PHOSPHORUS- CONTAI NI NG COMPOUNDS AND POLYMERI C COVPCSI TI ONS COVPRI SI NG SAME
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel at es gwoensald2yiso phosphorus-cont ai ni ng conpounds an@cCilse®onstsar dant
pol yneric conpositions which conprise one or nore of these conpounds, as
such and/or covalently bonded to a polyner. D scussion of Background

I nformation Polyneric conpositions with flame-retardant properties are

R

into the polymer by covaleﬁg mer skel eton. For
exanple, int 5 i ncorporation of a flaneretardant
conmpound ¢ i porating a conpound such as, e.g.,
t et r abr onoki SPENAL IAedddh0 t he backbone of the epoxy resin or by using a
fl ame-retardant conmpound for the cross-linking (curing) of the epoxy resin.
SUMVARYSOF THE TThvENTInOMvEhéompregatesngenttalle it phespiavecanguninp apdpaindd agk  of
flame-reta i |y high
phosphor us EanramiaRRAAEE ROh AT HRARBHRLR, b G hIaEr Lol Skl VT,
|nexpen5|vessmhmmﬂmgmndmﬁbﬂ@hgﬂbyawebhwestabI|shed synt heti c procedures and
can be incorporated by coval ent bonding into not only epoxy resins but also
a variety of ot her polynerlc structures and/or can be physically bl ended
with pol yniliscassionaiSackareund lafgrastigiyy t hem wi t h 1 ame-retardant properties.
The pragent | ”Vﬁ&gfn%b &fn&ﬁ()kl@l@l%s ﬁ@ﬁﬂﬂ@fe@ﬁd&@ﬁﬁoﬁérﬂé@ﬂe %IEH@}UHH& & eifher mul a
(1) : wherein: 2, 3; 4, h the provi'so that (m
+n) is noﬁDhYﬁIC@Hérleqﬁlm a: ﬂamﬁreremaétt ﬂ@huﬂ wathethP r@éﬁ%ﬂmemmg@mgen egtd from
optionally; te \Y/ , I r
aral kyl, IgHg%thh g?gigﬁﬁdmﬁmg&RQH5thepcéégp%kchM&hﬁﬁbﬁﬁﬂ& it S
polymer skeleton For example, in the case of epoxy resins incorporation of a flame-

retardant compound can be accomplished by incorporating a compound such as, e.g.,
15  tetrabromobispenol A into the backbone of the epoxy resin or by using a flame-retardant

compound for the cross-linking (curing) of the epoxy resin.

SUMMARY OF THE INVENTION

The present inventors have now found a class of flame-retardant phosphorus-

20  containing compounds which have a relatively high phosphorus content, can be prepared

from readily available and relatively inexpensive starting materials by well-established

synthetic procedures and can be incorporated by covalent bonding into not only epoxy

resins but also a variety of other polymeric structures and/or can be physically blended with
polymeric compositions to endow them with flame-retardant properties.

25 The present invention provides phosphorus-containing compounds of formula (I):

{‘R?}m._ g h

[
45 }




and -N(Rs)2, and two noieties RL on adjacent carbon atons, together with
the carbon atons to which they are bonded, may form an optionally

unsat ur atwo,20mpRéwRal |y substituted 5- to 8-nenbered ri rgT/ush@ngiseri es R2
are independently selected fromH, optionally substituted al kyl,
cycl oal kyl, al kenyl, cycloal kenyl, aryl, aralkyl, and al karyl groups,

gl ycidyl, -COR3, and -CN;, the noieties R3 are |ndependently sel ected from
H, opti onal"‘fhﬁreghbstl tuted al kyl, cycloal kyl, al kenyl, cycloal kenyl, aryl,
aral kyl, ampgd-al Karyl3:groups, O—I -OR4, and -N(Rs) ; the noieties R are

i ndependent ly selected from optionally substituted al kyl, cycloal kyl,

al kenyl , cyci bal kewdswithabg/provig Gridypl + nhn@OHTI#EF R0 §r oups; the rmieties R5

are i ndepe%ef%ieb{essﬁl %%tlﬁc‘l’epﬁﬁ&ﬁﬂl}"s%@ﬂ%h%bhﬁly%ﬁ@&ftﬁt&&'Taﬁ‘<91 %!y&bﬂehkyl
cycl oal kyl, al kenyl, cycloalkenyl, aryl, aralkyl, and al karyl groups; the

moi eti e§ Rakeyli w@@p&n@émrylyargléclyle@n@dkwbmws aYPi PR, FYOBubEeN: haleged. al kyl |
cycl oal kyl ,, , | add Yhorca l, s to ; ar and
@F&(tﬁn)\{ n ‘E&é&!m%?e't Fseﬁﬂ)n YhocafbofthfOhs: ¢ %;lge}:% %ﬁacfléfé %J (%ﬁﬁ o

two noieties oge orma | val ent group or mu

wherei n p 1o hicB theg, arfoborﬂe@nnhyﬁamnm oRinal e unsagiepeh dpirinklly sdbkeotedd- fo om H
and opti on%II mbe?e%St' tuted al kyl groups, and at |east one of the noieties
in formula (nf"%/ nay r§present a noiety of formula (11):(H) wherein m R and
R2 have thdlermaamemgs aseinderfeaddnlly alon@l aod Hyloeti@ially &dﬂumtedmadyll yydngkgdf the

f:rg'nﬁéhﬁﬁs b BPRERRD kT B ata bttt CPRPBRAES (1) whor ei n
m = 0, , Hrmdiptid} K5 ale didep2nddnll@ serediet fr@s }Rbptatﬁrﬁlly @ldﬁ@ﬁ&d&ﬂiyﬂ wysledleat ed
rom oot ongl L Sops 1 e ke ot o
whi ch t hey g@f oRQQdRM areaYepk AR ARe10REd GO éﬁﬁoﬁ&ﬂ@ssiub&ﬂﬁt@&j afkyTRYBBLIRM,
aromatic rla{l](%nyl cycloalkenyl, aryl, aralkyl, and alkaryl groups;
15 the moieties Rs are independently selected from H and optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups;
the moieties R are independently selected from H, optionally substituted alkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups, and two moieties R together may
form a divalent group of formula —(CRaRb)p— wherein p = 2, 3, 4, or 5 and R" and R® are
20  independently selected from H and optionally substituted alkyl groups, and at least one of

the moieties
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in formula (I) may represent a moiety of formula (II):
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the noieties R2 are independently selected fromH, optionally substituted
al kyl and al kenyl groups, glycidyl, -COR3, and -CN, the noieties R3 are

i ndependewol2g108eb®6t ed from optional |y substituted al kylPCanus2eiolostyyt
groups; and the noieties R are independently selected fromoptionally
substituted al kyl groups, and two noieties R together may form a dival ent
group of fornula -(CRaRb)p- wherein p = 2 or 3 and Ra and Rb are

i ndependently sel ected from HEnd optionally substituted al kyl groups, and

at | east ORGeRtn MR, IR R hRS iBMednBRE 8SE MrihtabdWd SildywRdreif QdHbRII( lohd otvher ei n
m Rl and R2 have the neani ngs set forth above. In another aspect, the

conpounds ¢ meieligs Re upitrenrergriit Peply whiorBalacBhpounds of fornmula (1) wherein
m=0or | N & InOhee WECHRARRACS TARR-NIERAAGPRL  SELEELRL [ Om

optional ly substituted al kyl groups; the noieties R2 are i ndependently

sel ect ed fdemul (Dopheraamal |y substituted al kyl and al kenyl groups, glycidyl,

-COR3, and -gPl;f he,noieties R3 are independently sel ected fromoptionally
d alkyl

substitute and al kenyl groups; and the noieties R are independently

sel ected fmem opkionally substituted al kyl groups, and two noieties R

t oget her f or m a,dj val en roup.of formul a -(CRaRb)p- rein =2 or 3
and Ra. and e S REY NGB AL SO B i SRAOOMRs L IR FleduBedt £t e
al kyl gr ougsyupandd abR], eas twomeictés R hen adpiceiticehomayniseppabantithaheroirbéry of

o0 5L BB T IR ISR b EBRY it 2
formula (I )ingherein m= 0,

the moieties R, are independently selected from H, optionally substituted alkyl and alkenyl

groups, glycidyl, -COR3, and —CN;

the moieties R3 are independently selected from optionally substituted alkyl and alkenyl

15  groups; and

the moieties R are independently selected from optionally substituted alkyl groups, and two

moieties R together may form a divalent group of formula —(CRaRb)p— wherein p =2 or 3

and R* and R" are independently selected from H and optionally substituted alkyl groups,

and at least one of the moieties

OR
N

" L& OR
may represent a moiety of formula (II) wherein m, R; and R; have the meanings set forth
above.

In another aspect, the compounds of the present invention may be compounds of
formula (I) wherein

25 m=0orl;

n=1or2;
the moieties R are independently selected from optionally substituted alkyl groups;
the moieties R, are independently selected from H, optionally substituted alkyl and alkenyl

groups, glycidyl, -COR3, and —CN;



n=1o0r 2; the noieties R are independently selected fromH, optionally
substituted al kyl and al kenyl groups, glycidyl, -COR3, and -CN;, the

noi et i es WO 2ari25wdependent |y sel ected from optional |y ®abaiseemansdal kyl
and al kenyl groups; and two noieties R together forma dival ent group of
formula - (CRaRb) p- wherein p = 2 or 3 and Ra and Rb are independently

selected fromH and optionally substituted al kyl groups; and at | east one
of the noi &t @QIGBWW IP‘&Q? By selegiesh @?li} Q?Flmi‘aélb’ nsﬂpsém(t?q ?H(Wh%}de% ko R1
and R2 haverdupg sngani ngs set forth above. In a still further aspect, the

conmpounds of the present invention na¥ be compounds of formula (I) wherein
m = 0; n =the Bpietesthere pisiepandenilyRolegied pRdwE armdls ratsjitugs dlet gepupt. gad Fyo

opti onal I'y ,}bRt Rt WE&RErahdseidMh a%@a‘lﬁﬁ% grogla Y& it st¥hua (@KB e\ of

noi eties R3 are independently selecte fronloptlonally substltuted al kenyl
gr oups; Sandnd RO apbRe ticagdaRendsyidyt krdectadgram &l aidveritiepallygrubsiipted atkplr grouns.
- (CRaRb) p- ﬁﬁékgmﬁcfﬂ%rﬂﬂg a and Rb are independently selected fromH
e

and optlona y substitut groups, and at |east one of the noieties
nmay represent a noiety of fornula 1) eln m Rl and R2 have the

meani ngs set forth above. In anoth rlggp t he conpounds of the present
i nvention nmay conprise at |east ab 10 oby wei ght of phosphorus, e.g.,
at | east about 12 % by wei ght of p based on the total weight of

t he conpounds. In another aspect, ounds of the present invention
may be conpounds of forrmula (I11) ]% :wherein Me represents
met hyl . | n DSy eRgsBca mojety eft Orféléét(ﬂ)sﬁhﬁeléfm’t SAnk\Rerlgxs thyrresapigzp et dorth

above.
10 In yet another aspect, the compounds of the present invention may be compounds of
formula (I) wherein
m=0;
n=1or2;
the moieties R, are independently selected from H, optionally substituted alkyl and alkenyl
15  groups, glycidyl, -COR3, and —CN;
the moieties R; are independently selected from optionally substituted alkyl and alkenyl
groups; and
two moieties R together form a divalent group of formula —(CRaRb)p— wherein p = 2 or 3 and
R* and R are independently selected from H and optionally substituted alkyl groups; and at

20  least one of the moieties

OR
™
LG OR

may represent a moiety of formula (II) wherein m, R; and R; have the meanings set forth
above.
In a still further aspect, the compounds of the present invention may be compounds
25  of formula (I) wherein
m=0;

n=1or2;



conmpound of forrmula (I11), (IV), or (V) the hydrogen atom nmay be repl aced
by a group which is selected fromglycidyl, -CN, groups of formul a

- CO- CRc=GMBap102m28169r oups of fornmula - CH2- CRc=CHRd, w t h PRE/UsSp@)9Bs49BEI Ng

i ndependently selected fromH and G _4 al kyl groups. The present invention
al so provi des nethods of preparation for the conpounds of formula (I111),
(Iv), or (\V), using internediates i.e., conpounds of formulae (VI) and
(VI1): Me &eNBoigiqy Ragry indepspdentyriglecis efg’é‘hfq? PRAAIALLY SfPsiauid alieavl He®st | ane
retardant REIMFELSORY, afd LOQMErS whi ch conprise coval ently bonded units of
at | east one conpound of the present invention as set forth above

(i ncl udi ng theHeoigtns iRo ats indgperdestly taceditom openylyesysifutgdaleanyl Baursl 4@

prOVides_a@w@HR%Meéﬁ%&ﬁﬂ%@h%ﬂahﬁ%ﬂ&ﬁ%ﬂmﬁ%?ﬁﬁﬁﬁﬁtﬁgwﬁﬁihwﬁnéﬁ%npyﬁﬁiR* the
present invention as set forth above~(including the Various aspects

thereof §, whd BR aroinpeaendindp sgediebiomtH pedspticnally grosiipisd iyt broaps agdpabl e of
reacting with 20 LROX%iGLOUP. For exanple, the groups which are capabl e of
reacting with an epoxy group may conprise hydroxy groups. The present
invention al so provides a curabl e gonposition which conprises an epoxy
resin and at | east one conpound of {t hgypresent invention as set forth above
(i ncluding the various aspects thefedf) ahd/ or an epoxy resin which has
been pre-reacted with a compound of Y¥He esent invention as set forth
above. The present invention also prd *ﬁﬁ a cross-linked epoxy resin which
conprises units of a conpound of the present invention as set forth above
(i ncl udi ng maﬁéema%epm@om@fcﬁognwlﬁéﬁlbwﬁf)r?mmé%pané&maw? Hgertanings gtderth

provi des pq}yeri zabl e conpositions which conprise (i)

10 In another aspect, the compounds of the present invention may comprise at least
about 10 % by weight of phosphorus, e.g., at least about 12 % by weight of phosphorus,
based on the total weight of the compounds.

In another aspect, the compounds of the present invention may be compounds of

formula (III), (IV), or (V):

15
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at | east one conpound which conprises at |east two functional groups, and
(ii) at |least one conpound of the present invention as set forth above

(1 ncl udi nyotznw/ozarssous aspect st hereof ), which conmpound eorarSe&eds@y2 | east
two groups which are capable of reacting with the at |east two functional
groups of (i), and also provides a flane-retardant polymers which can be
prepared fromthese conpositions. In one aspect, the polynerizable
conpositions may conprise (i) at |east one conpound which conprises at

| east two iyWiReWARREpEseNTBleddy ORshe adhd:, (d holedt sdf@sit hOMGaEATRPRURd0f t he
present invention as set forth above (including the various aspects

t hereof ), ®AMBHINE sHpode dHNIIY s €5 (Ui thedwdrogempiogy Bapse willachd BF @ Fapabl e of

reacting WiyiipaR (LiSQ&Y AOAL ByQiAURN, | Ho R ff&’inu?asm-tRCi@ﬁR‘C,%@%ﬁJu igps may
conprise (i) at |east one conmpound of the present Invention as set forth

above (Pnc IerdiUiﬁg-QPheCRfaﬁﬂé?E,S\V&ls Béend R fheine dhdependanibshsadestaddiod Ik empFi-ses at
| east one gf@y%rgﬁscal | y unsaturated noiety, and (ii) at |east one conpound
whi ch conpri se "l east one ethylenically unsaturated noiety and is

di fferent from The prebamt yoentamotltverroddgentthodshd ragrpoen tfiorahs compovndspf | se

[ t | f.th t. i [ h ,
(i mot udi ng TRETAFT B30 A0y Ehubd PulbERARt i DRRNRR PR Ohe ) MBI, oo

two cyanate (-OCN) groups, and (ii) at |east one compound which conprises
at |east two groups which are capatgt% of reacting with a cyanate group. In
a still further aspect, the c sityons may conprise (i) at |east one
conpoung of the present inventy, “slet forth above (including the various
aspects thereof), which conpound conprises at |east two epoxy groups (e.g.,
inthe formof glycidyl groups), (4Hd (ii) at |east one conpound which

conprises at |east two groupg whic }Ie capabl e of reacting wth an epoxy
group. In another aspect, the,‘p(co osif(i ons nmay conprise (i) at |east one

conmpound of the present invemto sdt forth above (including the various
aspects thereof), which corrpoungvﬁ)orrpri ses at | east two groups which are
capable of formng an ester linkage (- COO) wth a conplinentary group,
and (ii) at | eadhe preeent drvpaiisndalshpronidesofipné saadant polymers or oligomers which

15  comprise covalently bonded units of at least one compound of the present invention as set
forth above (including the various aspects thereof).

The present invention also provides an epoxy resin which has been pre-reacted with
a compound of the present invention as set forth above (including the various aspects
thereof), which compound comprises at least two groups which are capable of reacting with

20  an epoxy group. For example, the groups which are capable of reacting with an epoxy group
may comprise hydroxy groups.

The present invention also provides a curable composition which comprises an
epoxy resin and at least one compound of the present invention as set forth above (including
the various aspects thereof) and/or an epoxy resin which has been pre-reacted with a

25  compound of the present invention as set forth above.

The present invention also provides a cross-linked epoxy resin which comprises
units of a compound of the present invention as set forth above (including the various
aspects thereof).

