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PROCESS FOR THE MANUFACTURE OF EPOXY COMPOUNDS

The invention is reiating to a process for the _
manufacture of epoxy compounds. More in particular the,
invention is relating to a process for the manufactu;ééof
epoxy compounds without the involvement of halogen and in
particular chlorine gas. ’

Epoxy compounds, which are manufactured in a great
variety on large industrial scales throughout the world,

are used for an extensive scale of end applications, such

" as the manufacturing of shaped articles, including

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 aqueous epoxy resin
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
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
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
hand, in the current manufacturing processes for

chlorination of propene in the gaseous phase there is
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still a need to improve the relatively low yield and to
diminish the high fouling tendency.

Moreover, Huring the reaction of epihalohydrine with
phenolic compounds to form epoxy resin it is not possible
to avoid completely that halogen, originating from the
epihalohydrin, is intermingled in a resin as a product in

“the form that the hélogen atom is chemically bound to" the

epoxy resin itself.

As one of the important applications of the epoxy
resin is encapsulation of micro electronic material, it
will be appreciated that this intermingled halogen .
liberates as an acid by moisture, during use of the final
article for a long period of time and this acid leads to
corrosion of a metal material.

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

basic chemicals.

One of the alternative manufacturing routes for epoxy
resins, proposed in the past was that according the
following simplified reaction scheme:
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transesterifica-~
tion with e.g.
alkylene carbonate
01-(:4 alkyl),
cycloalkylene
carbonate, “aryl-
alkylene carbonate
or dialkylene
carbonate . %

{ C1-C4 alkyl) .

and preferably
propylene '
carbonate

+ alkyleneglycol, cyclo-
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

H

) _C%_ F—— CHZ_ OH,

OH

(VI)

wherein R3 represents a residue comprising one or more
additional groups of the formula:

o——c@;«}—cz

\0

{VII)

H H

AN

Il
0

and wherein Ry represents a residue comprising one or
more additional groups
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(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-
of a dihydrogenphosphate of an alkali metal while earlier
proposed similar processes were known from e.g.
JB-Sho-57-77682 A and VUS$-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
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

" 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.

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

Ra-0-CHp—-CH—CHp
] ! (a)
0. 0 _

\ / -

c eet Has Been Replaced

¢ |
- y "l
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Ra-0-CHo2-CH—CH>
| | (B)
o 0 '
N/

S
i
0

wherein Ra represents
{1) a group

Rp

wherein Rp represénts hydrogen
or a residue, comprising one or more additional groups of
the formula

(o] -—c1»12— ([:H—- T H,
N/
I

o/
or

0———c52—ti:ﬂ—c[‘32
0 | o
\/
Il
o
(2) a group Rg—Q¥}p—alkyl—Q}5;— wherein the alkyl group
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 Rg iepresents hydrogen or a residue, comprising
one or more additional groups of the formula
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-~alkyl—-O~CHy—CH—CH;  or -~alkyl—O—CHy—CH—CH>
I |

0O o ' 0O O
N/ \ /
C s
il i
o] (o]
(3) a group
Rs

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

0 —CH;— CH——CH, o.r O“CHTCI:H—T%
0 Q
N N/
c ' s
Il I
o _ 0
{4) a group
H H !H H
I T
Rx Ry Rx Ry
n

wherein Rt represents hydrogen or a residue comprising
one or more additional groups of the formula:
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T lC-— 0 CI:H—TH—O—'CHE— (|ZH—~(l:i12 or
Rx Ry n Rx Ry o 0
\ /
o
I
0. e
' H H ] . ) -
t|: T‘:——O ‘cu cn——o——cmi-cn—c;n"2 e
Rx Ry n Rx Ry I I

o 0
ISI/
(o}
wherein Rx and Ry may represent hydrogen or only one of
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,
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:
Re
Rd—-—-—AH’)—Rg (C)
Re

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
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,
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Re

N (+) - (c')

Rgq—A

Re

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;-—cnz (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
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Rh

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

" H
O—CHz~C——CHy
N
{4) a group
' H H I H H
Ri C C 0 c C
P ||
Rx Ry A 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

H H H
f T o 'T T 0— CHy—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.
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In general the hereinbefore specified reaction
(process step) is carried out at temperature in the range
of from 100 to 250 °C, and preferably from 130 to 200 °C
and at a pressure in the range of from 1 to 30 bar and
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

