;e3e <FF 6] T 0 WD 02/057279 Fl ame-proofing agents PCT/EPOL/ 13430 The
present invention relates to novel benzoxazines, internediates and a

process fwo dafag7ps eparation thereof) to conpositions conmphpicgigidiss46H
benzoxazines and to the use of such conpositions in the manufacture of

prepregs and | am nates. The use of halo%en-containing fl ame-proofing agents
I n encapsulating and lam nating resins fs problematic owng to the toxicity
of the conmbustion products and the corrosive action of the hydrogen halide
rel eased. Accordingly, for those applications greater use has been nade

recently of phosphorus-containing flame-proofing agent e,
resins hﬂﬁh@%r&@ffﬁg #tﬂgflame-resi stance and a high gl mm m’mm@m n
.t enperature are optai ned when glycidyl ethers are pre-| q;}%tg ened with

2- (6- oxi de- 6Hdi benz- 1, 2- oxaphosphori n-6-yl) -1, 4-di hydr oxyb*en ne (C-S.

Wwang, M-C. Lee: ."Synthesi nd properties of epoxy resins containing
.2- ? 8. oxi I B’lﬂggﬁ“ﬂ'&‘f%'aef) E‘i@? % Nk KR7Esn m@’g‘ﬁ?%ﬁs@%ﬁ@ﬁ%ﬁ forthe 1),

Pol yner  gbpardfisd thefett, 1020RPbkitiosd sBrhising SRR Behfdkihes ah@tdPRb ?b@%f‘sé%ht h
phosphor us- cont ai ni ng epoxy resins prepared by the reaction of epoxy

novol aksc%ﬁpsg!WBJ'Hﬁh%yﬁé)W&tWﬁa@f PrepRasaielamIngtas: hr ene- 10- oxi de ( DOPO)
(C.-S. wang, C -H. Lin: "Novel phosphorus-containing epoxy resins, Part |1:
Curing kinetics", Polynmer 41, 859-8586 (2000)). In respect of inportant

| ami nat e The B$Rpihatageneanipiniag famewraafing agents iyencappulating and leminating resing |

now been® PG EEMRGE) (18 (PR ne CukRion PRLo chd RO GRRMCTon b 125
DOPO der thediAtagen balidaseleased. Arsoydingly forithesecanplieationsl greatérriseinag beesi ns t Eat
h e Sl penl SfHpont SERB A SR RS 0 9000 LS T U0
f or nul a Foigxample, resjws bavinssvery gosdfiarmpaasistaaezmda high glass treasitien( | ) |
temperature T, are obtained when glycidyl ethers are pre-lengthened with 2-(6-oxide-6H-
dibenz-1,2-oxaphosphorin-6-yl)-1,4-dihydroxybenzene (C.-S. Wang, M.-C. Lee: “Synthesis
and properties of epoxy resins containing 2-(6-oxide-6H-dibenz(c,e)(1,2) oxaphosphorin-6-yi)
1,4-benzenediol (lI)", Polymer 41, 3631-3638 (2000)).
Similarly good results are obtained with phosphorus-containing epoxy resins prepared by the
reaction of epoxy novolaks and 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide
(DOPO) (C.-S. Wang, C.-H.Lin: “Novel phosphorus-containing epoxy resins, Part Il: Curing
kinetics®, Polymer 41, 8579-8586 (2000)).
In respect of important laminate properties, such as dielectric strength (pressure cooker

test), those flame-proofed resins do not, however, meet all requirements.
It has now been found that the addition of relatively small amounts of a specific DOPO
derivative to epoxy resins yields flame-proofed laminating resins that have high glass

transition temperatures and also yield good results in the pressure cooker test.

The present invention relates to a compound of formula | or |I

T

*G00002*



Rla R3 (
unsubst i
C, - Ceal k
or nore
unsubst i
Cl-Cfi al

1), R4 wherein R is C -C eal kyl; C5-C, 2cycloal kyl that is

tuted or substituted by one or nore C, -Csal kyl groups or

oW @foeupe; CB-C22aryl that is unsubstituted or sypsigdoyifdo by one
C, - Ceal kyl groups or C, -Ceal koxy groups; or C~-C3oaral kyl that is
tuted or substituted by one or nore Cl-Ceal kyl groups or

koxy groups, and the radicals R2 to R-3 are each independently of

t he ot hers hydrogen; -NO02; dial kylam no; al kylthio; alkylsul fonyl; hal ogen;

C, -C, eal
unsubst i
C, -GCsal k
‘0r nore

unsubst i
C~--C~al k

‘or C, -C~ealk
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i sopropy
vari ous

dodecyl ,
oct adecy
i Sopropo
vari ous

decyl oxy
pent adec
Exanpl es
2- met hox

, Cycl oal

Some exanpl es thereo

cycl ohep
mesityl,

to 12 carbon af

exanpl e,
a, a-di ne
R-is O

conpri se

¢ 0
R4, R~ and R8 ar & al kdxy)

hal ogen.

kyl; C, -C, eal koxy; C, -C, eal koxyal kyl; Cs-C, 2cycl oai kyi that is
tuted or substituted by one or nore Cl-CBai kyl groups or
oXy groups; fﬁ-C?;gLyl that is unsubstituted or substituted by one
C,-CEaREyI gr-\n¢ or @, - Ceal koxy groups; or C,-C3oaral kyl that is
)
i tuted oy one or nore C, -Ceal kyl groups or
: 8 radicals R to R18 is/are C, -C~eal kyl
4] can be straught-chained or branched. WO

9 3 2 Bl es of al kylY/groups are nethyl) ethyl,
Ry n- pXopyi i soRg yi, sec-butyl) tent-butyl and the
i somer g pe , heptyl, octyl, nonyl, decyi, undecyl,

tridecyg, #\’ ade Fh1pentadecyl, hexadecyl, heptadecyl and

| groups.” Suitlabl e al koxy groups are, for exanple, nethoxy) ethoxy)
xy, n-propoxyRzn-butoxy, isobutoxy, sec-butoxy, tart-butoxy and the
i someric pentyl oxy) hexyl oxy) heptyl oxy, octyl oxy, nonyl oxy)

, undecyl oxy, dodecyl oxy, tridecyl oxy, tetradecyl oxy)
yl oxy, hexadecy oxy) hgptadecyl oxy and octadecyl oxy groups.

of al koxyal kyl 4re 2-nmethoxyet hyl, 2-ethoxyethyl)
ypropyl, 3net hoxyy X!, 4-methoxybutyl and 4-ethoxybutyl.

kyl 1s prefer@b % ec@xl| oal kyl, especially C5- or Ce-cycl oal kyl .
opentyl, methyicyclopentyl) cycl ohexyl,
roups are, for exanple, phenyl, tolyi,
iRl . Argl kyi preferably contains from?7
from 7 o 10 carbon atons. It may be, for

tyl and cycl opct

isityr, n
gnsggﬁd

2yl ) 3-phy g 2get hyl benzyl , 4phenyl butyl or
t hyl § Prief erence is'give ¢onpounds of (IRprnmul a | wherein
-C~ or ds-C PgR, S [B¥. (sopropyl, n-pentyl or phenyl.
ey i to con ¥ ormila | wherein the radicals R2

( enbodi ment of the Invention
Rer e @ | east two of the radicals RS,

-Ro%, di-IkyIénino, al kyl t hi o) al kyl sul fonyl or

O those cﬁhpounds, spé&ial preference is given to those wherein

S CONMPOU

R3 and Re are al koxy or dial kyl am no.

wherein R, is C4-Csgalkyl; Cs-Cszcycloalkyl that is unsubstituted or substituted by one or more
C4~Cealkyl groups or C-Cgalkoxy groups; Cs-Coaryl that is unsubstituted or substituted by

one or more Cy-Cealkyl groups or Cs-Cealkoxy groups; or C,-Cgearalkyl that is unsubstituted
or substituted by one or more C4-Cgalkyl groups or C;-Cgalkoxy groups,

and the radicals R, to Ri3 are each independently of the others hydrogen; -NO.;
dialkylamino; alkylthio; alkylsulfony!; halogen; C,-Cgalkyl; C;-Cysalkoxy; C;-Cisalkoxyalkyl;
Cs-Cizcycloalkyl that is unsubstituted or substituted by one or more C,-Cgalkyl groups or
C1-Cealkoxy groups; Cs-Czzaryi that is unsubstituted or substituted by one or more C,-Cgalkyl

groups or C,-Cgalkoxy groups; or Cr-Caearalkyl that is unsubstituted or substituted by one or
more C,-Cealkyl groups or Cy-Cgalkoxy groups.

MmmwdmmMM$mmmw%mwﬁﬂmeC@MmmmmwMwae
straight-chained or branched.



WO 02/ 057279 4 PCT/ EPOL/ 13a30 Special preference is given to hal ogen-free
conpounds of formula I, that is to say conpounds of fornmula |I wherein none
of the ragiorRls7#2 to RL3 is hal ogen. The conpounds of forpgdl@poh/ 1530 be
prepared according to processes known per se. In the first reaction step,

t he i m nonet hyl phenol of fornmula VII, wherein Rl, R o, R-1, R-Z and R 3 are
as defined above, is prepared fromthe Bnown salicyl al dehydes of fornmula V

and the amnes of formula VI. ' "73 Ri2 ~OH-I- R N2 HRL, ' "yo (V)
(M) RLRL (Vil) R By reaction with the simlarly known DOPO derivatives
of formula VI, wherein R2 to R8 are as defined above) the

' t [ I
VI ( ?"é"*ﬁ@ﬁ?* 2Ry SR erB ey, S BB el FionlisprinE e b
benzoxaz Iﬂﬂs tyfanti shavvarious isomeric paotyd heagyBataylSoctyl, nonyl, decyl, undecy!, dodecyi,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl and octadecyl groups.

Suitable alkoxy groups are, for example, methoxy, ethoxy, isopropoxy, n-propoxy, n-butoxy,
isobutoxy, sec-butoxy, tert-butoxy and the various isomeric pentyloxy, hexyloxy, heptyloxy,
octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, tridecyloxy, tetradecyloxy,
pentadecyloxy, hexadecyloxy, heptadecyloxy and octadecyloxy groups.

Examples of alkoxyalkyl groups are 2-methoxyethyl, 2-ethoxyethyl, 2-methoxypropyl, 3-
methoxypropyl, 4-methoxybutyl and 4-ethoxybutyl.

Cycloalkyl Is preferably Cs-Cgcycloalkyl, especially Cs- or Ce-cycloalkyl. Some examples
thereof are cyclopentyl, methylcyclopentyl, cyciohexyl, cycloheptyl and cyciooctyl.

Aryl groups are, for example, phenyi, tolyl, mesityl, isityl, naphthyl and anthryl.

Aralkyl preferably contains from 7 to 12 carbon atoms and especially from 7 to 10 carbon
atoms. It may be, for example, benzyl, phenethyl, 3-phenylpropyl, a-methylbenzyl, 4-
phenylbutyl or a,a-dimethylbenzyl.

Preference is given to compounds of formula | wherein R, Is C1-Cyoalkyl or Cg-Cyoaryl,
especially isopropyl, n-pentyl or phenyi.

Preference is also given to compounds of formula | wherein the radicals R. to Ryzare
hydrogen.

A further preferred embodiment of the Invention comprises compounds of formula | wherein
at least two of the radicals Rg, R4, R; and Rg are alkoxy, -NO, dialkylamino, alkylthio,
alkylsulfonyl or halogen.

Of those compounds, special preference is given to those wherein R; and R; are alkoxy or
dialkylamino.



R~N~HzR ~0~~RISHO/ s ~~-i MR\ ~Ro Rz RB~ ~R8 Rl1 R~
PCT/ EPO1/ 13430 n (Il11) (I) The am nonet hyl phenols of formula IV and the

benzoxaziweso@krFHermula 11 can be synt hesi sed anal ogous! y gomafpoi Asi30
di al dehydes of fornula I X, wherein R12 and R13 are as defined above. (I1X} H

RI2 RI3H2Z RI RB ~WRA YRR WRs . HR R2 OO-p~~r R3 ROR9 'Ra Rs R$R8"
Rs R~ (1V)) The intermediates of forrmul4e 111 and IV are novel and the .
I nvention relates also thereto. The invention relates also to a process for
t he preparation of conpounds of forrmula i or Il, in which process a
compound of formula Il or IVis reacted with fornmal dehyde. RH WO

sol vent e EietiEhts il ok ARSbcORepaMS 16 S A g By G e al y

from 60 @mpeunds oJormula | wherein none of the radicals R, to Ry; is halogen.

The compounds of formula | can be prepared according to processes known per se. In the
first reaction step, the iminomethylphenol of formula VII, wherein R4, Ry, Ri4, Riz and Rya
are as defined above, is prepared from the known salicylaldehydes of formula V and the
amines of formula V1.

R13 R13
R12 OH H12 OH
’ + R—NH, — .
R, Ryi ~ \R1
R, O R, H
(V) (V1) (Vi)

By reaction with the similarly known DOPO derivatives of formula ViIl, wherein R, to R are
as defined above, the aminomethylphenol of formula Il is obtained.

R13
Ry, OH
+
N
R ~ \R1
R, H

) , (Vi) )

The reaction of 1l with formaldehyde finally yields the benzoxazines of formula |



It is also possible, however, to react the conmpound of formula Il with

f or mal dehyde w thout solvent. In that process, it is advantageous to use
sol i d pargbap/ssddehyde, which is mxed with the conpound @lorigpiidsde ! 11 or
iV, also in solid form to forma honbgeneous powder. The m xture is then
fused and maintained at the fusion tenperature until the evolution of COZ
has ceased. The benzoxazines of forrmula8 | and Il and also the

am nonet hyl phenol s of fornulae Il and |V are distingui shed by high

i nherent flame retardation. Mxing theminto thernoplastic or thernosetting
polymers yields matrix systens that have flane-retardant properties.
Dependi ng on the concentration of the benzoxazine or am nophenol in the

(a) a thernopjasti nosetting resin and {b) a cp pf fprmul a |
11, 111 Bs Rg tho Qposi ti onBas z Ris
i nvention i§ used 4 n anfbunt s—ef—f rom ;hp,

preferab wei ght) Hespeci al |y ﬁra*-
based on the of %@nponents (a) + (b).*As RONP
preference is : g use of thernosetting resins, pest hygepoxy
resins and oxazfne fesins.'"Oxazine resins are described,®for|exanpl®, in
GB-A 1 437 814. TheRpenzoxazi nes and ani nophenol s according o the
invention are especially suitable as flane-proofing agents for epoxy
resins. The inventi{h accordingly relates also to a conposit{)on conpri sing

(a) an epoxy resin, WO 02/ 057279 7 (b) a conpound of formula I or Il or a
conpound roul.a,lLll o or LV, an c),.a,hardener f t he epo resin.

PCT/ EPQ T%i%@“%ﬁ@&‘?@ﬁ’f’%(%)“w?ﬁ fyaewd PEBLE7'BRS °§f§88{}'&i'h%"tyl{? t he

i nvent i osyntiesisddanalgeosls fromuthe didldehgdsssttisrnila X, Whebeih R, SehdR)area ght ,
preferabb% fa%gllo to 50 % by weight, especially from15 to 40 % by wei ght,
based on H@ BPY anount of components (a) + (b) + (c). In the
conpositions according to the invention, the benzoxazines of formula | or

Il or the am ngonet hyl phenols of formula Il or 1V can be conbined with

ot her known fI'gdfe-proofing agents) for exanple phosphate esters,
phosphon&s rsOHphosphi ne oxi des, aluminiumtrihydrate, calcined

alum niumtr ate, magnediX)m hydr oxi de, Sb203, conpl ex conpounds t hat

A gHammoni um pol yphosphate. The total anount of

fl ame- proofing| agefpt s) i s advantageously from5 to 60 % by wei ght,
preferably &i ©Oto 50 % by weight, especially from15 to 40 % by wei ght,
based on the total amount (epoxy resin + flanmeproofing agents) + hardener).
The epoxy resins customggrily pl oyed in epoxy resin technol ogy are

sui tabl e as conponent AR 21preparati on of the conpositions according to
the invention. Exanples of, eRoxy resins include: 1) polyglycidyl and

pol y(~3- et hyl gl yci djO)— \ Op ai nabl e by the reaction of a conpound
havi ng at | east two car bo¥

groups in the nolecule with epichlorohydrin or
p- met hyl epi chl or ohydr Hn. eaction is advantageously carried out in the
presence of baﬁes.RQsN
e

dNkai | east two carboxyl groups in the
nol ecul e there %ap &t i ar boxylic acids. Exanples of such

ORS

pol ycar b&y i e~aci 49 siniBiacid) glutaric acid, adipic
acid, pineli % ¢id and dine?V;ed or trimerised
| i nol ei ¢ aci i i . to use cycloaliphatic

pol ycar b&¥1 i CYaci o hp df opR,hal i ¢ aci d,

4- et hyi t et r ahRgr op i bhydrlopht hal i c acid or
, 4- met hyl hexahydrgptit h o [

pol ycar boxyl i ¢ ad& ds,
terepht hal i ¢ aci d. RO 02/ 057279

The intermediates of formulae Il and IV are novel and the invention relates also thersto.
The invention relates also to a process for the preparation of compounds of formula ! or il In
which process a compound of formula lil or IV is reacted with formaldehyde.



8 PCT/ EPOL/ 13430 I1) polyglycidyl or poly(~3-nethylglycidyl) ethers)

obt ai nabl e by the reaction of a conpound having at |east two free al coholic
hydr oxy oweuRmsahél/ or phenolic hydroxy groups w th epichl eainedisyzer
(3-net hyl epi chl orohydri n under al kaline conditions or in the presence of an
acid catalyst with subsequent alkali treatnment. The glycidyl ethers of that
type are derived, for exanple, fromacy®lic alcohols, e.g. fromethylene

gl ycol, diethylene glycol or higher poly(oxyethylene) glycols)
propane-1, 2-di ol or poly(oxypropyl ene) glycols, propane-1, 3-diol,

but ane- 1, 4-di ol , poly(oxytetranethyl ene) glycols, pentane-1,5-diol,
hexane-1, 6-diol, hexane-2,4,6-triol, glycerol, 1,1,1-trinethyl ol propane,
-pentaerythritol, sorbitol, and from polyepichiorohydrins. Further glycidyl
et hers ofhe FRactierygan be eartied outin anrasganiy solvart iap blavated rapdratusy, preferabhs

1, 4cycl o agp@j I ki > exyl ) met hane or

-2, 2- bi S(Q?)ﬁy rox{églycl 0 g?@%'%&i’g%gé %?oc?/(?do&nﬁal cohol s that contain aromatic
groups ahdy @so possitherhawever, ite resct e coppousdiotforsula |1 with formaldehyde without

N, N- bi . g il e
b b - b s LR picasd e e Saecus to uss sald Agrafogeldetise. whish /s mixed be
based al Wih e camuonndlof formuleciticir &V, sy insplidhioirm, tocferm ai homogenedysisawpsernone,

2 4% DRI ek Lo T R Rt b it o

1,1, 2, 2- E&zhakregqsédhydr oxyphenyl ) et hane, 2, 2- bi s(4- hydroxyphenyl ) propane or
2, 2-bi s(3, 5-di brono- 4- hydr oxyphenyl ) propane. Further suitable hydroxy
conpounds for the preparation of glycidyl ethers are novol aks, obtainable
by the cdhelbeszoxazineobf fatmehy diasd 1l and alsathd amirmaiwsianoR ot ferhikiyfdand

nsubet i N tistfoBsiedsy flon drigleBRR hiMargna by s e dasTrpplestiogbs, f or
exanpl e {iieemosatting pityroemplialdomatrX-systome| thdtdiaob flamedetatddnt pripshieienol . 111)

pol y(N-g ' 0 t ai,nabl e by. dehydr.ochl ori.ngtion qf the,
react i onb%%%@ %'{;@gp"e"&gg'ﬁf%@gr?%ﬁ "é#%%@@'%?ﬂlﬁ&?'ﬂ?ﬂbe @F'nlh%l% tivo
ani ne hydossije tathiain.gradessef feom We o W1 accdrding ¢ thierlled4 arindare, n- but yl ami ne)
bi s(4- am nophenyl ) net hane, m xyl yl enedi am ne or
bi s(4- et hyl am nophenyl ) met hane. The pol y(N-gl yci dyl) conpounds al so
i ncl ude, Thewmestion relates aleo tya corapeaitionldoniggising, N - di gl yci dyl derivatives of
cycl oal kyl,e ureas.. sugh as ethylene urea or 1, 3-propyl ene urea, and
di gl yci d{ﬂ) a&ﬁ?ﬁf@?ﬁ%‘@é’rﬁfenﬂﬁah‘f%ﬁ'eﬁg’)a@uch as of 5,5-di nethyl hydant oi n.
WO 021 0578 &conpelind oPArmUBA3N, kI Ivol y(S-gl yci dyl ) conpounds, for exanple
di -S-glycidyl derivatives that are derived fromdithiols, for exanple
et hane- 1, 2-dithi ol or bis(4-nercaptonethyi phenyl) ether. V) cycloaliphatic
Spgxy r eﬁbnmpnémr(b)eiramﬂeecdn?pb(s{ilﬁﬁs Wzﬁ%gd tﬁgfﬁgfeﬁiién i%tdm'éntageotus,y used n

, 3- epox yl e r - bi S - epoxycycl opent yl'oxy) et hane
or 3,4- eéﬁé@%\%?%%}%‘i ﬂ%ﬁy \gei,gﬁt, 5@%&9&{!&&1&%&%&%@!9&?@9@% ?"Qmal o)
possi bl e]15 mé@ ¥eby weight) basepon shertotal armounit oMbpondifts fa)4-(BPOXi de groups are
bonded to different hetero atonms or functional groups; such conpounds
i nclude) for exanple, the N,N Otriglycidyl derivative of 4-am nophenol,
the gl yciAdybmpbhent (g), prfetshcesigiVenab tifelidecof ithémiBbeihg resins, especially epoxy
N-glycid :N'}ﬁﬁéal%C|%¥loxypropyl)-5,5-d|nerhylhydant0|n and
2- gl yci diASYRAW, OXEENE (851834i net hyl - 1- gi yci dyl hydant oi n- 3-yl ) propane. For the
preparation of the epoxy resin conpositions according to the invention,
preferenge i.s giyven to, th se of a diglycidyi ether of a bisphenol, an
epoxy no@&‘?ﬂﬂ?%ﬁhﬁﬁ?&&??’ﬁ’ﬁ F°6 RSN 'gé&ﬁ %‘?37a81fbl y(N-gl ycl dyl ) conpound.
.Especially preferred epoxy resins are diglycidyl ether of bisphenol A
di gl ycidyj ether af bisphenol F, epoxyphenol novol aks, epoxycresol
novol aks N8 BNEsBANeS B AEIRPhEAdIS Roostding 5 e Jupblion e sreeaklbsuipble ésand
. N, N, N, Nflamnetpregfing cigéntstorepdi@desmeny| net hane. As hardener (c), the epoxy
resin conpositions according to the invention can conprise the hardeners
customarily enployed in epoxy resin technol ogy) for exanple polycarboxylic
aci ds anheirvefitidrogscotding|f edlateg BisB &5 a cBRMpYSIIdESMpridg/ ani noani des,
anlno-gr? p- cont ai ni ng adducts) guani di nes, cyanoguani di nes, aliphatic or
aromatic %Lﬂﬁﬁﬂ H9at al ytical ly active hardeners. Suitable polycarboxylic
acids that may be nentioned include, for exanple: aliphatic polycarboxylic
acids, such as malefic acid, oxalic acid, succinic acid, nonyl- or
dodecyl succinic acid, glutaric acid, adipic acid, pinelic acid, suberic
acid, azelaic acid and dinerised or trinerised linoleic acid;
cycl oal i phatic po(ycarboxylic acics, for exanple tetrahydrophthalic acid,
met hyl endonet hyl enet et r ahydr opht hal i ¢ aci d,

o o N .. LR 1 A T T T T T T T 1



As polyam nes for curing, there can be used aliphatic, cycloaliphatic,
aromati c or heterocyclic am nes, for exanpl e ethyl enedi am ne,

propane- lywé@jpafsspe, propane-1, 3-di am ne, N, Ndi et hyl et hyl qqdt@RihHge
hexanet hyl enedi am ne, diethyl enetriam ne, triethyl enetetram ne,

t etraet hyl enepent am ne, N-(2-hydroxyet hg N- (2- hydr oxypropyl ) - and

N- (2-cyanoethyl )diethyltriamne, 2,2,4-tri rret hyl hexane- 1, 6- di am ne,
2,3,3-trinethyl hexane-1, 6-di am ne, N, Ndi net hyl - and

N, N- di et hyl - propane- 1, 3-di am ne, ethanol am ne) m and p-phenyl enedi anm ne,
bi s(4- am nophenyl ) net hane, aniline-formal dehyde resin,

bi s 4- ants) aRlipeund ¢t e BN o oA BPorLA(A oRIV, BRGY C! ohexy! } met hane,

-2, 2- bi s(4-am nocycl ohexyl } propane

2, 2bi s( 4{Qihesdenerfaribe epexyorsiRy| ) pr opane,

3-am nonet hyl -3, 5, 5-trinet hyl cycl ohexyl am ne (i sophoronedi am ne) and
-N-(2-am noet hyl ) pi per azi ne, and as pol yam noam des, for exanple, those from
al i phat i Eopwepenti(bxis tlacm atimpasitionsiacaording trethe dnventien lts}adaamtdgemslyl usalilire as

ol yam n X@p@ FW%-S” e
rpeagtl ongg‘?h%%f% 5oxy 92 %@?t % rﬁﬁggﬁobrpfqi% I merl Seeﬁ&ita%{b%g Ygé'n W th
pol yani na8 tMO@f/hy)wanghb)baegtonawtgt@wnowq COm)pomtd)e-(b)ﬂ(d;)he Handbook of
Epoxy Resins, 1967, pages 10-2 to 10-10, by H Lee and K Neville.

Am no- gr oup- cont ai ni ng adducts of an am ne and a pol yepoxy conpound as
har dener # thercompositionsacaesding to the inyerttmntheshahzoxazines of farohuledl ardkrer théie epoxy

anp! 6. ST ARIRABRIRRLIL 1 410 ca K8 elrBhel iy ifiordBofh et g on

excess. 8geftsdat exanple pbommteaesterag:mnhmade astersd pboaphmcbndesgalemirmm

750- Fur {yorELE Bleiee i b flate) mieSiin Hlorbifier B0 seffis FoSings,

exanpl e Ihabspliloffl vidtep, and dsmanpum pglypiosphates The totdl aamunt of flaeeaprbiing t he

ol yanm nBgoEis AEEnialeti? 1835 8 By elght ardierally o DYsph By weignt,

Manchest especially Sroms 18 toad0 % by weitthiabasedrondtaz tdtalsamaunt (epaxy resin + flame-

1-(2', 4 - 2- phenyl i m dazol e and

- benzoy [ . Such conpounds are described, for exanple,
1-b P@“f’é%ﬁ?@@l e > 2o d descri bed, f |
in US Patents 4 436 892 and 4 587 311. WO 021 057279 11 PCT/ EPO1/ 13430
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gl ycol avdntthayprepamtiby obtheetiompositiers acprdingto the invention] ERalplel ohsbxy

pol y(oxypé syil,‘ gl ycol s, propane-1, 3-diol, butane-1, 4-diol,

pol y( oxyt et rﬁ) n@f]ﬁ%/l ene) glycols, pentane-1,5-diol, hexane-1,6-dlol,
hexane-2, 4,6-triol, glycerol, 1,1, 1- trinethyloipropane pentaerythritol)

sor bi t ol I|ne

b1 52~ hy iRt o ﬁi@y@”ﬁﬁ@x@%@%ﬁsfs (iRl FRACYN o GPMERHChg,
there camabig éRest fvecafox)Igréups TR iy weledle vﬂth%hlbrorwﬁh ofB- rﬁ@cﬁfléﬁl nol ,
hydr oqui n | ynuc| ear ghenols such as bi s(4-hydroxypheny )nethane
4, 4" -di m;g(f]a gqnp,ﬁl&wpactm §g Wyﬁy,gwlpgi Sut lpdla@presence of bases

1,1, 2, 2-tetraki s(4-hydroxyphenyl )ethane) 2, 2-bi s(4-hydroxyphenyl) propane,

2, 2- bIS(3 5-di brono-4 hydroxthenyI)propane and novol aks, obtai nabl e by
condensatiSGhosrPaung &y eastwoLarhaxylarouesip doe molesuls|thermycan beisedr al  or

furfurai @ﬁﬂ%ﬂl&po\%éﬂbo lér&id%z E%lﬁ(he@éf U2 'Hé|yca|@6x9ﬁbtab|d§ f&?{@*a?lcraEﬂt are

substituted  in the nucl eus chlorine atons or groups, for
exanpl e A4eqinig ﬁé‘ﬁh@'mﬂﬂc afwhéﬁ"ﬁwaﬁweﬁmehc @pld.qsqtt@rl@ asldt 94%1@%11 angd dirpgrised

. condensatgr skl liRbige@Rp! s of the type nentioned above. It is also
possible to use catalytically active hardeners for curing the epoxy resin
conposi tions according to the invention, such as tertl ary amnes) for

.exanmpl e 3 léa@otﬁobﬁsm H&h&)@r%d&%?él@éﬁbhw aRf Pq%fé%ﬁpet}aﬁs

N- benzyl di met hyl am ne and tri et hanol am kanol at es of

al cohol s hygdeph Wl@, &pethyitetsahysraphthalic aeid, hexahydrophthallc acld or 4-methyl-

2, 4di hydwyhy&mmyé@ﬁ hyl pentane; tin salts of al kanoic acids, for
exarrpl e tin octanoate; Friedel-Crafts catalysts, for exanple boro
trifluorilbie aéﬁ@cpqsslblectewp@k@gyﬂqmlvce;b@mdl@qﬁﬁr ton example whihalie agigi lﬁ@phthahc
conpl exesacme&%fegﬁ{h%h@écﬁhat are obtained by reacting boron trifluoride
wi th, for exanpl di ketones, suifoniumsalts, as disclosed, for
exanple, in EP Patent 0 379 464 or US Patent 5 013 814) in EP Patent 0 580
552 or US Patent 5 374 697, or heterocylic ammoniumsalts, for exanple
quinoliniumsalts mxed wth benzopinacol, as nentioned, for exanple, in
EP— A—O 066 543 Pr ef erence |s gl ven to the use of an anhydr| de or

o o Y



Sui tabl e accelerators are al so i m dazol es, such as im dazol e,
2-ethylimdazol e, 2phenyli m dazole, 2-nethylimdazole, 1-nethylim dazole)
1- cyanoetwplo2dsebdiyl - 4met hyl i mi dazol e or 2-et hyl - 4- met hy| ipgreepgoh 330 Fur t her
suitabl e accelerators are also tertiary amnes) and salts or quaternary
ammoni um conpounds t hereof, such as benzyl di met hyl am ne)

2,4,6-tris(di net hyl am nonet hyl ) phenol ) ﬁ-aninopyridine, tri pentyl ammoni um
phenol at e, tetranet hyl amoni um chl oride or benzyltributyl amoni um brom de
or chloride; or alkali nmetal al coholates, such as sodi um al cohol at es of

2, 4- di hydr oxy- 3- hydr oxynet hyl pent ane. The epoxy resin conpositions
according to the invention can al so conprise the inorganic and organic
fillers rcing materials that are customarily enployed in epoxy

nd reinfo
resin %wwm@mwmmmmmrss ebtainabledyy. theseaction ef & compoend: one

Nt ) . o d fib
11 Ters, PAR atloaf o oo SOyl grdlns 2A/MA prdhdiEhnedy Srmups s
powder) fpighiorokydsin or, B-thethyipichjorohysiihiunder atieaiine conditiatis, or amtheqsEdumee fof Bp €S
and teXt55‘5’°§‘3§5§§ithd§lfb§’;%5{'éﬁ%a?i{tﬂgﬁ{ﬂierﬁre quartz powder) fused silica)

al um ni um ox einforcing materials are, for
exanpl e, glass fibres, carbon fibres, Kevlar fibres and hybrids thereof.
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ition of additives is obtal ned a
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decr easeTheglytidyl gtiass can be Sasdddlss 6RRMBALLIGAT phBRoIS FEPSRNMTe RisofdiidTdl ae |11
and |V alr11d t hose co our‘ds ?f fﬁrragge | and Il having at |l east two active
hydr ogenSF3gHinqhgn orpr Bolwyclear phangls: fanexample Risdsiydrayphenyl)methaney4dti on
accor di ngihydroxybiphenylabis@-hyairéxypharifsefons, 13,Q!ﬂ?@tﬂ%@kﬁf4-ﬁ;{?{n;@%!)ﬁge+)’p|etﬁﬁrnef V as

har d . . Th t d t
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i Nt Fatte suitabtashyl i t |1 ow,
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the fol |l gwing substances are used:

resin 1: a?\qn?'agl?lagﬁi?'bq o Fa‘@"wi@%af‘y%ssﬁquomléywﬁy, aestaldehydencidorel. / kg)
Epoxy r esifarf@raidehyils, dvithi pieyiols @Y bisphdils 0kt é}biﬁ?@é&ﬁ&uééﬂ ﬁﬁ&%tﬂu nt:
5.2-5.4 'lke? Epoxy resin il: tetragl yci dyl di am nodi phenyl net harne (epoxy
cont ent :giﬂc_)rg\_ .t%mg&!' %\(&}'ﬁﬁ% \Jroups; for sxample phenelxqrehlerophengl 3-metingphenol

3, 4- epoxgrcitarethayipistoRr boxyl ate (epoxy content 7.0-7.6 eq./kg)

Q

1) poly(N-glycidyl) compounds, obtainable by dehydrochiorination of the reaction products of
epichlorohydrin and amines containing at least two amine hydrogen atoms. Those amines
are, for example, aniline, n-butylamine, bis(4-aminophenyl)methane, m-xylylenediamine or
bis(4-methylaminophenyl)methane.

The poly(N-glycidyl) compounds also include, however, triglycidy! isocyanurate, N,N’-di-
glycidyl derivatives of cycloalkylene ureas, such as ethylene urea or 1,3-propylene urea, and
diglycldyl derivatives of hydantoins, such as of 5,5-dimethylhydantoin.



WO 02/ 057279 i5 Preparation Exanples 1.1. Conpound of formula Illa H-N~Ph
~H H (Ph = phenyl) (111a) PCT/EPA /13430 600 m of tetrahydrofuran are

pl aced i nw@ cbos7d7dtre sul fonating flask having a refiux cordaimensssan
i nternal thernonetor) a dropping funnel and a KPG stirrer. i 10.25 g (0.51

nmol ) of Struktol PD 3710 are added with stirring. On heating the white
suspensi on at 60-65C, a slightly cloudyScol ourless solution is obtained at
an internal tenperature of about 40C. At an internal tenperature of about
60C, 102.65 g (0.51 nol) of 2(phenyli m no)net hyl phenol dissolved in 350 m
of tetrahydrofuran are then added dropw se over a period of 30 m nutes.

Progress; hi n

ohr ot oL pohS dhERh cOfetindiEr afipie kol BgReSinat pie NSt am e of
boi li ng ﬂﬁhiOl§ef¢5ﬁxaMG chanekﬂ @dnimb!e)rrbﬁ(Jl-mercammnebhmbmmrezmrp| tation of a
white solid is observed. After that time, thin-layer chromatography shows
‘that there is no remaining starting material. The white solid is filtered,

of f over Vacyaloaliphatiscopoy resind; éor examplerbis(g, mepmwycrop"emyl)lemeﬁ,g arotary E

t her fro t reviously
a0l at od S5t ATRRIPGHS Iy oBel 3 SbbR ERpbnBI SRS e & 15 mbar f or
about 103moepca<ycy¢lodabmlmzﬂglg’d{-eﬁ&@jnpdlohdxaneqa}bm@tanal si's rate of heating

10K/ m n, tenperature range -50C to 300C~, Endotherns from 75C to 140C, OH =
-90 Jlg and from 160C to 210C, eH = -109 J/g WO 02/ 057279 16

PCT/ EPOL 1ti34i80 possitflésBroveviet, db )Jse 8pcXy.résingTin whid2thé. 142-epbxide Qﬁﬁés arb Sorded

1015, 66 ShitersfEligiedatills or pbiielgrifhs duchiSempsiinddnlica, ocssamelaring

1476. 76 mm,q-tngwﬁilymem&twe dmamﬁépwarrrol 'the g ayli%twaﬁ lycudyB@éie&f%érdyhe
1313. 11

1117. 95 g‘ﬁ‘F‘ N 'Vf&’é"‘?g @Wdﬁmwpﬂ%@ 1"(“9“‘ &'ae*@ir\ﬁnq 2-;!'3/9'2!40%)21 @rhl$(5 5-
889. 51 cdtmétl)ylﬁE@yo?dzjlhyaantojn.sq,ﬁpfaﬂam 788. 96 crri', 755.12 cnt'’, 7i 5. 31
crri', 691.38 cm'', 633.07 crti', 618.0i crri', 602.96 crri', 570.11 cm'',

558.45 cni''. WO 02/ 057279 17
For the preparation of the epoxy resin compositions according to the invention, preference is

given to the use of a diglycidy! ether of a bisphenol, an epoxy novolak, a cycloaliphatic epoxy
resin or a poly(N-glycidyl) compound.

Especially preferred epoxy resins are diglycidyl ether of bisphenol A, diglycidy sther of
bisphenol F, epoxyphenol novolaks, epoxycresol novolaks, 3,4-epoxycyclohexylmethyl 3',4'-
epoxycyclohexanecarboxylate and N,N,N’,N'"-tetraglycidyldiaminodiphenylmethane.

As hardener (c), the epoxy resin compositions according to the invention can comprise the
hardeners customarily employed in epoxy resin technology, for exampie polycarboxylic acids
and anhydrides thereof, amines, polyamines, polyaminoamides, amino-group-containing

adducts, guanidines, cyanoguenidines, aliphatic or aromatic polyols or catalytically active
hardeners. '

Suitable polycarboxylic aclds that may be mentioned include, for example: aliphatic
polycarboxylid acids, such as maleic acid, oxalic acld, succinic acid, nonyl- or dodecyl-
succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid and dimerised
or trimerised linoleic acid; cycloaliphatic polycarboxylic acic's, for example tetrahydrophthalic
acid, methylendomethylenetetrahydrophthalic acid, hexachloroendomethylenetetrahydro-
phthalic acid, 4-methyltetrahydrophthalic acid, hexahydrophthalic acid and 4-methylhexa-
hydrophthalic acid, and aromatic polycarboxylic acids, for example phthalic acid, isophthalic



'"H-NVR ,' 3C-NMR 3' P-NVR | sonmer 1: PCT/ EPO1/ 13430

Posi ti onH ppmMIHC/ ppnP/ ppnil9. 56s1 HL55. 326. 76t 8. 3 Hz1HL114. 437. 05t 7. 75 Hzl
H128. 546. {éiehnsrgl H118.857.50d7.5 Hz1l H129. 365. 25dd10 Hpcrhiboliiso

H49. 0121. 08i 23.731.27198.01dd7.5 Hz, 0.5 Hzl H131.81107.55dt7.5 Hz, 2.5
Hz1 H128.2117.74t7.7 Hzl H133.9128.18dd10 Hz) 5 Hzl

H123.313135. 114121. 1158. 13d125. 3167. 28d8124. 9177. 40t 7.5 Hz1l

H130. 4186. 99d7.5 Hzl H120.219149. 320N H21146. 9226. 91t 7. 5

Hz1H113. 1236.59t 7.5 Hz1 H128. 6246. 48t 117. 0256.59t 7.5 Hz1 H128.6266.91t7.5
Hz1 H .113.1 WD 02/057279 18 Isonmer 2: PCT/EPO /13:130
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H42. 471 Zaroxyicaaci anddiee ankysitides QfmmelltlgnwllolWarm(ylﬁ;‘L@dd$4 _dt7.5 Hz, 2.5
Hzi H127.9117.7t7.5 Hz1l H133.4128.13dd7.5 Hz) 1 Hz1

"H123. 313135. 914122. 2158. 12d125. 3167. 31dd124. 7177.40t7.5 Hz1

H130. 418% polyEmises for curing, there can be used aliphatic, cycloaliphatic, aromatic or heterocyclic

6266, o355 for GANpIA dEYbneeRing, rbhehe fararning: fofal s Sipampe, K% 750125
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the r.esu ear cql ourl ess
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vacuum ( 50C | 0.5 nbar | 2 hours). Yield:1.8 g of white crystals {88%.
Suitable as polyaminoamides are, for example, the reaction products obtained by the
reaction of polycarboxylic acids, preferably of dimerised fatty acids, with polyamines in a
molar excess, as described, for example, in the Handbook of Epoxy Resins, 1967,
pages 10-2 to 10-10, by H. Lee and K. Neville.
Amino-group-containing adducts of an amine and a polyepoxy compound as hardenaers for
epoxy resins are also known and can be used to cure the epoxy resin compositions
according to the invention and are obtained, for example, by the reaction of epoxy resins
with polyamines in an equivalent excess. Such amino-group-containing adducts are
described in greater detail, for example, in US Patents 3 538 184; 4 330 659; 4 500 582 and
4 540 750.

Further suitable amine hardeners are dicyandiamide, guanidines, for example 1-o-tolylbi-
guanide, cyanoguanidines, such as, for example, the compounds described in US 4 859 761

or EP-A 306 451, or modified polyamines, such as Ancamine 2014 S (Anchor Chemical UK
Limited, Manchester).

Also suitable are N-acylimidazoles, such as 1-(2',4’,6™-trimethylbenzoyl)-2-phenyl-
imidazole and 1-benzoyl-2-isopropylimidazole. Such compounds are described, for
example, in US Patents 4 436 892 and 4 587 311.



WD 02/ 057279 20 Variant 2: PCT/EPO 1 /13430 50 g (0.121 nol) of the
conpound of fornula Illa prepared in Exanple 1.1. are pulverised in a
nortar, awWe o828 (0.242 nol) of parafornmal dehyde are addegrigigiae Both
conponents are triturated to forma honbgeneous powder. The powder is
distributed into 12 small al um nium cruci bl es, which are then placed on a
gelling tine plate at a tenperature of 100C. After about 10 m nutes’
stirring, a clear yellow sh solution is obtained. After cooling) 42.51 g
(82 %9 of a whitefish-yell ow powder are obtained. DSC (rate of heatin -q
50C to 400C. 10 K1 mn): T9 = 60 C, pre-crystallisation about DH =15 J/g,
melting range OH =18 J/g, reaction dH =196 J/g | R {KBr aelletl 3437.08
-cm* , 3060.31 crri', 2904.92 cm', 1604.9 cm', 1594.3 cnm ', 1581.01
crri', 18giable aliphatio palyae forgudng the epoxy redih eampositions acasdiog fa the invehgon
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2.5 Hsardndit pojyoly fod curing;ithele cdrPbd ustr), forx@mplep moadiucksdyr phenrold,. shichiz) ;
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and nbimiaksBoltainabie Kydondlengatidn of aldéhyides, siich ag fémididehyde, 22etapm (dd 1
J = Shz NIVRR 5.7 5,8 m 29. 109 ppm
(s); Eﬁ‘iyc%p%tf l)gbo%tggu%qﬂ%?gs% 969'%0%‘?& p)&b_n%\ or ‘&Bﬁﬁ?e é s)tgﬂ %Qarrpl es
PCT/ EPPlé&WeT inthe &pdgusmyl shlérinenatomis ar b9 Driﬂgelkylrgaqnmsetd)r fexample 4-chloro-
tetraglyc en T content,. 7.5-8 5

ca. | ko)) PhARPILRREReRal By FrAaMBRene: <Py rondirestor it BRbendis 2idng ae

2- net hyl im@ntiezad abovehe anounts used) the curing conditions and the gel ling
times are given in Table 1. After renoval fromthe noulds) the test
specinens are tested for their conmbustibility according to UL 94 standard.
The gl as#tis alawbeénlma td eweatatym:aaely"éetn\mhaﬂeérwrsﬁdnedrmmhmw ebindi f f erenti al
S 1 A BRIOTR Acbold otnS B, Mdh & RhuaRPARHIE 1 SafpibBlasehgd o the
(dmethylaminomethyl)phenol and other Mannich bases, N-benzyldimethylamine and

TFFINCoC

triethanolamine; alkali metal alkanolates of alcohols, for example sodium alcoholate of 2,4-
dihydroxy-3-hydroxymethylpentane; tin salts of alkanoic acids, for example tin octanoate;
Friedel-Crafts catalysts, for example boron triflucride and its complexes, for example boron
trifluoride-amine complexes, and chelates that are obtained by reacting boron trifluoride with,
for example, 1,3-diketones, sulfonium salts, as disclosed, for example, in EP Patent 0 379
464 or US Patent 5 013 814, in EP Patent 0 580 552 or US Patent 5 374 697, or heterocylic
ammonium salts, for example quinolinium salts mixed with benzopinacol, as mentioned, for
example, in EP-A-0 066 543.

Preference is given to the use of an anhydride or dicyandiamide as hardener (c).
Special preference is given to tetrahydrophthalic anhydride, methyltetrahydrophthalic

anhydride, hexahydrophthalic anhydride, methylhexahydrophthalic anhydride, dicyandiamide
and novolaks.



The results nmeasured are conpiled in Table 1. Pressure cooker test: The
test specinens are placed in a rack in an autoclave. A sufficient anmount of
di still edwidamk7d76 t hen introduced, and the apparatus is sealadiasndoheat ed.
By using a thernonmeter having a thernostat and contact-naker, the heating
output is so controlled that the tenperature is 121 C. The pressure is set
at about from2.4 to 2.6 atm The test ¥ ates are treated for 1 hour in the
aut ocl ave. After cooling) the water-uptake of the sanples is neasured. WD
021 057279 22 Table 1: PCT/EP01/ 13430 Exanpl ell.111.211.311.411. 5TGDADPM
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conmpound of qug/ra }réuﬁsac%lcggcg&ﬁgrg;ﬁg 1 nﬁ’s %%“éﬁﬁ Yleﬁyﬁgféb{@g sBe. Wheﬁ
polyphenols are used as hardeners, from 0.75 to 1.25 phenolic hydroxyl groups per 1 epoxy
equivalent are used. Catalytically active hardeners are generally used in amounts of from 0.1

to 40 parts by weight per 100 parts by weight of epoxy resin.

Where appropriate, the substance mixtures according to the invention can also -
comprise accelerators (d) for the crosslinking reaction with the latent hardener.
Suitable accelerators (d) are, for example, urea derivatives, such as N,N-dimethyl-
N’-(3-chloro-4-methylphenyl)urea (chlorotoluron), N,N-dimethyl-N'-(4-chloro-
phenyl)urea (monuron) or N,N-dimethyl-N’-(3,4-dichlorophenyl)urea (diuron), 2,4-
bis(N',N’-dimethylureido)toluene or 1,4-bis(N',N’-dimethylureido)benzene. The use
of such compounds is described, for example, in the above-mentioned US Patent
No. 4 283 520. Suitable accelerators are, for example, the urea derivatives
described in GB-A 1 192 790.

Suitable accelerators are also imidazoles, such as imidazole, 2-ethylimidazole, 2-
phenylimidazole, 2-methylimidazole, 1-methylimidazole, 1-cyanoethyl-2-ethyl-4-
methylimidazole or 2-ethyl-4-methylimidazole.

Further suitable accelerators are also tertiary amines, and salts or quaternary
ammonium compounds thereof, such as benzyldimethylamine, 2,4,6-tris(dimethyl-
aminomethyl)phenol, 4-aminopyridine, tripentylammonium phenolate,
tetramethylarﬁmonium chioride or benzyltributylammonium bromide or chloride; or
alkali metal alcoholates, such as sodium alcoholates of 2,4-dihydroxy-3-hydroxy-
methylpentane.

The epoxy resin compositions according to the invention can also comprise the inorganic
and organic fillers and reinforcing materials that are customarily employed in epoxy resin



wherein R is C--C Bal kyl; Cs-d 2cycl oal kyi that is unsubstituted or
substituted by one or nore Cl-Ceal kyl groups or C, -Cgal koxy groups;

C5- C22ar yWwa 7276 unsubstituted or substituted by one or pgangpothsfesai Kyl
groups or C~-Ceal koxy groups; or C7-C3oarai kyl that is unsubstituted or
substituted by one or nore C~-Ceal kyl groups or C, -Csal koxy groups, and the
radicals R2 to R 3 are each independentlBy of the other hydrogen; -NO2;

di al kyl am no; al kyl thi o; aikylsulfonyl; halogen; C -C ealkyl; C -C, eal koxy_;
C f-C, eal koxyal kyl; C5-d 2cycl oal kyl that is unsubstituted or.-substituted
by one or nore C, -C6al kyl groups or Cl-Csal koxy groups; C5-C22aryl-—-thatis
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The epoxy resin compositions according to the invention are cured to form mouldings,
coatings or the like in a manner customary in epoxy resin technology, as described, for
example, In "Handbook of Epoxy Resins", 1967, by H. Lee and K.Neville.

The invention relates also to the resulting cured products.

The use of benzoxazines of formula | or Il or of aminomethylphenols of formula Il or IV as
flame-proofing agents enables the preparation of resins having a high degree of flame-
retardation, a high glass transition temperature and very good heat resistance. This is
surprising because generally the flame-proofing effect produced by the addition of additives
Is obtained at the cost of a deterioration in the mechanical properties and especially a
decrease in the glass transition temperature.

The compounds of formulae Il and 1V and those compounds of formulae | and I having at
least two active hydrogen atoms can also act as hardeners for epoxy resins.

The invention accordingly relates also to the use of a compound of formula lll or IV as a
hardener for epoxy resins.

The compositions according to the invention are suitable especially for the manufacture of
prepregs, laminates and RTM (resin transfer moulding) systems.

Examples
In the Examples that follow, the following substances are used:



25 wherein R~ to R-3 are as defined in claim11. PCT/EPOL/ 13430 8. A process

for the preparation of a conpound of formula | or I | according to claiml1,
wherei n awpanpsund of forrmula 111 or IV according to clai pef/Em/inaét ed

wi th formal dehyde. 9. A conposition conprising (a) a thernoplastic or
thernosetting resin and (b) a conpound of formula I or Il according to

claim1l or a conpound of fornula 111 ort4 v accor di ng toclaim?7. 10. A
conposition according to claim9 conprising as conponent (a) an epoxy resin
or an oxazine resin. 11. A conposition accordi ng to claim9 conprising (a)
an epoxy resin) (b) a conmpound of formula I or according to claim1 or a
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tet ragl yci dyl di am nodi phenyl net hane. 14. A cured product obtainabl e by
curing a composition according to claim9. 15. Use of a conpound of fornula
| or 1! according to claim1 or of a conpound of fornmula 111 or |V
according to claim7 as a flame-proofing agent for thernoplastic and

t hernosetti ng pol yners. WO 02/ 057279 26 PCT/EP01/ 13430 16. Use of a
conmpound of forrmula Il or 1V according to claim7 as hardener for epoxy
resins) 17. Use of a conposition according to claim9 in the manufacture of
prepregs, |am nates and
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'H-NMR . "*C-NMR _>'P-NMR:

Isomer 1:

Position "H/ppm M J H “C/ppm | “'Pfppm
1 9.56 ] 1H 155.3
2 6.76 t 8.3 Hz 1H 114.4
3 7.05 t 7.75 Hz 1H 128.5
4 6.74 t 75 Hz 1H 118.8
5 7.50 d 7.5 Hz 1H 129.3
6 5.25 dd 10 Hz, 15 Hz 1H 49.0

7 121.0
8 123.7 31.271
9 8.01 dd 7.5Hz,05Hz | 1H 131.81
10 7.55 dt 75Hz,25Hz | 1H 128.2
11 7.74 t 7.7 Hz 1H 133.9
12 8.18 dd 10 Hz, 5 Hz 1H 123.3
13 135.1
14 121.1
15 8.13 d 125.3
16 7.28 dd 124.9
17 7.40 t 7.5 Hz iH 130.4
18 6.99 d 7.5 Hz 1H 120.2
19 149.3
20 N-H

21 146.9
22 6.91 t 7.5 Hz 1H 113.1
23 6.59 t 7.5 Hz 1H 128.6
24 6.48 t 117.0
25 6.59 t 7.5 Hz 1H 128.6
26 6.91 t 7.5 Hz iH . 113.1
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Isomer 2:

Position "H/ppm M J H “Clppm | *'Plppm
1 9.43 s iH 1565.1
2 6.53 t 7.5Hz 1H 114.4
3 6.97 t 7.5 Hz 1H 128.6
4 6.74 t 7.5 Hz 1H 118.5
5 7.47 d 7.5 Hz 1H 128.7
6 5.42 dd 10 Hz, 15 Hz 1H 42.4
7 121.2
8 123.1 27.986
9 7.30 dd 75Hz,1.0Hz | iH 130.5
10 734 dt 75Hz,25Hz | 1H 127.9
11 7.7 { 75Hz 1H 133.4
12 8.13 dd 75Hz, 1Hz 1H 123.3
13 135.9
14 122.2
15 8.12 d 125.3
16 7.31 dd 1247
17 7.40 t 7.5Hz 1H 130.4
18 7.17 d 75Hz 1H 119.9
19 148.8
20 N-H

21 147.0
22 6.59 d 113.1
23 6.95 d 128.6
24 6.48 d 117.0
25 6.95 d 128.6
26 6.59 d 113.1
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|.2. Compound of formula la
Ph
O\N/\
o\!:l,
(la),
(Ph = phenyl)

Variant 1:

2.0 g (4.8 mmol) of the compound of formula llla prepared in Example 1.1. in 50 mi
chloroform are placed in a 100 ml sulfonating flask having a reflux condenser, KPG stirrer
and internal thermometer and boiled at reflux, yielding a slightly cloudy colourless solution.
After the addition of 5-6 grains of a UOP molecular sieve, Type 4A, 2.2-4.9 mm, 0.15 g (4.8
mmol) of paraformaldehyde is added with stirring. The solution is boiled at gentle reflux, and
after one hour the thin-layer chromatogram shows that the reaction conversion is complete.
The batch is flltered while hot, and the resulting clear colourless solution is concentrated
using a rotary evaporator. The crude product consists of 2.0 g of colourless crystals, which
are dried in an oil pump vacuum ( 50°C / 0.5 mbar / 2 hours).

Yield: 1.8 g of white crystals (88%).
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a mortar, and 7.6 g (0.242 mol) of paraformaldehyde are added thereto.
Both components are triturated to form a homogeneous powder. The powder is distributed
into 12 small aluminium crucibles, which are then placed on a gelling time plate at a
temperature of 200°C.

After about 10 minutes' stirring, a clear yellowish solution Is obtained. After cooling, 42.51 g
(82 %) of a whiteish-yellow powder are obtained.

DSC (rate of heating -50°C to 400°C, 10 K / min):

Tg = 60 °C, pre-crystallisation about AH = 15 J/g, melting range AH = 18 J/g,
reaction AH = 196 J/g

IR (KB pellet):

8437.08 cm™, 3060.31 cm™, 2904.92 cm™, 1604.9 cm™, 1594.3 cm™, 1581.01 em™,

1558.1 cm™, 1489.78 cm™, 1471.86 cm™, 1447.05 cm™, 1428.4 cm™, 1364.92 cm™",
1313.02 cm™, 1268.4 cm™, 1256.68 cm™, 1225.86 cm™, 1211.08 cm™, 1202.06 cm™,
1186.64 cm™, 1147.61 cm™, 1116.19 cm™, 1081.49 cm™, 1041.29 cm™, 1029.37 cm™,
999.42 cm™, 976.64 cm™, 955.96 cm™, 909.71 cm™, 876.99 cm™, 807.49 cm™*, 781.05 cm™,
774.10 cm™, 761.64 cm™, 753.45 cm™, 716.86 cm™, 709.37 em™, 695.75 cm™, 686.85 cm™,
637.21 cm™, 612,93 cm™, 592.25 cm™, 565.20 cm™, 552.46 cm™, 532.80 em™, 515.19 cm™,
496.76 cm™, 465.78 cm™, 439.31 cm™.

'H-NMR (DMSOQ):
5.21 ppm (d, 1H, Ju»=15 Hz); 5.44 ppm (dd,1H, J = 12.5 Hz, J = 2.5 Hz; 5.54 ppm ( d, 1H,

~ J=125 Hz); 6.75 ppm (d, 2H, J = 7.5 Hz); 6.84 ppm (q, 1H, J = 5Hz); 6.86 ppm (t,1H, J =
2.5 Hz); 7.01 ppm (t, 1H, J = 7.5 Hz); 7.09 ppm (t, 2H, J = 7.5 Hz); 7.22 ppm (t, 1H, J =
7.5Hz); 7.3 ppm (d, 1H, J = 7.5 Hz); 7.35 ppm (t, 1H, J = 7.5 Hz); 7.38 ppm (d, 1H, J =
7.5 Hz); 7.51 bpm (t, 1H, J = 7.5 Hz); 7.55 ppm (dt,1H, J = 2.5 Hz, J = 7.5 Hz); 7.83 ppm {t,
1H, J = 7.5 Hz); 7.88 ppm (dd, 1H, J = 7.5 Hz, J = 7.5 H2); 8.27 ppm (d, 1H, J=7.5Hz, J =
1.2 Hz); 8.32 ppm (dd, 1H, J = 5Hz, J=5Hz)

3'p-NMR (DMSO):
25.70 ppm (s); 25.80 ppm (I); 29.109 ppm (s); 29.201 ppm; 32.584 ppm (s)
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Test specimens (4 mm plates) are prepared from tetraglycidyldiaminodiphenylmethane
(TGDADPM, epoxy content: 7.5-8.5 eq./kg), the benzoxazine la prepared in Example 1.2,
dicyandiamide and 2-methylimidazole; the amounts used, the curing conditions and the
gelling times are given in Table 1.

Aiter removal from the moulds, the test specimens are tested for their combustibility
according to UL 94 standard. The glass transition temperature T, is determined by means of
differential scanning calorimetry (DSC); some of the test specimens are subjected to the
pressure cooker test.

The results measured are compiled in Tabie 1.

Pressure cooker test:

The test specimens are placed in a rack in an autoclave. A sufficient amount of distilled
water is then introduced, and the apparatus is sealed and heated. By using a thermometer
having a thermostat and contact-maker, the heating output is so controlled that the
temperature is 121 °C. The pressure is set at about from 2.4 to 2.6 atm. The test plates are
treated for 1 hour in the autoclave. After cooling, the water-uptake of the samples is
measured.
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Gelling time 340 s 360 s 245 s
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T, [°C] 173 178

Water uptake
UL 94 Vi Vi VO
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2. A compound of formula | or |I according to claim 1, wherein R, Is C-Cyzalkyl or Cg-Cyearyl.
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(a) a thermoplastic or thermosetting resin and

(b) @ compound of formula 1 or 1l according to claim 1 or a compound of formula il or IV

according to claim 7.

10. A composition according to claim 9 comprising as component (a) an epoxy resin or an
oxazine resin.

11. A composition according to claim 9 comprising
(a) an epoxy resin,
(b) a compound of formula ! or Il according to claim 1 or a compound of formuta Iil or IV
according to claim 7, and
(c) a hardener for the epoxy resin.

12. A composition according to claim 11 comprising as component (a) a diglycidyl ether of a
bisphenol, an epoxy novolak, a cycloaliphatic epoxy resin or a poly(N-glycidyl) compound.

13. A composition according to claim 11 comprising as component (a) a diglycidyi ether of
bisphenol A, a diglycidyl ether of bisphenol F, an epoxyphenol novolak, an epoxycresol
novolak, 3,4-epoxycyclohexyimethyl 3',4’-epoxycyclohexanecarboxylate or N,N,N',N'-
tetraglycidyldiaminodiphenylmethane.

14. A cured product obtalnable by curing a composition according to claim 9.
15. Use of a compound of formula | or I} according to claim 1 or of a compound of formula i

or IV according to claim 7 as a flame-proofing agent for thermoplastic and thermosetting
polymers.
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17. Use of a composition according to claim 9 in the manufacture of prepregs, laminates and

RTM systems,