The present invention also provides polymerizable compositions which comprise (i)

30  at least one compound which comprises at least two functional groups, and (ii) at least one

compound of the present invention as set forth above (including the various aspects

-6-



| east two groups which are capable of formng an ester |inkage with a
conplinentary group and is different from (i). The present invention al so
provi des wormetamsiedst i nproving the flane retardancy of &CpaiSYINRN054992
conposition. The nmethod conprises incorporating into the conposition at

| east one conpound of the present invention as set forth above (i ncluding
the various aspects thereof), as such and/or covalently bonded

t o/ i ncor potlsred): Mhich CP‘HBO‘B‘SWWE?SGF AL I6HE DA FRERS JTich HP 53%1@WBEFE‘CQ%WI%I ymer

nmay conpri g @ﬁea&t@@«@%xféﬂ@na@gm%& SROXMAMBS iplovids RAhY&hANPolythcROIMESt €, 2
pol ycar bonate, a pol |socyanate and a polyner prepared fromone or nore

et hyl eni calcilfyqu%?@ &I%E!le?ﬁﬁ%}?é?lgonsl n addition, enbodi nents disclosed

herein relate tg BhERGSRL el p%%eﬁ%b@@%ﬁ@os@&ong%%blc&nﬁ&%peﬁ' I QRS ohsef ul
in electrical |amnates and sol'vent-free processes for the preparation and

screeni Ag ePMBUEH w:loﬁp@mlmsemt legt hee ifoexanate dSNGAH swupmnnd gesatdeast hee
resent in h t i r
p %ﬁfﬂ#@% ﬁﬁ‘o h ﬁ}gsegteEnvF@[oﬂl ad Dot f06n ARSG (RLLEA: Yhe LOE %18 %gscrl oti on

i nvention t be apparent, 1 n part,“fromt

or may be Itleaﬁrorﬂ)ed/hb;;l Cpmamnﬂ®empﬁses helept ergegrbumnwlecrit ar@napaMhe)f praesentyith
invention wll I i zed and attai ned by the conpositions, products, and
nmet hods para{llSOC agatf’%"“& nted out in the witten description and cl ains
hereof . BRI EF DES@RIHET hpdtdhe ThilpdoRii N@ﬁcﬁh@nm(e)s&rmsu m&nmnpmndlcsf theur t her
descrihed in the detail ed description ich f in referenc the
Gt avi g0 bys) TFHBh. B e iorh DAiBOUGR LS A Bibodtian: SR  ne
present i nvemnpéuda,cowpeissidd 1Edsguticesthilletital§ @fsauied mbietyragr aiysatAéasabnepPoxy
resin which has geen reacted with thre co.g;Hounds of the g e ena. ﬁqnventl on,
i.e., conp&OHBRIGWHGY FRIFRTEC 111Fgst opq cHyignierlip\nsgturaled raies ifigrephe
Exanpl es bejlogwi). DETAI LED DESCRI PTI ON QF THE PRESENT | NVENTI ON Unl ess

ot herw se st at ed a reference to a caonmpound or nponent i ncl udes the
conmpound or conﬁbﬁéﬁ{mﬂb‘v aﬁﬁ%blﬂfe CO&%P‘)%EPIPS By ?Or‘inH‘E’é‘?r{)‘l) ALIERS ANSpFapPog Rt 8f

conpoungs @fe FRIRP MRRASon. SUGH 88h MhoeUfiRSuddly ARMMPBRISpeAS is&sh, hatigl n, the
singular C():(r)r?lgogrl?l.,c'(')nlll;rafsr::s at laéggt t'\:vE) I‘2:(;)/;;nallten(c 68%? giorlllgs pallng r(1?.)| atrlf?;ste (I;rﬁ:nc?o(?npound
which comprises at least two groups which are capable of reacting with a cyanate group.
In a still further aspect, the compositions may comprise (i) at least one compound of
the present invention as set forth above (including the various aspects thereof), which
20  compound comprises at least two epoxy groups (e.g., in the form of glycidyl groups), and
(ii) at least one compound which comprises at least two groups which are capable of
reacting with an epoxy group.
In another aspect, the compositions may comprise (i) at least one compound of the
present invention as set forth above (including the various aspects thereof), which
25  compound comprises at least two groups which are capable of forming an ester linkage (-
CO-0-) with a complimentary group, and (ii) at least one compound which comprises at
least two groups which are capable of forming an ester linkage with a complimentary group
and is different from (i).
The present invention also provides a method of improving the flame retardancy of a
30  polymeric composition. The method comprises incorporating into the composition at least
one compound of the present invention as set forth above (including the various aspects

thereof), as such and/or covalently bonded to/incorporated into the polymer.



unl ess the context clearly dictates otherw se. Except where otherw se

i ndi cated, all nunbers expressing quantities of ingredients, reaction

condi ti orsQ 2arh2sw5forth used in the specification and eCaiussonssown be
understood as being nodified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the nunerical paraneters set
forth in the follow ng specification and attached clains are apprOX|nat|ons

that may vary dEp@KdSAt oY rEoddls PRIYMET BiRk FORRESC L gt e PiF8 BBtAi ned
by the presen 4 B %H&&@ﬂzzﬁ%ob&%xvﬁr¥lkﬁﬁﬁhmeaﬂquﬁ&myﬁmaeaﬁ@ﬂﬁbé@&@ﬂ as an
attenpt to limt t l'ication of the doctrine of equivalents to the
scope of tm&epélleéfrﬁﬁlOnéﬁéﬁlﬁrfr?élml@sﬂaﬂbamsamt@mgwmw be construed in |ight
of the number of, il bBMimdididisS108AnREiH 1 BBk Yio rﬁ?&}ﬂ?ﬂu@ﬁl AR@VER AL BB -

Addi tionally, the recitation of numerical ranges with this specitication
i s consbPderedble ocopwositithiss sicdd uneeleftrical [laminates |ae<élsovgmttfee9 pragksseanigeghani t hi n
t hat range . | 0G5 rom about 1 to about 50, it is
deened to Pﬁ%%%%@?ﬁggb%gQg 1%3&9 , bﬁg 46. 1, 23.7, or any other value or
range within t h@thearﬁtga@nesThml p@«ramagfusl @frélesmmm ingergion aitlebehyet wasth oft teexanpl e
and for 0 n _of th f the
resent | noBanroA s PR Ao ELBE IR Bl SRR T B P P i s
bel i eved tcdestaﬁpthdieorrm@t beuteafned bﬁpﬂcuiceaﬂltheypmmﬂern@elomd d&e(prasmtummcﬁn t he
princi n ts.o r esent |nve S rega rd,
o ot Bltpe A e EE S RS G el o BERe PSR ET hohgy BTPHS,

det ai | tha@mm&d@ﬁ&ﬁﬁ&ammnﬁakmh@&miMﬁhﬁﬁﬁﬂh@kdﬂnderstandlng of the present

i nvention, the description naking apparent to those skilled in the art how
the several forns of the present invention nay be enbodied in practice. As

set forth MEBDESURIHBIVI@WFTHEMAWNGSVOW des, int er alia,
phosphoruscont ai ni ng conpounds of for ue of min the above

formula (1) nayThep@senyinventiogis @rth%frﬂ?s%‘rb%‘i H‘r%ﬁﬂ%ﬁalﬂeél dyscription prhish fgljgws,
exampl a5 t Rerey¥@ddde (Phe Eﬁ‘a(des BE why opﬁorﬁlﬂﬁltl\ﬂgkk@nﬂés dreXEYpl Q?el@ib&dlm@nts of here

is only one or no group Rl present on enzene ring). The value of nin
t he above fhsriveseat ipyeptipmywhpesimligyres Biogt arg Dyfdhgsmegrapgief gn ¢poxy resin vphich

has been reacted with three compounds of the present invention, i.e., compounds of

formulae (III), (IV) and (VII), as described in the Examples below.

20  DETAILED DESCRIPTION OFf THE PRESENT INVENTION

Unless otherwise stated, a reference to a compound or component includes the
compound or component by itself, as well as in combination with other compounds or

components, such as mixtures of compounds.

13 k- AN13

As used herein, the singular forms “a,” “an,” and “the” include the plural reference

25  unless the context clearly dictates otherwise.

Except where otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached

30 claims are approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not to be considered as an attempt

to limit the application of the doctrine of equivalents to the scope of the claims, each
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For exanple, the value of n may be 1. At any rate, the sum (m+ n) cannot
be higher than 4, and wll often not be higher than 3, e.g., not higher
than 2. TWe 2nmvesices RL in the above formula (1) are selPeTtusdooR064902
optionally substituted al kyl, cycloal kyl, al kenyl, cycloal kenyl, aryl,

aral kyl, and al karyl groups, -NO2, -OR2,COR3, -CN, hal ogen, and -N(Rs) 2.
When m—20r 3, the noieties RL may ethe same or different, although
they are pPB‘Flé‘F‘%i‘bPVamﬁtéhfl}oégji be @IPISW’Félrm ligheff the numbgy °f351gf’c1f}\i§mh6‘|gé% F”é% R on

adj acent carheRy Auflile cdRBRIAET W th the carbon atons to which they are
bonded, may form an optionally unsaturated, optionally substituted 5- to

8- menbered i Ng AdiNQBndly Mihd f‘r@cﬁﬁ&{mﬁeﬁurﬁénc@ptrhr%@si'dzml& ulst kpddtrRaidl ky!
groups as nmoieties RL include |inear and branched al kyl groups having from
1 to about caBidegdyerbeat diyglosuge gf all ppgericpl yyueshandiranges ddthgbhagtdas, FProm 1
to aboug 6e§a5}ﬁﬂ?9rif @h@@@m fRm Elﬁ&l'inl 1o E&u@@@% isHeGREPRInA@ERMor e§Mﬁ;§le asq7, €.9.,
nmet hyl , et hyl, g , 1sopropyl, n-butyl, i-butyl, sec. -butyl, 'tert.

- but ylI, npéﬁ{‘&ﬂl 2 7n§>@yyothgnwtoylrangﬁw@hmylperangenony| n-decyl, n- undecyl
and n- dodecyl Met hyl and ethyl are preferred exanples of al kyl groups R1.
Non-limting ex?.ﬁhqapaé@wdﬁrs shea/ndigeeingre fip may (0 expmplel andor Blrmsesz19 iduthative uent s
whi ch may I Cl
2l koxy (5. oRes RO b b RERIGRAR Y R fraER Sy Al o MBS SRY, an
di (G _4 al kybipaingovigt obpksved s tweh¢ mag ubetblogéd meafldy gndersiod@escaipgorBri)the | f  t wo
or nore,su ents t '

Non- 11 a1 APebEE I ol B ESEN b et ol PRy B R R i M

noi et i es tho ishnoow anhbodipnelhts)@lf kiyd pgsamu psvehtdn imgmbreodatabtab iS neaessatyomr the car bon
at ons, ons ch as, e.q., . .cIo

cyel ohexy ! TngderpnndtRGRURE oS Bterd W aRE: o fspaE. GR onsfiE o,
subst i t uentitssykitittdil ifaye aPhovo (el deyerfldomisadend prosent ﬁe&moﬁmyoﬁlembbdlgd @ups

i ncl ude al k%/ éﬁe g., optionally substituted al kyl groups as set forth
above), hy(?a(? ; G _4 alkoxy (e.g., net hoxy or et hoxy) am no, m)no(O' 4

al kyl) no and G4 al k m no and and
o m A o i T AT R N g ST e by

different. cblqamhﬂgﬂdrnpwn@(@rm{maqf)- optl onal Iy substituted al kenyl groups
as nmoieties RL include |inear and branched al kenyl groups having from2 to

about 18 carbon atons, e.g., OR
e 2 .

(R‘i}m

OR,

ey
The value of m in the above formula (I) may be 0, 1, 2, or 3, and preferably is 0, 1,
20  or 2. For example, the value of m may be 1, or the value of m may be 0 (i.e., there is only
one or no group R; present on the benzene ring).
The value of n in the above formula (I) may be 1, 2, 3 or 4 and preferably is 1 or 2.
For example, the value of n may be 1. At any rate, the sum (m + n) cannot be higher than 4,
and will often not be higher than 3, e.g., not higher than 2.
25 The moieties R; in the above formula (I) are selected from optionally substituted

alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups, -NO,, -OR;,



from2 to about 12 carbon atons, from about 3 to about 6 carbon atons.
These al kenyl groups may conprise one or nore ethylenically unsaturated
units, e.Wyo20mesws two et hyl enically unsaturated unitsPCRars20000549ng
speci fic exanples of al kenyl groups as noieties Rl include, vinyl, allyl
(2-propenyl), 1-propenyl, rret haIIyI and 2-butenyl. Nonlimting exanpl es of
t he one or substituents which nmay optionally be

present on %sé@tlh@@ﬁ% a@‘i‘ ONU(&)ZI ﬁ%fl)lel?d% “hi o Dote meipticy 1%10138?3’ pethy samegf hoxy

or ethoxy) giffdm Odlth%'ﬁ%&} ake frefrdtyy l)d@ﬁﬂc'ap ratichr A ide m 4 84y by @ffoRQe GROUPS
and hal ogen (e.g and Bfé%f# two or nore substituents are present,
3 \’Nblrﬂl

t hey may b@ntaﬂléc@laﬁ@i’?}? atgp.flg ¢ F3FPeN pgMekanpich sheyrarg pendsthaniyy

substi t ut edyfy4l db%%ﬁ@)ﬁhsa%%@%pé&laﬂ?k@Jsht‘ﬁ%d|§1td g‘%ﬁ&@@re&}{ﬁg oal kenyl groups
havi ng from about 5 to about 8 carbon atoms, e.g., 5, 6 or 7 carbon atons,

such as5 e.g., Dyn ﬂmmargteaampleanﬁomlpndnymkﬂmyéd allfﬁgr@gos Ia@mbie&@sﬁkl lgclodqos may

conpri se one or eth ni cal n r.at n

Gyt ent catfig RS BEAFEE A MBS bttt Fothute R o R shibin St € B8 bl or e
(e.g., 1, Zboud 1DkarB)n auhlstitdnuent esbo\Ah(B Gdilb(n‘m{mﬁ@tor ool 1Itysab@1t|@rcﬁﬂaeﬁhtoﬁm t hese
cycloalkenyl groups i al k t|on stituted al kyl

groups set “¥greh® §bWB}y %M{elh opyle 1388r0p¥1 %BEIF t'ieftul? - 81 kenyl
groups set pk@yt - h@b}QVﬁheptﬂYﬁL"o@t&y n- r@hyﬂnalekﬂxlyuﬁ@cg andrfeadsmyl NMedf1 BaKY) ,

am no, nmono(Q _4 al kyl)am no and (G _4 al kyl)am no groups hal ogen (e.g.,

F, O dRd syl are preley eé?mli’llﬁfr%f%@Bﬁunhghtl\EPnalF%mB%é’saéffﬂl o Hhey Oy MISEE ¢ he

same or di fé§r¢ntz 3 Nem IstibkiteRE v AHTRIa® OpRbnadlly We SHEQRHPSH @liieséﬂalk% %@%p&Rl
i ncl ude Ilnear and branched aryl groups having from 6 to about 18 carbon

atons, e. ginclydeohydigoutCe eonbdet- 12eapbeh dhoms, 28ieh(-NEk), emgno(Cpheny|
and napht hy iy AR ah@hf(tﬁgalﬁﬁﬁm?ﬁ@gryeén ENQeIPREN DR €, (€ Band By, 1Btwos: 4 OF

5) substltuents whi ch nmay opt1 onal e present on thése aryl groups

i ncl ude haloger S@bSUgJentslaremseatndleBrryaybh*}@rsmglor@fefamkoxy (e , met hoxy or
et hoxy) and a no 4 al k amn oups.
e 5r “or o Np LT Renearlty & SHULBT “hAlsChl R flot arpRsgous.
Non-limti m@hﬁmajmbﬂsylogro@ptha@rm@lﬂqn abidas tS tou:tbedt aurcadbkiy latogrspuQs 5a% aroi et i es
Rl include aralk s havi

r carbon ato e.g.,
from 7 to st s cuth B cdrsnaorehlmde Tl Nk huf e Shadbt ke G
napht hyl metohytlore ®@n-1l 2,8 dridQuisK@bRE @fich may optlonally be present on these cycloalkyl

groups include alkyl (e.g., optionally substituted alkyl groups as set forth above), hydroxy,
20  Cy4 alkoxy (e.g., methoxy or ethoxy), amino, mono(C;4 alkylamino and di(C;4
alkyl)amino groups, and halogen (e.g., IY, Cl and Br). If two or more substituents are

present, they may be the same or different.

Non-limiting examples of optionally substituted alkenyl groups as moieties R;

include linear and branched alkenyl groups having from 2 to about 18 carbon atoms, e.g.,

25 from 2 to about 12 carbon atoms, from about 3 to about 6 carbon atoms. These alkenyl
groups may comprise one or more ethylenically unsaturated units, e.g., one or two
ethylenically unsaturated units. Non-limiting specific examples of alkenyl groups as
moieties R; include, vinyl, allyl (2-propenyl), 1-propenyl, methallyl and 2-butenyl. Non-
limiting examples of the one or more (e.g., 1, 2, 3 or 4) substituents which may optionally

30 be present on these alkenyl groups include hydroxy, C;.4 alkoxy (e.g., methoxy or ethoxy),
amino, mono(C;4 alkyl)amino and di(C,4 alkyl)amino groups and halogen (e.g., F, CI and

Br),. If two or more substituents are present, they may be the same or different.

- 10 -



of the one or nore (e.g., 1, 2, 3, 4 or 5) substituents which may
optionally be present on these aral kyl groups (on the al kyl part, the aryl
part, or wotzhjo/izesude hydroxy, G _4 al koxy (e.g., netheoxy/useoiohyry),

am no, nmono(C _4 alkyl)am no and di (G _4 al kyl)am no groups, and hal ogen
(e.g., F, d and Br). Further exanples of substituents for the aryl part of
the aral kyl group include optionally substituted al kyl and al kenyl groups
such as, e.g., Nﬁ%élélltg@texf”@P]Fﬁo%%\?éauyl Sﬁlb%t%e%?ycﬂ‘ﬁﬁ}kén&%@cpﬁ fUBRECRe

present, tRRYudIRYcIBAKINE D8 %ehmng%érﬁ ah&N1Ls. tol\él‘BButlg frbdnnfofX 2P| £% &7
al karyl gro rgs as noieties i ncl ude al karyl groups having from7 to about

18 car bon &t6fisatomsguch a5y g, ?yqlﬁaea@eﬂtanigy@w@wl h@r?ﬁcl%lls@b{l gQupsengy, |

tolyl, xyI )ébmgﬁ's@ iyt m@%lthyIMHJ{ LM dehR@d e&h?tgpkgs Ak érh%vd)@ﬁly%lcﬂi%f €
(e.qg., 1, , or 5) substituents which nmay optionally be present” on

t hese ab kamyﬁatlgmhp@tsmﬂn fimeting| ekginplpseti the piveorangrk (par t,,2, dror Bosubytitientd ude
hydr oxy, . . 1| i

ol kol > o ngngn P PR GGe (HERORY i BLIGHN BRSPS MAB: SRACLE e
Br). Furt heptierBypitestuefl adaybgriobpsuentosthfabpve) redkeayhyle. gpahtet oppibndllyeubdtikagdy |

group | ncl i, ARk ANal KINDRLLLUAEHA KUl QL QUPS pSHED, 38 uBcd anpjose st

forth abové nore subs are "Re same
or di ff er emionol(, 4 taikgl)mminetahé gi(RL, dkyd)apri@s@nipsdnlogeh Goent, (dam&mm) dfons t hey

f bstit t t ed 1 ted 5- t 8
renber df © PROCEGURT MRS Re TELPED R HEoHE: PSIEEh t ney are bonded.

Preferably, thenph lllgnt'uﬁg écaﬂ@m@%'f% l%ﬁﬁpﬁ‘éﬁﬂmmﬁ%@REE&fhﬁﬂéq{hbM ARIch&d
giving rise to a naphth %an%lrou he ring forned two noieties R ma

opt i onal | y 2p@ gwa&hqvmgt tp ADQyH A8 é%rb%@t@me &% froni abapit 630 glpouyf2 carbon
substi t uema§)msN§H3h ak 14 gt 'ﬂlgnﬁ)&ﬁmﬂ&ﬁl%hytl Wneﬁ}futl'ngglcéfﬂﬁesaéflﬁﬂé or(eeorgnore kJ‘

exenpl ary al kyl groups set forth above), al kehyl (e.g., the exenpl ary

al kenyl gr dups3. getr I orbdtitughewdlch may elgemalékb@gpresqm ootheaﬁn@ryBgI))upsrwerWy,
G-4 a g t Y/ n I no, and
i (G A by atterss Tor dun 8 (SRR R A e TRARE Aion P ULARROTY,
may be t he mn@h@ralldﬂ)hmamemd dl[¢1 4aalhxi]aem}o Rbupedf esent snorCORdsEtuchie anpi et y

R3 may be % Sgncett (g yognthiefa%p dr%r}ﬁ‘é %n)( substituted al kyl, cycl oal kyl,

al kenyl , T oal ar al , and al karyl groups, -OH, - OR, and
-N(Rs) 2. Non-1li Nbﬁmﬁ@u@xafﬁmlﬁs off o@pﬁmm}nahﬁsyitusedlb5@1@utgﬁﬁpalawhmet¢agckpal kyl,

include aralkyl groups having from 7 to about 18 carbon atoms, e.g., from 7 to about 12
20  carbon atoms, such as, e.g., benzyl, phenethyl and naphthylmethyl. Non-limiting examples
of the one or more (e.g., 1, 2, 3, 4 or 5) substituents which may optionally be present on
these aralkyl groups (on the alkyl part, the aryl part, or both) include hydroxy, C;.4 alkoxy
(e.g., methoxy or ethoxy), amino, mono(C;4 alkyl)amino and di(C;4 alkyl)amino groups,
and halogen (e.g., I, Cl and Br). Further examples of substituents for the aryl part of the
25  aralkyl group include optionally substituted alkyl and alkenyl groups such as, e.g., those set

forth above. If two or more substituents are present, they may be the same or different.

Non-limiting examples of alkaryl groups as moieties R; include alkaryl groups

having from 7 to about 18 carbon atoms, e.g., from 7 to about 12 carbon atoms, such as,

e.g., tolyl, xylyl and ethylphenyl. Non-limiting examples of the one or more (e.g., 1, 2, 3, 4

30 or 5) substituents which may optionally be present on these alkaryl groups (on the alkyl
part, the aryl part, or both) include hydroxy, C;4 alkoxy (e.g., methoxy or ethoxy), and
amino, mono(C;4 alkyl)amino and di(C;4 alkyl)amino groups, and halogen (e.g., F, Cl and

Br). Further examples of substituents for the aryl part of the alkaryl group include optionally
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al kenyl , cycl oal kenyl, aryl, aral kyl, and al karyl groups include those
whi ch are set forth above with respect to the neanings of RL. Preferred
meani ngs wo 2RB/@eswsopti onal |y substituted al kyl (e.g., merluskooossoer hyl ),
optionally substituted al kenyl (e.g., vinyl, propen- 2-yl, 1-propenyl and
2-propenyl) and -OR4. If R3 represents -OR4, R may be sel ected from
optionally substituted al kyl, cycloal kyl, al kenyl, cycloal kenyl, aryl,

aral kyl , aﬁbbsgiufﬁélr%}lfen&%ﬂ'&g Su%?ﬁ-’ Ietgmﬂﬂ‘?sﬁéetef%ﬂi*rﬁ%/‘é@ Eftwﬁﬁf %FW"?‘“‘JGMS

substi t ut edreadritht, (hEY MaPB ¥ kam@bkgitdtat. Cycl oal kenyl, aryl, aral kyl, and
al karyl groups i ncl ude those which are set forth above with respect to the

meani ngs of RL. [fPwvefwratiedR naaniengs ovadjReal @rtopicomdhdyymaulost bt optedalyl ky |

(e.g., met Qé(llsuga'aa% ShiNkd o ﬁk@a@fattw% %Xne%‘ﬂa%f i 1{71%( %}%& @?cﬁ%ﬂe (e ator}{%q”y'

propen-2-yl an propen represents noleties RS may
be the $San®o o/mloﬁlthéyearemk)nwddef@atﬂglthe*;tneg if H-aumntbesdchnd piveronald prefewbddit 1 t ut ed
al kyl, cycl oal k al kenyl , cycl oal kenyl_. aryl ., aralk and al karyl

gr oups. r%rqnfarthx’t BiNg eSSt %#@fﬂ%gp%r? naTHey“%%E" e?ﬁ%b} % Pegstcs c‘?{%)‘/al kyl ,
al kenyl , cwpdlmllyw)shbsuajtqdl witaoad ky mor@ck. al karnybr gratpsudntc Nodeintibes e

whi ch are set for espect to. the ani ngs referred
moant ngs. ofXHEIST BOEPORHOGD T R RSP S g Doty
ethyl). If (B% 1he RE &SI S IRAY 1096 ps saﬁam)hlﬂﬁe)t h@lbg@f(elgn@ udendBr) Ghydang, Br. | f
two or rmre al ogen atons, are present ey may be the sane or different,
but ar é0pr &terddiRy (Fderbstaosy. o ¢bove) ’eﬁ’ﬁﬁloi"lfP‘r’i‘Bﬂfnon‘P(FFe4 SHeDgpingppd Hﬁpéfl es

R1, if pr e%ﬂ(F)I)alﬁﬁlo arbupsalremmd &f BbRNub{hRalahea8N @O0y 88 thdgagoppounds
of formula ( ) are preferably hal ogen-free. Preferred noieties Rl, if

present, add e€§\ffnlkyl al kenyl, -OR2, and -COR3, in particular alkyl and - OR2.
The noieties R ) ﬁn&@ g%qgﬁeieﬁ{s”@(ﬁg(tﬁe) mbfe m%%r@@&é%&édWro%?heSﬁtﬁﬂaﬂi{ om H,

optionally substitute , cycl oal kyl, al keny cycl oal kenyl”, aryl

ar al klyl aﬁ@bsatur@dra%)i gwdgidkyl gkenol, Gwlﬁlli@@mgryilarﬂkﬂ amd alﬂdsryl glil‘onpit Fel. -

exanp p n ,

cycl oalqée i ffilrl% ﬁ*( f?fal &fﬁﬂlgﬁg gﬁ E%r yIOfgg%ﬁE)pgﬁJ %mt&%d g%lle C&Xﬂoalﬁylar e set
forth abovelhﬂmtlhcycmb@cﬂ ml tahedk ylpamdli alkggsylogroRs. inEndanbloser yhigh drgpsee fientr ed

meani ngs Of LOYRE res %%BS H%lﬁllganuggrs] O5® R\{mbr%{%nacrl ga%mgg Yrt IE'3 %}%OX&io\ﬁ/iaﬁyh

respect t O e neani
substltuted alkyl (e g., methyl and ethyl), optionally substituted alkenyl (e.g., vinyl, propen-

2-yl, 1-propenyl and 2-propenyl) and -OR,.

20 If R; represents -OR4, Ry may be selected from optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups. Non-limiting examples
of optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl
groups include those which are set forth above with respect to the meanings of R;. Preferred
meanings of R, are optionally substituted alkyl (e.g., methyl and ethyl) and optionally

25  substituted alkenyl (e.g., vinyl, propen-2-yl and 1-propenyl).

If R; represents -N(Rs),, the moieties Rs may be the same or different and are
selected from H and optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl,
aralkyl, and alkaryl groups. Non-limiting examples of optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups include those which are

30 set forth above with respect to the meanings of R;. Preferred meanings of Rs are H and
optionally substituted alkyl (e.g., methyl and ethyl).

If Ry represents halogen, examples thereof include I, Cl and Br. If two or more

halogen atoms are present, they may be the same or different, but are preferably identical. In

-12 -



Preferred neanings of the noieties R2 are H, optionally substituted al kyl,
optionally substituted al kenyl, glycidyl, -CN and -COR3 wherein R3

repr esentwoepto/ssws| y substituted al kyl or optionally seb3ttiscamwasioat kenyl .
A particularly preferred meaning of R2 is H Also, the groups R2 are

preferably identical In this regard, it is to be appreciatedthat nor e
than two groups - may be present on_the benzene rln% , iLf one or
nor e noi et |Oé‘“sefl-‘@0déffl@“fpt?‘”e§%¢rﬂr e mefetipe Ry df Rﬁ?ﬁéntr?éla]éta}e i fe’feébﬁ‘%érli‘ta]é)gefmz

The noi eti ggnfRai metc&ﬁp&ia@y&ftaﬁmygﬁaré }efe%mﬁ BAb ﬁlf?e‘é fromH, optionally
substituted alkyl, cycloal kyl eny cyc oal enyI aryl, aral kyl, and

al karyl groups. PlemPei:lmmtttleﬂ@ueﬁaWEﬂrlesarft)alkyipalik@rYal D}Rz&mds-CDButie@alaﬂCklyt :
cycl oal kyl , 1%@@5 cycl oal kenyl, aryl, aralkyl, and al karyl groups
i ncl ude thds “are set forth above with respect to the meanings of RI.

The noi gties R MRy nRgetleh &R, Sianie aibod FdraiuRNTD) ard u&reeenlaé@fyegea&keyi fré@ntj cal .
Preferred neani ngs of R are optionally substifuted_ al klyl roups, havi ng from
1 to about SBARD SRy Rydealkyd. gkenyhegygipplkenylngyl. apliodopish alsapyl

i sopropyl G%fgg tgmmrypl eUResaIB icq@ezmemmﬂay efuﬁﬁﬁl&'&e&f Jpasﬁagg sdbsvidd@ndik@r oup of

formula ( 4, or and Ra and are selected from
H and opti @h%@%llsyls@ulfﬁeﬁ Pml%keavlkﬂyi glr%%sandmawrxlugfﬁ@F Higludg dinse egicgrare
optional |y ;guBsh Ltk &l aadelpitt tgrtﬁéjﬁl%aﬂlﬁ%l hasfaphahg Brdiaia Regm set forth

above with respect to the neani ngs of en resent on the sarre car bon
atom tlHe @isiups ((€ERAaClagrIthRls \ﬁlagfh e sethlerth ahevecwﬂlmemeé? erihe mapriegs GfRieach

unit -(CRa h i 0 d h i f from
t he neani nglﬁge)fe &RglegﬁgggRﬂg?ﬁ %ﬁgﬁ ﬁilei%bt %UQ&F{% ﬁl.ba%{rﬁg g{ll?gd I§nea%]|%gs of
Ra and Rb awlstiwedradiparl, ghydidal, kYN agd 6@@33 WaetiemgR £ repieschtst @ptiahdlytsubtstigdedon
atons such e. g. n [ r h e val ue
of pis pre% rb?ﬁloﬂal%f}‘lg%lm‘?%‘g ﬁ%ﬁé rpa]b Qﬂﬂy B/f? & Iﬁ% %ﬁ s é’igf Aggr bon
atons in tle govalRente gnefem@l;ofdemtmahmd this I(eg;RQRb)spo beappecaﬁtecﬂ &tat woreothini gher

ut 8

901 a8l ke RS 308 e 1L LT RR Y o
- (CRaRDb) p- pteRedt UﬁkEat(lea@-dﬁte)ﬂnetﬁ R1 @plﬁasérﬁs (IR2CHZ )4, -CH2- CH(CHs) - CHZ-
02002 Of, L GR BN RIEL B aR ARG aE
two) of thalkyni@tlioklkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups. Non-limiting
examples of optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and

20  alkaryl groups include those which are set forth above with respect to the meanings of R;.
The moieties R may be the same or different and are preferably identical. Preferred
meanings of R are optionally substituted alkyl groups having from 1 to about 4 carbon
atoms such as, e.g., methyl, ethyl, n-propyl and isopropyl.

The two moieties R together may further form a divalent group of formula -

25 (CRaRb)p— wherein p = 2, 3, 4, or 5 and R* and R® are selected from H and optionally
substituted alkyl groups. Non-limiting examples of optionally substituted alkyl groups
include those which have been set forth above with respect to the meanings of R;. When
present on the same carbon atom, the moieties R* and R® may be the same or different. Also,
in each unit -(CR*R")- the meanings of R* and R’ may be the same or different from the

30  meanings of R* and R® in another unit -(CR*R®)-. Preferred meanings of R* and R® are
hydrogen and alkyl groups having from 1 to about 4 carbon atoms such as, e.g., methyl, and
ethyl, and in particular methyl. The value of p is preferably 2 or 3, most preferably 3. Also,

the number of carbon atoms in the divalent group of formula —(CRaRb)p— is preferably not
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in formula (1) (which noieties may be the sane or different if n equals 2,
3 or 4, but preferably are identical) may represent a noiety of formula
(rr)y: (1hwolznofasresl a (11) the meanings of m R and R2parastéve/osene as the
meanings of R and R2 in formula (1) which are set forth above (including
the exenplary and preferred nmeanings). Additionall y, one of the nmoieties Ri
in formula (11) may represent a noi etg of formul a ( In other words, the
cor r espondiHGCBHHEGHD: 68 M8 hiefes thep rooHs Ib)éh§ﬁerdhfi”ga6’ﬁ‘étr6 ehrotRighesihtfy e of
di fferent %@ﬁ@”ﬁ&&hm‘ﬂiﬂgcsbedmé/eﬁﬁﬁm% lof ﬁmtsf&rfom (ORMES Y iRfua eomuba (11)
present, Sgb a total &}E to about g up to about_ 8, up to about
6, up to abdlit)»4:Chp-EHaldiCH)-Clr, (Cihhlﬁlé?f’l es of fofhat@ICey- The
conmpounds fo vee ods which are well

est abl i sheélﬁHandﬂ\%y/ebec}%Ir)léocvzvnl{fg%tCoIt??t’hEQJI'E:C%@(?;[r Skl Ifl)ﬁl@fnlpt he art. For exanple, a
conpound of f or Futhgr, @ easiles @nhpRierabpras swne hamipdy ofdn mvegfiche prepared by
reacting (heating) a mxture of a gonpou of fornmula HPQ(OR)2 and an
optionally substituted p-benzoquin ne i an aprotic organic solvent such
as, e.g., toluene in the presence *i horganic or organic acid such as,
e.g., hydrochloric acid, formc ac oFor agetic acid. Exenplary procedures
are illustrated in Exanples 2 and Conmpounds of fornula HPQUOR) 2
may in turn be prepared by reacting heatl ng) a trival ent phosphorus
conpound, & Gormufh ?h@ﬁtﬁ&@?ﬂéﬁm@{ nRalded@s Uslle 38 dftfekdhic W h Rq@NE 208 7T, Sut

al cohols (or a dio in an organi c solvent such as tol uene. Exerrpl ary
proceduresP&?rf‘éal?l}’P@é@%&?f’éﬁnﬁweﬁéﬁﬁﬂwwﬁ%frfﬂmgﬂ%gpow Conpounds of fornula
(1) wherein R2 represents hydrogen can be converted into a wide variety of
ot her conpounds of fornul d:)\(@ om@g@ npounds of fornula (1)
wherein one or both of the I@I etigs R2 &rent from hydrogen. By way
of non-limting exanple, tHe" heﬂo iC hy groups can be reacted with an
epi hal ohydrin such as epichl d¢ohydri TG o jaf fond a corrpound of formula (I)
wherein one or both groups R2 represent QQ,C“I/ , rther, the phenolic
hydr oxy groups may be esterified with, e.g a cg$b Xylic acid, the
correspondi ng carboxylic anhydride or tEf éorrespondlng carboxylic halide
to afford

10 ey

In formula (IT) the meanings of m, R; and R; are the same as the meanings of R; and

R, in formula (I) which are set forth above (including the exemplary and preferred

meanings). Additionally, one of the moieties R; in formula (II) may represent a moiety of

formula (II). In other words, the corresponding compound of formula (I) may be an

15  oligomer (or a mixture of different oligomers) which may comprise, for each moiety of

formula (II) present, e.g., a total of up to about 10, e.g., up to about §, up to about 6, up to
about 4, up to about 3, or about 2 moieties of formula (II).

The compounds of formula (I) may be prepared by methods which are well

established and well known to those of skill in the art. For example, a compound of formula

20 (D wherein R, represents hydrogen may be prepared by reacting (heating) a mixture of a

compound of formula HPO(OR), and an optionally substituted p-benzoquinone in an

aprotic organic solvent such as, e.g., toluene in the presence of an inorganic or organic acid

such as, e.g., hydrochloric acid, formic acid or acetic acid. Exemplary procedures are

illustrated in Examples 2 and 4 below. Compounds of formula HPO(OR), may in turn be

25  prepared by reacting (heating) a trivalent phosphorus compound, e.g., a phosphorus trihalide

- 14 -



conpounds of formula (1) wherein R2 represents -COR 3. Non-limting

exanpl es of carboxylic acids include formc acid, acetic acid, propionic
aci d, acrwbi2eloaess net hacrylic acid, crotonic acid andPoalusc@asiod2 (in the
| atter case, two units of fornmula (1) may be linked by a nmaleic acid
bridge). Even further, the phenolic hydroxy groups of conpounds of formula
(I') wherein one or both groups R2 represent hydrogen may be etherlfled wth
an al cohol S¢h & P&F%W“Bron%l 0g mofea’t‘iF‘élO&e(P’f 9 4Hqlyie anp et sql‘@nbﬁlgbg,s dol Bd¥pounds

of formul apkbh 1M}%Jr8deﬂu1@§ﬁe ﬁ[us@ﬁ&chn@'aﬁble@% aft3 Bag&,esent an optionall'y
substituted aI é cycl oal kyl, al kenyl, cycl oal kenyl g aral kyl, or
. \ &

al karyl group. feipdy pt f?@ﬁulm%wher?gl By aippisents hWéogﬁmcw @hergd iglo a

(bi s) phenoly,;gf vafrf%wTHﬂ Shdr! c)orﬂﬁ%b(ncﬁ%f%mhﬁ %F@xaﬂlﬁ’e LombAHRIE 3F baRald @ %"
reaction using, for exanple, allyl nmethyl 'carbonate or a direct allylation

reacti of usibaggin gngror b the maigiica Rp pie duiadrend dronphyidiaghal Byywahef ioddinanek t he
i ke plus opal S h t ransfer
%ﬁ@{léaﬂhb Ca;ﬁ%vd%}geg&ﬁs O 3&1% XSVt ('31\8 3 mlo%#ﬁ%%&ch hé

cat al yst. ona usua prepare e reaction of
allyl al cohpilchlawhycﬁurrm hifprdcarcbopaind ¢fofoginvie @ wheatur encobr bdthydroupst Ry |
car bonat e aepgesgnt C}/& carbonate. Both the crude m xture and the pure allyl
nmet hyl carb %oan %)e used as the allylating agent as well as allyl
hal i des such asFua’tHeyIthe:ﬂsHemshcdmlroabIgydupbnmyrbelestertfmﬁhathl yk., akhboxydie acid,

et hal |yl om de nd the rred rocess use .
T anacdPbortiss tosfSiondaE caonisr SRl ) B kS PRSI GaRERs Butige to affora
st oi chi omercbmpcainhy dre@eheas Tw|he1&1rblR§ pﬂapﬂamntsotcbag anﬁ-hﬁilt)ngalihnﬁﬂ@VbﬂeS
essentially al |yl n qof the oxXy f the bjsphen
provi de t hé&?" B’fy %éﬁ‘&ﬁ&icﬁtj‘ PIRY é‘t‘lﬂeﬁce‘% ql§/IP69%%}3nlg?%§p?§WllF r?‘c‘tdhg1 @‘?%]&Ct
al Iyl at i on atigagbioio aciaAn@hhlc A0/l (irdGe NBYr dge, SV OLLRIP FRMbIaGBIhdy He@@&éEd W th
t he hydrox% groups of the bi sphenol Dependi ng on reaction
v

condi ti ons PV amaks eidhlest s of O ai sen rearrangement product may be

observad in thigydaasidOfe phshid fydRy! gi’mgﬁb S n§oulds SProdheh @ hdrdth 8hed
products. A direct allylation redction a (bi's)phenol of forrmula (1) wth

an al |yl harbaé Foeh Resrearesy hyfioaen gy r‘Pﬁ)FtheFIf}?d &l gcohgk oe @ritidlcared i n

the presencg . athivalikal Hefl:%f %%&pa&ug&nﬁn@sﬂoﬁ%ﬁﬂﬁs as Q)J/Hé}énp%mgfor ayupl kal i
nmet al hydroxide (e.g., NaCH). desired, i nert solvents
moieties R, represent an optlonally substituted alkyl cycloalkyl, alkenyl, cycloalkenyl, aryl,

aralkyl, or alkaryl group.

20 By way of non-limiting example, the allylation of a (bis)phenol of formula (I) may
be accomplished via a transcarbonation reaction using, for example, allyl methyl carbonate
or a direct allylation reaction using, for example, an allyl halide, a methallyl halide and the
like plus an alkaline agent and optional catalyst such as a phase transfer catalyst. Allyl
methyl carbonate is usually prepared from the reaction of allyl alcohol and dimethyl

25  carbonate to give a mixture of allyl methyl carbonate and diallyl carbonate. Both the crude
mixture and the pure allyl methyl carbonate can be used as the allylating agent as well as
allyl halides such as allyl chloride, allyl bromide, methallyl chloride, methallyl bromide,
and the like.

A preferred process uses a transcarbonation reaction wherein allyl methyl carbonate

30 is stoichiometrically reacted with a bisphenol of formula (I) and provides essentially total
allylation of the hydroxy groups of the bisphenol to provide the corresponding allylether
(allyloxy) groups. In the direct allylation reaction, an allyl halide may be stoichiometrically

reacted with the hydroxy groups of the bisphenol. Depending on reaction conditions,

- 15 -



such as, e.g., 1,4-dioxane and phase transfer catal ysts such as, e.g.,
benzyl trial kyl ammoni um hal i des or tetraal kyl ammoni um hal i des can be

enpl oyed.wBeamti2615t enper at ures of from about 25C to abeait/US2@00540E
operable with tenperatures of from about 500C to about 1000C bei ng
preferred. Conmpounds of fornula (1) wherein one or both of the noieties R2
r epr esent hydro en can further be converted into cyanate conBounds e.g

conpounds &R bl ARIPUNLY f CpjsneleATTalsemERt BERYSt drayt Ak ohisTd igst FQZreF“é‘g?Pesent

-CN. For e&%ﬂﬁ&%uuﬁ&ﬁﬂ&&ﬁ%)QBdtQﬂHM&ﬁlﬁ&ﬂw@ay be prepared by reaction of a
(bi s) phenol of fornmula wi th a cyanogen halide. By way of non-limting

exanpl e, the (dAthanww@homﬁpoumd§adhynb@mpméﬁameh(ByMﬂeacubhgﬂabou@pheno
of formula,(l),WibBeAl ﬁ?&%&@%}@'b‘é*} Eeﬁ'u?thgﬂ%“éncéx 8{ 1?ah§!> y%ﬁl{ suchag . .
stoi chi ometri c excess ? ercen excess nogen hal i de
per phenfol iag at;geonoquhtlcglr@ﬂqn alkahtrhetalpin}elscecﬁrlee(ecgf mHa)bdlﬁtdesmted,l inbit ofe¢nts ¢
quantity or slight stajchionetric ess to ercent excess)
of a base &% ﬁboﬂ%d frer ﬁﬁfﬁﬁfm% h?%%o? Eﬁro%%g%ﬁd %%Fh SF sefite of” a

sui tabl e s@hmehﬁﬂkﬁ&umbﬁynwe@nmxoortwmmmg@ﬁmn@ﬁmofhﬂmanuaboué endflO¥edt 0
about 600C are enployed, with reactig res of about -15C to
Sbout 00CRAETNG BrETE LAl e PRACT o FRRpGIbL GrogsIs RO B 00 t o
about 00C beifrb@ apaittsuatUoabbyt 100€f RikSsteteMon- 1 i M ting exanpl es of suitable
cyanogen hal i des |ncIudeé§§anogen chl oride and cyanogen brom de.

Al t er ndPel y, t hEORBELHEY Byl yvhergng%_q,ﬁ er §9tﬁt e SIS moigHes ffe garesefhges
35- 68 (1983} dropiilah $0ar BY colQbidhloRY Rt onasndst HIE, &ﬁﬁﬂo‘hﬁds@f%@ﬂnﬁ%’({l? of

which is expressly incorporated by reference herein, can be used
gener at e t RECEYRHEPE ﬁoqha)rf iheanqiptics Re gerreseih -6 el F oraxayalsi W@naéwféowlao@bn such

as chloring grbe BraHA8y réé.‘@tfbn'df’&‘(&k)@gen%i(%}n%ﬁa al wik'h LeRbEIRgEe. GYrPAUNds

for use in the above process i ncl ude both 1 norganic bases and tertiary
am nes suclke! awndouiting drpdwbxi He (dipoeess icompiwpdy oaydes; prepirre tiylcadting ey

trieth 'sambmﬁhenﬁﬂgf Ak r(?)swttltﬂ%ﬁ &byt s?&éh?(?lﬂé{h@ )l §rh %ht RIFhES GG, as the

base. nlinmting exanp es of suitable so vent anation reaction
i ncl ude maeemms@$h@ﬁamta)Keumneseﬁchf©¢wma$$thWdﬁopmmbbmhwh@oﬂghuphc and

cycl oal i ph e @Q)ﬁ ers h % %7 m xt ures
t her eof . Agﬁeet ]grﬁsee%pe Ef ?119 t % oglﬁgnc o%neM hf) gtg],C %&%mc xgess (u]g P
about 20 percent excess) of a base compound per phenolic hydroxy group and in the
presence of a suitable solvent. Usually reaction temperatures of from about -40°C to about
20  60°C are employed, with reaction temperatures of from about -15°C to about 10°C being

preferred and reaction temperatures of from about -10°C to about 0°C being particularly

preferred. Non-limiting examples of suitable cyanogen halides include cyanogen chloride

and cyanogen bromide. Alternately, the method described in Organic Synthesis, volume 61,
pages 35-68 (1983), published by John Wiley and Sons, the entire disclosure of which is
25  expressly incorporated by reference herein, can be used to generate the cyanogen halide in
situ from sodium cyanide and a halogen such as chlorine or bromine. Non-limiting
examples of suitable base compounds for use in the above process include both inorganic
bases and tertiary amines such as sodium hydroxide, potassium hydroxide, trimethylamine,
triethylamine, and mixtures thereof. Triethylamine is most preferred as the base. Non-
30 limiting examples of suitable solvents for the cyanation reaction include water, aliphatic
ketones, chlorinated hydrocarbons, aliphatic and cycloaliphatic ethers and diethers, aromatic
hydrocarbons, and mixtures thereof. Acetone, methylethylketone, methylene chloride, and

chloroform are particularly suitable as the solvent.
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chloroformare particularly suitable as the solvent. O course, the possible
reacti ons of conpounds of formula (1) are not limted to the conversion of
t he phenowvDcotiyds®Ry groups OR2 wherein R2 represents hpdragers/ obweti es R2
whi ch are different from hydrogen may be converted into other noieties R2
as well. Additionally or alternatively, the aronatic ring may be
substituted to afford conpounds of formula ( rein mis different from
0. Further, nnlgﬁFﬁgwaeﬁﬁﬁﬂﬂe5?@“%?§§@HWX&P¢EﬁWP%@ﬂ%G%%@ﬂ?h?@%ﬁiWé%tt|on
nmay be CO”‘é@ﬂJeﬁ‘sﬂm' ke ﬁ%blﬁ&l@dmhr%@ffﬁ ORL- wie®in RX &PR!sents h}dré‘%eHDM%Ie}ﬁeﬁl
represents a hydroxy grou t'he droxy group may, for exanple, b

converted By Wwiheh ag ‘ﬁ?‘éﬁcféﬂlﬂl hé%m%l mhﬁoéé comicpd Huy etseaiwicsies R @ tillabove
Wth res pe%ddftfén&l%r%hﬁ%ﬁx%?y %roxﬁétﬁ%ng%@y B PR t6te B @Ffdr&%oﬁﬂodﬁﬁé’ ol r eady
be present on the p-benzoqui'none (or other) starting material. For exanple,
an opt|énaﬁ@vn@u®bwh@@n@mBﬂhﬂﬁﬁmﬂhvmﬁqﬁﬂﬁﬁhéﬂmﬂwaRsw@gmwﬂwp@amp@éﬁiEQUlnone
may be use t u

pbenzoqui nona gLl TR bRk IFARAH ik T RBRAE I Solety R
retardancynﬂmmanvahyébyygbm@ﬂ@dnﬂUMpghymEmw,ﬁme&mn&nbepom&nmhysmeEmne

exanpl e, nds ( incor n haln or
si de chai n%orqggaﬁesoars osew {TH:hQ ebe)ang 0r91 above th%s t(,(i)stflecrlpéss :[ﬁt% ﬁgs agent
for an or gam or moiemeUesl‘Ibrrwvﬂfead)t llsne}yreseanomtmq; Hilﬁz(&p‘ldiede a8 osiee)hstdrang

oo 10t R e 0Bt B WBaLE sSERBGI L Ao ByubBufheds

flame ret ameigotuiacidi iay ebanded ngo# podrahe ndiiad ihfieadsof uaé Wntutdfitugd p-
optional ly cross-1inked organic polyner. In this regard, it is pointed out
t hat the t@@ﬁp@ﬁ8WVner" as used herein and in the appended clains is

intended to i ”Ckh@&ng%hn&syo@?&m%fa L) BELLA t@ﬁ%aﬁ'ﬂa%%fd%n@%@%fv%‘& Bf

regardl ess of their degree of polynerization and the way 1 n which they have
been produeedniCepofymerhyn  meaberaeli wals. poil ez apinpeundg at ifemiuty (1) can be

pol y”erlsza(ﬁj;%cg ors® QNhE Bfﬁ' XI)Q%rdh?s?cfe'c%n %363% ér(aﬂi'l/meé gl Be u s'eréﬂgs anount
of conpound(s f'or mul'a i s advant npl oye 5€pen S on a

nunber of tamﬂmkmggu@hihsanemgmcImbmkmwwsmhmnuéwﬁomteMQbgmdﬁﬂemcmdp@und(s)

cont ont - of GPAFALCPRETANGE By’ Dbk B2, Sh R YeroR By BURRRCOLLY

12 % at | eé(htwfaliﬁwtouﬂs@ HMey atin IaBaShe ahdoged bt/ as @rflame retardant additive and
incorporated into the structure of an optionally cross-linked organic polymer. In this regard,

20 it is pointed out that the term “polymer” as used herein and in the appended claims is
intended to include all types of polymeric and oligomeric substances regardless of their
degree of polymerization and the way in which they have been produced (e.g., by free
radical polymerization, cationic polymerization, anionic polymerization, polycondensation,
etc.).

25 The amount of compound(s) of formula (I) that is advantageously employed depends
on a number of factors such as, e.g., the phosphorus content of the compound(s) of formula
(D (the compounds of formula (I) preferably have a phosphorus content of at least about 10
%, e.g., at least about 11 %, at least about 12 %, at least about 13 %, at least about 14 %, or
even at least about 15 % by weight, based on the total weight of the compound), and the

30 degree of flame retardancy that is to be imparted to a polymeric composition and the
product made therefrom. For example, a UL 94 V-0 rating (Underwriter Laboratories) is
typically achieved with phosphorus contents of from about 1 % to about 5 % by weight,

based on the total weight of organic solids present.
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even at | east about 15 % by wei ght, based on the total weight of the
conpound), and the degree of flane retardancy that is to be inparted to a
pol yrer i cwoanpaestéson and t he product nade therefrom FecTasamplososa UL 94
V-Orating (Underwiter Laboratories) is typically achieved wth phosphorus
contents of fromabout 1 %to about 5 % by wei ght, based on the total

wei ght of organic solids present.|f conpounds of fornmula (1) are to be

i ncorporated int ocoglpﬁB‘I‘CVn‘ﬁrf"H?‘ﬂéd{)aarr%ﬁ‘f B dRUIRREREhEYO FeBP PRSI 804 bne of

t he mononemppgdisd @b mAPbdBeBhi SleSor i Bdhodlefic YaRA mlﬁentaﬂavﬁ%hea@@ﬁs%tl @hof the
polymer. By way of non-limting exanple, if a f?arre retardant pol yuret hane,

pol yest er GFPFBIYE A bBAaRDTY: t By pplodge-daitinge srpeindilor Hasmenigiardany )

wherei n R2 ;L 0RLERRN TR VG BIBRyTRYonAR ¥S6DedFodiced §ampBuRbE tRufh@) di Of
and/ or pol on starting materi al's. 1f a pol ymer of an ethylenically

unsat ur at edvhe@rmBumrqsent% by@egq@rré@bubfedse@faarat dsesinpbert af gl 4ol anfdion pelyeh as,
e.g., poly d s uch
rs e b R ?ﬂg%‘?ﬂe?r%é%? B e S
conpound o1(f0f gxammlleaa palyolediresueh ns, R2 lpebﬁtéaslem @daml}@tdpehyd: ogrotypns hehoas,
e.g., allyl hal | nd/or a u f rrrul LR
represents -@@emgc%ashgﬁspo X,St}'rgg%ﬁ%% lmr?a(glplg Wene?Hfﬂs)) s%\% gg‘,ANg.ag.,

vi nyl or proppsamna-ofl fonmya KI()rwhe&upertrepjésehtbemrmmmgnoap star sl Bg radliyeot al s.
O cour bl e di fferent s.such, as ol onat /ABS or
ool ypr dByi ERUAG adPrs G ar B Th SaRd Fmat oo Aralie YRRERRS
manner. Al s@],cresemﬁrpﬁwm&al ylogrofy® kianl @h(elg) Wi;erompikl)pmfez ﬁll’mdﬂjﬁf(&mo:i phﬂﬂe)fnm eties
R1 corrprlse unctional grou ch are sujt e_for taking in a

pol yrer i zatt° G FEac B W&S‘?ﬁbléwg’é ¢@dvas W@’PC’ g&ﬁ%‘%ﬁ‘ O r‘i‘%?“pé\%né%lecg’
conposi ti on@@lyMb&ﬁtemm ok §@yp1613>t1§ne Vi RS Bngledlio/Bdrehd @8 AP RKREH af
formula (1) my be used for al lications for which correspondi nlg

pol ymer s wittih Gngin 4. e?m%wﬂwﬁé%m&%a fly phgTea ppe) on gLyl e Roichesy

exampl @5 f @mpdie fBﬁ&i@H&ﬁt%r s Yhichd dadbleabt lagin€Part fit Q?B@mefl%@ﬁ rede@& 1 Ngs,
etc. and also in the field of electronics and sem conductors, e.g., for the

producti on Dy beuecgtaswelll | ami nate boards (particularly in the case of epoxy
resins). In the,gase Aha BRAPNYi! &S bNCEAPOLRLE uls IRGHE Bedlel (fTRY bE

used as at |east &
compounds of formula (I) may be used for all applications for which corresponding

polymers without units of compounds of formula (I) may be used, for example, for the
20  production of (molded) articles, fibers, foams, coatings, etc. and also in the field of
electronics and semiconductors, e.g., for the production of electrical laminate boards

(particularly in the case of epoxy resins).

In the case of epoxy resins the compounds of formula (I) may be used as at least a

part of the epoxy resin (e.g., if R, in formula (I) represents glycidyl) and/or as at least a part

25  of the cross-linking agent for the epoxy resin (e.g., if R, in formula (I) represents hydrogen
and/or if the compound of formula (I) comprises at least two functional groups which are
capable of reacting with an epoxy group such as, e.g., groups selected from acid groups,
amino groups, acid anhydride groups, phosphate and phosphinate, which groups may be
present, for example, as (or as a part of) the moieties R; and/or R;). Compounds of formula

30 (I) will often be used as cross-linking agents for epoxy resins, preferably in combination
with one or more additional cross-linking agents (e.g., those which are known to be suitable

for the cross-linking of epoxy resins such as, e.g., dicyandiamide, substituted guanidines,

phenolic compounds, amino compounds, benzoxazine, carboxylic anhydrides, amido
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part of the epoxy resin (e.g., if R in formula (1) represents glycidyl)
and/or as at least a part of the cross-linking agent for the epoxy resin
(e.qg., ifwBzoim2fwsmul a (1) represents hydrogen and/ or PCTiUSe000OM0UNd Of
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di - ol y-functjonal epoxy resins, and n‘gl nations thereof. Polymeric
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epoxy groups (when catalyzed) to result in ad tional crossl nkl n
g pbﬁtéﬁ i’ %H’rse& ns,

general, the epxyperEy; TR B R 4E @Y FEUP §esubgyc“1y Bt
epoxi di zed epididizedadill, &@ Joavih. THOElygky6d eRing dre R&jubiglyathe rdat @puaBddcey of he
reaction preglgllillg;[oh)c/)c];nn and a bisphenol compound, such as bisphenol A; C4 to Cyg alkyl glycidyl
20  ethers; C, to Cyg alkyl-and alkenyl-glycidyl esters; C; to C,galkyl-, mono- and poly-phenol
glycidyl ethers; polyglycidyl ethers of polyvalent phenols, such as pyrocatechol, resorcinol,
hydroquinone, 4,4'-dihydroxydiphenyl methane (or bisphenol IY), 4,4'-dihydroxy-3,3'-
dimethyldiphenyl methane, 4,4'-dihydroxydiphenyl dimethyl methane (or bisphenol A),
4,4'-dihydroxydiphenyl methyl methane, 4,4'-dihydroxydiphenyl cyclohexane, 4,4'-
25  dihydroxy-3,3'-dimethyldiphenyl propane, 4,4'-dihydroxydiphenyl sulfone, and tris(4-
hydroxyphynyl)methane.

In some embodiments, the epoxy resin may include glycidyl ether type; glycidyl-
ester type; alicyclic type; heterocyclic type, etc. Non-limiting examples of suitable epoxy
resins include cresol novolac epoxy resin, phenolic novolac epoxy resin, biphenyl epoxy

30  resin, hydroquinone epoxy resin, stilbene epoxy resin, and mixtures and combinations
thereof.

Non-limiting examples of epoxy resins which can be cross-linked by compounds of

the present invention also include glycidyl derivatives of one or more of: aromatic diamines,
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epi chl orohydrin and a bi sphenol conpound, such as bisphenol A, Cto C28

al kyl glycidyl ethers; C2 to C28 al kyl -and al kenyl -gl ycidyl esters; G to
C28 al kylwo 20twmas16and pol y- phenol gl yci dyl ethers; pol ygCyaisdyoo/oetober s of
pol yval ent phenol s, such as pyrocatechol, resorcinol, hydroquinone,

4, 4' - di hydr oxydi phenyl nethane (or bisphenol F), 4,4'-dihydroxy-3, 3 -
dlnethyldlphen | methane, 4,4'-dih droxydlphenyl di et hyl et hane

bi sphenol A¥mﬂﬂcﬁmn@WHVHY6%VHFﬁﬁ@%?h“ﬁ@tﬁﬂy3@8?ﬁ%ﬁ@“ EﬂﬂWdH?H$ﬂF$k9%1phenyl

cycl ohexangglyéarBoxylidli hﬁé&iﬁ OXMc3, Bs,- d gTet hybdinpheaylycRyPPames  (1,3-bis-(2,3-
4, 4' d|hydroxyd|phen sul fone, and tris(4- hydroxyphynyl)nethane. in sonme

embodi ment SPOYREPEHIRYZEsi n digdyridvhc| ader gl §ici dysphetcher At ypa:2-WiQERdyl est er
type; ali C%ﬁé;&yﬁro&abf%heh%lﬁ&&%ﬁ' ﬂn%ly"cbﬂ?ﬁ p- ﬁﬁﬁopﬂé‘ﬁ& ld-pi 4 bﬁb&yﬁﬁé FER) kN Of

sui tabl e epoxy resi'ns include cresol novolac epoxy resin enollc novol ac
epoxy ré5|thb$pmgmybpﬁb@ﬂwﬁ}esﬂmbwhv&ﬂ@QUlﬂbneB@@@R@»ré§|d22§mﬂpﬁ%ﬁe epoxy
resin, and, t h 0 n of
epoxy resin ;§%H@§a@§ﬁ9ggﬂ§@g§gtpgﬁgd@,g%&bg%ggﬁhéémﬁ%$mﬁe pr seﬁ?§3

i nvention &h.3epexyptopoe)yINbis@yd-ceyprv@tiavidigeJoindgpengheidybmethpkene dinwhet i ¢

di am nes, ajQRAHG. tQPa’Zg gr poxgp%é)glg]b ”ﬁ% Aoy Cp%gnsyef r}ﬁ)etlaa’rleap%ncy HXer'eg oPRSNOL S

polyhydrlc a1CohoI |c a resorC|noI
diglycidyln&mhqkmyhaﬂmbpﬂyﬁﬁxﬁemﬁpﬁmypb@p®xyhhﬁmneamﬁmsdn@égﬂﬂdyhyhmher of

AR NCY ST N S e et
glpgi(zglr S)F;Lideﬁeﬁee ﬁf I)BJI\S?rt‘]l‘en&iragﬁftcid?lg2,4'(L}ili5rﬁi}ﬁ0cﬂ1§he31yl methane; 1\(I:I dl(z)giy(:ldyl 4-
par a- ani nof B]Pe%’g nﬁ%é’qep@}?ﬁrpr o?%lx %@M ée(trﬁglgmg]s olx§/ B’F‘%BES(?P‘) ant$fne),

and tetraghyei8ydzonet hyl ene di aniline (N N,N,N-tetra(2, 3-epoxypropyl)
4,4 - dlamnodlphengl1 net hane), and m xtures of t WO or_ nore epoxy resins,
pol yepoxy conpodiid r@ﬁ%@ﬁ“@kséfﬂﬁﬁﬂﬁ%m§ﬁﬂﬁgéméhae@ﬁﬁ%ﬁﬂﬁ?@ﬁﬁﬂmpﬂnm§ﬂEh as

N, N - digl ygbdyla ﬁ?h&doﬂ@ng e dﬁ%s@ﬁtlhyéntlﬁh NlC'llQl'quOY}%!)Q)dyT éthérs d?'p%@h?@l@d phenyl

met hane; N, N, N tetragl ycidy di am nodi phenyl
N- di gl yC| dpplyals, sueh apphelkyd elyrdicirigipyleas Blypel. AAgpropylene glycol 1 5 pentaned101

NN NN -4 et Aab Y& SY biyterdt, RO BY! 508 hPirdz iy BRI IS PARAbAyalycidyl ethers
of aliphatic and aromatic polycarboxylic acids, such as, for example, oxalic acid, succinic
acid, glutaric acid, terephthalic acid, 2,6-naphthalene dicarboxylic acid, and dimerized

20  linoleic acid; polyglycidyl ethers of polyphenols, such as, for example, bis-phenol A, bis-
phenol I, 1,1-bis(4-hydroxyphenyl)ethane, 1,1-bis(4-hydroxyphenyl)isobutane, and 1,5-
dihydroxy naphthalene; meodified epoxy resins with acrylate or urethane moieties;
glycidylamine epoxy resins; and novolac resins.

Still other examples of epoxy resins which may be cross-linked by compounds of

25 the present invention include copolymers of acrylic acid esters of glycidol such as

glycidylacrylate and glycidylmethacrylate with one or more copolymerizable vinyl

compounds. Examples of such copolymers are styrene/glycidylmethacrylate,
methylmethacrylate/glycidylacrylate and methylmethacrylate/ethylacrylate/-
glycidylmethacrylate.

30 Epoxy resins that are readily available include diglycidyl ether of bisphenol A;

D.E.R. 331, D.E.R.332 and D.E.R. 334 from The Dow Chemical Company, Midland,
Michigan; vinylcyclohexene dioxide; 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate; 3,4-epoxy-6-methylcyclohexyl-methyl-3,4-epoxy-6-methylcyclohexane
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Still further exanples of epoxy resins which may be cross-1|inked by
conpounds of formula (1) according to the present invention include poly
gl yci dyl woOherm26fespol yhydri c pol yols, such as et hyl enePgryuseéod/os49vet hyl ene
glycol, 1,2-propylene glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glycerol,
and 2, 2-bi s(4- hydroxycyclohexyl)propane polyglycidyl ethers of aliphatic
and aronatlc pol ycarboxylic acid such as oxalic acid,
succi ni ¢ a@f‘raoxyé?t‘?)tl?;{?(ﬁél REFHO- Weéryggﬁlph%ﬂﬂfﬁet%)él adlpaée ebl?ﬂéérﬁpﬁéprCéﬁ@Pentyl)
di car boxy! 'eﬁleﬁca'hﬁhau@régog‘ ﬁ@dhﬁ@@%lth'ﬁa%?dpﬁleﬁ@ F@colp&wﬁéﬁécdl%he ebbglisedf
polyphenols such as, for exa , bi's-pheno phenol

.| - bi s(4- lﬁ9]dla‘69<<§}ﬁr?eﬂ§}13()nétf%&¥@ntallnﬂpg HIo8Y f}mﬁw»abwy bAwngdidslinlyedhd ethand 1, 5-
d|hydroxy %@Bﬂ%ﬁﬁkﬁﬂﬁdﬂﬂ@9h$hﬁQ(ﬁﬁﬁﬁydﬁ@§bﬂﬁmMéB&h@&&%ﬁﬁ&%n%ﬁDHEﬁtﬁﬁne
noi eties; glycidylamne epoxy resins; and novolac resins. Still other
exanpl e§ ofanépobiN. rté& avaslabihifeom by Dioey changisal| Gankady )b pnd snpeumbdigbtidyhe
present in i0 a cid f i do
such as gIégg%yfgg#ggg#gggﬁﬁﬁgk%ciJ§1%%?h§%¥£lg%§7&??E%%ﬁésgg %%%gﬁﬁg
copolynerlﬂah@aummdyEIt@mdehHsmMEMﬂmﬁbmsmbbow@bhmwdﬂ&hmmmysnﬁmwtmdhl
styrene/ gl t ha nmet h Inethacrylate/gly0|dylacrylate and
nethylnethﬁgff%gggs %%ﬂvaﬁgﬁ?tl ngIyC|dyInEthacryIate Epoxy resins that
are readi |y avalbirdiet exarmld:sudeepdkg rgstis dytlicte tlag be atosbiliskddewol céppdontls B 331,

o LB o R T e S g Do BRI e R TR B b ot et

car boxyl at 6,163,973, 6,887,574, 6,632, 893 6,242,083, 7,037,958, 6,572,971, 6,153,719, and

3, 4- €00y G et Iy Gl gherlo et L 3, sk & HEL ) SYRL oA o

bi s(2, 3-epaxy mmpmbydh} e@tirB 8¥s¢lodsif dthich aRPIOXHpdFREd by REbrict Rerein.
polypropylene gl ycal ; ent ene di oxi de; (QSX|d|zed pol ybut adi ene; silicone

resin containi n§ YGXY Olb yaliglagPyyt amey rejpr %Wécfpmenﬂ%t@w%ma%p PUREL of

phenol -kor pRl %@%Y gﬁ aﬂpkﬂ@lhﬁ(}esﬁ%{ﬁﬁbo@ﬁoﬁ besewaVR féblasodindes, b Afod Badgnanes
D.E.N. 431 an 438 avail abl e from The Dow Chem cal Conpany): and

resor ci nol edi-dropriteyt 1 & Rabout Al FHudg shovt bpdcioraben 2 E§/070nl§’n\tf*iﬂélﬁe‘@iﬁsecb‘i’fher

epoxy resi B} HRAPGE ﬁt%@tﬁero"f‘&%[&asﬁﬁdsqﬁ%ﬂeg@ﬁﬁ E@siol- R and D.E. N avail abl e
fromthe Dow ChEHI% Conpany are al so useful for the purposes of the

present inventi Gnmpounds which may be used in combination with one or more compounds of

formula (I) and/or pre-reacted forms thereof for the cross-linking of epoxy resins include all
20  compounds which are known for this purpose. Usually, these compounds comprise at least
two functional groups which are reactive with an epoxy group such as, e.g., phenolic
groups, acid groups, amino groups, and acid anhydride groups. These compounds may also
have been pre-reacted with epoxy resins.
The curable epoxy resin compositions of the present invention may contain one or
25 more catalysts which are capable of promoting the reaction between the cross-linking
agent(s) and the epoxy resin and for promoting the curing of the epoxy resin.
Non-limiting examples of suitable catalyst materials include compounds
containing amine, phosphine, ammonium, phosphonium, arsonium or sulfonium moieties.
Particularly preferred catalysts are heterocyclic nitrogen-containing compounds.
30 The catalysts preferably contain on average no more than about 1 active hydrogen
moiety per molecule. Examples of active hydrogen moieties include hydrogen atoms
bonded to an amine group, a phenolic hydroxyl group, a carboxylic acid group, a thiol

group, an amide group, a urethane group, and a carbonate group, to name but a few. For
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Furt her exanples of epoxy resins which may be cross-linked with conpounds
of fornmula (1) of the present invention are disclosed in, for exanple, US.
Pat ent NowoO 261018816973, 6, 887,574, 6,632,893, 6,242, 083, PCTABZ009584992
6,572,971, 6,153,719, and 5, 405,688, WD 2006/ 052727, and U.S. Patent

Appl i cation Publication Nos. 2006/ 0293172 and 2005/0171237, the entire

di scl osures of which are |ncom%orat ed by reference herein. In order to
obt ai n sat iI%fa4Ae% d]f‘ey amjng aad nbp H’érf@?t‘e?%énéé%YéﬁtaF%ﬂeé‘ﬁa%}’ t%ﬂ% rf‘i%?%gr in the

epoxy (or ?Hyspﬁlhbeﬁl)neﬁ&SI dhdC P AShlohRh ahd e@l !}éﬂohmﬁﬁ diQds aﬁ@“%reﬂ:ra%ly/o to
about 3.5 e.g., fromabout 1 %to about or from about %to

about 2.8 Wﬁ?fn%éla@’flﬁom%aé‘é‘cphéwh?ﬁémtfml%leswe| ght of the organic solids in

the resin Conpoﬁkﬁohgfbrefgﬁémw a‘{’ﬁlhé‘shthg@}hak?eoeuﬁééq i c;ﬁﬁ%@é RAt [RRo Wbt h one
or nore conpounds of fornula (I) and/or pre-reacted forns thereof for the

cr oss- | Pnkippkyafnes pok yn ropeni- ﬂ@m oictyghe staicture oitsd hads alvaf dia aanee Rodengans or
this purpogey, U lﬁ?lsluXablé Q%ﬁm‘é&@&‘dﬂ% h%ﬁf@&%ﬁe%@ﬁp' %ﬁé réf&@bl% u%”a'

groups which are reactive wth an epoxy group”s
groups, acnﬂclgaii@hpsorawnmocgnogpqos and aci d anhydri de’ groups. These

conpounds mmay algoa 1nr%sex§r§81€ rfe[hesg%t eS'm""lutdE‘ SRAX Yk RS §S-  The curabl

epoxy resin conp05| resent I mventi ons may ctontain one or nore
catal ysts \dlhlzaﬂilcyarol‘;ﬁ aamahﬂc@ afe pr(dnﬁﬂ)l ngnicthgl r ediethhwiahiat Wweariethjiemine,

cross- Li nki t he. epoxy .resi.n _and ti ng t he curjng of
Cheendh] AR ShiefDl R B R e P oRES TR iES pigt e B

i ncl ude conqﬁmund:s Ri‘é‘fﬂﬁr@i Aami@s aifd rﬂl&; e s, pliici@oallaymandi wiatyl pinﬁﬁqah@ﬁldhuﬂs

ar soni um or . sul foni um noi eti es. ticul arl ferred ta ts are

het er ocycl |t%etl?ﬁl?r?18§etﬁpgv faaying (?gé C}/O]i*gfé’?é‘é‘f% 9%&3‘6 %‘ﬁéﬁ%ﬁnﬁl
contain on ath&E 206n ROmemyIediddhai] abmast and tﬁgtriamnayﬂrn@gamhrzptrﬁ:&nana%me

nol ecul e. npl es of ~active hydrogen noieties include dro&en at ons

bonded t o éVFa&ﬁ?fH%Wg“%@Pﬁ fon X RPECH By B 1 spsoussolispp afgadiapthet d

group, 18 tRis@lihr AlRre BiHiAMAHEpQIRME, EdeMiB PRASIA Oy ARde Ra@REDARAL €
group, to nane but a few Forinstance, the "am ne and phosphine noieties in

catal ysts &pyphimelylaBing tertiary &M ne or phosiphidrectimieinpagthyliphanelhe

anmoni um and ph and
ohosphoni um moi gt&l? @gm&g*exm%@; bR e RESERTiE Rl FHABENAY Ya APHLALIYM

those described in U.S. Patent No. 4,925,901, the entire disclosure of which is incorporated
by reference herein. Preferable heterocyclic secondary and tertiary amines or nitrogen-
20  containing catalysts which can be employed include, for example, imidazoles,
benzimidazoles, imidazolidines, imidazolines, oxazoles, pyrroles, thiazoles, pyridines,
pyrazines, morpholines, pyridazines, pyrimidines, pyrrolidines, pyrazoles, quinoxalines,
quinazolines, phthalozines, quinolines, purines, indazoles, indoles, indolazines, phenazines,
phenarsazines, phenothiazines, pyrrolines, indolines, piperidines, piperazines and
25 combinations thereof. Especially preferred are alkyl-substituted imidazoles; 2,5-chloro-4-
ethyl imidazole; and phenyl-substituted imidazoles, and mixtures thereof. Even more
preferred are N-methylimidazole; 2-methylimidazole; 2-ethyl-4-methylimidazole; 1,2-
dimethylimidazole; and 2-methylimidazole.
Further non-limiting examples of catalysts for use in the present invention include
30  hydrazides, modified ureas, and “latent catalysts” such as, e.g., Ancamine 2441, K61B
(modified aliphatic amines available from Air Products), and Ajinomoto PN-23 or MY-24.
A Lewis acid may also optionally be employed in the curable epoxy resin

compositions of the present invention, especially when the catalyst is a heterocyclic
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Among preferred tertiary am nes that nmay be used as catal ysts are nono- or
pol yam nes with an open-chain or cyclic structure which have all of the

am ne hydwogerm2sspl aced by suitabl e substituents, suchpras/usgavosepbyl
groups, and preferably aliphatic, cycloaliphatic or aromatic gr oups.
Non-limting exanpl es of these am' nes include, anong others, 1, 8-

di azabi cycl o(5. 4. 0) undec-7-ene (DBU), nethyl diethanol am ne, tr| et hyl am ne,
tri butyl aniPHESCHFMEHHPE Oﬁélﬁ?%darﬁxﬁ’élpfef rqulll?éfﬁ%yéll*ﬁ RETOgER- F‘E:‘%‘I“B&e%@&? YS&m ne,

pyridine angi@uird ptdrdifoly RE&T B doffhi RNbNQFhaAlSyid REdd Ak ahds¥ ldesdibbECERA Ky
and triaryl am nes, suc% as triethylamne, triphenyl am ne,

tri- (2, 3- dPReASRY TRV | GRERA )i HB;A aMed 144563, alPR y#ntigh Aiklonaes ofiWagh aych as

net hyl di eﬁ&%ﬂf&at&l”w%éfef%ﬂ& ha’é‘mt Tle@lKan@ afichese SNGM aR1ddE] ﬁﬁ"@g@fﬂkl@m ne.
Weak tertiary am nes, for exanple, am nes which in a | M aqueous sofution

afford & phalges)| @adest hyghoxi@ys aad éllmxdﬁs eliriag.| yn, pitaafusy, r@balt Exqnaaricad. [ixpn,
preferred i llc&{ Afudni ,y%)d%%{ofﬁ' o§tei§\ﬁ)n§51§LQ\9ﬂ7a¥ld9'oﬁﬁérB?( Ala dﬁﬁé’s ol Lowis

tris(di met hyl arm nonet pheno Imting exanpl'es of “suit
het er ocycl |ac:1dfn |0f bogentoc gramaplaibagce @altlahrjzslb@nq acd, ugpeondliysmbgwged bbodinen U. S.

Pat ent No. S%.b as tru‘%, l’é(%Xé/Q(%B Hé)l [ 10% eg/ q%gt L&d %];udv@bf: Qorm? a;l ?%018%& algo':f‘on

ref erence herein ero iC secon artrary am nes or
ni t r ogencomtladeni rige dalidab ysks amknrrcmm(&rdebencemboye\dlslamls ube, teﬂid)ro exanpl e,

i d |
oyrrof al. - PfaD: Be FOvER: Ras: PRGTIT HET L MRer 1 RS Syt dRnaen
pyri m di negnhyayiti¢ of i deWRIAcidOTHRED], 68 ,exQuplo O¥At hdi@srnetﬁlidnlaﬁﬂl hin@Sionally
pht hal ozi nes, i | es, 1ndola

Phenazt nes ARt a R Sh BT A gP RS Bl PHosine PRIV F R o)

pi peridi nesn opu&ﬁnﬁzsummt@n&l&‘@m)bd}aﬁ ReZe amky@rb@fafte Tﬁgs@%wa& hyapreferr ed are
al kyl -substituted 1 m dazoles; 2,5-chloro-4- ethyl imdazole; and

phenyl - subSHFYAYE & CHIREFRIDY ESIns sl pbigrowit H&WOCYE\}%W“%@&OBP@W& red

are N-nst hybhpdagQk frndnb®Re hyl i m dazol e; 2-ethyl -4-nethylim dazole; 1, 2-
di met hyl i m dazol e; and 2-nethylim dazole. Further non-limti ngi exanpl es of

catal ysts for udke pmowmef ek agidwemidyeh is preferdly Hylershehaues, fﬁ@@ P ed
ureas, andp] lxzﬁ'sta%ﬂltpe? Ao Mﬁeroe?ﬂﬁmléégen%oﬂpmulﬁpﬁ@f@ ﬂ?@fel%ﬂlg?jat 188 LBout 0.3

moles of Lewis acid per mole of heterocyclic nitrogen-containing compound. The Lewis

acid preferably is present in amounts which are not higher than about 5 moles per mole of

20  catalyst, e.g., not higher than about 4 moles, or not higher than about 3 moles of Lewis acid

per mole of catalyst. The total amount of the catalyst usually is from about 0.1 % to about 3

%, e.g., from about 0.1 % to about 2 % by weight, based on the total weight of the organic
solids of the composition.

The compositions of the present invention may also optionally contain one or more

25 additional flame retardant additives, including for example, liquid or solid phosphorus-

containing compounds such as, e.g., polyphosphates, polyphosphonates, phosphites,

phosphazenes, compounds which contain phosphorus in the side chain such as, e.g., dioctyl

phthalate - epoxy reaction products, and adducts of DOPO (6H-

dibenz[c,e][1,2]oxaphosphorin-6-oxide);  nitrogen-containing fire retardants and/or

30  synergists, for example melamine, substituted melamine, cyanuric acid, isocyanuric acid

and derivatives thereof; halogenated flame retardants and halogenated epoxy resins

(especially brominated epoxy resins); synergistic phosphorus-halogen containing chemicals;

compounds containing salts of organic acids; inorganic metal hydrates such as, aluminum
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(nodified aliphatic am nes available fromAir Products), and Ajinonoto
PN-23 or My-24. A Lews acid may al so optionally be enployed in the curable
epoxy reswo2emmesstions of the present invention, espeeCalusgoosiosnst he
catal yst is a heterocyclicnitrogen-containing corrpound Exanpl es of

het erocyclic nitrogen-containing catalysts, which are preferably used in
conbi nation with Levm s acids are those described in EP—A 526488, EP-A
0458502, ahydreR-aad gnsepasem fydiajse baiepicpRARNg OBRAYKS sYFh thicch zpcgborate;

i ncor por at @gkiHvnyL @hB{HBL oMBHEID - subieWsS eaCi g8 ohifah SBIR; Us@fildbedefChide, for
exanpl e, halides, oxides, hydroxides and al koxi des of zinc, tin, titanium

cobal t, masgabiaeonsihesel. silicon, al uminum and boron, for exanple Lew s

aci ds of bor on, wapd AL B85 Q@talld% SwiR@l d8n@h Pt%ﬁﬂyrusf e EP&?éEP'lf? poric
acid, netaboric acid, optionally substituted boroXines (such as

trimet héxyb@m@@utn?@) of 8t piseral [iyvesudrst the thegphowis deyaiogbdarn retaidiyt apor at es,

boron hal i %%ﬁ:ﬁa a rg-{]hﬁ{&?nti( SYE thafhe 2l Sh g%}ielf?%k Q&Dtengrﬁfe’tfhg}ég@]rcohﬁ%é&iecu ds

that tend atively wea conj ase. era W S
acid is a lieiwsawi 0260 tdaboatrh, %dry va%nglmrhagedrdndl@ tofal weigmfsheangaahlqﬁohtb&)r on,
for exanple borig acid LaRor I Cna ional |y s tit bor oxi ne
(such as trinet oxy 1(())P?El)lfﬂane i ﬂan%hl% ar acr)lF %%lthvg’s ol%(:htarS le?rganllc gflergi)(f %e) an
optional | ytzﬂm)bsatyllitewtsﬁ_ﬁnme!admpoﬁt_ldmroﬁme posserainvehtion.  borate. These Lew s

aci ds e very fective.in curi.n when ¢ ed with the

ot erodyel 1o, ni TPOGER ESint o R ARG SRR P i SETS Shl Bfstihe o

the Lew s adielic@nphpylesoptonpilet@tabbye at mbreasier abditites Ancludii, €& bhmpew s
trog n conpound, nore. prefera

acid per nole of he erocyg& 2%}; at | east
about 0.3 REMEESEfCO Oé%ﬂt% dtaﬁaﬁwﬁm OVERS HSERIP o AYEFIIE 0 PEE eWDEBHEa i ng
conpound. Th@xk®WsS pagizteRl fibataR, »ovehﬁlgparnascﬁ@brsmg ANDYRLSMBINTER, akRcd0t

hi gher than about 5 nples per nole of cataly not hi gher t han about

4 nol es, anOr‘i‘tfterSmF‘%éantPHé‘i‘Pt%%dﬁ‘fld 3°lFE AR SUASS %Qetﬁcglfa%rﬁbﬁ%i lyspLs,

catal ygt. Téh@mteoatnalnoﬁlmab'twetﬂé‘rmbﬁﬁstfé%&s@ﬁsy&k usually is fromabout 0.1 %to
about 3 % e.g., fromabout 0.1 %to about 2 % by wei ght, based on the

total weight of Mhse agolyshi e usesl indde spoph@r OBRPOSHR iCOMPOSTIRES Ob MisoREINbNs of
the present, thY&lrtﬁfdr%arﬂm B4 r&E&{g ﬁ%@&kéa}mﬁgnﬁrﬁéﬁn&lﬁ& f3F eﬁﬁ{p?e ?H)gm%h@na'

flame retardant additives, includ] ng or exanpl €, liquid or "so
phosphor us ebrelaicHiyivgher (Dowanol PM™, “available from The Dow Chemical Company),
methoxypropylacetate (Dowanol PMA™., available from The Dow Chemical Company),

20  methylethylketone (MEK), acetone, methanol, and combinations thereof.

Non-limiting examples of fillers for use in the present invention include functional
and non-functional particulate fillers with a particle size range of from about 0.5 nm to
about 100 pum. Specific examples thereof include silica, alumina trihydrate, aluminum
oxide, metal oxides, carbon nanotubes, carbon black, and graphite.

25 Non-limiting examples of adhesion promoters for use in the present invention
include modified organosilanes (epoxidized, methacryl, amino, allyl, etc.), acetylacetonates,
sulfur containing molecules, titanates, and zirconates.

Non-limiting examples of wetting and dispersing aids for use in the present
invention include modified organosilanes such as, e.g., Byk 900 series and W 9010, and

30  modified fluorocarbons.

Non-limiting examples of surface modifiers for use in the present invention include

slip and gloss additives, a number of which are available from Byk-Chemie, Germany.
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conpounds such as, e.g., polyphosphates, pol yphosphonates, phosphites,
phosphazenes, conpounds whi ch contain phosphorus in the side chain such as,
e.g., dioxvoybioghstsal ate - epoxy reaction products, and &duaste9os4IROPO
(6Hdi benz[ c,e][l, 2] oxaphosphori n-6-oxide); nitrogen-containing fire
retardants and/or synergists, for exanple nelanine, substituted nelam ne,
cyanuric acid, isocyanuric acid and derivatives thereof hal ogenated fl ane
retardants and N&P Hﬁ’éth%t éélaf%lﬁﬁﬁxy)fr gerppp!l 9(5%% rfé%}’i‘sal PS/ usE offi Hst EORp SN

resins); sypg (gilltﬁ)tn!; 6t (BD BRANP (M Sniidn 3 PARLAN AldHoRFeLRENMhER PlasEORRAUNS
cont ai ni ng sa organi ¢ acids; inorganic netal hydrates such as

al um nunhyd‘#céltaé %&dp axpulioney aplasudtongse peliethestitlioner. RglyvisWislsomBuoridech as,

e.g., zinc t i S g b and
g O A G e N G

r et ar daft s pahisthasent ai n phosphorus are present in a conp05|t|on of the

present inventigg, g}%pgﬁaﬁfpﬁk‘gréfsm% oy 'g‘%ﬁ{s' RAMusd G 8 ﬁﬁ%&t%&n&&{‘era' 'y

present in anpunts su the total phosphorus content of the resin
conposi t i omdlsle fwragen sabloast e.0., arfguba about 5 %y wei ght, based on t he total

wei ght of the opgani optd onal | th n- fI ret ar dant
addl t | ves SUCh g)g CPLHOGI_, %@e Ireg%fcol‘rrip%smo fItBe p{es%/rft II?VGHFOIbgl% rlse 3%10118

conp05|t|om&mokmﬁmmlpmhseﬂtFomvamnmonhqﬂhmyemﬁmm&rﬁmbmnmbmmmawmnnmae(and
al so ot asitions) o resent. i.nventi o

bt ondl Ty "Eg ATHE RO PP bire TaERe: DB PR e (B e,

pi gments, caf.ofoaBbSy I{O,A{nﬁlb&lﬁialdlrﬂﬁé§ ridiewW ingyagestisocyMicd@atyngedgent s,
synerglsts,Hgnt|OX|dants ?t|2|cers | ubricants, wetting and dlsper5|ng
ai ds, fl ow?nbdrUP& PRI g 8 @lSSgdi f i ers, adhesion promoters, mold rel ease

agents, sol vent ghe Cohp&Ritons P ass ptds&ﬁrlﬁvenﬁ@ﬁ \e@R b, pro@REd ibyemaith all the
non-reactive thernoplastic resins, etc. Wien a solvent is used in the epoxy

(or other)C?@E@W“@&ﬁﬁ%@?@ﬁﬁhgn%ﬁ t he present invention (for exanple, for

| MprovijRg procegsaidimbAl )didclosER YierMC hivd elh@T 0 BRI oR TP RVhiBBGtions by
gl ycol net hyl et her éDomanoI PMtm, available from The Dow Chem ca

Conpany), BERHBX YA oplplizieet e ecolDovifolof PRACOMPOsiEnsi Inghidenst ploaTthenDow
Chemi cal  Conpambin gfﬁﬁﬁﬁbﬁk#&m&e&%&@&% B meREE kAR Sradi R LPANCst 2 AAFbrity

conbi nati ons thereof
of the components, by weight, to form the composition. “Majority,” as used herein, refers

to greater than 50% of the total weight of the composition. In various embodiments,

20  grinding and admixing may be performed at a temperature below a melting temperature of
at least 60%, at least 70%, at least 80%, at least 90%, or at least 95%, or even 100% of the
composition, by weight. Where some components are used at a temperature above their
melting temperatures, such components may coat, adsorb, or otherwise be incorporated into
the particles formed by the grinding.

25 Admixing and grinding may be performed at a temperature, for example, of less than
about 25°C. In some embodiments, the grinding and admixing may be performed at a
temperature in the range from about -273°C to about 0°C; from about -200°C to about 0°C
in other embodiments; and from about -80°C to about 0°C in yet other embodiments.

Grinding and admixing components in this manner may result in an admixture of

30  components in the form of particles. Due to the grinding and admixing at a temperature less
than the melting temperature of the components, particles formed due to the grinding
process may be heterogeneous in composition. In other words, the particles formed may not

have a similar composition, including an admixture of each of the various components of
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Non-limting exanples of fillers for use in the present invention include
functional and non-functional particulate fillers with a particle size
range of woemozkewss 0.5 nmto about 100 mm Specific exaoplusgomiosrenf
include silica, alumna trihydrate, alum num oxide, netal oxides, carbon
nanot ubes, carbon bl ack, and graphite. Non-limting exanpl es of adhesion
pronoters for use in the present invention include nodified organosil anes
(epoxi di zed® FRINQSIEPY| 25 WeRIhGe faunped) usingt & sqlvenybaing |PAecEtsoffat B I-CS PR
Contaln'nggﬂﬁb@?Qﬁ@ﬁﬂxﬁQﬁ@&ﬁi&ﬁmeéﬂﬁp&kﬁ@Qﬁ@Hﬁ§eamgﬁnhaﬂmihﬂ&@ﬁﬁﬁ@ﬂﬁﬁs of
wetting and di spersing aids for use In the present 1nvention include

nmodi fi ed ofArRSsYibeRHe SN Sutngadt has pen find bgoadsayate BgERY ONIBOAMPOReTHES

nodi fied f |ok'&1"r§)&ﬁanQﬁ§cuﬁN§ deci:s@? &ﬂo@z@ng%@fﬂﬂn@éorpéf BUful1aetyoPdfchgE Spfipr use
in the present invéention include slip and gloss additives, a nunber of

whi ch ape agviild &blesarhplorhaBhéenChennyed, foGacheenpaNsions dsrdetirmgieékaaphresisof
ther mopl ast} glla%sﬁﬁhﬂﬁoﬁ %Fn\l;&%&n%%} &?nrp%B%% rﬁa%%'a@co?cﬂ%?%sérﬁﬂogfﬂ%nﬁfdistcﬁ% resent

invention in e reactive and non-reactive thernopfastic resins such as,
e.g., polypbhemyigubhbsiesyedpylsylserdtfborneprocpoky et her sul f ones, pol yvi nyl i dene

fluori de, p.0| ye&Qr?lr(i)sm %gsahd qﬁéuy ?e@%l% l itﬂirglgése’t.rgsci)rllsyggn%i nsic%?:‘ze%l Safm%ﬁ;r%l I Cs,
phenoxy resins, ang p61yuret anes. n-ﬁ|n1t|ng exanpl es of nol d release
agent s for curableicompbstiqgns es@nding nv enbadomeritndiseloed warees as dedaribg], abeve and

car nau wax. Of course, .the.resin conposjtions, of the present invention
may coﬁﬁri DI I%tﬂgﬁgﬁﬁ??%ﬁoﬂpoﬁg‘gf P# @85@”?%#%?8%@?%? 4 WBYTHYF
conpri se fM&@Whﬁ?ﬁﬁmﬁﬁﬂ@&hMﬁﬁﬁ?fbanﬁmaﬁﬁgﬁdhpfagmﬁhaua®yh?gmﬂve pol ymer )
properties. Non-limti ex es thereof include (e,g., for epoxy resins
bi smal ei mi des, WF%SE?Snggflo?eggnglﬁaP@& bg é‘éﬁ‘f{}é‘ﬁJF%‘P]&s }H%B’gr’aﬁéﬁ éPOE‘B?‘éPES; al |yl
group cont gidnidg Mebetdl as., ﬁaﬁ@. solibie GPRPOSIE LRASInOfonkEiRioRAIESBRh-bIENT | ON

can be produced by m xing all the conponents together in any order.
Enbodi ment §T4FSeY BYeP Rt enpPositieds rel ate to the fornation of conpositions

by grindi ng andtRdbpidich®r GRIMPRRGN AV Liod REn EMREST fol RQREmpik NGl Hdkng at

| east one composite materials by techniques well known in the industry such as by pultrusion,
molding, encapsulation, or coating. Especially the epoxy resin compositions of the present
invention are particularly useful for making B-staged prepregs and laminates by well known
techniques in the industry.

20 The polymerizable or curable compositions of the present invention may be used for
any application that such resin compositions are used. For example, the epoxy resin
compositions may be useful as adhesives, sealants, structural and electrical laminates,
coatings, castings, structures for the aerospace industry, as circuit boards and the like for the
electronics industry. The compositions disclosed herein may also be used in electrical

25  varnishes, encapsulants, semiconductors, general molding powders, filament wound pipe,
storage tanks, liners for pumps, and corrosion resistant coatings, among others.

In some embodiments, the curable epoxy resin compositions described herein may
be cured as such. In other embodiments, composites may be formed by applying a curable
epoxy resin composition to a reinforcing material, such as by impregnating or coating the

30 reinforcing material, and then curing the curable epoxy resin composition with the
reinforcing material.

Especially when used for the cross-linking of epoxy resins, the compounds of the

present invention may be used, inter alia, as flame-retardancy imparting compounds for the
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t hernosetting nononer, at a tenperature below a nelting tenperature of at

| east a majority of the conponents, by weight, to formthe conposition.

"Maj oritywbO2am/258d herein, refers to greater than 50% @CTtuseowosab2 wei ght
of the composition. In various enbodi nents, grinding and adm xi ng may be
performed at a tenperature below a nelting tenperature of at |east 60% at

| east 70% at | east 80% at | east 90% or_ at |east 95% or even 100% of the
conposi t i oRTOdHSHARE! PRPted e bEttend GiYBRREAPS NG Gisduis Packagigpurhtur e
above t hei c@striddg, tenperatures, such conponents may coat, adsorb, or

ot herwi se be incorporated into the particles forned by the grinding.

Adm xi ng and grinding may be perforned at a tenperature, for exanple, of

| ess than aQout.450C. In sone enbodi nents, the grinding and adm xi ng may be
performed at a tenperature in the range from about -273 0C to about 00C;

f rom abéut SypbgOOftsertaigauatergd ormplagVHer enbodi ment's; and from about -800C
to about 00C in yet other enbodinents. Ginding and adm xi ng conponents in
this manner may result in an adm xture of conponents in the form of

particles. Due to the grindi ngR @M Ring at a tenperature |ess than the
melting tenperature of the co nepts, Pparticles fornmed due to the grinding
process may be heterogeneous ih ®onpo§ition. In other words, the particles

formed may not have a simlar conmpogition, including an adm xture of each
of the various conponents ofthe conposition, as would be fornmed using a
sol vent - borne process or a nelt-extrusion process. Even though sone of the

conpongpts may hayvso0anhigik, meldidnigobearme  BJoUhE) RixchdagyoRniérSGAS (A5
melting, it has been found that adequate m xing of the conponents occurs

during t he 2cdf? HE P} Ylgysiding hydigrHerider 8- 1o mamlonPlysphdiensitishlonidet(Wobk

structure. 1hoibly golr b1, OANL LY A RIIE dRBFisLeeR PRILNVEH {RlticRUGHhel. The
conposli tions as determ ne conpan son of gI ass transition te eratures

db
for conposiresiss soteen %@Gﬁft@/ togl 0P evmp e dpmedls nandanaatagedarl@P e (or ope t hose

formed by S@iiN&Ri nBY REuRLEGESSESar, COABRASIbuRBS At&ninBahE ifi&atthitengo.
t hernoset resins may be screened by form ng curable conpositions according

to enbddi méivhivrai? 6l 19sedhoneBerdiphashaduty.f vedecatsowbichrasi erafigaichby gl ndi ng
o, x| SRRt syl LGS AL ARG B A LRI AG g bel o 2
to the solution over 65 min. The temperature was maintained at 25°C to 42°C during the
addition. Nitrogen was bubbled through the solution to remove HCI and CO. The reaction
mixture was filtered via vacuum filtration to collect the solids. The solids were washed
20  with toluene and diethyl ether, affording 3,9-H-3,9-dioxa-2,4,8,10-tetraoxa-3,9-
diphosphaspiro[5.5]undecane as a white solid (81.1 g, 89%).'P NMR (122 MHz, DMSO): -

6.4ppm. ESI/LLC/MS: Actual for CsH;004P>: 228.08; Found: 228.08

Example 2

25  Preparation of oligomeric version of compound of formula (V)

OH OH
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Processes disclosed herein may be used to readily incorporate conponents,

i ncludi ng those that are poorly soluble in solvents used in conventional
sol vent - byoreelggRemésses, i nto curabl e conpositions. ThePcomgseawssns of the
present invention can be used, for exanple, to nake conposite nmaterials by
techni ques well known in the industry such as by pul trusion, nolding,
encapsul ation, or coating. Especially the epoxy resin conpositions of the
present inventibh éréx@ar@Pcuﬁgﬁlymﬁ ef{Asks of IrhiRiorlion- 5t &d B PEpi-dys and
| ami nat es la}phw@lhhsp&egvyguﬂcﬁ@iﬁel(ay@g, 398 ) WAUREEY to 2Té‘t§o:§@ﬂh)(ﬁ@r(1(i)3@iu)9 or
curabl e conpositions of the present invention may be used for any

appl i cat i oAnd RgrealiPHPePERIMOBDIPPY S P78 Mynelt wagaslder! andghe Exyigp) BIXWHwaepoxy
resin conmpgsidd W@S@%P@pp&%&%&k&y@ hAFDaSeY 8% cRBR! RS reasiidnUhib YeRlioNd

el ectrical |am nates, coatings, Castings, structures for the aerospace

i ndust ry, auxtwier wliflifie¢hobhredwlidernted en Ihekgadtion npik@reey escdiregdnin gsvacmausvey. The

conpositions disclosed herein may al be used in el ectyical .varnjshes,
encapsulanp§?n@§hWEbﬂH8 %%Wﬁ?‘ﬁg%g¥§$&ﬁﬁpﬁ?ﬂﬂl @ﬂﬁ@?@?(ﬁ$Pﬁﬁéﬁ$“ urtd pi pe,
storage tam§gr (141N@Ms, HMMBOPWEPI6, -and, gaprogpon resistant coatings, anong
others. In sonme enbodi nents, the curable epoxy resin conpositions described

herein may be cured as such. In other enbodi nents, conposites may be forned
by applyinizgnﬁggable epoxy resin conposition to a reinforcing material,
such as by 1 npregnating or coating the reinforcing material, and then

curi ng l0he Syutheti & PhpsphygnateSaning ol of ipnmwtMl t he reinforcing materi al .
Especially when used for the @&ps -d iki ng of epoxy resins, the conmpounds
of the present invention nmay >§§%d{ inter alia, as flane-retardancy

i nparting conpounds for theprogycti®nHof printed circuit boards and
materials for integrated circuit packaging (such as |IC substrates). Exanple
1 Synthesis of starting material fornmula (VI1) (VI1) In a 500 nL fl ask,

1, 2-di chl orobenzene (100 nm.) was &dded to pentaerythritol (54.5

Into a 250 mL S-neck flask containing 70 mL of toluene, neopentyl glycol (41.7g,

15 0.4 mol) and water (0.40 mol) were added under vigorous stirring. Phosphorus trichloride
(PCl3, 54.9 g, 0.40 mol) was added dropwise and the reaction mixture was warmed to 35°C.

The temperature was maintained at 50°C once the initial exotherm had subsided. The
cloudy mixture turned clear, whereafter the mixture was heated at 110°C for 3 hours. The
reaction can be monitored by P NMR. Nitrogen flow can be increased at this time to

20  sweep away the residual HClL. After the reaction was complete, the resultant mixture was
transferred to a flask and concentrated in vacuo to remove toluene. The slurry of white

solid was further dried in a vacuum oven to afford neopentyl glycol hydrogen phosphonate
(59.3 g, 99 %). Melting point: 51-53°C; 'H NMR (300 MHz, CDCl3) 6 8.05 (d, 1H), 7.09
(m, 4H), 4.11 (m, 8H), 1.12 (s, 3H), 1.03 (s, 3H); p NMR (121.348 MHz, CDCl;) § 4.08.

25
Example 4
Preparation of compounds of formulae (III) and (IV)
OH
n_0
! Me
OH O
Me (III)



g, 400 mmol ) and pyridi ne hydrochloride (0.1 g, 1 mol). Phosphorous
trichloride (PCl3, 109.9 g, 800 nmol, 69 nlL) was added dropw se over 1 hour
via an adwptzomvn2fieanel . The resul tant sol uti on was heat edTtus20008@9nver a
period of 2 h and maintai ned at 1000C for one additional hour, resulting in
a clear, colorless solution containing the internediate 3, 9-

di chloro-2, 4, 8, 10-t et raoxa- 3, 9- di phosphaspi ro[ 5. 5] undecane whi ch was
confirmed by 3 1P NWR (122 MHz, DMSO, -149ppm). Formic acid (36.8 g, 800
mmol ) was added dropwi sgeto the solution over 65 mn. The tenperature was
mai nt ai ned at 25C toM4 gr|@g|the addition. Nitrogen was bubbl ed through
the solution to renove Cl pand _CO The reaction mixture was filtered via

e solids. The solids were washed with

tol uene and di et hyl ether, dl-Rg, 3, 9- H 3, 9-di oxa- 2, 4, 8, 10-t et r aoxa- 3, 9-
dlphosphasplro[S 5]undecane ag, a Whi tétesolid (81.1 g, 89%.3 1P NWR (122
MHz, DMSO: - 6.4ppm ESI/LC/ M5 al f CoH1I0O4P2: 228.08; Found:

228. 08 Exanpl e 2 Preparation of oli %Erfgfversion of conpound of formula
(V) (M)In a 250 nL three neck flask, 3,9-H 3,9-dioxa-2,4,8,10-tetraoxa-3, 9-
dlphosphasplro[S 5] undecane_( was added to

2- et hoxyet hanol 14 Gwﬂi§mbﬁdﬂP?%ﬁ@g?FbQ%bfﬁ@%?@&dﬁWﬁﬁ@mfgSB?“@““BQHW‘nnDI)

was added apghchfe® h@ptdr ?@Eolrﬂyaﬁogé@ pRshoAf Y RFg 1200 1aR® hay aBPIPNIER el y 5
hours. Over the courSe of 'the reaction the reaction m xture solidified. The

solid formeWOi LY hEo Mesatolytien PrRCREQIEEIONR & 1efr 8. €80 inpmeD) gudoasgis eridhl- 32120

overni ght apgh {?1 ) uh&ol\hr—lﬁ? rhiC é‘%é %&1&:@ cﬁ’épv&&%x@?ﬁ?ﬁ%d ﬂlfe QI sBluidn whes
isolated. P N 6, 2, -7.02 Exanple 3
Synt hesi s b&at@hwsblrﬁ)o@amé ﬂ& @ﬂctuongwavan@niogﬁd byr EdYMBI aUmn ¢owipjetiontad the 250 ni
5-neck fla 4 ol )
and vt er - (0T8T bttt By 7 g, Shur B ftne RGOSR SINER lp O upSh

trichl dPi devhida@ Bowb4018l precifitA@l. n"ﬂhe) solid svaa d deid tudy opseinpeumts df férerutae@d@idt i on

m xture m%nw dl"hE %ro?’v?nc'solid was stirred in methyl ethyl ketone (900 ml). The solid was

recollected and the compound of formula (IV) (5.3 g, 6 %) was isolated. The filtrate was
removed under reduced pressure to obtain a tan solid which was further stirred in diethyl
ether (500 mL). The solid was collected via vacuum filtration and the compound of formula

15 (10D (33.4 g, 64%) was isolated.

Compound of formula (III):

1H NMR (300 MHz, DMSO) &: 9.65 (1H, s), 9.10 (1H, s), 6.95-9.70 (3H, m), 4.10-3.90
(4H, m), 1.14 (3H, s), 0.95 (3H, s);

20 'PNMR (121 MHz, DMSO) &: 13.1;
ESI/LC/MS: Actual for C;1H;1505P: 258.07; Found 258.07.

Compound of formula (IV):

'"H NMR (300 MHz, DMSO) &: 9.86 (21, s), 7.08 (2H, s), 3.74 (4 H, m), 3.54 (4 H, m),
1.17 (6H, ), 0.61 (6 H, s);
25 C NMR (122 MHz, DMSO) &: 158.5, 154.6, 123.9, 77.3, 31.9, 22.3, 20.4;
*'P NMR (121 MHz, DMSO,) 5: 9.6;
ESI/LC/MS: Actual for CigHp4OgP>: 406.10; Found 406.09.
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The tenperature was mai ntai ned at 500C once the initial exotherm had

subsi ded. The cloudy m xture turned clear, whereafter the m xture was

heat ed atw0200026w5 3 hours. The reaction can be noni t oPEU/USP003/0399INVR.

Ni trogen flow can be increased at this time to sweep away the residual HCO .
After the reaction was conplete, the resultant m xture was transferred to a
flask and concentrated in vacuo to renove toluene. The slurry of white
solid was f3#PleP dried in a vacuum oven to afford neopentyl gl ycol

hydr ogen plik@mngpeefs@)f(cél% g’unﬁs of9f%m{é1ae (I\étibtamgaﬂaqmt 51-53C, 1H NWR (300
Mtz, CDA3) d 8 d@g 1.12 (s, 3H). 1.03

(s, 3H): 3 1P N&@@ et ’wweve@wi 19 ¢ Hépcl& fog thea@mrt% of Uy epyporniiopl of
corrpound_s Qb rnfule W;I]“{’)’JIQW lahd )(V@)ngltﬁ |6¥M}n re§1n5’11ﬂ§csﬁlaﬁc§galgtre£cg&9 dndp %Eﬁe&ﬁfﬁg | ask

fitted wwth a mechanical stirrer and reflux condenser, neopentyl glycol
hydr ogef p@mgﬁ@%&@%%(fe]dp\’gﬂ 200 nmmol ) was added to t ol uene (500 nL). To

A e R i S
sol uti on wdsnhéiat Bow (demi@! OQnpay) ishdaqed aic b icomvewas oreniat 6®°é?d tﬁﬁ)"G ubPl NVR.
Upon conpl % IVCl)Sr(])O Ogy of r‘he resn{’fl PStI‘IGCRlCGC? SA g%l%?_l 5"3[‘3‘39 3 8%’ D% I%E)M %s (%J £ _Was

cool ed to anbi ent upon wn solid reC| at'ed™” The
solid was alumimtou mlghfpaﬁoﬁbetmda)anouﬁcbrsrwd@le(l Isd:pa)ratamjab(oht\/b 10 ghﬁldbarddum solid

was stirred i th th ( The s was, I eco ed and
the corBouer B dmiurop € 5 A5E, 18 Toit i whis POt s b g it

r em)veg u nﬁgllipefaﬁldrl oed ﬁpﬁ(&ﬁlsm fo@gﬁd}de@mﬁ@r nTlae igamuﬁlﬁi pa;ﬂlls/\tmeg fbnMSd frUIIhtth’tel’
stirred in_diet er, (500 The solji d. was ecte acuum
filtration Bwblat? iad g ‘ﬁ’f%‘d%&o‘&fforr %ﬂPFﬁ}Ffaat%lVlzl Minplgs %Pa%ﬁfﬁfacﬁgacaéé’&%l%et ed.
Conpound ohof @B Uh@a &dibtion of eﬁﬁlt%nfl%ﬁ@s hbizum e (A1 c@ta@'@t) (T iﬂethﬁﬂol i9. 10
(IH s), 6.95- 970(3Hrr)41039 H n?114 (3H, 95 (3H, s);

3 1P NWVR ( 29dedpmd thqj\ggg)mgturq_g IfateégxpthW ORStTRPLES- Ope@{alm%‘%?ﬂCtI%S 07;
Found 238. QiduComPopin e afbmMékaaslohVieces of reactive that do not dissolve will be

observed. Upon cooling, the aluminum pan is placed in a plastic bag and sealed. The
modified resin, a glassy solid at room temperature, is then analyzed by DSC (Differential
Scanning Calorimetry) using the following protocol:
Equilibrate at -50°C
20 Ramp 10°C/min to 220°C
Isotherm for 30 minutes at 220°C
Equilibrate at -40°C
Ramp 10°C/min to 220°C.
Figures 1, 2 and 3 show the DSC curves obtained, in the given order, with the
25 compounds of formula (VII), formula (III), and formula (IV). The DSC data indicates
advancement with all of the test compounds based on the increased Tg versus that of neat
D.E.N.™ 438, Additional advancement is observed during the DSC analysis which is
evidenced by the difference in the Tg before and after the 220°C isotherm. The Al catalyst
was chosen to minimize homopolymerization of the epoxy resin, therefore, the increase in

30  Tgis attributed to a reaction between the epoxy resin and the test compound.

Example 6

Sample Preparation
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1H NVR (300 MHz, DVMBO) d: 9.86 (2H, s), 7.08 (2H, s), 3.74 (4 H nm, 3.54
(4 H m, 1.17 (6H, s), 0.61 (6 H s); 13C NWR (122 MHz, DwVsSO) d: 158.5,
154. 6, 1280201002535 31.9, 22.3, 20.4; 3 1P NWR (121 MHz pCDNS®)0p/084998. 6;
ESI/LC Ms: Actual for G 6H2408P2: 406.10; Found 406. 09. Exanple 5 Reactivity
test of conpounds of formulae (VII), (lI1l) and (1V) A DSC net hod was

devel oped to check for the reactivi tgyﬁgof t he conpounds of fornul ae

(V) and (V1) wi ©tH %S feapmpaagng lisgddn FIL V%%F‘Eieﬁi é‘h%?‘?%‘f?ﬂéﬂliéltes?@i‘l@éﬁibﬁg
procedure v@s satplf Qlab MR plabEnld fatIpkx 438pitAe %wyre@&y%ﬁtcmmnﬁpl@am ng an
epoxy equival ent” wei ght of 180 from The %o I8:hem cal Conpany) is placed in
a convect i 8§ diretpoleel Tgpaninuey pchaih of liqpid @itriget ad pujvegired f?é 3raglenatis
reduced. Anhf?&t@é eaQﬁ at31{)§p33 Ghel c%plgel-:thysa(rﬂﬂﬂ V1&13\§asl ém%dghﬁlgth'e REAnRA aﬁ"ci um num
wei gh pan. The test conpound is wei ghed separately (about 1.10 g) and added
gently fo themel uminambisaintcaperpoo@d Bhbtedeatie pmvder xeube linglysgroyndely f or 5
m nut es at &o@ﬂa?a&dggﬁgzrf@”dhﬁe {h a wooden tongue depressor. The al um num
pan is then renov rom-t ot plate and allowed to cool for

appr oxi mat élalylez @vmmrests The pan is placed back on the hot plate and a
solution o F rm 'IXtho IICIllxtl pllua Arxﬁiolbn%lll cetate (A— 1 catal yst) i n et hanol

i s added a.B’E B 8ca| } |||)\LU|c S @%ﬂd with stirring for 5 m nutes.
General ly HENWﬁS‘é’“ ve T cal duerwi—H |14§§ cl ear and on occasi on pi eces of
reactive t 8L, A% Wbe di-ssol-ve—wt+—og pbserved. Upon cooling, the alum num
pan is pl acggh ddna Pt asticbagrand—g§ga| ed. The nodified resin, a glassy
solid at r RPLS emTpeT ature, s thenageal yzed by DSC (Differential Scanning
Cal orimetr SR LTl fottow g P! HH"'Ol . Equilibrate at -500C Ranp

10 mn to B | SOt TeT for—B0mgytes at 2200C Equilibrate at -400C Ranp
10C/ m n t 0 2200C

Prepreg Preparation
10 The press was preheated to 125°C. A cut piece of 7628 glass cloth (12”7 x 127) was
placed on a metal release sheet, and below this sheet 2 Tyvex® spacers were placed. A 5.2
gram quantity of sifted cryoground powder was added to the glass sheet. The powder was
leveled out to make a circle by use of a tongue depressor. Then, a second release sheet was
added with two more Tyvex® spacers. A second metal sheet was placed on top and the
15  material was placed into the press at the desired temperature. The press was closed with a
force of 22.2 kilonewtons for 110 seconds. After the time has elapsed, the cycle was
stopped and the material removed from the press. The material was cooled to below its Tg,
for approximately 2 minutes. The metal sheet, release sheet, and spacers are then removed.
Preparation of laminate
20 The laminate was prepared using the following process: First, the prepreg samples
are cut to the desired size and the prepreg sheets are stapled together. An uncoated
aluminum sheet is then placed down on a caul plate. The prepreg stack is then placed in
between two release sheets and another uncoated aluminum sheet is placed on top.
The program for the preparation of the laminate was as follows:
25 Step 1: -13.3 C/min to 142.8 C with 55.2 kPa for a 10 second hold
Step 2: -13.3 C/min to 192.2 C with 103.4 kPa for a 90 second hold
Step 3: -9.4 C/min to 37.8 C with 103.4 kPa for a 30 second hold
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Figures 1, 2 and 3 show the DSC curves obtained, in the given order, with
t he conmpounds of fornmula (VI1), formula (Il11), and forrmula (1V). The DSC
dat a i ndiwaeten/agwancenent with all of the test conpoun@#sThss@d/ 064992 he
increased Tg versus that of neat D.E. N (tm 438. Additional advancenent is
observed during the DSC anal ysis which is evidenced by the difference in
the Tg before and after the 2200C i sotherm The Al catalyst was chosen to
minimze hoHOPANHEIFYR8i on of the epoxy resin, therefore, the increase in
Tg is attrmﬂmﬁ@ﬂmﬁpqamﬁga&&g Iﬁ@&ﬂﬁﬁBﬂk@%n@ﬁ@%&T&@ﬁkﬂm@@ﬁﬁmm%mk@§L94
conmpound. Exanpl e anpl e Preparati onAll of the conmponents listed in Table
1 were addeertied f&lﬂﬁ@ﬂbg}éhﬁqﬁan&b@ rgmgptae -0ek3. 1%h laading! eThgadrta KeshHowt Hted
into in Spgxpeanp&Prep 6870 Freezer MII. The sanple vial was pre-cool ed
for 15 mnutes 1n a bath of liquid nitrogen and pul verized for 3 cycles at
2 minut és éé@hQaﬂam€@b§B”Eﬁ@@§@dﬁb?éﬁémgihe sanpl e vial was renoved from
t he chanbe ] nmed—up Tt nnrﬁpg—fﬂnperature and isol ated. The powder
can be fin ﬁg%ﬁ?%ﬁguJ by HLnﬁgifﬂHu PEstle for further use. Table 1:
Conponent s|Preprey Prepar ticn&ﬂne PrEPS was preheated to 125C. A cut piece

17

S

of 7628 gl gss—ctothr (12" ‘g7 Was piaced on a netal rel ease sheet, and
bel ow t hi sfsheet—2 Tyvex(T)) RECETS YET e pl aced. A 5.2 gram quantity of
sifted crypground powder was qqud—ngThe gl ass sheet. The powder was

| evel ed oufgtp make a cirgie by, use g{|a tongue depressor. Then, a second
rel ease shegl, Was added wWith two] Jgore [fyvex(r) spacers. A second netal
sheet was pgapgd on top and the mgperial was placed into the press at the
desired tenperature. The press was ctosed with a force of 22.2 kil onewtons
for 110 seconds. After the time has el apsed, the cycle was stopped and the
mat eri al r enovedlthoughtherwesspiggeentifhbasrpareddseribedas cangidirable detath slitbwedars T,
for appr oxiTBLELY vy BhLES: oHIEVIBHA oS BElnle bl GRS AlmuAG S BRF ST S
are then reane reparation o nlna ‘l'ami nate wasS prepared using
the foll ov\neqr.gvepqsm:{;eﬁéle vl@rsrogtshowmgwaoe@n@ga@mpﬂ wsthose skilled in the art upon a

10 reading of the specification and study of the drawings. Also, the various features of the

versions herein can be combined in various ways to provide additional versions of the

present invention. Furthermore, certain terminology has been used for the purposes of

descriptive clarity, and not to limit the present invention. Therefore, any appended claims

should not be limited to the description of the preferred versions contained herein and

15  should include all such alterations, permutations, and equivalents as fall within the true
spirit and scope of the present invention.

Having now fully described this invention, it will be understood to those of ordinary

skill in the art that the methods of the present invention can be carried out with a wide and

equivalent range of conditions, formulations, and other parameters without departing from

20  the scope of the invention or any embodiments thereof.
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are cut to the desired size and the prepreg sheets are stapled together. An
uncoated al um num sheet is then placed down on a caul plate. The prepreg
stack i s wheniogl2amed i n bet ween two rel ease sheets and &aotusesovusont ed

al um num sheet is placed on top. The programfor the preparation of the

| am nate was as follows: Step 1: -13.3 CUmn to 142.8 Cwith 55.2 kPa for a
10 second hol d Ste%lz . -13.3 Cmn to 192.2 Cwth 103.4 kPa for a 90
second hol aVIéf\&SS§ AIMEDASE/ vin to 37.8 Cwith 103.4 kPa for a 30 second
hol dFl ammabi lity Testing Flammability Testing was perfornmed under the
standard ASTM nethod D 3801 (the UL-94 vertical flammbility test). The
rating was V-0 &t 3.49Preugddf fegnulrkl: data is shown in Table 2, bel ow.
Table 2 : Flammability Testing (3.1% P | oadi ng) Al though the present

i nventi on has been described in cQNQEQerable detail with regard to certain
versions thereof, other versions are ossibl%, and al terations,
permut ati ons, and equi val ﬁ of~TF Bn ishown will become apparent to
those skilled in the art uponl™ \f tje speci fication and study of

t he drawi ngs. Al so, the various ‘Ofrs tthe versions herein can be
conbi ned in various ways to provi de additiondl®versions of the present

i nvention. Furthernore, certain t ﬁ1nology has been used for the purposes
of descriptive clarity, and not t& I"énmit the present invention. Therefore,
any appended clainms should not be |limted to the description of the
preferréd versions contained herei® and shoul d include all such

al terati onsyhegy Mut ati ons, and equi valents as fall within the true spirit
and scope of the present invention. Having now fully described this

i nvention, Mt O0wl:2lotBe understood to those of ordinary skill in the art that
the net hodg of ot g, DLEREAL prbRYSME! B GAS nDGhiSRE fafd; OUt With a wide and
equi val ent range of conditions, fornulations, and other paraneters w thout
departing ftheompiches Bcaopandspendeatly peleatdd Gpmormtiarallyemwbesdutad aiksl, tchidpakfl. WHAT

IS CLAI1NEDaiéﬁyl,lcycﬁaﬁgm,omgalgfkyf, gﬁ(mﬂi(ﬁyﬂ ér))ﬁps%z?i—ﬁfiz, -COR3, -CN, halogen,

and -N(R5);, and two moieties R; on adjacent carbon atoms, together with the carbon atoms

to which they are bonded, may form an optionally unsaturated, optionally substituted 5- to
8-membered ring;
the moieties R, are independently selected from H, optionally substituted alkyl, cycloalkyl,
15  alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups, glycidyl, -COR3, and —CN;
the moieties R; are independently selected from H, optionally substituted alkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups, -OH, -OR4, and -N(R5)7;
the moieties R, are independently selected from optionally substituted alkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups;
20  the moieties Rs are independently selected from H and optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups;
the moieties R are independently selected from H, optionally substituted alkyl, cycloalkyl,
alkenyl, cycloalkenyl, aryl, aralkyl, and alkaryl groups, and two moieties R together may
form a divalent group of formula —(CRaRb)p— wherein p = 2, 3, 4, or 5 and R" and R® are
25  independently selected from H and optionally substituted alkyl groups, and at least one of

the moieties
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m=20, 1, 2, or 3; n=1, 2, 3 or 4 with the proviso that (m+ n) is not
hi gher than 4; the noieties Rl are independently selected fromoptionally
subst i t utwo 2alokpkiescycl oal kyl , al kenyl, cycl oal kenyl, argirjusaroiok4pb2 and

al karyl groups, -NO2, -OR2, CCRB, -CN, hal ogen, and -N(Rs)2, and two

noi eties RL on adjacent carbon atons, together with the carbon atons to

whi ch they are bonded, may form an optionally unsaturated, optionally
substituted 5- to 8-nmenbered ring; {the noieties R2 are i ndependently

sel ected fromH, optionally substitut@Ralkyl, cycloalkyl, alkenyl,
cycl oal kenyl, aryl, aralkyl, and a ryl groups, glycidyl, -COR3, and -CN;
the noieties R3 are |ndependently i F? fromH, optionally substituted
al kyl , cycIoaIkyI aIkenyI cycloa Kenyl™ Yaryl, aralkyl, and al karyl
groups, -OH Kinwet‘lnl %ﬁﬁ% (ﬁ? noieties R4 are independently sel ected
fron1opt|onéWI GBSt 84 4 I cycl oal kyl, al kenyl, cycl oal kenyl, aryl,
aral kyl, and alk yl roups the nnletles R5 are |ndependently selected
from H and optioﬁg ' stl uﬁad q?ﬁyl cycl oal kyl, al kenyl, cycl oal kenyl
aryl, aral kyl, andPaIkar gerps @ noieties R are |ndependently

sel ected fromH, ‘op! uér ,,,,,, égub t+tyt ed al kyl, cycloal kyl, al kenyl,
cycl oal kenyl , aryl, *aral kyl, ' ryI groups and two nDieties R

t oget her may form a dival ent gr’ 0 QU -(CRaRb) p- wherein p = 2, 3,
4, or 5 and Ra and Rb are |ndepeq.ently séffected fromH and optionally
substituted al kyl groups and é§ J east one of the noietiesmay represent a
noi ety of forrmula (I11): ggr1|n R1 and R2 have the neanings sets
forth above and wherein addlt nally one of the noieties R may represent a
noiety of formula (11). 2. The conpound of claim1l1, wherein m= 0, 1, or 2;
n =1 of 2wheisen mpRepndR: Rive drcempaneiep setel énthl apovehslcvleddeis addriopily onabl y

substi tut e%e%&&ﬁeg?é}‘%a‘} lréﬁ&\gﬁ a moiety of formula (II).

2. The compound of claim 1, wherein
m=0,1,or2;
10 n=1lor2;

the moieties R; are independently selected from optionally substituted alkyl and alkenyl
groups, and -OR,, and two moieties R; on adjacent carbon atoms, together with the carbon
atoms to which they are bonded, may form an optionally substituted 6-membered aromatic
ring;
15 the moieties R; are independently selected from H, optionally substituted alkyl and alkenyl
groups, glycidyl, -COR3, and —CN;
the moieties R; are independently selected from optionally substituted alkyl and alkenyl
groups; and
the moieties R are independently selected from optionally substituted alkyl groups, and two
20  moieties R together may form a divalent group of formula —(CRaRb)p— wherein p =2 or 3
and R* and R are independently selected from H and optionally substituted alkyl groups,

and at least one of the moieties
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groups, and -CR, and two noieties R on adjacent carbon atons, together
with the carbon atons to which they are bonded, nmay forman optionally
substi t utwo 26tmestsér ed aromati c ring; the noieties R2 aPeTiusdepasnsent | y
selected fromH, optionally substituted al kyl and al kenyl groups, glycidyl,
-COR3, and -CN, the noieties R3 are independently selected fromoptionally
substituted al kyl and al kenyl groups; and the noieties R are independently
selected fromoptionally substitutéed al kyl groups, and two noieties R
together may forma dival ent groupjof ORrfula - (CRaRb)p- wherein p = 2 or 3
and Ra and Rb are independently se ted fromH and optionally substituted
al kyl groups, and at |east one of é}gﬁ% tiesmay represent a noiety of
formula (11) wherein m Rl and R2 hdve nmeani ngs set forth above. 3. The
conmpound of _an .= 1 qr .2; the
roi ot 6 RIS R ShaBhT b P E I Gro i ab TG iy S st &%k,
groups; thabeowei eties R are i ndependently selected fromH, optionally
substituted al kyl and al kenyl groups, glycidyl, -COR3, and -CN, the

noi eties R3 are independently selected fromoptionally substituted al kyl
and al kenyl grosps; BRGoipeuliifehy &% JRcRlss 1 adependent | y sel ected from
optionally substituted al kyl groups, and two noieties R together may forma
di val ent g™baf %f: fornul a - (CRaRb)p- wherein p = 2 or 3 and Ra and Rb are

i ndependentyly sel.ected fromH and optionally substituted al kyl groups, and

at |east one of the noieties may represent a nmoiety of formula (I1) wherein
m Rl and N@rﬁ(&@@Stﬂq@ew&ﬁ?W@%tlySS@%eC%ﬁpﬁl opHenAdly sabstitgsl Al BOUPY of any one

of claims It Iﬁmgmesmea'feefnﬂependently selected from H, optionally substituted alkyl and alkenyl
10 groups, glycidyl, -COR3, and —CN;
the moieties R; are independently selected from optionally substituted alkyl and alkenyl
groups; and
the moieties R are independently selected from optionally substituted alkyl groups, and two
moieties R together may form a divalent group of formula —(CRaRb)p— wherein p =2 or 3
15 and R* and R" are independently selected from H and optionally substituted alkyl groups,

and at least one of the moieties

OR

1\
Lo OR
may represent a moiety of formula (II) wherein m, R; and R; have the meanings set forth
above.
20
4. The compound of any one of claims 1 to 3, wherein

m=0;

n=1or2;

the moieties R, are independently selected from H, optionally substituted alkyl and alkenyl
25  groups, glycidyl, -COR3, and —CN;
the moieties R; are independently selected from optionally substituted alkyl and alkenyl

groups; and
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m=0; n=1o0r 2; the noieties R2 are independently selected fromH,
optionally substituted al kyl and al kenyl groups, glycidyl, -COR3, and -CN,

t he noi etwex0R@2aree | ndependent |y sel ected from opti onalPCy/usedssios4992 ed

al kyl and al kenyl groups; andtwo noieties R together forma dival ent group
of formula -(CRaaR-,Db)p- wherein p = 2 or 3 and Ra and Rb are independently
sel ected fromH and optionally substituted alkyl ﬂgqups and at Ieast one
of the noi &V BOIcHEYR fegsthekionh 2 divatsnegrouryet ff”é‘i‘%ﬁg sy W whersind 2pf3md and R2
have the nmpapid@Sa.s @ﬂdefa&"d&ﬁlly%@lé&’t@d from H BRI §RRA R%&Qbﬁ&ut@d‘édkﬁ%?o@ﬁ dbai s 1
to 4, wherein m=0; n =1 or 2; the noieties are i ndependently sel ected
fromH, optgagheaeefhegwiies ut ed al kenyl groups, glycidyl, -COR3, and - CN:
the noieties R3 are independently sel ect es fron1optiona||y substituted

al kenyl groups; and two noieties R to t her forma dival ent group of
formula - (CR aRb) p- wherein p = 3 nd Rb are independently sel ected
fromH and optionally substituted ﬁgl gioups, and at |east one of the

noi eties nmay represent a noiety of {f (I'l) wherein m Rl and R2 have

t he nmeani ngs set forth above. 6. Th conpound of any one of clainms 1 to 5,
wher ei n5t hena§QeReddnch GORPY bis@EmaAh (Ilpabdrcia BOU,; abd RAhavavicghdanbs Rl @shor us.
7. The conmpound of any one of clains 1 to 6, wherein the conpound conpri ses
at |east aBbBUf- 12 %y wei ght of phosphorus. 8. The conpound of any one of
claims 1 to 7, wherein the conpound is of forrmula (111) , (1V), or (V):

wherein Me represents met hyl .
5. The compound of any one of claims 1 to 4, wherein

m = 0;
10 n=1lor2;
the moieties R, are independently selected from H, optionally substituted alkenyl groups,
glycidyl, -COR3, and —CN;
the moieties R3 are independently selected from optionally substituted alkenyl groups; and
two moieties R together form a divalent group of formula —(CRaRb)p— wherein p = 3 and R*
15 and R are independently selected from H and optionally substituted alkyl groups, and at

least one of the moieties

OR

¥
N
Lo OR J
may represent a moiety of formula (II) wherein m, R; and R; have the meanings set forth
above.
20
6. The compound of any one of claims 1 to 5, wherein the compound comprises

at least about 10 % by weight of phosphorus.

7. The compound of any one of claims 1 to 6, wherein the compound comprises

25  atleast about 12 % by weight of phosphorus.
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9. The conpound of claim8, wherein in at |east sone hydroxy groups a
hydrogen atomis replaced by a group which is selected fromglycidyl, -CN,
groups ofwbapmul2a165C0- CR ¢c=CHRd, and groups of fornmul a PCHAIISGRoASHRI, Rc
and Rd being independently selected fromH and Cl1-4 al kyl groups. 10. A
flame retardant polynmer or oligonmer, wherein the polymer of oligomner

conpri ses coval ently bonded units of at |east one conpound of any one of
claims 1 to 9.11. An epoxy resin which has been pre-reacted with a conpound
of any one of clainms 1 to 9 conprising at |east two groups which are
capable of reacting with an epoxy group. 12. The epoxy resin of claim11,
wherein the at | east two groups which are capable of reacting with an epoxy
group conprise Rydr oy SRR ofl Bny, GheCli ARhR CAMPOShdrkiRNhe Mﬁ‘ﬁo‘%hﬁ' it be
conposition conprises an epoxy resin and at |east one conpound of any one
of clai is formylag]lly HY).epéXy resin of any one of clains 11 and 12, or a

m xture thereof. 14. A cross-linked epoxy resin which conprises units of a
conmpound of any one of clains 1 to 9. 15. A polynerizabl e conposition,
wherein the conposition conpriggs (i) at | east one conpound whi ch conprises
at least two functional group and (ii) at |east one conmpound of any one
of clainms 1 to 9 which conpriﬂgs east two groups which are capabl e of
reacting with the at |east two funetignal groups of (i). 16. A

fl ame-retardant pol yner prepareﬁ4f®o Ye conposition of claim115. 17. The
pol ymeri zabl e conposition of claim 15yeWhefpin the conposition conprises
(i) at least one conmpound which conprises at |east two isocyanate groups,
and (ii) at |east one conmpound of any one of clains 1 to 9 which conprises
at | east two groups which am@ capabl e of reacting with an isocyanate group.

18. A flanme-retardant pol negprepared fromthe conposition of claim
17. 19. The pol yneri zabl % oposi tion of claim15, wherein the conposition
conprises (i) at least one co@p@ of, any one of claims 1 to 9 which
conprises at |east -0
! Me
OH O
Me  (IV)
10
H o\\ 0 Q /,O OH
R X P
o) 0
OH OH (V)

wherein Me represents methyl.

15 9. The compound of claim 8, wherein in at least some hydroxy groups a
hydrogen atom is replaced by a group which is selected from glycidyl, -CN, groups of
formula -CO-CR°=CHRY, and groups of formula -CH,-CR°=CHR¢, R® and R* being
independently selected from H and C,4 alkyl groups.

10. A flame retardant polymer or oligomer, wherein the polymer of oligomer

20  comprises covalently bonded units of at least one compound of any one of claims 1 to 9.

-37 -



one ethylenically unsaturated noiety, and (ii) at |east one conpound which
conprises at |east one ethylenically unsaturated noiety and is different
from (i) .wlQ@oioA2sieane-r et ardant pol yner prepared from t R€ETAS2@OBF499DN Of
claim19.21. The polymerizabl e conmposition of claim15, wherein the
conposition conprises (i) at |east one conpound of any one of clains 1 to 9
whi ch conprlses at |l east two cyanate groups, and (ii) at |east one conpound
whi ch conpri seslht I%%%W“W%B“@ﬁ@ﬁb?a ?%HmaﬁéaﬁéﬁébPé”HWOWEH@FWﬁ@n%PE
cyanate gr@iRns 2% 9 Qofp@iRs £1QtAr HANEroRR! WIEBY allc8 kﬁ&n%&ﬁﬁghhﬁzﬁQﬁﬁﬂﬁltlon
of claim21. 23. The polynerizable conposition of claim15, whereinthe
conposi ti oB™8nprises (i) at |east one conpound of any one of clains 1 to 9
whi ch conprises at | east two epoxy groups, and (ii) at |east one conpound
whi ch conprises at |east two groups which are capable of reacting with an
epoxy gboup. 2412.A fThenepoxetrestd ahtrlagurldéd whgreythe @t lqastpiwspaoerl Whishhardhe

conpositio i S|tion of claim15,
wherein thg“%%ﬁgﬁg%?%§%m€§%53| eggﬁ%%gg%k%g§%§9%% conpound of any one of
clainms 1 to 9 whi.ch 1(:co;npblesc@mpaﬁtwleazdterdimﬂleg:loumpstwm¢mracseam@pab Iresirof
formng an |nka I r ro st one
conpound V\/(%IS%%} eas one co n[d (1}% aa)é§ en(R cial o OL%SQ’\A% e@ﬁ?y resin ofg%%ne of 1 %r%r mi ng
an ester Iﬂmhmgezwwhhnﬂummm$kﬁnentary group and is dlfferent from(i). 26.
A flanq retardant polyester or polycarbonate prepared fromthe conposition
of claith25. 27. A method of inproving the flame retardancy of a pol yner
conp03|t|0n whet.ei NA thes-lited @fog0u31f WaRe compisep Qhiad ¢ olpbend dT@ny one
conposition east one compound of any one of clains 1 to 9, as such
and/ or cov&faﬁPPf*B dnded to the polyner. 28. The nethod of claim 27,
wherein the polynmer conprises at | east one of an epoxy resin, a

pol yur et hane, olyester | ycarbonat e, a polyisocyanate, and a pol yner
prepared from oﬂ’rg @e’é%ql?% EHIPEENPR, WhRSY e SOBRPSHAGR SnRaPrases (i) at leaSP

15 one compound which comprises at least two functional groups, and (ii) at least one
compound of any one of claims 1 to 9 which comprises at least two groups which are

capable of reacting with the at least two functional groups of (i).

16. A flame-retardant polymer prepared from the composition of claim 15.
20
17. The polymerizable composition of claim 15, wherein the composition
comprises (i) at least one compound which comprises at least two isocyanate groups, and
(ii) at least one compound of any one of claims 1 to 9 which comprises at least two groups
which are capable of reacting with an isocyanate group.
25
18. A flame-retardant polyurethane prepared from the composition of claim 17.
19. The polymerizable composition of claim 15, wherein the composition

comprises (i) at least one compound of any one of claims 1 to 9 which comprises at least
30 one ethylenically unsaturated moiety, and (ii) at least one compound which comprises at

least one ethylenically unsaturated moiety and is different from (i).

20). A flame-retardant polymer prepared from the composition of claim 19.
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21. The polymerizable composition of claim 15, wherein the composition
comprises (i) at least one compound of any one of claims 1 to 9 which comprises at least
two cyanate groups, and (ii) at least one compound which comprises at least two groups

which are capable of reacting with a cyanate group.

22. A flame-retardant polymer prepared from the composition of claim 21.

23. The polymerizable composition of claim 15, wherein the composition
comprises (i) at least one compound of any one of claims 1 to 9 which comprises at least
two epoxy groups, and (ii) at least one compound which comprises at least two groups

which are capable of reacting with an epoxy group.

24, A flame-retardant cured epoxy resin prepared from the composition of claim

23.

25. The polymerizable composition of claim 15, wherein the composition
comprises (i) at least one compound of any one of claims 1 to 9 which comprises at least
two groups which are capable of forming an ester linkage with a complimentary group, and
(ii) at least one compound which comprises at least two groups which are capable of

forming an ester linkage with a complimentary group and is different from (i).

26. A flame-retardant polyester or polycarbonate prepared from the composition
of claim 25.
27. A method of improving the flame retardancy of a polymer composition,

wherein the method comprises incorporating into the composition at least one compound of

any one of claims 1 to 9, as such and/or covalently bonded to the polymer.
28. The method of claim 27, wherein the polymer comprises at least one of an

epoxy resin, a polyurethane, a polyester, a polycarbonate, a polyisocyanate, and a polymer

prepared from one or more ethylenically unsaturated monomers.
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