H
Rk——<i::::>__o__1ns_f ___Hy (E)

NS

c
l

formulae

- O
or

I Oans i

(o} o]

s
I
o
wherein Rk represents a residue, comprising one or more

15 additional groups of the formula

o : )—0—CH;— CH — CH, (E')
7\

o o
\\\C///
i
0
and wherein Rl represents a residue comprising one or

more additional groups of the formula
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o —CH;— CH—— CH, (E*)
0/ \o
N,
ﬂ .

are reacted with alkylene oxide having from 1 to

FRE

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

L e

from the group of compounds containing at least one

cation:
Re
Rg—A(+)-Rrg (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 optionally
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
Rd>A (+) (c')
Re

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

sulfite and a compound

B HZ
Rf o—c}{z—c————c {D")

\O/
More in particular the specified conversion step can

be carried out starting from compounds
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CH
H : 3
HO —C OH, HO L H
H |
CH3
or halogenated, in particular brominated derivatives
thereof, but also starting from polymeric compounds, such
as phenolic formaldehyde condensation polymers, con~ °

taining a greater number of phenolic groups, which may
partiailly or completely be converted into the groups of

‘II" H
0 —CHz—C CHy
‘{Il'b AN
: o

It will be appreciated that not only relatively

the formula

simple compounds, such as

CH4 H o
HO L o4, HO c OH,
[ H S
CH3 ‘
: CHy H '
Ho L OH, HO c OH
| H
CH3

BO—(CH,) —o0H, H CH~—CH —0 CIIH-——CHZOH
CHy CHs
P
wherein n and p are integers from 5 to 50,
but also polymeric compounds, containing a greater number
of hydroxyl groups which may be completely or partially
be converted into groups

H
~—=Q-CHy—C——-=CH2
\ /
(0]

I.e. the simple standard commercial epoxy compound of

formula
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CHy— C—CHz—0 0—CH—C c?
\./ I 2
o oy Ny

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 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, 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 in

a chemically inert carrier, or in the presence of a
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homogeneous catalyst formed by a dissolved or dispersed
compound of said metals,
(b) reaction of a phenolic compound (I)

Ry o (I)

with ‘glyecidol

Hy H
C——-C——CH2-0H (II)

N/
0

into di-a-glycol

1&2—<E>-o-—¢:n2 OH (IID)

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

Rk‘@—o—caz—(? ——%2 _(E)
N/

Cc
I
or
e}
\/
{

o/

.

(d) reaction of compound (E) or (F) with alkylene oxide,
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:
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Re .

Rq—aA () Rrg (C)
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
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 ' '

R¢

Rq—A (+) | (c')
Re

together with a counter anion selected from halogen,

acetate, phosphate or carboxylate or combinations

thereof, to form alkylene carbonate or alkylene sulfite

and a compound

RE 0—CcHz~C c? (D*)

o]

The oxidation step to form glycidol occurring in
step {a) is preferably carried out in the presence of a
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
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.
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Said characteristic molecular structure of the novel
epoxy resins are clearly expressed by HPLC diagrams made
of these resins and by a total halogen, and in particular
chlorine content, of below 1300 ppm.

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 '
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,
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,,

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%
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
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

addition, some extra peaks emerge in the chromatogram
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(27 min, the cyeclic biscarbonate ester; 30.5 min, a
compound with one carbonate group and one epoxy group),
5.8 min (bis-d-glycocl), 13.7 min, and 15.8 min. These
last two peaks do not occur in the chromatogram of
standard epoxy resins (Fig. II). Besides these mentioned
peaks there is a large number of differences between the
two chromatograms. ’

It will be appreciated that the exact retention times
can vary somewhat between experiments. '

The invention is further illustrated by the following
examples and comparative examples, however, without
restricting its scope to these specific embodiments.
Preparation of the bis-gm-glycol ether of DPP (Compound 1)

Example 1
In a 100 ml three-necked round-bottom flask equipped

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) aﬁd

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
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
(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.



