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MODI FI ED FACTOR | X POLYPEPTI DES AND USES THERECF [ 001]
This application clainms benefit of U S Provisiona
we\pEbiizebd on Serial No. 61/124,567; filed on APCT/USZ69/040828
2008, and U.S. Provisional Application Serial No.
61/ 045,961; filed on April 17, 2008, the contents of
whi ch are incorporated herein by reference in their
entirety. FI EL%E@HMILEAIZ{WEW SNYI0EOMPHEEXERvent i on
relates to nodified Factor | X pol ypepti des such as
Factor | X polypeptides with one or nore introduced
gl ycosyl ation sites. The nodified Factor |IX
pol ypepti des nmay exhibit increased in vitro or in vivo
stability such BAGKGRUIENDIHRTHE INVENTION. The
invention also relates to nethods of nmaking nodified
Factor | X polypeptldes and net hods of using nodified
L. Facttigld i des, for exanple, to treat patients
afflicted wth henophllla B. BACKGROUND CF THE
| NthErlpme{ﬂoﬂantmnmw foasiBliafiflezolivmospdt eumpletes3andsdeir use as

lmgﬁcamls% an&g se 1Il\éarlous genetic defects in the
gene encodi g I'on Factor I X (FIX) that result

inether. lo undet ectabl e FI X protein in the bl ood
2 (Ku&&é—ﬁm&o—%@ﬂ%ﬁa@&l%%éﬁ Gin North Am

6:991-997, 1992; Lillicrap, . Haenmophilia_ 4:350-357,
1998) is roai¥ i1 theedt @ é%ﬁ%ylamdmkeq BRAQUHRE AR§NT Pf gecelerators for
a t I

o R A T BB LS o P AP AL S micacore
complelxew €0 usﬁmgfmntsn fof oaarmg] eepcpdyasemnﬂer JRed0@3292646 describes

reconbi nant FI X ln ther..to sto é eds tFat e
theﬁlgggla%ﬂcr kst GOR§ quég 4 % ltc(9uB]lHég/ égﬁntﬁlwét A Hbm‘f’t Wsﬂyhmldazole
cofﬁﬁ@ﬁi{dr Lag GPLORIMIFRXT S)p (d@@ﬂmddes@ﬁbé?sl e ox5XR&Int cEMpékitions for

Biol. Ther. 7:651-663; G angrande, Ex in

se%gndm@ntdlq@pes @at]_csmmrmg 24tnngﬁ5)yl)lmﬁ¢a@gles gecrosslinking accelerators.

prophyl axi s requires maintaining a m nimumtrough

| ev8bmefpriel Xt aéfesdnoest aldd/disloseatherabe dfewadso(iGnasnals andejng agents

or 6185 He: SBpreA e b J B8 605 R Haf PL FPrBmB Rt pubstitued
1mﬁ|a%%1(1§1'1 tsgl?sr ofPleBa i Gl MR Haey asr @%h&@ﬁ@t@rs Fah & cjuﬁ\ﬂglaéents JP

drop to less than 1% of nor nal s wth
10806901 dsis¢rdwais regpokp Iresin icpjnpotitions mnplhsmgc@sbmlmres:hlorlde salts as

r epeat inj.ecti a y, three da to . . .
crd TRt Bh e 20 ST oS SO AHEBR A2 g B pnidazotium st
cufpd fhenPhRcHBEOL BRpherl AShichl&rdfydral@pblynich frequent
i ntravenous injection is problematic for patlents and
IS & ibufsdkBolRlin feliE¥iuRe 2%ét§§5ﬂrhl\ﬂ§zd?£ QQH&' Ll@i?i S & latent catalyst for
(Petrini, Haenophilia 13 Suppl” 2:16-22, 07),
cumgpecpedy yrasmschi | F@n.96AIFHX pchml@em vant hera)xlyo ngein cured by

hal f ul.d e e le fre ratlon
2 FRISSOISROBF G Y oRr L o SEFIte HsRippplications.
HoWevdiHbel dNVERNH tlﬁl@QﬁlheTé]be?@&hﬂ @z@il&%&l Wt‘h&! |2d{ﬁ§thﬁlﬁildazole boric
polypeptldes also referred to as nodified FI X
acigdt ydprablfes, FI X nuteins, or FIX variants) conprising
am no acid sequences that have been nodified by
i nt H@d\mbmgthomeisomo ndﬂ's@ogirymyds@gb&timns irt glse pirior sartmhat teaches

nts, the ne o ati.onsites

1R b PRR ot s 8 B e BT R sy resins
ThBR! ¥PERb| &se%warec@aglsh%gdsaan ant dhgi fnyor bR @@ifMReaches the use of

enbodi nents, the nodified pol ypeptides may conprise at
silylspisnzadiven sulbstomplesce rsswonblaslatepticatabysts| for qusdet epoxy resins at

one enbodi nents, the nodified

VM§§%§€%9ggH§§g§ elJaleglsrlse both the R338A and V86A

substitutions. [005] The applicatlon al so provides FIX

pol ypepti des conprising am no acid sequences that have

been nodified by introducing one or nore glycosyl ation

sites. The FI X pol ypeptides may further conprise a

car bohydrate chain attached to the one or nore

|ntroduced glycosylatlon S|tes In some enbodi nent s,

. AT I * 1. I T Y
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some enbodi nents, the carbohydrate chain may have a
human car bohydrate chain structure. In sone
weredpodegsent s, the attachnent of a car bohydr at ePCITEB2V02040828
one or nore of the introduced glycosylation sites my
increase serumhalf-life of the pol ypeptide by, for
exa@hﬁnitﬁ&i, |l§a§t et Q%Cf@%tﬁés‘isv 9?(563 3, hﬁ7991|2:€9)9 REdHBes a method of
| acking the introduced glycosylation sites.” In sone
syrehdsodngrémeshylt hériatethyhiybnmiddzohumdrbohigdHatvevarhZamdaitskii et al.

doBE e Rb Crher Lifshl b TEEae LTl R ALE G o sy for

ep&RAPInG appiaBiohlan 50% rel ative to the amount of the

secret ed pol ypeptide | acking the introduced

o T b e Elo BT syt or curing epoxy esine
at 4 hgheintempdrated (g ygrosyl than 6P0°€)) tied actod® twogble ahvdyicus high curing

i nteraction of the polypeptide with at | east one of
CORREEABISVI 11 (FVIT1), Factor XI (EXI), or Factor X (FX)

by, for exanple, nore than 50%relative to interaction

of the polypeptide |acking the carbohydrate chain at

the introduced glgcosylation sites with FVII1, FX, or

FX. I'n some enboddtWMEYIARY OF THIEINVENTIGN pept i de may

have a specific activity of, for exanple, at |east 100

uni Onepespeatyt dlic pekgpeptdanden i§ 006jtedTea olgimidapgdign salt complex

| ycosyl at i Sit may be introduced via one or nore

repg?ﬁ%ﬂtgaﬁéiaﬂ&e %@8&’%‘1& P%’%(f’s The substitutions may be at

surface exposed residues and/or be limted to

substitutions that do not introduce a nutation known

to be associated with henophilia B. Exenplary

enbodi ments i ngl ude FI X pp| ypeptides coﬁbrising one or

nore substitutijons such as, but noR linmijed to: (a)

(AT; E33N, E36T; E36N, R3IN;, F75N, F7%I; E83T; D85N;

V86A; K91T; A103T. VI1I07ZF N K22 S138N;, Al46N;
T148N; F150T; 1§¥NT‘ 159N; 6IT; 61N, PL69N;
QL70N;, T172N; X JN;XRZOlT;
K214T; V223N, . K228T, E239N
E242N; | 251T; . R338N;, K341N;
F353N; H354V; 54I;R3 355T; V N, T371\; T371I
E372T; E374N; 91N; "K392V; G393T; E410N;, K413N;

L4141; (b) YINtand S3T; S3N and K5T; AN and L6T; K5N

and E7T; L6N and E8T; E7N and FOT; FON and Q IT; VION

and GL2T; QI N andN13T; ®&@hnaha [L14T; N13 and E15T;

L14N and R 6T; E15N and E17T; MLON and E21T; E20N and

K22T; S24N and E26T; F25N and E27T; E26N and A28T;

E2%$£ﬁnd R29T; A28N and E30T; R29N and V31T; E30N and

ﬁ@ V31N and E33T; F32N and N34T; T35N and R37T;

T38N and_ E40T; T39N and.F41T; . FAON and : F41N an

kaaT BR, B e RS i A, o A R yath Mdependendy
YdeNsand 8475 aMé%@%d 68 FornkO 2N ansldSAhidas8Nrid@d within  the
P55T;, G59N ang S61T; K63N and D65T; | 66N and S68T;
SeigNmagrgopo Falt gpeNeand E78T; E78N and K80T: E83N and

