rg—a{*)—Rg (C)
o 2 __/__,___ ,,,,,,,.
(R R VR
MCS24/TS0647PCT « ¢ L B
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-34- . thereqf, to formal kyI ene carbonate or alkyle ’ﬂdﬁ¥

conpound ?;i, EX e %E% Gy t he Pg@E@Es accordi ng
to clains 8 anop char acterl Ze ytgmafogd Buteauh ogen cont ent

m the range of
from 300 1koerMiOBoNAD L ArICATION PaBLisAED YNDER THE PATENTCOOEERATION TRERSEPCT) .
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(57) Abstract

Process for the manufacture of epoxy compounds of formula (D) wherein Rb represents a group selected from those of the formulae (1,
2 and 3) by reaction of & compeund (A) or (B) with an alkylene oxide, in the presence of a catalyst, selected from the group of compounds
confaining at least one cation (C) in combination with a counter anion X~ selected from halogen, acefate, phosphate or carboxylate or
combinations thereof; manufacturing process for epoxy resing comprising at least the hereinbefore specified reaction step, and epoxy resins
obtainable by said process, characterized by lower balogen content,