Table - Reaction conditions and molar ratio's of reaction products

glycidol/DPP solvent temp. catalyst didg.ge 1,2-1,3 1,2-OH build-up
molar ratio (mol¥) (°c) {mol%) (mol%) (mol$) (mol%) (mol$%)
2.2 MIBK 300 70 NaOH 79.9 3.4 12.8 3.4
2
2.2 MIBK 300 90 NaOH 85.7 4.9 0.0 9.1
2
2.1 MIBK 300 90 NaOH 87.9 4.6 2.6 4.9
2 _ '
2.1 MIBK 300 70 NaOH 89.6 3.9 2.5 4.0.
6
a 2.1 MIBK 300 90 ‘NaOH 88.2 4.7~ 1.9 5.2
_ R | |
2.2 MIBK 150 70 NaOH 51.9 2.0 43.8 1.4
IPA 250 2
2.1 MIBK 150 70 NaOH 84.0 3.4 9.0 3.4
IPA 250 6
2.1 MIBK 150 80 ' NaOH 71.1 3.3 21.9 3.0
IPA 250 2 |
2.1 MIBK 150 80 NaOH 89.5 4.1 1.7 4,7
IPA. 250 S 6 e

-91-

07060/66 OM.

8750/8643/1Dd



Table (cont'd) - Reaction conditions and molar ratio's of reaction products

glycidol/DPP solvent temp. catalyst dia.gc 1,2-1,3 1,2-OH build-up

molar ratio  {(mol$%) (*c) (mol%) (mol%) (mol$%) (mol%) (mol%)
2.1 MIBK 230 170 NaOH 80.2 3.5 12.7 3.3
~ IPA 125 6
2.1 MIBK 270 70 NaOH 88.0 3.7 2.3 6.1
IPA 45 6
2.1 MIBK 180 70 NaOH 87.0 3.8 4.4 4.8
IPA 35 6
b 2.2 MIBK 185 70 NaOH 83.5 3.9 7.3 4.8 .
1PA 35 6
2.04 MIBK 200 100 NaOH 84.0 5.5 4.6 5.7
o2 o
2.03 MIBK 200 90 NaOH ' 83.9 4.8 5.6 5.3
: 2 _ :
2.04 MIBK 200 90 NayCO3 68.4° 3.4 24,3 2.8
2 - '
2.04 MIBK 200 80 NaOH 69.3 3.6 22.5 3.5
2
€ 2.05 MIBK 200 90 Napcoz. 81.3 4.7  B.6 4.9.;
B | ) o .

02060/66 OM

-6'[-

18750/8643/10d
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2 puring this experiment glycidol was dosed in 35 minutes
instead of béing pre-charged.

b From this entry on a 70 wt% solution of glycidol in
MIBK was used instead of pure glycidol

C A 20 wt% NayCO3 solution was used

If the reaction is performed in pure MIBK (without IPA as
a co-solvent), the bis-o-glycol ether of DPP (1)
crystallises after cooling down.

Preparation of the bis-cyclic carbonate ester of DPP

{compound 2)

Example A
A 100 ml round-bottom flask is charged with 20.0 gram

of the bis-glycol ether of DPP (89% pure, 47.3 mmol) and -
28.58 gram (0.280 mol) propylenecarbonate. The mixture is
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
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
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

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
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water, filtered and dried. The selectivity to the bis-
cyclic carbonate ester is almost 90%.
Preparation of the bis-cyclic carbonate ester of DPP -

Example D
In a 100 ml three-necked round-bottom flask equipped

with a reflux condenser and a thermocouple, 22.84 gram
(0.1 mol) diphenylolpropane {DPP or bisphenol A} and'’:
15.12 gram {0.204 mol) glycidol is dissolved in . 5
30.63 gram (0.3 mol) propylene carbonate (PC). At 50 °C
0.48 gram 50 wt% NaOH (aq) (6 mol% on DPP} is added
dropwise. The temperature is raised to 70 °C. After

S hours 204.18 gram (2.0 mol) PC is added and the
temperature is raised to 100 °C., The mixture is
maintained at 100 °C for 30 minutes. Then, propanediol
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)
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
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%,
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$%

aqueous NaOH solution for 1 hour. The phases were
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separated and the organic layer was washed with 50 ml of
a 10% aqueous NaHo2PO4 solution in water and subsequently
twice with 50 ml water. After concentration in vacuum a
brown resinous material was obtained. The epoxy group
content was measured by titration and proved to be
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
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.
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 . ..%

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
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-
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.
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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
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%.
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,
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
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

{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-
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.
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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
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contained ketone end-groups and oligomeric structures, no

epoxry end-groubs.
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CLAIMS

1. Process for the manufacture of compounds

H
Rb-0-CHy-C——-—CH> {D)
\/
o]
wherein Rb represents

{1) a group

(o)

wherein Rf represents hydrogen or a residue comprising

one or more additional groups of the formula

H
0—CHz~C———CH,

N

o

{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
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

(3) a group

Rh

wherein Rh represents hydrogen or a residue comprising

one or more additional groups of the formula

| RER ) L PR
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(4) a group

l

H H
Ri C C 0
|
Rx

Ry

wherein Rx and Ry may represent hydrogen or only one of -
the symbols Rx and Ry may represent alkyl having from 1
to 4 carbon atoms, wherein n is an integer in the range
5 of from 1 to 100 and Ri represents hydrogen or a residue
comprising one or more additional groups of the formula

| ®

c
|
Rx

o N -]

| &
—0 C ¢ 0——CHy— CH—CH,
Lol NS

and an alkylene carbonate or an alkylene sulfite, by

Z

n

reaction of a compound: .

Ra-0-CHz-CH—CH2
I t (3)
o O
\/

or

Ra-0-CHy-CH—CHp
| (B)
0 o
\/
s
i -

o TTTe——

T — A g

(1) a group
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Rp

wherein Rp represents hydrogen
or a residue, comprising one or more additional groups of

the formula
O0——CH;—CH——CBH
5 l T 2
NS
c
il '

0
or

\/
]

(2) a group Rq—QHy—alkyl—fQ},— 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 catbonﬂ

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
I | b
0 (o) o o)

\/ \/

Cc
i I
o

{(3) a group

Rs

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

—
-

ULl
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o—'cai-cu-—cnz or 0-—CHz~ H«———Tnz
0 o]
\/ \/
” !
o . ‘?ZJ
(4) a group
H H l H H -
R c c o} c——c¢C
| |
Rx Ry n Rx Ry

wherein Rt represents hydrogen or a group

[H R I .- .
C i:—— Y ca—tl:ﬂ—o—cnz— CH—CH, or
Rx Ry Rx Ry !) I0 -
\./
¢
I
ln B [ N *
: f f—-o TH———THf‘OfTCHE‘CH‘—‘CHZ
Rx Ry [ Rx Ry L L
N/
s
I
o]

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 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 (t)—Rrg

cation:

Re

“This Sheet Has Been Rep

T
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wherein A represents nitrogen or phosphor and preferably
phosphor, wheréin Re, R4 and Re each represent an
optionally substituted alkyl group having 1 to 10 carbon
atoms or an optionally substituted phenyl group and
wherein Rgq 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

Rg—A (+) (c')

Re

in combination with a counter anion X~ selected from
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.

3. Process according to claim 1, characterized in that

Rb represents a group

I

&,
R

H
Ri C
l

X —0
om0 o

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
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

tri (phenyl)ammonium chloride.

6. Process according to claim 5, characterized in that

as catalyst ethyltri (phenyl)phosphonium chloride is used.

e
e

e A

PCT/EP98/05282
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7. Process according to claims 1-6, characterized in
that compounds of the formulae

“"@°‘%~? ¥ e

A4 -
I -

[o]
[o]
\/
il

o}

oxr

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

‘@—o—cuz—-/cn —CH, (E')
SN |
\\\q‘///
I
) o
and wherein Rl represents a residue comprising one or

more additional groups of the formula

TN “@70—082—/(:!! — CH, (F")
0 \o
\\\s‘///
I
)
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

cation:
Rg

Rgq—=a (+) -Rg

Nz ORI
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wherein A represents nitrogen or phosphor and preferably
phosphor, whereln Rc, R4 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 repreeents 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
REf o—cn— {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 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
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
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Ry OH (1)
with glycidol
Ho H
C —— C—CHy—OH (II)
\N ./ : L
0]
into di-a-glycol
OH
|
CH,

&;\
Rz-—<i::::>»-o-cnz on (I11)

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

into the compound (A}

RO i

NS

¢
i

0
(Dt
o
\/
f
e

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

or

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

compounds containing at least one cation:

W
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thereof, to form alkylene carbonate or alkylene sulfite
and a compound

H H,
RE 0—CH;-C——C . (DY)

N
10. Epoxy resin obtainable by the process according to
claims 8 and 9, characterized by a total halogen content
in the range of from 300 to 1000 ppm and substantially
free from the usually present build-up products.

R DT