D85T; L84N and V86T; | 90N andN92T; Kl OON and S102T;

S102N RnR’Daodi R’ At Shbsanethk0s Tthe Bl P4NnetnchaKg@®Pp;and R’, R’’, and
06N and ,V108T;. R 16N and Al 18T; El. 19N and 1T; )
g%zlf‘«flcinl&d@fﬁ SFULYAPPERFIUH AN SIS S9YBAR ARENNA 3 E‘f silyl function
%3 At B 3BV miMaZ N Rt i: akd 39N and S141T;
140N and K142T; S141N and L143T; E147N and V149T;
T148N and F150T; V149N and P151T; P151N and V153T;
D152N and D154T; V153N and Y155T; D154N and V156T;
Y155N andN157T; V156N and S158T; S158N and E160T;
T159N and A161T; E160N and EI%ZT; E162N and | 164T;
T163N and L165T; |164N and D166T; L165N andN167T;
D166N and 1168T; 1168N and QL70T; T169N and S171T;
S171N and Q173T; T172N and S174T; Q173N and F175T;
S174N andN176T; G184N and D186T; E185N and Al187T;

D186N and K188T; A187N and P189T; P189N and
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QL91T; &RZO00N and V202T; K201N and D203T; V202N and
A204T; E224N and @G226T; T225N and V227T; &26N and
WOECR8M293%P27N and | 229T; H236N and | 238T; | 238MNCHO/2009/040828
E240T; E240N and E242T; T241N and H243T; H243N and
E245T; K247N and N249T; V250N and R252T; 125 I N and
| 253T; xt 203N AR RARR Tforfie BLALIAR D o}t 28 % blex 4G@NKaNHylimidazolium
N264T; D276N and P278T; V280N andN282T; F302N and
S04T witBBOhR sHyichi¥308Tm seR teMperd F314T; V313N and
H315T; F314N and K316T; H315N and G317T; K316N and
R318T,; AfstheiNispact $3Ihd PleseB3ih9Shtndis LBkl tAI2@haladatent catalyst
V322T; R327N and P329T: P329N and V331T; D332N and . .
AORPFising s 1astong sdyBiardazeliug xalh femplen.vhersig Ag\pilyhignidazolium salt
F - . H .
s TN iiab SRR g Mt 0 on of
R8683Jcn (B3HT M thndmiddsdd rinE372N and E374T; WB85N and
E387T; G386N and E388T; A390N and K392T; (c) D85N,
K12 2hotlendspe2b il theO8BMNNt Kih2Aion @ndirdc?A2(8; arE3@Y, resin composition
P126A, and A127T; P126N, V128T, and P129A: T148N, .
COMPHHNS A3 PPEY AcSimBR cupng facntgApd p) gocptalysisywRerein the catalyst

coﬂ{%ﬁgb-g’th veLhbhidRARk M saY@&%l;glﬂe)@nd T172N, VIS3N,
Yi55T, and E294N; T1/2N, 226N, and K228T; F353N,

H35 355T: . F353N, |, 355T: . V370N, :

T37%}1 gﬁ%hgsgg‘ﬂe?t \?%7@%, pt}%% ?nvgﬁ%o‘gégz%ec 9%, an epoxy. resin
cotk82tion eotalpris3P3d), anDoly r&1HHY,a Miidg hge@nanKD2BitaliXibNherein the

P151N, V153T, and E242N. K122T, P151N, V153T, and
catplystapempisopthe apayiunghle fafent ga@dlysb 42N, K122T, P151N,

V153T, and |1251T; T148N, F150T, G226N, and K228T,

P15 1¥qothgs BpFct of tFopeseiy envRBBGNEs destef|to 3 FoTle compriging the above

F1/8T. P1 , T.  G226N, and K228T; T172N
the@%ﬁ,%%%’ﬁ%ﬁ oy PIDg5N,  K122T, P151N, VI53T,
and E242N. D85N,. P151N, V153T, (226N, and K228T; .
KlZ@T,uréi%islﬂf’Ct\?fé PIEESrs §R S HAY tézfﬁfs%ﬁediﬁ 38 &Enlfgfélilﬁfl salt complex
repYdseatd b llo@itth eddRla I.T148N, F150T, G226N, K228T,
and R338A; P151N,” V153T, T172N, (226N, and K228T,;
P151N, V153T, D177E, F178T, and R338A; P151N, V153T,
&26N, K228T, and R338A; and P151N, V153T, T172N,
&26N, K228T, and R338A; and any conbi nation thereof.
[007] The one or nore glycosylation sites nmay be
introduced into the catalytic domain of FIX or
activation peptide. Exenplary enbodi nents include FIX
pol ypeptides c ri sing one or nore substitutions such
as, but not limited to: R3yN, DBSN; KI122T; S138N,
A146N; Al61N; - D177N; RF178T K201N
K228N; E239N; : A262TJ E294N, E374N, and
E410N. Ot her e eonprise the fol |l ow ng
FI X pol ypepti dés conpkising ohé& or reis titutions
such as: GB9N and S61 nd D65k« G7 and E78T;
S102N and D1047; A103N\andN1@5T; D104N ﬂndK106T; E119N
andQ121T; Q121 8T, QL39N and
d F150T;| V149N and
P151T; P151N andV153T; D152N and D154T; V153N
andY155T; D154N-andV156T; V156N and S158T; S158N and
E160T; E160N and E162T; E162N and_|164T; T163N and
L165T; 1164N and D166T; bissRudadll 168T; 1168N and
QL70T; S171N and QL73T; T172N and S174T; QL73N and
F175T; S174N and N176T; K201N and D203T; V202N and
A204T; E224N and @&26T; T225N and V227T; &G26N and
K228T; T241N and H243T; 125 IN and |253T; |253N and
P255T; A262N and N264T; V280N and N282T; T343N and
Y345T; and E372N and E374T; H 50N, Pl 51 A, and D152T.
In some enbodi nents, the nodified pol ypepti des may
further conprise at | east one substitution such as,
for exanple, R338A and V86A. |In sonme enbodi nents, the
nodi fi ed pol ypeptides may further conprise both the
R338A and V86A substitutions.
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[008] The one or nore glycosylation sites may be

i ntroduced by converting an O | inked gl ycosyl ation
wa@Rae/12B9an N-1inked gl ycosyl ation site. ExenpP@r/yS2009/040828

enbodi nents i nclude substitutions such as, but not

limted to T169N, T172N, T148N and F150T; and T159N

L:4461T. In some enbodi nents, the substitutions may

be T172N;, T148N and F150T; and T159N and A161T. In

some [ S, | £ 1 ypept.i .

Fort ey Eadrris SpORad ads SlRErRl iR fTR spnyt fonctiona

batbup @k a hdn-inechllico nistd B AndndinySA. exhmpi rephosphinoyl or a sulfonyl

enbodi nents, the nodified pol ypeptides may further

cl9RPHNEE both the R338A and VB6A substitutions. [009]

The one or nore glycosylation sites may be introduced

by i nsBrRi rge sebsiiseants) ofibe 1idgapl§oriag iagdr RsRelpagh independently

b ' Ci ' 64 . i.0n -

PSR BTLRAATHONS BRL AR, A Mo ko R Sy GRRH) B iBRsasolium

160-cdmblexbet ween ami no aci d residues 161-162, between

am no acid residues 162-163, or between am no acid

resi dugs Rk63nd 84> dré sSRERICARDFH 8RN ISfun&ifdal @folﬂgl and R’, R”’, and
may be i ntroduced between am no acid residues 160-161

bRT weash indapaadendly depressnén assorganic geip theltfpeana sfbleol —ZR'RVR>}
LU . ' ' ' . g e
TRhGP LS i ol Wi bR PR ARLIRIRE (PP es ay

be i ntyoduced .b ddi bet n and 12 ami no acid .. )
Cosi auko N B igY oTieh Rt e S5 ode BPRoRS, R BfeSopum cation
SQTIEIn SRR U ARINLE safleenpRxNOCs: 4, 5,6, or 7 may be
introduced to the to the Gterm nus of the FI X

pol ypepti de. In sone enbodi nents, the pol ypeptide may
further conprise amno acid substitutions D177E and

F178T. In So%ﬁﬁ%ﬂm%oﬁl;gg @ﬂ@’@ﬁﬁ%ﬁ%@ay
further conpr 1IN and
V153T. | n .sone_enbqdinment.s he. pol ypept i de may. . _

{ur Tt dokh FagRE HEREL D LB Y RABHS £ 5Ring guion X of the
silpanRlagiRedi arntsmplcRes 1 yHRepidsdt NEyentivh t e DEF@MdItaBb €Scanning
ami no acid substitutions Pl 5IN, V153T, and T172N. In_ '
Calosireetnthddinase grofilereoligl speep tesdie composition wing terplyligedazolium

' [ ' ions T148N and FI 50T. In sone
Sﬂgﬁ%ggfﬁéﬁgéaggﬁéh%gﬁypeptide may further conprise

am no acid substi.tutions . G26N .an 8T. In sone. .
b eads 3 FoR A PR OB iy PardRgiiv substients
R’ CRITD A R alof [1RASily RfiGa ST $dlUsdrle:td T (RS pfR3&HAnition on DSC
VB6A. In sone enbodinentsh‘the‘nndifLed‘poFy‘eptides
cuiggrofiles tohap apeRp I¢ssie cHBPPsitioieurBagr dhdinygealium salt complexes as
(tutions. [010] In exenplary enbodi nents,
1m%%g?%hé "FI X pol ypeptides are provided conprising one
or nore substitutions such as: D85N; K122T; S138N;

E294N; G59IN _ang )
A103N and NEYSRAILEIA DESLRIPIHANOT ElEgN VENILIS :
QL21N and S123T; S136N and S138T; Q139N and S141T;

T148N the drlawme detaind desgrpseT: thy1spesifignempadinents pafs ghq present

R NP P BN PR RS e 0 he

extedt/that thK 0o mgdieRAQRibn 1T 2ENianda YaRichlar ERBOMNnamd or a particular

K228T; 1253N and P255T; A262N andN264T; V280N ,
usGyh ﬂﬁ‘s@?ﬁenE?FquH‘?ﬁd Etslwﬁengﬁfgltﬂxﬁe gﬁ@%ﬁwea%w@é@ersw provides a
coﬁ&&e&ésb%ﬁdﬁf of RQ ek P2 eRBENRRALA A&‘oildi% & gﬁéseﬁpﬁilvention is

G&226N, 28T, and an insertion of SEQ ID 1 2 bet ween

Al61 and E162. In some enbodi nents, the nodified

pol ypepti des may further conptise at |east one

substitution such as, for exanple, R338A and VB6A. In

sone enbodi nents, the nodified pol ypeptides nay

further conprise both the R338A and V86A

substitutions. [01 1] The application al so provides

FI X pol ypepti des conprising an R338A substitution and

N 1SN S N " - Y T LT
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[012] The application al so provides pharnmaceutica
preparations conprising nodified FI X pol ypepti des and
w@2@hareseceut i cal ly acceptable carrier. [013] HEEUS2009/040828
application also provides nethods for treating
henmophilia B conprising adm nistering to a subject in
nof'ERfled t@(h@%@eéﬁ& Qﬁ%@ﬁ%ﬁts@s&r}’beﬁfgew IMGE reﬁﬂg}ume 1ﬁ'ffentt1|3§ includes
phar maceut i preparations described herein. [014]
all Thernapydsi matifioatiass andoeqnvatiads N gsedue nbesuesmmpdohte appended
1m)dlfled pol ypepti des, as well as eukaryotic host
4UBt1s transfected with the DNA sequences.[01 5] The
application also provides nmethods for producing

nod.l%nﬂf'éa AEheRVES| %@fbﬁ gelerenem Rt ASORPoEny- %ampw% Pth@ material
incled Qh@gérg}é&ﬁﬁu ebh o&fnt t(;}emQtQhMpl%pit'séife aQXVélpﬁsr Hldé’(ﬁhﬁgatlon with
one or gl ycosylati'on sites; i) expressing t
otheol gqreptunde componeatsnesr whitatalal Blmhs agl mogsgh adni @nmbtnatlons of
the one or nore glycosylation sites; and (iii)
compP¥ti ng t he pol ypeptl de. BRI EF DESCRI PTION OF THE
DRAW NGS [ 016] Figure depicts a nultiple seguence

[13 29 L

al i grirtisd heeinmihe %lé%f%rnf@é@s wit hith 2R "Rt ieldeghe plural reference
unE?sO&lEQGntgﬁtcHQa?l' gfétat%?s@l Reisd 017] Figure2 depicts

Vestern Bl ot an yS|s of media fromHKBI 1 cells
tra I -
= xﬂ'%l%% esgr% 1%6%1'& }éo%?(z sﬁ&lllrglgiag%ﬁug%?%ﬂg %}[@E&% V!J:ﬂlél are particular
useOlt dsadyt cdtdl38 fdricgting eﬁo;@e@blﬁt S Tae sidfalgidefol@xpsascingilex of the
and activity of FIX gly lation, S|te nuteins in
Presgim) inverjqns Comppiies 8 Bhidggile digeih e Bl el piteegh qitoms on the
| ac
1mﬂf£l 61¥ Iritnfyg ggytggcgc?_ ﬁ}/ gfszlg%/{ugﬁlgfrﬁﬂ Hot(ﬁg F;IteHre Vel y%l?‘é?:?%%l group deactivates
theplnutlzezloh: rivabushsthatehe sitdimvidnodoint mlacqperleeittiage aofoom temperature

FI X-R338A run in the ane transfecti per
g néﬁ% HMYFAG 3 bighe IPPPELUg Ee) 420550 &ﬂ%gpe;r tegperature,
the""'sﬂﬁlrﬁllaﬁzdﬂﬂlﬂp &hlt Q’fom“plé){' U GRirinAgy dRAVASd b~ 19orm' R T8BWE Gmidazole
ty. [019] Figure 4 depicts expreSS|on | eve

comp@guWhICh onusgbtliay p cytalyan@d latpeigiafal ystidot cwintgepoky FaSHs.
gl ycosylation site muteins in HKBI 1 cells. Values are
Sileghpidagslidn glt & opeieent age of the FlI XR338A nutein
Constructs are described in Figure 3. [020] Figure 5
depiTet silyMaidesdliuBh odlt cmadlysds Sf tHe pregin@invemivn¥dBhprise an imidazole
cells transfected with the G26N, K228T gl ycosyl ati on
ring jwith ribdifEncHpnaiZrourRtRchrddeeng ofdls HEpestseMmy ¥ the mtlazole ring.
anti - FI XHRP anti body. DESCRI PTI ON OF THE | NVENTI ON
[ 02The THbyiprdagelitm agshl icemplesns quomedegﬁsqmtxmventlon are stable salt
cm%ﬁieé(g epthl(% ersneglnhs imt tﬂd E:Jz(ljnebf? Ps%gl?edl as soﬁdT 1%(9 do no# gokn%grt back to the
Cosyl atl on Y REt ease ycosyTl a

1mida@(5la BRAtHeGi1pY @hemcnﬁl By Iaemy&esiiltst (] rékﬁﬁ ite@Nerdohrel @ @U IRt 25°C).
i mmunogenicity; 2) |ess ?requent adm ni stration of the

pr otrék RiabB)silyNRi@288eh @51%@@1&&58&1 thé b¥es& G efion can be activated
i ncreased sefumhalf-life; and 4) reduction in adverse
at cledated tdnpparaiureg din farn |cn1ﬁ1pbt>mthab ate agfcalifieactive for epoxide ring-
opdR L AR, RLOYEAE S variants, of human FIX with one or
PHOPE ARG Yi'ona Epgcos(fgflon sites. The nodified FI X
polypeptldes may al so have an increased plasma
hal f-1ife that would provide, for exanple, an extended
time of protection against bleeding in henophilia B
patients. The nodified FIX pol ypeptides woul d enabl e
henophilia B patients to achieve protection
agai nstbleeding with fewer injections of FIX than is
possible with the currently available therapy of wld
type FI X protein. [023] The application provides a
nunber of exenplary variants -bf FI X in which
functional glycosylation sites were created in both
the catalytic domain and in the activation peptide.
Mor eover, the application denonstrates that these
variants maybe expressed in mamualian cells,
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have increased apparent nol ecul ar wei ght indicative of

i ncreased gl ycosyl ati on, and nmai ntai n between 50% and
wao@dsaske vity in a coagul ati on assay. Final | yPCT/H8269/040828

nodi fication sites maybe conbined with alterations

t hat enhance the specific activity of FIX including

but pRgLrdd &aglﬁﬂest & P %ﬂﬁ%ﬁ%ﬁﬂm‘ééﬁ E‘&ﬂlgl@x@sn&y tRE p}ég@nt invention

VB6A substitution (Chang, et al . Chem
amﬁi@ﬁ$@mﬁgnmmegﬂknm99EbanmaChang, et al., J. Biol

Chem 277:25393-25399, 2002). The conbination with one

or both of the R338A and V86A substitutions

conpensates for any reduction in activity resulting

fromthe additijon of glycggylation sites such that the

specific activijty of the di fi ed pol ypepti des may be

simlar to or higher than|that of wmld type FI X [024]

Once expressed,} wild typ [ X is & simglie chain

gl ycoprotein off aRout 85, 658\ Yas. It can

structurally be considered as;havi nt\ foufr Xlomai ns: the

G a or gamma cdr boxygl -rich déhaij; the

EGF-|i ke regions; the i on peptide, and the

catal yti c domai{n cont i ning tRe active sjite (Thonson,

Bl ood 67:565-572, 1886). FI X i Kssynt hesifzed in the

liver as a singlLe chain polypeptide of 461 am no acids

and under goes extensive posttranslational nodification

duri ng passage through t h 1and endopl asni c

reticul um (Nemerson, et gﬁngﬂé%%ICrit. Rev. Bi ochem

9:45-48, 1980; Stenflo, et al., Annu. Rev. Biochem

46:157-172, 1977). Both the signal sequence and the

propknde ¥ e oy SRy g imi G meca ecHwitents K

2 o 2 9 1
R S0 200025 8 BB R P b GG LB g sigppioro
sal%ple&lmaMnWaﬁﬂﬁls wh#b4ornl 98@ble difyfimtd26kug3MEBomplex.
carboxyl ation is essential for the coagulation

act Tk bifiof X FHhXh@msbvie FoRM RN Hee Hyainti@SloiUSSsaRcBmplexes may be
generated within the Ntermnal G a donmmin, although

g, warqhos@ymaa boble altGoaBéerawith Chaadylimisazaium cation within the

. function (D Scipio, et al., Biochemstry
Sﬂ}il %@F olrtf f: *Gllis, et al., Protein Sci.

90 ) apio A tains twg . .
N i GREEPRP o @ﬂagf% X sit & f?m BT of apd S fmideaghiom sal
COI%E%&QSSME@MMCSJ Eﬁﬁe(@%% Sﬁﬂ‘a a_rlﬁm ahdB&%herdih ﬁzrepresents a halide,

9), and one site each for Ser phosphorylatlon
a S(UMBBt)?d Ctrym@@bSﬁélt@h lalkat gtmlp( ¥ 1:8Bjtitaiad op-unkyltiongd alkpon group, a
Me MUl | Bi gchem Bi ophys. Res. Comm
Sulﬁ)g’%‘)sd ‘34““%‘}%‘1 f%%‘]ouﬁc‘%r ated Factor Vi (FVI 1)
[ tes t he nor tic_process by fqrmng a
rrE?F SR PHRMASS ‘{Icgil? E@i ingl B? a{ksl(e,@e}areégre ef‘%@glle? of the alkyl
gr(ﬁlfp ihOL& ¥, 1Q J1NE Y&HS§hd mkérredTéaﬁH@Mf% 1%9@@9&1@&1@& lo¥-Cy aryl
activates FI'X; 'the active formreferred to as
grofipe activation peptide of FIX is renoved by
proteolytic cleavage at two sites by either Factor Xl a
(FXITa)a abstithents i BsBe dfatieoimifidze)d Fagt or thé Iahowrﬁokmula I of the
?rate t he catah%' callégactlve nol ecul e, Fact
stylzaf e sal-¢omplexa GaR O5Y MfsRcagenty) FERICSTE Ay OfEEsE group that
forhf3 an@eﬁ)tl@fmlégzo(lé: A withth @B siiNirhidhsbIGANYGHBISx Pr ot hr onbi n
to thronbin. Thronbin then converts fibrinogen to
fib td Q
po. TIPS S op et REH AR B afchtt K h B ool Rormuta 1 of
thennlj/hfnmmbhmnsah enmplfkeshiag Inndilmeea baingaugoas b ddlide(e.g. Bror 1),
play a role in the in vivo pharnacokinetic profile, an
ectopic glycosylation site nmdy be introduced at a
position that does not affect these other
nodi fi cati ons. Once produced, FI X should retain
enzymatic activity and interact with FVIII1, FX, and
FX in order to be an effective treatnment for
henophllla B The |ntroduced glycosylatlon S|te shoul d

o g, o
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FI X may conpensate for potential |oss of coagul ation
activity and also potentially prolong the efficacy of
wore@pfizesd nol ecul es by conferring efficacy at POWE82009/040828
| evel s of protein. Mdified FI X Pol ypeptides [027] The
application provides FIX polypeptides conprising one
a sﬁﬁsti@ﬁ%@ of suBdHGRd a Y%‘%@Métﬁﬁﬂe@ 3y ﬁhstu%%tutehaaﬁkd)(? or a substituted or
fied FI X pol ypep? Factor | X' as used herein
unsné)fsetru@dt oyl ghenpan Ppéfasmh eﬁhﬁ(p]gb ydogkyplt giompt inalude CaCs alkyl and

of th i ntrinsi ation pathway and is
P“%%?%ﬁvﬁgwl Bpgéﬂn@d éﬂ@%@ me is to be understood
that this deflnltlon i ncl udes native as

r ec b isHsHtuehts g Rok 20 B hehdis sbhy}agwﬁtl@}aj( group I the above Formula
1 B HE %H&l%ﬁia?ohdﬂﬁ”sgﬁ%o N&EW §a‘%ﬁclhflé§ﬁ:q Q{rtrlg'nﬁgfe%@ﬁt%y organic

as used herein FI X neans any function
grqupch@ifornmod gehle eilyldundt®nalogrowd witbinghé pilydmaidedcditnimoenmplex.
i ncluding any fragnent, anal ogue, variant, and
der IExainplee of hl&r aﬂfstltu'éhte R’ RTE anﬂrR?Zg n&ihthﬁ sﬂyl functional group in the
der|vat|ve " "mutein," and "variant,

ab@ytse Fowa@rlr P &wt alxlﬁ@dwlwb pHlf gemplFes meavapisiudeat isgbptituted or

unﬂﬁ)%tefd Qtsﬁbst q]ﬁéd Xﬁ{lhs %§t1t&%_ %Ll&)gc €8r a M BERSd o Dfkubstituted
varlants o "t he pol ypepti IC taln

ar}d; lgblatpa Mrefiley ekimaplsa e aliiybpiogp ¢adludeicCi elkyband preferred examples

|V|ty 28] limting exanples of FIX

Ofﬁg ?ﬁ@ﬁ?%@%g(ghgwéﬁgle FI Xa, and truncated versions

of FIX having FI X activit Bi ol ogically active

f r adhestlElimigapeliyny salf spmplieres ofstip rgsent inyentiparGan hegused as latent

f o

catflys RS LI PRLL AR i AR A OE IGAERBIRE b \Bkarey han 120°C)
and €b)venalge actXtepgleypeps ifaevarions seqrercerhodofimgmplisgtidnef the latent

{X pol ypepti des may conprise an am no aci d sequence
calgysfeast about 70, 80, 90, or 95%identical to SEQID

NO 1. In_some enbodi nments, the nodified FIX

pol yyeped desinthe firp) d@tF%taﬁtB}lySé’éﬁ {péerrag; 18] gtelypt which is inert at
b
rod'Fh‘f Eént(ﬁe'ﬁ{ul%qg §S €4 @t) gﬁd@l&ﬁfg élag ﬁfgrh@f(t%ﬁqﬂkx ﬁug? Yeac I\%téve temgerature ).

at1on says describ ein
FIX des. ma Is S
subs |t |oﬁg o%nln¥ﬁg'agné% ﬁ‘%%% %ﬁlg ﬁ)cuﬁngremns(eg cpoxy

resfisl §it refeield @6 hei®in £aDE RinZRehtin ak RBichrthe e catalyst becomes active or
substitution of one am no acid for anotheran1no acid
at whigh thaenssl of UENE Pepel ONES CHsICMPRIPYER)- for exanpl e,
the changes of alanine to serine; arginine to lysine;
aspdihagdérme activg ltemearitee WngHi istietied:to dsysar pnthe temperature range
betgvelértl %Hgto%sac t elanle utn9 cnre le njﬁ lrlfj:tva&}ﬂgfn ?het fgltetnt catalyst is used for
aspar agi ne; ‘glutanmate to aspar gl'ycine
cuffitesing, histidine to asparagi ne or glutam ne;
i sol eucine to leucine or valine; leucine to valine or
| SoTaHGd AR, “tﬁrﬁéﬁleﬂ@teh@ca@aﬂﬁétﬂis%ferféﬁttb heRiNSs the pkéPesidiQe.g. active
or isoleucine; phenylalanine to tyrosine, |eucine or
tenperdtisniof ghe @éfmt reatalyst chr é@ mdnétedt(hrge bpiiohanging ke ideatities of the
subsHYtE:nF ql}%fl]e 51? 1da %{urr]rrGSalt quip e)pees otf(eh %?en?? Ventlonr} to nfeet various

P01 0 He*Br

caﬁ@@ﬁq@ﬁaﬂﬁmﬁﬁﬂﬁﬁemkﬂg,FlX polypeptldes of SEQID NO 1
conprise from1l-30, from1-20, or from1-10

CON$ELYALAY ehARINR RAlpEra&HPIE} it {iRMgnildoBdRN {dlOForh@lexes of the
t he |ntroduct|on of one or nore glycosylation sites.
pre[saﬁﬁjlvemen s§ pgher et aboua b €V i Biefeoably,ahe actpar teimpatatime range of
no.acid, its corres pondi ng am no acid, and three
thq %Mlgvda&shv@\ﬁagﬁoaw e Ogglermeawvemlonawaffﬁrﬂ é{’?% 1{7C to about
C, cysteine (Cys); D, aspartic acid (Asp); E glutanic
acid (Au); F, phenylalanine {Phe); G glycine (Ay);
H, histidine (Hs); I, isoleucine (He); K [lysine
(Lys); L, leucine (Leu); M nethionine (Met); N
asparagi ne (Asn); P, proline (Pro); Q glutamne
(A@n); R arginine (Arg); S, serine (Ser); T,
threonine (Thr); V, valine (Val); W tryptophan (Trp);
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Thus, the presence of either of these tripeptide

sequences in a pol ypeptide creates a potential N i nked
w@bkaoazshbati on site. An exenplary N-1inked PCT/US2009/040828

gl ycosyl ation site useful for the invention may al so

be represented as follows Xl -Asn-X2-X3-X4; where Xl is

’ I . . ,

230% RRE BlokerS B ol 150eClef iyl 25 g B PAREAADI from abou
1809¢t ioibalid J20%al , Gu, Gy, An, or He. In sone

enmbodi nents, Xl is optionally Asp; X2 is Ser; X3 is

Thrn angiidd, e ﬁlge térﬂ Seallcs §mdé1§%ﬂ{1§azoﬁhm' §a1t“§c5}nple(5?es of the

is He; X3 i's Thr; 4 is An dition of N-Iinked
pregblgtoog@itlamrm'y T tuggblts ovith «ﬁfllfﬁ(replo h@qygpes ofethe sinion X, the substituents

by. al t d
R o B R E s 7 B el e, ALl nent T T—
grévPaH eRCEIS1iinSddzBLifR dHE e6mpleRSZhs Provinik Eelg b Y GA8 Figdrd 2N

refers to the attachnent of one of the sugars
Nacq}‘&|a9§l/@%§rﬁ§:%1@eran$?&aﬁlte%§et Ad PYkiRREh Ere@emperatures of the
hydr oxyam no aci d, conmonly to serine or

sﬂyltm@@mlmm sat (:¢mplg$ﬁsa1ftth@ present ineenBioh ykryolyey peaduirgteby Differential

al so possible. Addition of O Iinked
I?%%é@PéF%%ﬁQﬁﬁtis to a FIX polypeptide my be
acco i shed by altering. the am aci d _sequence such
t hapr%wém%lyﬂﬁdﬁea disrmgRotyifcal Rtk dsest €01 ﬁtrlgeaac@ae profiles of

yBR3 CPeYy ablifg). SiHESd Y ctind HrbQIUCESymbRl und hermal
pogg% (Qky 9 del efrﬂg one é?grﬁrezggﬁno ac?d rgsrgﬂe%go therma
trassutn@tsr tIDr$CE mtgut@deo orcapot ¢heemmoge vd hsatFabXorbed (fmldathrerjmc process) or

P AL R R Sl P R0 B5C

is @ihl gy § eSicdugvdBYhRERbW ReFsub RhvReMule\W? veXh$timBd Aaéﬂrﬁl‘g profile of a
aci residues or at the N or Ctermnal end of the

polyater weayFpexobigined (byeanal a8 thrrHeS@ €hren (v)rhtrélymﬁb inchydendor example,
on%‘f dSrHam}nlu%nuEu ?r@l{nﬁér%glres eggt gmc W3k TP ?h BOl her obtained from
er represen amne acrd residue natura
DS esent at a position of human FI X The follow ng
nunber represents the position in the mature human FI X
am nQe@ei d %’Lﬁ'@ 1 SEQRddR N IDsC Thge spoand bﬁttﬁee fepoxy resin
represent the different amno acid substituting f
Compﬁsml(a@rtrsmgwnsmrm@fﬂrn@ pranpdeeftthe aﬂylmmﬂmham gt CAslpéﬁxes of the
eSSBS R ek s U B PGl g e 5C
anAyds freBilptiteel. andy El@uﬂe@S@ﬁ@ﬁrlsEQ xQrk Bf Dicbhetdl MHn@M1glyc1dyl ether of
i ncludes an additional 5 am no acid sequence

bisghsned AadPEEPAdfang @nsalrylrmrdxzqibmy pbEraRIeX 36 8] lttr:@tnca:@aé,sstofThe mole
E cprr.as I of
w50 R Dbk RGP0, SE! L0 PR LSRN a i
ex;rrﬁpﬁlesr ﬂldwn inHaguref]l dndd-igmt 2rie ahourdo Ei :)bqnt ot dlha silpimidazolium salt
r ue 1 re resents .the fi m no acid of the
COlﬂﬁtﬂéﬂee@ oﬁf%éﬁ Jiy £OTBPYLEMSNY ai ﬁgro IoPeiseRttPasgreon the total

wef hgeethesge*gmgﬁc%ﬁﬂ)otﬁenprOpeptI de. Native or wild
Is the ful'l Tength mature human FI X nol ecul e

=2 FJUE | SFUP IR Ll SETe R T s

compleatd eith diffatnwidehtitisatofahe Iahmh X' heaveudi€ferenn eodthérhec peaks (also
&Ieln or its expression in ellalH%§ ordergé@ desi g
refpirsel {9otsy JRpPAHERINE SHFSIFEPHEUEN & e CrustRr G e Hor Sample, an
ep&ln;y oYt ogﬂloﬁ'thﬁsconﬁﬁ}’s% leﬂgﬁﬂnﬁ(ﬁ&blﬂnﬂgmt RS ?RR' WRE halide (e. g.
In some enbodi nents, the i1ntroduced glycosylation site
Bri er Bln§ deeandopXls ehiowaSan tathereni@ psiir @ abam 130°Aead eboatned°C. The
based on the sol vent accessible surface area as
determined in Autin, et al., §J. Thromb. Haenost.
3:2044-56, 2005). In sone enbodi nents, the introduced
gl ycosyl ation site does not introduce a nutation known
to be associated with henophilia B. Known nutations
can be found on the world w de web at
kcI . ac. uk/rp/petergreen/haeanatabase htm and in

o A ——nrem = A P~ A FNA™Sr~N 1 A A SAL ™ 7 ~N/AR A1 I\ 7~
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The present invention relates to silylimdazoliumsalt
conpl exes and their use as |latent catalysts for curing
wepws293esi ns. 2. Description of Background anpCRESZD®010828
Art It is known in the art to use silylimdazol es as
curing agents or accelerators for curing epoxy resins.
ep O]JP ﬁ%ﬂqgé(%lf SHRRG rdo@‘gﬁlsfng tﬁlﬁu@a{zoﬂﬁﬂﬁt L@ co?hﬁl&esaxﬂﬁlh other anions
stannyl I m dazol e c as curing agents for
sudhuasi B@Mﬁbﬂ&heﬂ'@]ﬁl ]?ilﬁOsJCFP M@%QQﬂﬁﬂiﬁledeé)c PFbead CF;SO; as the anions

X_tala éﬁ‘?&‘g t IIgabg)sg :q,gs{sa rfg%%}la%l@e?%t 85(2 {3I'él-1|1|8 coup! t?lg dges between

ab&# 130°04H fabﬁft 220 PCOR248+/8%n ARSENHVES (ROXY Tesin
conpositions for sen1conductor devi Ces that conprise

[ -(trialkytsit IIUd S_CI
acceleratoréﬁ“éUﬁ% prior E??tF%?%?Eaﬁgg%also di scl ose
the use[of 1 njgagol | um sal t sogae | SWLAG agents or

catal ysts. For exanple| JP 11286536 descripes the use

of I,2-dinethﬁWhB-Ri-SJbstiﬂmmeﬁ45ﬁﬂﬂizoliun1sa|ts of

t et r asubsiitutet—horates—as—ct eterators and

curing aS@ﬁF@?nqﬁﬁT8§2)69o ﬂ%@ﬁ?@geiggpoxy resin

conposi fToNS CGEFPri sing I M gazel g3 omehi or i de salts as

crosslinpking catalysts| U S Patent No. 3,635, 894

descri be¢s t h€Hi8@: of an i m dbawsllPGmXalt curing agent

for curi-rg—a—bisphenret-A—epiechtorohydrin—copol yner. It

is also known in the art to use

2-met hyl i m dazol e-boric acid as a latent catalyst for

cur 'Fiﬁlr@pgxyh(fv@s'e'ﬁ§x VQSl%Glc%&?)és?ltlgﬁss doR§RBImN sAP@idazolium salt

resin cured 2- nEt% i m dazol e-boric acid1atent
comakatswtlthuééfemntf ldﬁntetleéc@fr theabubistiientat RS Bpplandaki’omes, the silyl
funH?V\gz?ﬂ ygzrm(l)p g%p][%ﬁ ré:?(& r[r{%%r ae%klsr %tacggffs}eplgg:?r?pge)r%%rlegs IP§r exz%mple epoxy
resir B@hb@ltld‘[k@%\frqmsuigfte Eﬂ’—‘ylhﬁd&ﬁ@luﬂh%@lt Q@oipEex®@ith the anion X~ such as

suggestion in the prior art that teaches
CEsSQyphaw & sesaeqtivmsbHl of Begpptasiasaic parkstdhg erpsy rgygn compositions to

I Q here i
hléh?‘lt ?é?ﬁnp B%C%éﬁgeasr %H%no‘réﬂagﬂg eglfgl s’éﬁst?tﬁeﬂtﬂ% ﬁ aﬁd l@ on the silyl
fuItchahalt g@upeczf tHaesﬂ.gslmnd:ﬁzoﬂ;mhy kalmcdaptexics rfr(BmHPr3 —Me3 to —Me,'Bu
| exes bIe atent catalysts for curing epoxy

(PEa] propYs gﬁucta th .

t enper at ures. Zarudnltskll E V. et al. (Synthesis
Othaydmidagolium palt Cramlexesscri bes a net hod of synt hesi zi ng

| -methyl -3-(trinmethylsilyl) imdazolium brom de.

Howéseeprdinzar tad nth@ slpreiselett igyentigo, nde tsdal hprokesting e gofup  on  the

sﬂ\élg{lr%]azéi%un% géﬁ CB@)‘? gl Fnalg{ébgaﬁu n.llgu %(P go sgﬁl%cg e&gﬂélsgyoaups such as
—ZREIU’-’R' S} ayrB@e st Qhéley einoRhd Gf\ﬁdlbxﬁin%ml:oﬁﬁﬁ@' YISti% fdfich the N-Z
curing epoxy resins at a higher tenperature (

mtgﬂﬁetaﬂnébomdhaﬁtabEO@Gpomnf@H@m@tlat,s@ttsuﬁmnél}’d@bllﬂam pueleaved during

E | NV
theglglgpt&?al{l&entgﬁ ecugﬁg Sgﬁ#)g%a {/egH]t ?odrﬂposgtlo&r r%' (I:St ae HleF EITC P}Imtlonal moiety

inchidid,ifo damadle,umiaadyll fetdhaxgrbeP be s eidhatethlYic thdety including, for
following Formula | : Formula | wherein RL-R4 are

exapplst 3 phpspkigoyror aisalfpmyl duncsionaligrogp. and R1- R4 each
I ndependently represents an organic group that forns a
stable imdazole ring wwthin the silylimdazoliumsalt
conmplex; R, R' and R" are substituents of the silyl
functional group and R, R', and
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R " each independently represents an organi c group

that forns a stable silyl function group within the
wa@pioghegspdazol i um salt conpl ex; andX i s an ani POT/R20091040828

forns a stable salt conplex with the silylimdazolium

cation within the silyimdazoliumsalt conplex.

Anot her aspect jof the present invention—is directed to

a tunabl e | atent catalystRconprisiﬁg at | east one

silylimdazoliymsalt conplex, wherein the

silylimdazoliymsalt co ex conprises jan i mdazole

ring with a sinIR;upﬁ on oup att ached, t o one of

nitrogen atons {in the\i m dazofe riny, Another aspect

of the present {inventipn is directedRo jan epoxy resin

conposition conprising epoxy resin, b) a curing

agent, and c) cat al ySt; whexein the ciFaIyst

conpri ses the gboveRsilylimdafaliumsallt conpl ex.
Still another gspect of the present invegntion is
directed to an epoxy resin conposition conprising a)
an epoxy resin, b) a curi gagfgt- and c) a catal yst;
wherein the catal yst con&ﬁ%‘ Hl above a tunabl e

| at ent catal yst. Another aspect of the present

invention is directed to an article conprising the
abovenildrep s et ytlaind ez odijpoxsaltr @smpiexes mgoeiehiedrby Formula I above, the

furgher aspect o he_present jnvention is directed to .
amgh nﬁtﬂ‘a?? ﬁ}tﬂﬁﬂt%]gr eb Ilg&yarz%iﬁr%eﬁlﬂ e ybstifuents RER D and R
of i (oyR1e ko MHlRiiddal JFATH fhe! dDMNETFRIMAUK 1TSf8he imidazolium salt

nmetallic functional noiety including, for exanple, a
complnesymay baany onablegvdugh orma stabhe ngidadalivm salficomplex.

i ncluding, for exanple, a phosphinoyl or a sulfonyl

f undhe cmédn, XRpR the atbeves tHosmitkaudndfs thef intilezolinind ssd0 kemplexes may

. ripg and. RpR 4 each in endently represents an . -
1n<>é>1fﬂ§awen@flo§hlcb ey 80%1%@5 saligompigx Wﬁta‘ed%f‘zlérinéa%ﬂﬁlﬂal cation within the
imWab&liuh tdiecdnidazol ium salt conplex; R, R' and R

are substituents of the silyl functional group and R,

R, " h.independent. p gani :
AR oI ORI SO 120, B
cogplenes may hicludehehalide dacloding @ s@l™§ BCoampl EX R-&@  )PHS oaBR,; and

ani,on which forms a.staple_salt conplex with the ,
VIR ASPieCR AP WELRIRE Fnd | g Hhmsggjtttuted or unsubstituted
alkgp gﬁggﬁﬁg%&%ﬁe@%§%@-ﬂimd%g 1BRAVENES BstEMEEL ol uhstibstituted

al 1llustration showing The effects of
arw agrgumgorakifon XProferiethecxgimpldsi ofi ez balidemirshide BonphdeXespreferred

of the_.present inventjqgn D fferential , Scanni
xGaplbt 51 20 50 berabe s Grer sl Bk Su Btk framples of aryl
gnﬁ@qﬁgﬁﬁécgﬂhyﬁ?ngpﬁﬁe silylimdazoliumsalt conpl exes

as latent catalysts. Figure 2 is a graphica

il %Erﬁi)istﬂﬁerﬁpqy\(ihﬁg og%e %Hl&fz'bi% Qifngvi"ﬁr }ﬂ.en&)oygl W)r_mula II of the

substituents R, of the silylimdazolium

imglakelivgo ppt @ogdexafs eattempy eslependenthereprasantomy D8Engugreup that forms
files of .an epo resi n.conposi.tion using the
a S%i’f%}ml ZBE:ZI?JI}gI Yjﬁﬁ’é‘ﬁ?l a?ﬁﬂhél% MR} atent catal ysts.
DETAI LED DE | PTION OF THE I NVENTION In the fo|llow ng
det &~PRaley @g e%% WPrtyHenty Re-%ﬂég@éﬂr@d@ﬁ#da%ﬁh@g aggve Fgmula 11 of

thePAhEdEBium salt complexes may include a hydrogen atom, a substituted or unsubstituted
alkyl, a substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.
Preferred examples of alkyl group include C;-Cs alkyl and preferred examples of aryl group
include C¢-C aryl.
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i nvention are described in connection with its
preferred enbodi nents. However, to the extent that the
wo eloboi3py description is specific to a parti CBECHIS2009/040828
enbodi nent or a particular use of the present
techniques, it is intended to be illustrative only and
Ter g BEQMLAES RA RONGhE R HCSC [P LAY ROTR UNERAXRIR 3ohp in the
enbodi ments. Accordingly, the present invention iIsnot
abdvenfidrela 3 of tiee ispdaiolinm wittvodiphers siagesclr indepkndentwepresent any

but rather; .the inventi J.nelydes all alternatives,. . )
orgRi #PLBTI AU BB oAy Bfs | SR1TAEEG PN 1 i gyigidazolium
compRrRe of the appended clainms. Unless otherw se stated,

a reference to a conpound, a conponent, or a naterial

| nCleudesici g GO GkntS RIPRIENNLA 107 BRYR! i 8VRAY'R>} functional

itselt, as well as 1 n conblnation wth other
grappnp chinal®yve donpuladhbsthe omidmbleum ahls complekesamayrinctudeassubstituted

or conhi nations of conpounds. As. used herein, the .
or yghitaed ol & sbRfiod” g unsaiien iyt 195 i pytaituted or
un§1ﬁ)fs%%ﬁ(3§ryy%;&ﬁ§ I&re GO % plek &5 Alkyd gﬁﬁ@t @8lude C,-Cs alkyl and
ot herw se. e present |nvenP| on provides
preférrad xaingesoif anhgsaiptindudpCekesaryhi ch are particul ar
useful as latent catalysts for curing epoxy resins.
The Sgnila tonthd asdglimiudmzslain salbrphpiexes of hige pressenhvention described

i nvent.ion c rises an imdazole ring with one of the ..
by FgEROE iR B PR Bh e el s SbBymidiolium sal
cople¥es. f URE tih@abligh Q4R- colijfte:S bf Yhe bHB&GH I iRR@Hi0B@HPbe activated at

deactivates the imdazole ring such that the S
clegiteq | temperattads tomferal @ conplerexthitsisi epsalyticallyr aiye for epoxide ring-

ool 8per attlounr e, %&l.ri{ZEC Xanrd igctivat ed at a higher

Prehperattré he.g. £ Y8 "t he hi gher tenperature,

the sil tm dazol.i um sal.t. conplex is thernmally

Z Vot cd—PS M aRIREHHOR | ni dazol e conpl ex, which

is useful as a catalyst (a |latent catalyst) for curing .
epoxye thesmesettable) SROKHirerdy 6PMARIGRNSt of EBerpresk dnvgsgion comprise ()
' i..0d: lJ o -

o R R e T e TR S Qo @he ENEBY, S5REHip e tatent catalyst

comprigtsionn al myroofthatil dohiddzdlmnoswt winptlédes of thequesenaineemion. The

i.n the i mdazole ring. The silyimdazol.jum salt.
Preé%fh# BEYI oY Ot e lifF%ts“é‘FﬂTY%t Weyn%f:ﬂﬂ#e zﬁf‘eﬂbﬁ%ﬁ@iﬁm salt complexes
reprQRRle8 15 Sthe Wb la BN et B LRAY c&aNsO@pl3didd 8¢ F8mula 1 of the
solids and do not convert back to the i m dazol e and

praseig mivestionf pagt dlemdle gnahlp lorhogery sheatnipooXn, the imidazole ring

sulbsFBRR R RS o i, fies 3N Thninbl, alu, SRBEpts RipR s and R™ of the

silylMRIBEd il SAdcoRdlactor vatiagd 1ash alrfsat@ferh@pRer atures to
form conpl exes that are catalytically active for

epoXind @atEﬂtr&%ﬂ)ﬁF E&Qpﬁ&@%tni: QP ndr® of AR ifid-B8uMfsaf RBhplexes of the
resins. Preferred exanples of the silylimdazoliumsalt
presentplirexxegonf {lhe preésedt ekamplat obrtharletene pagdent mdy bipclude the

. the following Formula | : Fornmulag | The_ani on e
imicigtife @l SIS Torreianied B ol ok hese « Fae 18t catalyst
repréiRftet byaRd Fofula R of BOPresent idfentiBR nfilyl A¥do BkdBAHIOBRIchanging the
group in the above Fornmula | of the silylimdazolium
anieg| X , degrphigivedde ming dybstipgnty BniRab hed thehi-ofR Ron 'a functional group
abl Hlylim ol j sal. lex, T ani on ... .
P RERUE e Kor T RET & e Bl B e sefiPsRTb Rptodnien curing
tenggihexes may be any anion, which forma stable salt
conmplex with the silylimdazoliumcation within the
silyimdazoliumsalt conplex. Exanples of the anion X
in the above Fornmula | of the silylimdazoliumsalt
conpl exes may include a halidé RSO, PF, or BR
and wherein R represents a halide, a substituted or
unsubstituted al kyl group, a substituted or
unsubstituted al koxy group, a
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substituted or unsubstituted aryl group, or CF3 .

Preferred exanples of the halide include Br and |
w@e@baeeed exanpl es of the al kyl group i ncl udeP@/uem09/040828

al kyl group, and preferred exanples of aryl group

include C -G O aryl group. The substituents Rl-R4 of

t he inp.gRam! & thd ﬁ@bn‘t Bathi g@t RE@UEMHE Wb tdabRiepb Jafresm composition

silylimdazoliumsalt conplexes each may |ndgpendent 'y
of t}emr%ennvanyonom@ammlygiepupi upvatthd desmed actstegbingerature of the latent

cotp AR R gt HEMPC Py RUR T Taten catlys

coﬁdeﬁgatwh ry?eaﬂp PvicEL RHif@in thefexbih@rogic! pehik M dRZOBCWRrve or active
salt conpl exes may include a hydrogen atom a halide

tenipergfureBpet ghe |latent caiahyst ito us dawor temperbaird. t ufeepraingly, for higher

tempegé’lbrsetclu%rllﬂt% eag lo%err] Sca P %olrlicgrtgrea%o% 1k0)r(e¥)edre% B%w]gver an, increase in the

cat@Xainesntftionl rdﬁﬁl@lﬂrp ah REdrerde nClheC%laksthzhnsﬁﬂiﬂl temperature (T,) of

preferred exanpl es of aryl group inc ude C -G O aryl.
thepgaldpghepoxydedts R, R', and R'' of the sily

functional group in the above Formula | of the

si | Y1 igeiiefalz dhe datersadatal g nipie e spresept Ewoh abeid el érideabopty 10 mole
perfcu 2?)?60%%1‘)1&8%881{ g@ol{th r(? Ilj%leo%th tnilolg [ grgcgzrgli Is’a{rjlmn&orﬁp[fre%rably, from

ab&ut APiceboaf 1 hitge §efb§11tlth&1m1}Stth®taﬂnole§lBﬂ the epo®y rdshpresent in the
silyl functional group in the above Fornmula | of the

thegmpiatiable sRovy rash arostivrgpethedatpptycatahyst trjle active. The exothermic
t of. 4N u i § ut r
%ﬁg’z b%l%: r%p%?;é dfeg{ﬁkg%,ﬁd%tﬁdﬁ %%baglll 'tbm ﬁgé Hﬁ‘t&r BéJ sﬁffte(a to a lower
tenipesatbstbiyt intiedsiag yhe 1gemugatal Fit ern&renedlcemartm termdseahtdy kpoxy resin
group include Cl1-C8 al kyl and preferred exanpl es of
CORPYIUYtoup include C -G O aryl. The silylimdazolium
salt conpl exes of the present invention can be used as
| at dHe Pakalrgse suftghle dor itheg thepasettalels epoxyi refn (@mpaesigian of the
pre%gﬁt %ﬁ@eﬁtﬁﬁp ﬁlragtlj{g i (08 outt] ?trﬁ&u}rg‘%‘f‘ g}ld@%t (<9>)rnprises on
na active te era res or various requirenments
avﬁﬁgcammlre clauini @m:Sepmfmdehgrohpltpentmcﬂﬁtuﬁ yEixampRs diskel epoxy resin may
. herein, the term"latent catal i S referred to a
1ncélg{eépysrpolw;ﬂl%rhwelghq Y dyghesmgl rtwgg Yced (3@0)@/ resins and liquid
e O)é/SI(e)mn@rHii s%‘ﬁ%i'e\f)% Qtreﬁnsh"lgllaeé 0'5(? FP&H it fibly’ ﬁ&t éﬁl %%oxy equivalent
erature" he term "active tenperatu
weﬁm eBEVOatf aik Yesist abwed 1§@rand unarn @r@faab}ysat(lasg abcapdﬂg) The EEW of

resins).is re ed to hereipn as .t t enper at ur e  at
the oh T NP ot oy b aRofta 0 BB, iERe el po more than
abdlie gppset of curing begins ("onset cure tenperature”).

The term "active tenperature range" is referred to

her n .

o P S TP SRR AE LS, RATORIBBI BT Ind MrBSEbR hory resin
compexitlcﬁrorma:;u rinclgde esiensr mhe tpehtslylidyhaitiee) ot pmlty(glycidyl ester)

cofgo i shel e GG Dy SPeDneaonei 2t BlPiiob fpmpound. a
blsgﬁeﬂbyﬁb@ﬁld( . tﬁsph@ﬁol@?ﬁﬁﬁ)‘uﬁg d ﬁ‘@voﬂz@e Hﬁ lafipieRic Qfiolt 481 halogenated

substituents of the sil ao ium sal t COITp| exes of
vattigtonpefethepd cvmpetmdrsonjhet @pqmeltesmampmmef@eabér yemprises a diglycidyl

crBERE bR RIPLR, BENAERTRN §F » HelbaS SR Hetet % Bk pl Bisahegp! A, or a

haloBénasdas giendlrvent i on i s greater t han about 120C.
Preferably, the active tenperature range of the
silylimdazoliumsalt conplexes of the present
invention is fromabout 120C to about 230C, nore
preferably, from about 150C to about 2300C, and nost
preferably, from about 1800ClRo about 22C0C. In
addition, the active tenperature of the
silylimdazoliumsalt conpl exes of the



10

15

20

25

30

present invention may be tunable with different
identities of the anion X, the substituents Rl-R4 of

wo b@9iipg3gazol e ring, and the substituents R, RT/US2009/040828
R'* of the silyl functional group in the
silylimdazoliumsalt conplexes, as shown in Figure 1
and E&hﬁﬁfe@ of kna—\pﬁ e@&@r}) ¥6ink %ﬁ@ﬁ{@tt}érlﬁe(ﬁ ange p%seﬁpﬁvention, include
onset and maxi numcure tenperatures of the

digdydigyli athatardrdsarmisdl tatabnh hedegumbne, Hesghersle hisphenol A, bisphenol

i n ti.o be .me red by Differenti Scanpi ng .
ATl G e e e B RAF s 4T - PREPSHShmalyt (Haghenol K.
tetABEMSbidpheabIf Al phbhélYioRBalaeHyRle PR&oIdce feshfs, RAdYY BbStituted phenol-

(e.g. epoxy resins). Duringa curing process, polyners
foruwagahgdﬁ tiRgnsraPhencihydiox shrnzalBg0des rasssd aresohbadiigkgbenzaldehyde
resly o BRRobea R e BT PSR BE | ARGl B URERRGY Blenot reins
tetfah@RsilbipRdiD], Thectraasil-tafabRShoApdngsi S  itGrausdalltrprémobiphenol,

DSC curve of heat flow versus tenperature or versus
tetfachlerobisphgiql iy apd eny Fembipatipngbeigrer nay be obt ai ned by

anal yzing the DSC curve, which may include, for '

exarfpF espogpsissinandgefmxinnthn piesentt iawpiicat ateewell known in the art.
G TR ePL L OF PELYE! BB LT B e n it
Otihett Beryelpp&dia bf emm%@np@:ah&zb?ﬁsy Us QN@h&@rahaiMn. J. Marks published in

referred exanples of the silylimdazoliumsalt _
20 hyp Maleasingsrscidnee Jrlelakae, Nhipentd /ot L qndbenk of Epoxy Resins by H.E.
I - Ay | o f
LR SN T BETRRIY, 1561 GAMAR LSS Bl 1 paen e
4066528y 21 af wiitls pleerpokatéd Bereindiygtfeeindy| et her of
bi sphenol A (DGEBA) and a silyim dazoliumsalt conpl ex

as | at ent catal ys he mpl e rati o of the bhispenol. A
and TP & UBCEERSH Shﬁﬁfalee%&ye et igRlsogra GRein B asigion of the
prdsBf B¥EHIRhERay @Qvﬂfﬂy'd?o_q%h&%ecu%in?%eﬁﬂ BlfeBiaR kdwaPRUbe useful for
0.6 to about 1. Thé silyimdazoliumsalt conplex used
cuiing epaxyeigoinybased contimg mpogiositions Sychabeting dgembngterials include, for

T R U N A O FAE. cr

thi6 0 HOEhtHoRiSc GEIAPArdS hittydsilié,yarnd ez @bmbiRaGah tth&edtP| X specific
with different identities of the anion X have
exynplpe o0& rihe ssupinBergent ipdedes phenod giavelass.r kigphegokd neymlacs, phenol
' r r ") LNt cur r.of i |
ol B AR M Bt L D R gy and any
co@biatiyt theied@zol i um salt conplex with halide (e.g. Br
or ) as the anion X shows an exotherm c peak at about
13CGke rQicAdTaHE cﬂxﬁ@%ent-r foaBH Yk y18Sih Py OPPEPeh@NS upon the curing
conprising silylimdazoliumsalt conplexes with other
agegiselested L ths ipPRded pre=ph disy therm@iegaige epoxte Sedn (cppposition.  In

h P t nj i.0.:the
o e Ry 3085 SEISCE R e, LUETBOR, iYL Mg sbouc 001
ab@edke, prafetdbdy framgdsub@ i ' atouahouhork3Re @bl yoframabbutd®D to about 53,
0C, as shown in the following table: Figure 2 shows
ang peshPreigEibhy QBW@@WBF%E‘%ﬁgH sing silyimdazolium
salt conplexes with different identities of the
nguents R, R', and R" on the silyl functional
group di splay exotherm c peaks at different
t embieraatbaerediscderedar dngppreseng poreytiore fiahthe datpatsiatal yyhsof the present

. conprising a.silyimdazoliumsalt.conplex . with the .
ARG RSUSHIIS EPSSCe SHbw B PesPIRPTVE M ofyhg to the
2—rﬁ;é‘tﬁ%1|i}ﬁfdik<§le%6ﬁk Sci@fcataiBt ERRMMY & for eXMROSIokly @&Snst O
hi gher tenperature ranges when changing the
substituents R, R', and R "18n the silyl functional
group of the silylimdazoliumsalt conplexes from -
1Pr3 -Me3 to -Me 2 Bu (' Pr=iso propyl, Me=nethyl, and
Bu=tert butyl). OQher Imdazolium Salt Conpl exes
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According to the present invention, the silyl
protecting group on the silylimdazoliumsalt
w@ompliz9ses nmay be substituted for other protecPCTyS2009/040828
groups such as |-ZR R'R'"} group as shown in the
following Formula I'l, in which the N-Z
i nt eF&CEkQ‘B‘é}QOG@h' B rﬁ'(;l@gJe?ceﬁ{ 1&&9%@%@3&@%{ ¢ B thermosettable
sufficie labile to cl eaved during thernal
epexyeatsientomposition, nthea-wpdylymrdagola- b@unpa@dt canlysZ Has an active

'] f I
Gl AT B Rl s o
l; 0
préfs%% él{l‘\?éélﬂg hé‘?{) za:%%% n[gelfratgii Fli]%%f?ﬁggglﬁtgh% aBort Sf()G@X(I) about 230°C.
Fuﬂhd:r)ﬁoirem tlazdbdt Lotirs &ripecatifel fxake rzamstﬁglemtcﬁﬂolbgboﬁe racid eatalyst is

above, the anion X the substituents R1-R4 of the
abanh 8§03¢ ophich; inglsodawer H@nstb%tqftth@ lglirRdazqdium galg cgmplexes of the

preﬁeét}t n%lverlt o, vihl‘i}hga\}e i Wag rl%ﬂt%ngg]ir? gso%ﬁtgl)%gl%e%boé,ne l%out 100°C to
ab&IY sy&r. i abl es whi ch forn1a stabl e i m dazolium salt
conpl ex. The anion X in the above Forrmula Il of the

imd i
RO COIRLG AL HEOTBA AR Bl o
thecalyliafidasotitinrsattvempidxda oo imidardain sdoaphexesks amfehte&talysts may

of the anion X in the above Fornmula Il of the

be jufi i BRI ARPSSIEOTE o P Pt IRIaFre FisEPtlablerapyyEesin composition of

thel ¢]1@§é|np eHvRBtidn is sbful &' ap héﬁﬂ)nk ré ulﬁl%gh HPfeat réHstﬁBé and a good
and wherein R representg hal |J% LFlng F

stoBrge stahrldy Ke.¥., toallowlepbky tdsed tobe mumslprmutsmja@ ¢qpldlt10ns and cure

o B BB L T T A e Sy s

corﬁf)&flﬁ(ﬁﬂ’ fdy 86X agl if %l&fnctah@)ﬂﬁaﬁtidi'ﬁ shlCdsud@tl¥¥al Bneinite appllcatlons
preferred exanpl es of the al kyl group include Cil-

al kyfhe gl'ié?HlBsetéleé e&fo@& %sru'?GOﬁ MRS R SR priR] Ith9 rleé‘rR catalysts of the
include C -G QGaryl" group. Th substltdgnt
presérg inveantiaz oday alsonlpe uised tiln powb@\ﬁ@aﬁmgsmpphcation@ﬁndlttbng, for example,
|n1dazoliun1salt conEIexes each may |ndepquent%y b d
o PEYTE SER Pl@ﬁif“%ﬁiﬁgl&rﬁ IR SOBS YN SPRECY 'Siigicae rebars, and on a
w1diénféilﬁ17.-§%iepl iin ?%oﬁ%échbