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GLYCI DYLESTER AND THERNCSETTING RESIN COVPCSI Tl ON

CC]V_PRI S| 1‘%‘5&1&2@\(0 DYLESTER The invention repatrgpod/szofs
gl'ycidylester and to a t hernosetting resin conposition conprising-
t he gl ycidyl ester. Such a resin conposition is known from

EP- A- 0518408 which relates to resins basedios 5 a, a- branched

di carboxylic acids. It has been denonstrated that coatings
based on [err]-branched di carboxylic acids (such as diethyl malonic
acid) exhibit a good outdoor durability Such [err] br anched

di car boxylic acidsgﬂg&e been incorporat bi nder resins via a

sequence of reacti CIPYLESFPR AN THERM9§E§EFH§ ﬁ@ﬁéNgF9H3Q§;QJQNJ'form
t he correspondi ng di atoMprd B%t o SURCEseerRdétyr a | i near

pol yester was prepared via an advancenent (i.e. fusion) reaction of
an [err]-branched diacid with the correspondi ng diglycidyl- 15

ester. The hydroxyfhar oHpenelohheeigsukt ll:Bgath._Y{%§.H§ﬁ.§ster and'Re gused for
the cross-linking reaction with a nelamn

However , accorHhﬁﬁmPéeFﬁéngnﬁéﬁﬁanFoﬂﬁpﬁﬂtﬁﬁﬁuComprlSlngf&@@urers t he
resi stance tOW@i§§139nd§tE§C'QhEth'9£595 208 osmt&% S§ sCRANAIE Hokn

i nsufficient. his reason we have Eén a new approach in
t he syBPnBsP518£08 Uhésb t@éétﬁécKOf@esa@ﬁdbaesdstamt

coatings W th gogeptablmell/aieakbg ve found t hat
[err] - substituted drcarngy %c acr gfégghr abl e base 25 materials for

out door durabl e codtihgs, bheni dgmerstichért that r~oa|t:rsu;ugs-x.tzrarzncs.(eedargaaains't aci d
rarn. aIBQ%ﬁfcﬂreﬁ h@%a&g\é%}tl 1 Kl 3dh 3 9l t hest ronozrlcc

t he general for
acid) exhibit a good outdoor durability. Such

o,o-branched dicarboxylic acids have been incorporated

10 into binder resins via a sequence of reactions. Firstly,
the acids were glycidated to form the corresponding
diglycidylesters. Subsequently, a linear polyester was
prepared via an advancement (i.e. fusion) reaction of an
o,o-branched diacid with the corresponding diglycidyl-

15 ester. The hydroxyl groups of the resulting polyesters
were used for the cross-linking reaction with a melamine
resin.

However, according to the important paint manu-
facturers, the resistance towards acids (acidic rain) of

20 these coatings is insufficient.

For this reason we havé taken a new approach in the
synthesis of a cheap feedstock for acid resistant
coatings with acceptable UV resistance. We have found
that o, B-substituted dicarboxylic acids are suitable base

25 materials for outdoor durable coatings, having excellent
resistance against acid rain.

Therefore the invention relates to a glycidylester of
the general formula I
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-2- [err] I n which
Rl err] and err] are the sane or different CJerr]-Cerr]_al kyl ) '
cerr]- cycl oal kyl groups, and R err] and F{%T’F 98@%“& he sane
or dlfferent and are Hor (err]=CRerr] alkyl or Cerr]-Cerr]
cycl oal kyl gr oups. Such structures can be prepared via
a Diel s-Al der reactloR of nel ei ¢ anhydride and a diene.
Al | o-oci mene ((4E, 6E)-2, 6-di nglhyl -g, 4, 6-octatr pene) is a suitable
starting conpound. In ¢ sound|| the 10 / groups Rlerr] and R err]
(which are the [err]-stibs i~y he C— nal product) are an
i sobut enyl - and a net hyl In fact, allo-ocipene is the
best, thus preferred pound fhat comes in perspectiVve for our
obj ecti ve. . C/ Al | 0- oci nene
‘ 3 [
R.4 )
in which
R1 and R4 are the same or different C1-Cg alkyl or C5-C10
cycloalkyl groups, and Ry and R3 are the same or
different and are H or C1-Cg alkyl or Cg-Cy1g cycloalkyl
5 groups. '
Such struétures can be prepared via a Diels-Alder
reaction of maleic anhydride and a diene.
Allo-ocimene ((4E, 6E) -2, 6~dimethyl-2, 4, 6—-octatriene)
is a suitable starting compound. In this compound, the
10 groups R; and Ryq (which are the B-substituents in the
final product) are an isobutenyl- and a methyl group.
In fact, allo-ocimene is the best, thus preferred
compoﬁnd that comes in perspective for our objective.
= 2
N
F
‘Allo-ocimene
The reaction of allo-ocimene and maleic anhydride
15 gives compound (1). After hydrogenation, compound (2) is

obtained that serves as a feedstock for acid resistant

coatings.



The reaction of allo-ocinene.and ral ei c anhydride 15 gi ves conpound

(1). After hydrogenation, conpound (2) is obt ai ned that serves as a
f eédst oCkyd od/s2982 d r esi st ant coati ngs. PCT/EP98/03018

-"3- The Diel s-Alder reaction is,in fact an addition

reaction, it has a 100% atomutilisation, and produces no wast e

materials. The sang is_true for the h¥g£§genatlon drol ysis

.h
steps. There are, Thetheets2idenayea is hﬂiEﬂCEIPB-gagﬁEﬁBnand mal ei c

anhydride can f@a8tfoh) ei6-has a 108kdetomdddelisahlisni, S abecpid@uces no
al | o-oci nene has two but adi ene fragnents. Thus, two adducts ,are

possi bl e, waste Bataaials) Bhe xpmerisS EEWevEPr 8he hydTegeratiiofdr ance

i somer X cannoindorPurdNgseEoseepshneTheaet beB, JinesheBy %o way@n@n soner
(1); see Figure | 0 0 rr

. e
Al o- ocPnene YWhiehcallo-ocimapsupnd maleic anhggipegngan fJ%m J Diels-
anhydride  (lhlder adduct.(®his is because allo-ocimeh® hlas two

butadiene fragments. Thus, two adducts are possible,
compounds (1) and X. However, due to steric hindrance

isomer X cannot form. Therefore, the reaction gives only

10 one isomer (l1l); see Figure I.
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Allo-ocimene Maleic Compound Compound :
anhydride (1) (2)
0
~
+ ——
X | o —*
/ |
O
Compound X
Figure I

The Diels-Alder reaction of allo-ocimene and maleic
anhydride is reported in the literature.

See:

E.K. von Gustorf, J. Letich; Tetrahedron letters 45,
15 4689, (1968)

This Sheet Has Been Replaced




Compound X Figure | - 5 The Di el s- Al der

{eaction of allo-ocinene and nal eic anhydride is reported in the
iterature. See: E. K. von Custorf, J. Leti dron
letters WEAY2 . 4689  (1968) FVernfahiti ANENDED
SHEET WO 98/ 52932 | -4 -

PCT/ EP98/ 03018 : -4- L. A

ol dbl att, S.L.Ral IGmldb]latﬂtm SChetmliEor; $63,A51Chem. Soc. 3P0 J5Y4,1)

Y. Chretien- Eg Ffé¥ Annal es de Chem e 13, 301, 331, (1957) 5

A R Vil'chi 5%;@ ; W Arbuzov; J. Gen, Chem USSR 29, 2686,
(1959) Y. eréMérk-ssrdsﬁeimMﬂe_s Jde @hemicheld, 3, 88, 890,
(1965) T. Joseph, G S. Krishna Rao, Tetrahedron, 23, 519, 10
(1967) (BN Arbuzov, Chenische Berichte 1968 (1934) In

t hese gases, zme Neslgerh Snsk£ydl XBA W Akouiov; J. GersOlChe. AISSRL Y st .

_Innedlatelyzgéqé! ﬂﬁ%ﬁ% the solid . ‘nmal ei ¢ anhydride to the

al | o- oci nene turns 15 i ntensely orange. At room
~tenperature np Eeaetlled), takes Lancaste@) are, Oﬁgﬂ(lﬁhérﬁl.e MﬁI@WWJ de

. poorly- dlssolxﬁ§6§;1

K.T. Joseph, G.S. Krishna Rao, Tetrahedron, 23, 519,
10 (1967)
. B.A. Arbuzov, Chemische Berichte 1968 (1934)

In these céées, the reagents are mixed without
solvent or catalyst. Immediately after adding the solid
maleic anhydride to the allo-ocimene, the liqﬁid turns

15 intensely orange. At room temperature no reaction takes
. placé, since the maleic anhydride poorly dissolves in
allo-ocimene. When the mixture is carefully heated to
approximately 50 °C, the reaction starts. The Diels-Alder
feaction is very exothermic, the temperature reaches
20 170-190 °C within several minutes. During the course of
 the reaction, the orange/yellow colour weakens. After
15 minutes the temperature starts to drop and after about
45 minutes the mixture solidifies as pale yellow
crystals. The yield is almost guantitative. Adding the
25 components in a different sequence (allo-ocimene to
maleic anhydride) has no effect on the colour, nor has
purifiéation of the allo-ocimene by distillation. We have
found that the Diels-Alder reaction of allo-ocimene and
maleic anhydride proceeds in very high yield (over 97%).
30 "~ Due to secondary orbital interactions in the transition
state, we expected to form the isomer in which the

methyl- and isobutenyl moiety are directed cis with



al |l o-oci nene. Wen the mxture is garefully heated to appr oxi mat el y
50 [err]C the reaction starts. The Diel s- Al der reaction is very
exot her m.wo dafagoseenper at ure reaches 20 170- 190 [ err] Cpormresioxoey er al
m nut'es. During the course of the_regaction, the orange/yellow -
col our weakens. After 15 mnutes the tenperature starts to drop and
after about m nut e m xture O|IdIerS al e ,yell
crystals. The §F§P8c t&l ﬁﬁg bgﬁﬁ'?&t Mmpee delcﬁ&pﬂ’fé‘%;ﬁ Pl’lttﬁ)rrﬁ)

in a different dagguanee b&baaccactm@echformatlonrral eic anhydrl de) has no
effect on the colo nor, purifica of the | 0- oci e by
distillation. %‘8 Yell°w apByAgidgail 1Y he SDi °ﬂ|ec§’€rter‘€ e(ﬁie b1y

al | o- oci mene amﬂ ethyl ac@atikeCuaihydptds RiO0GeRETdlysteradungh yield (over

979% . 30 Due to secondary orbital interactions in the transitjon
state, we expeCptal¥stior Wh%‘yi@&%naltﬁ-%ﬂ@n adyantageouslypiganriegd

i sobutenyl i gy ane o H%@d@idﬁé5dMﬂH1magnetlc stlrrlnd, SReGlg 130 hers
anhydri de noi ety S.lconpoun . Literature data al'so predict this
conf or mat i on. y rogerth w@m\nﬁmmhyaé’ﬁm@%ycmﬁg&%wptmn
preferably ¢ SUS i '?{ﬁz% danAed fidlas! (Adams S
catal yst). The hydrogenatl a vant ageo carried out in an

aut ocl ave mnth2ﬁ§gﬁ@mQ§thﬂﬁﬂuﬁybuEMhn?eﬂahxﬁﬁ9phthallQﬁanﬂﬁﬂﬁkﬂﬁl(2hp

appr oxiygat el y 3 _hQyr; %ﬁmg:td as stops. The

hydr ogé}ﬁgt ed prg'gdt?c%lil%hgl@e 1%9% [ rretl%[ﬁ e;gi | sc?but yry‘ﬂ%xaﬁ{}dgopht hal i c

'?‘Rhydlrl dgad(tZ) 10f The |9§y&l§at94m¥fyé1heomxs:(ﬂ%3gmed clwqmwbu@ blis .
e glycidatio q_gﬁﬁ_% . |

per formed usi n%r%efre rr%l?/g#e an y(frl d%rlgﬂycﬁe Olee>g<coef:~:san rr%l e of

epi chl or ohydr i exqeEGHef d0vimcd eofof epichlsuprobeing BQHadddMabe of

oSOl oD b atfeq 2 AR AARGHS! YRl AAE L4002 1L C

after dehydro orinatl on IS i's sul Fformed
with als evesdiagdarslof stbmirtssidh tio arewdiyd @fjimttydédeycbm-( M BK) .
at 40 [err]C f I ield of th y.C r ion
is extrenely Zghl%ﬂéoléotdxorbﬁeaé%n nt1 oss%s due stul%aepdﬂf) ésrl‘d%g%lg%%rﬁfgﬁt%e
ADHC t r eat nent ,30%utsdlhe iomrercfl [the etebirs it |mét1&msobutylketon (MIBK)
at 40 °C for 1 hour.
The yield of the glycidation reaction is extremely
20 good, 97%. Some losses due to hydrolysis occur in the

ADHC treatment, but the overall yield is still 87%.

0
NaOH oNa__ Q/\A
ECH ONa

(o]

((:tzal)npound Glycidyl ester (5)

The coatings based on this glycidylester show a
combination of sufficient UV stability UV stability and
high acid resistance.

The invention further relates to a thermosetting

resin composition comprising

\
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[err] The coatings based on,this glycidylester show a

conbi nation of sufficient W/ stability and high acid resi st ance.

WO 98/52&%% PCT/ EP98/ 03018

= 6- B52932the invention further relates to a ther moReVEPRg3018
resin conposition conprising i) a §lycidylester of the general
formula I [err] in which 5 Rlerr] and R err] are the
same or differentTEéeinyeﬁtbon]fatkkérore[@tes]tGI&rtbermosettmugloaIkyI
groups, and are the _sane or different and are H or
Cerr]- erri:{‘[:géli'l.l éoﬂp§%§§%¥ Cfg?Pflgiepoalkyl gr oups. i) a

curing conpoumu selgtYeﬂdyleateheogrbhe génepaboformula I

9]
Lo

I
R3 N
| s
R4 0
in which .
5 R1 and Rgq are the same or different C1-Cg alkyl or Cg-Cip-

cycloalkyl groups, and Ry and R3 are the same or
different and are H or C;-Cg alkyl or Cé—Clo cycloalkyl
gioupe. )
ii) a curing compound selected from the group of amino
- 10 resins blocked or unblocked (cyclo)aliphatic isocyanates,

alpha, alpha'-dibranched cyclic ahhydrides, acid-
functional polyesters containing only
alpha,alpha'-dibranched acid and ester groups,
(cyclo)aliphatic amines, (cyclo)aliphatic polyamino

15 amides, blocked or unblocked Lewis acids, and tertiary
amines. |

Preferably Rq and Ry are methylgroups,

R3 is hydrogen, and
R4 is an iso?butylgroup.

20 The novel epoxy resin is a low viscous, slightly
yellow coloured oil. Coatings based on this epoxy resin
proved to be more resistant towards acids than coatings

based on the diglycidylester of o,a-branched diethyl-

malonic acid.




10 resins bl ocked or unbl ocked: (cycl o)aliphatic isocyanates,

al pha, al pha' - di branched cyclic anhydrides, acid- functi onal

pol yest er. waeesrs2ed2ni ng onl y al pha, al pha' - di br anched raravEPISNSDIS St r
groups, (cyclo)aliphatic ami nes, (cyflo)aliphatic polyanmno 15 -
am des, bl ocked or unbl ocked Lew s acids and tertiary am nes.

Preferably R err] rr] are net ou err].is hydrogen,
and " Rerr] ?fgn a<>r§10f ‘U% gﬁ) Brésent W%Lo{'/%l 1%poxy resin is
a | ow vi scous, ptefigtdbly reactedﬁﬁitﬂv£Od£¢dﬁ5b£y11c(3§¢dnﬂ§ pagRdaon this

epoxy resin oved to e nore resistant towards acids than coatings
based on the mQﬁ%ﬁﬁ%ﬁ& X?ﬁ?? branched di et hyl - mal oni ¢
aci d. This is ddllﬂdkﬁntédﬁéﬁﬁéh@hﬂfEtFE&%E%ﬁ f§§éﬂlbﬁ i‘?he
preferaqu reac Hﬁg mn&p a, dlcarbo lic acid to forma roxX rich
pol yest et . aine Rﬁi alS Jthem cewEsd %*afﬁg?th¢§9§Y on.
The 5 (ﬂnéyﬁvﬂbéIu&iﬁgFHﬂdﬁEinQSaQQ@@ cured via the hydroxyl
groups using a curl qégﬂn Therefore the invention preferably
relates to a RS diRg npFentirr garEs rakky cordbates ngo a i)
an advanced re%%m&gg@ﬁlr;&)tlaég@pl&,mogfg%ﬁncgo,gqg)rlSlng a) a
dlegC|derster of t he general formnul [err]
an advanced resin product obtainable by reacting
10 a) a diglycidylester of the general formula I
0
P
\\tr//c——c————c
I
~
c—..
. I{ A
R.4 o
in which

R] and R4 are the same or different Cj-Cg alkyl or
Ce-C10 cycloalkyl groups, and Ry and R3 are the same
or different and are H or C1-Cg alkyl or Cg-Cig

15 cycloalkyl groups, with
b) an alpha,alpha'~-dibranched dicarboxylic acid of
the general formula II

Ll
HO-——C———i-—-R i ! OH

W,

wherein n is 0 or 1,

(II)

wherein R is independently selected from the group
20 consisting of straight and branched chain alkyl,
cycloalkyl, arylalkyl and aryl, or both R's may form

\
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i n which Rl err] and Rlerr] are the sane or different

Cerr]-Cerr] alkyl or Cerr]-Cerr] cycloal kyl groups, and R2
and R3 agg, §ghi8enae or different and are H or -(Terr] '
al kyl orwa e( rﬁze[ err] 15 cycl oal kyl groups, w tﬁ&/ﬁ?ﬂ/osgs - b)
an al pha, al pha' -di branched di carboxylic acid “of t he general
formula Il ferr wherein nis 0 or

1, wh@adith of ias § ] lor dwisarsdd tuted tmwmﬁfﬁ
i sti f strai; hai i alky - cl, ,
vl al kyl and aryr o) o R eha o oS & gaghan, appr e

arylal kyl and aryl, or bo
PCT/ EP98/ 03018 which case n should be 0, and/or - 8- part of a
substituted or 'u_n%qbstaintg& -dq.l')ﬁja?x%ie@h%tic%rboxyl\kﬁ Cird' ng system
' : I C

conprising 5, 6 or '8 carbdn atons, in case n should be O,

and/ or c) an [err]-dibranghed d@carboxylic acid [err]
5 Rlerr], Rerr], Rerr] and err]lbeing as broadly defined
her ei n- bef or e,
OH
R3 ﬂ OH |,
4 o
5 Ri, Rz, R3 and Ry being as broadly defined herein-

before,

ii) a curing compound selected from the group consisting
of amino resins biocked or unblocked (cyclo)aliphatic
isocyanates, alpha,alpha'-dibranched cyclic

10 anhydrides, acid-functional polyesters containing
only alpha,alpha'-dibranched acid and ester groups,

(cyclo)aliphatic amines, (cyclo)aliphatic polyamino

amides, blocked or unblocked Lewis acids, and

tertiary amines. '
15 Advantageously R; and Ry are methyl groups, R3 is
hydrogen, and Ry is an iso-butylgroup.

It was surprisingly found that the combination of i)
an advanced resin product of a diglycidylester of an
alpha,beta-dibranched dicarboxylic acid with an

20 alpha,alpha'-dibranched dicarboxylic acid and/or an
alpha,beta-dibranched dicarboxylic acid and ii) a curing
agent which cures via the hydroxyl and/or epoxy groups of
the advanced resin product and which does not form any

"weak" ester linkages (which are formed when curing with

25 conventional anhydrides or polycarboxylic acids), has a
significant positive effect on the weathering resistance

of the resulting cured matrix.



ii) a curing conpound selected fremthe group consisting of

am no resins blocked or unbl ocked (cyclo)aliphatic I socyanat es,
al pha, al mwawsrsboky anched cyclic 10 anhydri des, aci (RGTUERISI03018

pol yest ers cont aini ng i onl'y al phagalpha'-di branched acid and -
ester groups, (cyclo)aliphatic anlnes (cyclo)aliphatic

pol yam no ] | ocked, or nb ew nd
tertiary am nes. jﬁgvéﬁ%fﬁg %@vaﬁtggggug y E@g gnggﬁF§§% 311 nethyl

groups, R3 is carriedhygdtogtna aeMpE@atarenofsbebWEyhgEcuﬁc and 160 °C It

was surprisingly.found that th in t|o an_advanced resin
product of a d?%?ygﬁﬁy?gg?ﬁrrﬁ lgngP §|§E bg{grdF%rﬁﬁgﬁéﬁg

di carboxylic asreferablanlés w1thinhahelahﬁgedbbramohed 8i ¢ar 2oyl ic acid
and/ or ha bet a_di br hed d| rboxyl.i aC| and ii) _a,curing
agent mﬁlch curesat 13 HRTREF bR I anHFGF ﬁgx9X g{ c) antﬁge
advanced reS|nabseﬂdétoﬂnd sblﬁénﬁpehoﬂ@betorﬂfaﬂﬁcessary aweak" ester

| i nkages (which are con¥grt|onal .anhydri des

t
or pol ycar boxyP®~ ae?agggrhag §°igghggmg&ggﬁfﬁégﬁ9 58ty ESEFEOR on t he

weat hering resmgkedee, such adf kbbBenessukllicotiogyl, ed i@l And aromati\dO
98/ 52932 PCT/ EP98/ 03018

-9- hy@dgogAEPRESopuGh @St KoByeRRIAGA &XY1leBegeneral |y

carriedoout at a teApgeAt¥h® Rb asw@?aﬂ@s[ feehedand a@C}ab%rlh]gCa) with and
the nolar ratio of a) and b) and/or c preferably lies

within the ranBé BPdf/PSrTFQ) sHpweyeg, 4f requnedi £nys spidpdleeFatevsdct a)

and b) and/or gyl Bet HBded to tRBSEREEtAbnAmIFt\SR!, FaWRMRImplld necessary
a non-interfering solvent may be added to t he reactlon

m xture, such &§TkéesNePhogPbinessang: Aevifiesnd Wedeaniady Phosphepdiustar bons
such as 1ol uengnANdnkEhaUf shite and metkl] GAI¥eloud G Anktindy needed in

advancing a) wt However, |f requi red any suitable
cat al y3f Sa%ﬁ? be added to the reaction mxture, for exanple

h hi h
tertiary phosphi ne&hanﬁra%ggacd%a&% 9:?%&00%%"1@ %‘3' Way be thé‘%n‘?{]’w

salts and netal salts such hrom u
branched di car Béffeirenic bgagrhegdy dieapihoxydiie @ﬂld Wherefrom

compound a) is derived.
If desired mixtures of a) and/or b) and/or c¢) can be
20 used.
Depending on the ratio of components a) and b) and/or
c) applied in the advancing process the advanced resin
product will generally be a mixture of essentially linear
compounds carrying carboxy- or epoxy end groups. The
25 number average molecular weight of the advanced product
formed by reacting a) with b) and/or c generally lies
within the range of from 600 to 7000; this of course
depends on the sort of starting compounds a) and b)
and/or c) and their molar ratio in the reaction mixture.
30 The advanced resin product may vary from oil type liquid
to highly viscous or solid products.
Terminal epoxy - or carboxy groups of the advanced

resin product may be converted into secondary hydroxyl



di fferent branched di carboxylic acid wherefyrom , conpound a) is

derived. If desired m xtures of a) and/or b) and/or c) can be
20 9&@998/529’3 Depending on the ratio of conponﬁerl.&],?os@w b)
and/-or cz) applied in the advanci ng ﬁr ocess the advanced resin ..
product will generally be a m xture of essehtTal | y |inear conpounds

carrying carboxy- or epoxy end groups. The 25 nunber average nol ecul ar
wei ght of the 3Z@WR¥cedhisoagt be achieviest furipg ithacmergtdemwioth &) and/ or
c generally liggn b) and Mt R b RS AN QR fiOR 830 i Mtlgﬂ o £0f

cour se epends on the sort of starting conpounds a) and

and/ or c) andajhaiithnd)amnddior din Tiee thadc nsh thiex epoxy zmd grcnp@s
advanced resi .oy §llGlo gttt WikH WOBRiloHitiRtriPidlantity of Gl only

Vi scous’ or SO|I produ erm nal epoXy - or carboxy groups
of theSadvanc@dpha-branchesi momosdrboxydy hacicghsmcheds stimesdydmdary
hydr oxyl groups.
Thi s can be agﬁ:og éu(furalcr:l"éi’ é’drreoaé’tqlvallfc a)c:.d or' brie tth t%heand/or c or
after conpl et icommefrdtiled Iiye @avtaiidrabdfe tertiary) mmmdq:alx)boacyd./m agdids To t hat

quant ity of ascatalnli gr sron SRc°Hd AR Wedhel KGRI A VERSATIC |
propi onoc aci @cillsdr(WBRSATIIA a.sau ¢t rardeo e nk) ,t Iie.keWJ.se aamhmmleaid y

avai | e tertiary nonocar box C ont |n|n f fr Q 10
- carbo l?Jlatoms I?ﬁ&)%’%?a\?E%Aﬁ tedanq:Z’m ay$tad rlcgagqi r‘i

li kewi se car baonoglyclidlylest@irowts aﬂﬁrallpexarmrrmﬂxeﬁ mformcsmhoodylmmt ric
quantity of a@ﬁdei%H%$nogl Cld Iester of a% hfh%og&%ﬂ%P g nonocar boxyl i c

aci d such as able
gl yci dyl est er&vaflltalbaeVIaR%“ﬁJcQMﬂé&s Iﬁfowmeas/'ERSATIc GARIAERA KnoARDARA 1s a

trade mark). ouynds n_be prepared by nethods known in
the ar‘L'?“’\RU&A a‘&”@gg@ﬂ Béd 3 ?rt%‘a "No. 3,644,431,

As prafserred corrp@diﬂ@ﬁ;d@,)dscw e nTeet ipefmrtelaow methods \Mnmwal inRthe
((j:l[ﬁ;[ ]hylt gn%ﬁla&]ta (@,/'l pard descr&ib&%ﬁwsg%a&%g‘gp%%?gé\ﬂ%4,4a{ﬁ%&énzyI mal oni c
acid, As preferred compounds b) can be mentioned those
wherein R is C1 to C4 alkyl.
Typical compounds_b) are the diglycidylesters of
20 .dimethylmalonic acid, diethylmalonic acid (DEMA),
dibenzylmalonic acid, tetrapropyladipic acid (TPAA),
tetramethylenecyclohexyladipic acid, sulphodipivalic acid
(SDPA), 1,l-dicarboxy-2-phenyl-4-methyl cyclohexane,
1,1-dicarboxy-2-ethyl-4-methyl cyclohexane,
25 2,2,6,6-tetramethyl-3-keto-4-oxapimelic acid and
1,4-dicarboxy-1,4-dimethyl cyclohexane.
Preferred compounds b) are the diglycidylesters of
DEMA, TMAA, SDPA and TPAA.
Similarly, typical and preferred compounds c) are the
30 dicarboxylic acids mentioned above in connection with the

typical compounds a).
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1, 1- di car boxy- 2- phenyl - 4- et hyl cyel ohexane,
1, 1:di carboxy- 2-et hyl -4-nmet hyl cycl-ohexane. Pref erred conpounds
b) are thwodisgbyai dyl esters of DEMA, and TMAA. 25 PpCT/EP98/03018
Simlarly, typical and preferred conpounds ¢} are the di car boxylic
aci ds nentioned above in connection with the typi cal conpounds a).
WD 98/ 52932 Th . CT{_EP98/ 0301

- 11 - _ Tﬁqa§3€£ﬁ§€he§€%§yﬁﬁiﬁﬁw%ﬁﬂﬁﬁﬁﬁﬁ%éifﬁéa%Eﬁ§i%&%m% of

i n conbi nat i on iR CeMRinaticur alilth epdver resiableorgpaKydsresin compounde
thernosetting resivh € QRIS .Qf the . nvention., . The .

t her moset ti ng rlesitnli]lecorrpg%{lotsj'leg:'r?flgl cox'lr23 1y TR BN OF (R ARYSPLLRr i ses
a curing conpound Whiecltheumesetitdngheesin composirtior sredrdimpoxy GHOUPS

of the advance ct, in__. such a way that,k ether, am ne, urethane

or al phg" - qnweggﬁ'l?ﬁlarﬁﬂ?@dnéssetsera IGHiAE CMmOUNT WY Tt CUrRS aftdetine

ester hiyelragys arel /aioiegpeky Byoue efiriHy a&ﬁﬁﬁ@e@rﬁr?@jl\m ngn 10
H o

f or mal dehyde resins _such ex t hoxynet hyl nel am ne
ur ea- f or nal deh%?fé:@lr &Y %é%cc?a::}%r'r é%‘?’ﬁ%e,' urethane, o, gl Geked
i sophorone di i siibyamathes] ester linkaleh 4rieetfcrhaid it GEibY: £n Y 0 & €6y

| sophor ondi am Versajgﬁd 100 (an am noam de), dicyandi am de,

boron- 15 g%“fkla@(?rsi FES AR RGdre TEH Tk CHR N, It 25 tTelamine-

met hyl 1D, 6- di arfioreROdEMdeA deilnsC Wit Ya e einath Sinidthy lmelam ound
I s hexanet hoxyrrw mel am ne (H : . Dependi ng on the choice of
curing corrpouno( JeuMFea-forma Y HAesidted Jhveniriok yineycl es at

t enper at ures 0fal2Bhol-bIdcX8BA doPHdrerdd 81&%&@&&4%%0} eferably of from

140 to 170[err3]§ for a period of from5 to 30 mnutes. =

Al t hough cross-i i Ag HRGEAME thildeiaaigre Rnhwdsni dere isophorenqiamime, and
the curing conwes@milda 0PN FmMiGRIRRAe), dicyRIHLALUPS PEESENt in the
advanc?l%‘ resin pr,oquct Jmay al sqo 25 participate in the cross-linking. It
i s furtier mor e tritluoridesefhylaning compliastatand Nalah'e Nuttefgraeact i on,
sui tabl e accel aleathgis- 1f, @-BEMIA I ! |1 H ARSI A o

such as phosphoric aci d,_ par a-tol uene 4 sul p_hoaﬂrirgy &ﬁedf?rpﬁes(g)?@{%r\?\?s
aci ds and bl ocKOFPORR% 150 hexamefhorymatdy lare lRmeingr (FMMIduct s; sui tabl e
accel erators Depending on the choice of curing compound the cure

can be effected in one or more cycles at temperatures of
20 from 80 °C to 200 °C, preferably of from 140 to 170 °C
for a period of from 5 to 30 minutes.
Although cross-linking mainly takes place between the
OH groups and the curing compound, the epoxy or carboxy
end groups present in the advanced resin product may also
25 participate in the cross-linking. It is furthermore
possible to use accelerators in the curing reaction,
suitable accelerators for amino type curing agents are
e@.g. acids such as phosphoric acid, para-toluene
sulphonic acid (pTsa), Lewis acids and blocked Lewis
30 acids such as BF3-amine adducts; suitable accelerators
for isocyanate type curing agents are e.qg. tertiary

amines, phosphines and metal salts such as. dibutyl
tindilaurate.



for isocyanate type curing agents are e.g. tertiary am nes,
phosphi nes and netal salts such as dibutyl ~tindilaurate.

- 12 - . The thernosetting resin conposition ac %ﬁ% t he
anentiowor?éffz?sﬁpt her at any stage before cure be m xed ﬁe’m Wlsil usual
nodi fiers such as extenders, fillers pigﬁeﬁ?sf dyestuffs, organic
sol vents, flow control agents and 5 agents for conferring thixotropy.
Suitably organi c Seerhermsedtlingrremi foomgpsition accoxdind|®o the
fnernosettl ng GRARARI dh Ofls POAIERAD 40 %é}f stage bAfYED! LR AE i fed
tol uene, xyl éene, n-propanol; ~ bu aceﬁ%ﬁe, acet one, met hyl - et hyl
ket one, 10 wikilaceswak -redd ol r's eshgh exe et tyede nmnofiel bets ephamenths,

et hyl ene glycc’y%$£§¥¥§yl?f%§$qc solvents, £10¢ SOGEPEECLLLN0s &34

conpositions o I'nven can’ be used 1 n sol vent or water borne
pai nts &s wel lagents for comfeumiley Thatotopsystens, which can be cured

into 15 i nsol ubl & I nfusi bl e at herin i OALI Ngs
Due to the [err]- Lblr%%%r]ﬂ%aolé%?%lrc ST %suﬁfeﬁeéélﬁ%ogl%iggo%%si tions
accordi ng to tderablenthermeset ebpgccahpysition accorditd etd othe he '

production of water borne paints of. high hydrol ytic,stability. 20
Typi cal enduseHFHHRR c?)‘?r%oesT% o%oja‘&%'g?ﬂi%l?lbet h’i proﬁ’anol1 nvention are

seen in decorﬁ&dﬁ#%fﬁéf&té{Séﬁﬂs?meg)métmyl-eiryl mmt@moéivF tochats. f
It is ue, that the use t unsupstitute i Ci ester o
hexahytf opht h %%F%EP?P%%fé hé%€h¥£%ne gi¥% lr@ﬁﬂ?@%ﬁ%%gs thehsahgs
known from Cerditiylene glyfoE! rRgesibtyltetdRdb369. However. the
di scl osed conpounds were not substituted ,Qy Clqéé]-c%err% a{kgl or
Clerr]-Clerr] cyclRf KSreFRRRBEEINE pBIFAR oFPrpositions 4 %h_f_lrf gntion
cycl ohexane Noé#d Yoe 3@sed in solVERE &£ W@fe  HoRhe gpassshasfie 2126380 and
I n particular fornmula 2 were al so kpown dig%%céQXédesters of

r

substituted ditArDOWIEF cCRRFURI FINeHR? - t HRYCH FRRRT 10EP0om t he
presenisy founghshphiyes dyh@sigfSsiblé hPeathering Stdsistahentsatingssitions -

3 and 6' Due to the a,fB-dibranched ester structures the resin
compositions according to the invention are éspecially
suitable for the production of water borne paints of high
hydrolytic stability.

20 Typical enduées of the composition according to the
inventién are seen in decorative paint systems e.g. for
automotive topcoats. |

The following examples are presented to illustrate
certain specific embodiments of the present invention but

25 are not to be considered limitative thereto.

EXAMPLE 1

Chemicals used

Maleic anhydride was obtained from Merck or from
Janssen Chimica and was used without further
30 purification. (4E,6E)-2,6~-Dimethyl-2,4,6-octatriene
(allo-ocimene) was obtained from Aldrich and from the
company Bush, Boake Allan Ltd. and was distilled before

use. The allo-ocimene from Aldrich was 90% pure, and

S
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- 12a - The foll ow ng:exanples are presented to illustrate

certain specific enbodi nents of the present-.invention but are not to
be const ¢y sys2b3ani t ati ve thereto. EXAMPLE | 5 GCNMERIS/03018s ed

Val ei ¢ anhydride was obtained from Mercks. oyzfrom Janssen Chi m ca
and was used wi thout further purlflcatlon

(4E,6E)-2,6-Di nethyl-2..4, 6-o¢ctagri .0bt ai ned
from Al drich aﬁﬂnP¥ Phggfﬁg 2& 8§ng3ﬁyt§3§ﬁ lﬁSEﬁé A § fﬁgaﬁﬂﬁfﬁﬁf
distilled befoapd about UW8ecofTha allo-ocimene tihewerAl drich was 90% pure,
and WO 9 /52932 , . . PCT FP98/ 03018
- 13 - ‘ Fré R 0% pnene,
and about 1@6oﬁhanaathanhyaemaeduaer Preparat|on of

5, 6-di net hyl - 3-1soput enyl trah‘aﬁo p t Iic hydr'd (1) 5.
Mal ei cngnhydrl de (%‘éaéécg?n @dﬁeéemspf A8a9dr g 1R Gl %@ﬁe“’(’ss 34 g,
0.407 nol) wergcehangedsisn3a 3500M407 mol) wdteehagerd imund3mtmom

fl ask, connected with a.reflu condenser. Immediately after
addition of th&bFEEePEcked r°un9nPQGFPHbﬂ%?%NHBQQQQ?Qﬁﬁé;ﬂﬁQIt4m¥?§¥H%re

turned intensecbddenserQl aneRidy @ltleQW aFtR rMadding oofaiedLrsrdul ly to
50 [err]C Then, as the mal eic anhydride started to nelt, a violent

and exot her ni c 2aphydFisiejéo thec fild®10sémesieac dhermixture tu?QﬁﬁxﬂQﬁQﬂ%ﬁ

rose rapi dly t@rkhs 109W.] @hehindi& i@ Qﬁs‘)‘#farmed carulg #8 xfoirec.
becane | ess intensé. After about 15 m nutes the tenpéerature started

to drop. The mTkefreas the ma\m%@mhyatrlﬁm Jtanged fir e hourviabeny g
(0.401 mol = 9§n#fe Y1 ifild Y ALUMHe AT AU RNDINYP1ace. The

temperature rose rapidly to 170-190 °C while the colour

of the mixture became less intense. After about

15 10 minutes the temperature started to drop. The mixture
was kept at 100 °C for one hour. 93.71 g
(0.401 mol = 98.4%) of a yellow product was obtained that
solidified on standing (melting point 78-82 °C). The
product was washed with pentane in order to remove the

20 yellow colour to a great extent. The yield dropped
during washing to about 65%. The anhydride was
recrystallized from heptane to yield a white solid
(melting point 83.5 °C-84 °C). Yield after
recrystallization was 60%). _

25 Preparation of 5,6~-dimethyl-3-isobutylhexahydrophthalic
anhydride (2)

A 250 ml autoclave was charged with a solution of
4,5-cyclohexene-5, 6~dimethyl~3~isobutenyl-1,2-di-
carboxylic anhydride (32.0 g, 136.7 mmol) in 210 ml

30 ethylacetate. 0.2 g PtOs (Adams catalyst) was added. The
solution was stirred using a magnetic stirrer. Hydro-
genation was achieved in 2% hours at 40-50 °C using

30 bars Hp. The catalyst was filtered off and the



solidified on standing (nelting point 78-82 [err,] C). The pr oduct

was washed with pentane in order to renove the 20 yel | ow colour to a
great e e yield dropped during washing to % The
anhydri é@%\'}%@ﬁ&? recrystallized fromheptane to yiel ﬂé'glgﬁsﬂgglé;ol id

(melting point 83.5 [err]C-84 [err]C). Yrel# after
recrystallization was 60% . 25 Preparatlon of

5, 6- di met hyl - SOMbmryMa@(@lwnhe@rtmamld dn vacuo, d&chwydelde 32212 gram

A 250 M auto e har, _
4, 5-cycl ohexeﬁe%\é 8 2 lG'I't 'h 9|%%§ [ sobdt egﬂfn%%hgﬁ % 1s°butylhe ralg’gx;ﬁ
anhydri de (329@t@@1136aﬁhydﬁ;ﬂe n 210 n1 30 ethylacetate 0.2 g

Ptdferr] (Adagg 3 ) 018, B W Gie t A - 3-1 s obut YAnENaBY dRPRIHAiEE USi Ng

a magnetic st urs at
40-50 [Serr] C asiikg 30 bars H2. The catal yst was filtered off and

t he WO 98/[5293 / EP98/ 03018
- 14 - solf |8%t®é§egoﬁ@@HPF&P§d(Pﬁ V?@u&?apgfﬁngg %%? gram
(135.0 mmol , Q&%r@fo;@l&-cdiamﬁtdlwpr a-d(BQb.Utt)Hﬂe@(aiéyﬂ:re@- round-bqﬂﬁdi’(al iC

anhydri de. repar tion of 5, 6- - 3- ut yl hexahydr alic
5" ety frasid W Rane e AN dehe 12 O A o TR
dihcar boxyl iﬁ &\ﬁltda-r As?oaém anfdel eomaakad rgqulrzd. 10 kd@D) . The nfﬂmm%/vas .
charg with the anhydride (2.0 8.45 , wat er an
KOH (i 18 g; ¥BS1 % u)xedﬂf-x(? %]QL?}Pé"ult(?s Aﬁ)v)fs‘ r PP 117 é‘borfh nut es.
After cooli n@:eh@eﬁ:%@:fﬁre the iAW L dxta aBted wd MY iRvtdhiyacitd i t h

di et hyl et her . The aqdfous Iayer wWas._, a%gdlfled with a
1 N-HOJ sol uti{G? t“ﬁ) HThelaqH?é’ua?c Yedas ralds a8 vyellow sh

gummy materi alg, N\Mi‘!cqh AT ticrs Ao/ @ =0 190 THe @fcild prec:.(iiaﬂialﬂési‘té’b?ra washed
wth water (30 nl) and concentrated I n vacyo, eId gg.qgﬂm

(97% . yeplusshy igWmyt mare didg ry hdyAbe Stasy ddeS? 3'

but yl hexahydr eplithdllict i)y fdshed with water (30 ml) and concentrated
2, 3-Di net hyl - 5-i sobut yl hexahydropht halic 20 anhydride (2) was

tr ansf or med Iﬁ'trbwq.il Jy HiBAeZ-A° 9ram (97%g this end a 500 nl standard
reactor was chaiggRd-aMildh of the diglycidylester of 2,3-dimethyl-5-iso-

butylhexahydrophthalic anhydride
2,3-Dimethyl-5-isobutylhexahydrophthalic

20 anhydride (2) was transformed into the diglycidylester.
To this end a 500 ml standafd'reactor was charged with
the anhydride (48.42 g, -203.4 mmol), epichlorohydrine
(188.2 g, 2.034 mol), isopropanol (110.0 g, 1.831 mol)
and water (89.4 g, 4.96 mol). The mixture was stirred at

25 80 °C, while 7.60 gram (95.0 mmol) of a 50 wt% solution
of NaOH was added at once (about 20% of the total caustic
needed) . After stirring at 80 °C for one hour, the
remainder of the caustic solution (30.48 g, 381 mmol) was
added dropwise during 90 minutes. The mixture was stirred

30 for another 15 minutes at 80 °C, and then the brine was
separated. The organic layer was washed with 75 ml of a
10 wt% NaHyPO4 solution and subsequently with

demineralized water. After concentration in vacuo 46.97 g



the anhydride (48.42 g, 203.4 rmols), epichl orohydrine (188.2 g,

2.034 nol), isopropanol (110.0 g, .1.831 nol) and water (89.4 g,

4. 96 ol wo dgm2038 xt ure was stirred at 25 80 C, whil e PCTEEPIZI03018 ( 95. O
nmol ) of a 50 wt % sol ution of NaQH;,4as added at once (about 20%-of
the total caustic needed) After stirring at 80 C for one hour, the

r emai nder of tQ§7 aus ic soI |on 30,48, g, 381 nnnl% Yas 1 added
dropwi se during 9 lﬁeﬁfu ERIRY FRSIRMRT i PR as ar¥PLllRWiher 15
m nut es at 8015wiﬂlb¢$uﬂléﬁb brlne was separated. The organic

| ayer was washed ﬁh 75 cgd 10 vvt%NaH2P04€ Et gg

subsequent | y mﬁth e cru %eﬂ?%kﬂd??%eﬂnwﬁ?%¥y AFPRR COBRLE 6 Pﬁ vacuo
46.97 ¢ 46000 M D2PP2%and contained 18,000 ppm hydrolysable

PCT/ EP98/ 03018 o . - 15 - &97%
crude epoxy reRIPTERS opTHE nEYSIR WaHePLBGR 2 so-capbgd,pitggsdghydro

The crude FeSléhi&@hﬁﬁtﬂ@@xwr8£@M@n€OﬂAﬁﬂt)(EEIE 90 wt% solu#668 awol / kg
and cont ai ned 18, 000 ppn1hxdroly abl e chlorine. The resin was given

a so-cal | ed affEBKdeRys o 5 Oh I BhenGERGR FREARTEAE ghoRe}vad &30 wt %
solution in 160 mll\ﬂaﬂﬁ( Tﬂt'54546C973989f gt h@7CBUﬁlﬁoi?SbE wasodiyegol ved in
160 M MBK At 45 errL é 6 Mmdl) of a 50 wt % NaCH

sol ution was NRRY aPlvkien Eﬁ?r?ﬁ gdwas eBfei nSEdrIdng wasf 6PnFABURSyr
then tie aqueoﬂér'@ﬁgrh$@§ dtﬁﬂﬁeéh@‘ﬁaueous layég WBS“@E@Et@Bdwi%Barated
The organic | ayer was wash ed 60 a 10 wt% NaH err| PJ err]
sol ution and st®sByusatey and SePaﬁPFﬁdGOThﬁ Géﬁﬁhé?aﬂﬁf@ﬁ WasewWashid

yel | ow col our hgo ciydgege k sihdar he
ADHc 150 O PLshge mL ot oLl e e e o S Bty

t heoretical) awith ﬁ9dmé|9sabnerehnaednuaeomteﬁheoyellow colpg30 ofpreheThe
total chlorine e n p

G yci dation ofCEQ %tg%sggngggﬁéﬁég c3ﬁ§1derab&x ﬁg&gn Iggeg y?Fdated t wo
anhydr tde conpbnﬁﬂtment Ther gpatadhad eonp6Gnd8(Q) mmold kgt HE88udSatdr at ed
Di el s- Al der n Ll s latter
anhydri de was o ?gfﬁggggi heé?lﬁ HYEgg%gggg%% ?gi&?ﬁﬁ rlkBhe E%huct in

t he presence o?oéalpnmluﬁhﬁntahaﬂnehﬂozine congemys pietbe Weshiayaalsound

that a yield 0§8§§@$ﬁﬁ§

Glycidation of related compounds -

a

20 We have also glycidated two anhydride compounds
related to compound (2), i.e. the unsaturated Diels-Alder
adduct (1) and the aromatic anhydride (4). This latter
anhydride was obtained by heating the neat Diels-Alder
adduct in the presence of palladium in an inert

25 atmosphere. We have found that a yield of 83% was
obtained when the reaction was performed at 225 °C for
5 hours. The product (4) was a white solid that can be

recrystallized from methanol (mp 92 °C)..



obt ai ned when the reaction was perforned at, 225 [err]C for 5 hours.

The product (4) was a white solid that can be recrystallized from
met hanol [err] C). WO 98/ 52932 o7
A o S 16 - [EFYpROSSE
The conditions for the glycidation reactT oh® Tere the sane as for
the glycidation of the saturated anhydride (2). Also, the conditions
of the applied ADHC treatmgnt were identical. 5 o In Table I,
sone results of these glycidation reactions pre synmari zed. For
conmpari son, al so data ahout t he gl yci dati on _kf he!ahydrophthalic
anhydride (HHPA) are i n,dy.s taby e yiel d of the

gl ycidation reactig &%g%%-is r g bl e high, especially
10 in conparison with BHSpar ent Ny,

err]-branching 1
protecti on agai nst hydr ol ysi s.

It appears that the gl ycidg1 on ofOthe unsaturated 15 0 anhydrides (1)
and (4) and that of HHPA {i el ds epoxy resins with a higher
hydr ol ysabl e chl ori ne cont'ent and a hi ghef total chlorine content
than gl ycidation of the COmPOUNgst yrated anhydr FeRPQURR. The

di gl yci dyl esters of Q¥ ompound (1) and (4) ‘fave not been used to make

coatings, 20 phe RhJIFUSNRCHDPLRRAGAY %At P FeaTlon@AsRER the

same as for the glycidation of the saturated
anhydride (2). Also, the conditions of the applied ADHC

txeatment were identical.

[err]-substitution works,

Jound (2) IS
I ndeed responsi ble for an ad¢quat ¢

5 In Table I, some results of these glycidation
reactions are summarized. For comparison, also data about
the glycidation of hexahydrophthalic anhydride (HHPA) are
included in this table. The yield of the glycidation
reaction of compound (2) is remarkable high, especially

10 . in comparison with that of HHPA. Apparently,
B-substitution works, and the P-branching in compound (2)
is indeed responsible for an adequate protection against
hydrolysis. _

_ It appears that the glycidation of the unsaturated

15 anhydrides (1) and (4) and that of HHPA yields epoxy
resins with a higher hydrolysable chlorine content and a
higher total chlorine content than glycidation of the
saturated anhydride (2). The diglycidylesters of
compound (1) and (4) have not been used to make coatings,

20 but have been prepared for comparison reasons.
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- 17 - Table 1: Cbnparlson of some resin characteristics of
gl yci tat ego agkpesls | de anhydride  anRynEPI$M3013
anhydride HHPA ~ (2) 17 - (1) (4)
yield 97% 84% 81% 86% ECC (nnDI/kg
4810 4430 4270 6410 5 of - 88. 5%
81% 7¥9ble I: Comparison ofi seBeetesimn) charactenisfigs o e
18, 000 341988dated 48n Qlde 40, 000 chl orine before
ADHC Hydialysahle 2 4300 : 4050 ____ 3300
chlorine after ADHC anhydrsnie| d ampeiridg7opanhydride g4PA
80% 82% Total (2 28007} 57004 5100
4600 chlorine {er ADHC EXAVPLE |
Ve have prepar edieds different97§pes of ad&éﬁced Bl%resins. &% is
made fromthe dtﬁky 18 Qgioas geplcted %Q7@age S glyppced
with its own precursor aci (bi nder re5|n A, e other one Ts nade
fromthe (5d|ogi yci dyl est&B %), advadt®d with bul¥y% et hyl me3bhic
acid (binder re%lgo e J%ﬁ advancenent reaction was per f or med
W t hout a solvent or Qst at 160 [err]C (for bi nder resin A) or
120 [err]C (forﬂmdnhiysahialEﬂ8,ﬂﬂ0ing 1032, 000t he add@needent redcdoOon,
t he epoxy groupaﬂ¥g£¥§e(EKID and the acid value (AV) were being
nonitored. The reaction was stopped when no acid groups were left,
and t he bidfmorectADIM? EGC was achi eved. Fortunately, the EGC
Hydrolysable 2030 4300 4050 3800
chlorine
after ADHC
Yield ADHC 87% 84% 80% 82%
Total 2800 5700 5100 4600
chlorine '
after ADHC
EXAMPLE II

We have prepared two different types of advanced
resins. One is made from the diglycidylester (5) as
depicted in page 5 advanced with its own precursor acid

5 (binder resin A), the other one is made from the
diglycidylester (5), advanced with butyl ethylmalonic
acid (binder resin B). The advancement reaction was
performed without a solvent or catalyst at 160 °C (for
binder resin A) or 120 °C (for binder resin B). During

10 the advancement reaction, the epoxy group content (EGC)
and the acid value (AV) were being monitored. The
reaction was stopped when no acid groups were left, and
the theoretical EGC was achieved. Fortunately, the EGC
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- 18 - and the AV decreased at exéCtIy the sane rate. This _
i ndi cated t no side reactions occurred. r o
The-adva“@ﬁ%f'%%kn was mxed with nelam ne_resin, apmiexfcn&ﬁ£M$mgn st ee
panel s by a bar-coater, and cured in an oveR at 5 160 [err]C.

The acid resistance of the coatings was tested by appl yi ng drops of
di fferent aci dend Hlle AY etadr3@s=d |at axhctly the Hame |[RYer rThis 0. 16 N) on
t he coati ngs, qnﬂ. ' t : J zont |, an oven at 50 [err]C
for 30 min. Aft er\/\ﬁatgaésc! ’]%baé“%{g %%dee croea%lg%nﬁe&eé‘%lrn%ép}}abt ed visually.

- Cearly, the acid ° of the.coatings based on binder resin
A and B [ ti ngs based on the

di gl yci dyl este ). O her properties

of the new epoxy araQ!s 15 with the properties
as obtained with _

resi st

3
The advanced resin was mixed with melamine resin, applied
on steel panels by a bar-coater, and'cured in an oven at

5'| 160 °c. _ _

| The acid resisténce of the coatings was tested by
applying drdps of different acids (HC1, H9SO4, and
H3PO4 : 0.16 N) on the coatings, and putting them
horizontally in an oven at 50.°C for 30 min. Afterwards,
10 the coatings wére inspected visually. Clearly, the acid
resistance of the coatings based on binder resin A and B
is far better than that of coatings based on the
diglycidylester of diethylmalonic acid (DGEDEMA) . Other
. properties of the new epoxy based coating are comparable
15 with the properties as obtained with DGEDEMA.
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1. A glycidylester of the general fornula [ [err]
i n"whi chwooessaesd err] and Rl err] are the same or differ emnCI/EP98/03018
cerr]-Cerr] _a Kyl or (Jerr]-Cerr] cycloal kyl groups, and 5 R err]

and Rlerr] are the sane or different and are Hor (err]-Cerr]

o S.V'neﬁr.ﬁ[i{;?ﬂlﬂﬂlﬂmlaﬂﬂ ﬂmﬂw OO trar O Wert) “and e

are met hyl groups, 10 “ "R3sis*hydrogen, and R4 is an

| so- butyl group. 3. Aglycidylestaraas Ml 8inmed in claim 2,
characterized in that it has been obtained by the D el s-Al der
reaction bet ween al | o-oci nene and nal ei ¢ anhydri de, hydrogenation 15
and hydration nf theghgddidiybespesdu€t the genkeal] formula Isubstituted

di - carboxylic acid, followed by the gl ycidation of the

di - carboxylic acid. 4, Rf\the?nnsettlng resin conp05|t|on conpri sing
i) a glycidylester as clainmed |n cl4|n11 or ﬁq ii) a curing
conmpound sel ected from consi stin of am no resins bl ocked

or unbl ocked (cycl o) al

N ana Cal pha, al pha' - di br anched
cyclic anhydri des, I

~

in which
R and R4 are the same or different
C1~Cg alkyl or Cg-Cjp cycloalkyl groups, and
5 - Ro and R3 are the same or different and are H or C1-Cg
alkyl or Cg-Cig cycloalkyl groups.
2. A glycidylester as claimed in claim 1, characterized
in that
R1 and Rz'are methylgroups,
10 R3 is hydrogen, and
Rgq is an iso-butylgroup.
3. A glycidylester as claimed in claim 2, characterized
in that it has been obtained by the Diels-Alder reaction
between allo;ocimene and maleic anhydride, hydrogenation
15 and hydration of the addition product to an o,p-
substituted di-carboxylic acid, followed by the
glycidation of the di-carboxylic acid.
4. A thermosetting resin composition comprising
i) a glycidylester as claimed in claim 1 or 2, and
20 ii) a curing compound selected from the group consisting
of amino resins blocked or unblocked (cyclo)aliphatic

isocyanates, alpha,alpha'-dibranched cyclic anhydrides,



- 20- aci d-functional polyesters contai,ning only al pha, al pha' -

di branched aci d and—ester—groups, (cyclo)aliphatic am nes, (cyclo)
al i phatic _pol vam nojaii E unor unbl ocked JevisysRSd s, ahd ~
tertiar ngr?f"ﬁé’g.z— mﬂmaﬂ“lm”m W fisetting resin conpositi onﬁg@%rgi si.ng
1) an advanced resi*n product dbt di nabl® Teacting conpound

a), a diglycidylester as clained inclaiml1 or 2 with conmpound 10

b), an al pha, akpda'fudichianalegodiyeateasycontadndngf only alphahelpbadral
formula Il

err . erein.n.s I . : wher ei n
Ris independbﬁ%F%nnggc?gédfnglFﬁgg r Eﬁugs’ (%y%%8 ?ﬁ%??ﬁ&lgf strai ght
and branched amdinesal Kylyclol}aliphaydlcoploldylamiaoy laaikiels ,aivd csnkeld oar bot h

R f f bstituted or .tuted cycloal i phati
fing O Bpbtogkegperdien g at% ard ertiat o AR i th case n

shoul dsbe 0, &nd/ ar thearmosetting resin cojnpositiienr cotphrisinged
bei ng a6 def| 90 P GRYAReed resin BRogncR BhepindbIt by, de8ertodld 1 om
the group congofmpongd o _ '
a), a diglycidylester as claimed in claim 1 or 2
with compound '
10 b), an alpha,alpha'-dibranched dicarboxylic acid of

the general formula ITI

Ho-—ii-——f_k' {I\ E OH (II)

o,

wherein n is 0 or 1,

wherein R is independently selected from the group
consisting of straight and branched chain alkyl,
15 cycloalkyl, arylalkyl and aryl, or both R's may form part
of a substituted or unsubstituted cycloaliphatic ring
system comprising 5, 6 or 8 carbon atoms, in which case n
should be 0, or compound

c), an o,p-dibranched dicarboxylic acid

0
Lo
R OH
R3 ﬂ__' OH ’
4 o
20 Ry, Ry, R3 and R4 being as defined in claim 1,

ii) a curing compound selected from the group consisting

of amino resins blocked or unblocked (cyclo)aliphatic’
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of anmino resins bl ecked or unbl ocked (cyclo)aliphatic
MCS22/ TS0178PCT [ 52932 .
PCT/ EPOSARSSH932 _ M l’ ﬂmgﬁmﬂm | pha, al pha’ - di br anc HREI/ERA8I0BIS
a *U~
S

anhydri des, Ml yestef s-containing only al pha, al pha' -
di branched acid and ester groups, (cyclo)aliphatic am nes,

(cycl o) al i phat i 1. N0 Ldes Gk I l;QC Lcﬁ?’.’ﬁ. ci ds,
and tertiary a%gﬁgggxgmeg' gg)pgg’fi%g’rb%osgtq?%ﬁéérhee&ﬁ%ﬁ%o?ﬁq} on adzess’l ai ned
in cl ai achdwiienetionad pollyesteairiso cohtadmidgigndnly) adpheah)algha'’ -

c) lies in the_ ange of from.0.5 to 2. 0. 7,. t her ett.i ng resin
conposition asdésﬁl e e|dn aé:rhsl f&d GS%c?ﬁe IR c(lc i r%‘sor}%lg%}ag‘tlvﬁ'uerei n
conmpound b) oramjines, (cyclo)eddphetiid podyanliaro exdelsss ,ofblajcked tdrwe

presence of a stoichi,onetric quanfity .af an al,pha-branched nono-

car boxy‘l?’i ¢ aci §ablocked Lewis peigdsse AN Ferddat Y AMRET i on as claimed in
any 15 one6Qf RAhehelrfio¥etting fewiey @ompodidioid a3 dlsinealtiat :
with a nol ar exgess qf or, ¢).in the presence of a st oi chionetric
quantity of a G-FcFdy! &&edeigy the &}‘%{ﬁaf ratio of,compoupds Al AHHE) it
aci d. 9c)Allilker M@Sahld HANRSIIT EHEOT .15 ab as.¢) ai med in any 20

one of the cIa%nB 4 to 8 wherei,n the curing conpound is sel ected

fromthe group ‘condi {iEergosetbdngntesifo GAaRpsition as glajmed gnany

ur ea- f qomal dehygie LFSivhe Alaiwd ¥ idnd iwlerein compduth &cawlcpl pgked
| sophorone diisocyanates. 10. A thernosetting resin conposition as
clainmed in 25 reactgdiwihtdh haadiar &€/ iy Pondd iRFSRBRER P X -

net hyl mel am nestoichiometric quantity of an alpha-branched mono-

carboxylic acid.
8. A thermosetting resin composition as claimed in any

15 one of the claims 5 to 7 wherein compound a) is reacted
with a molar excess of b) or ¢) in the presence of a
stoichiometric quantity of a glycidylester of an alpha-
branched monocarboxylic acid.
8. A thermosetting resin composition as claimed in any

20 one of the claims 4 to 8 wherein the curing compound is
selected from the group consisting of melamine-formalde-
hyde resins, urea-formaldehyde resins, glycoluril resins,
and alcohol blocked isophorone diisocyanates.
10. 2 thermosetting resin composition as claimed in

25 claim 9 wherein the curing compound is hexamethoxy-

methylmelamine.



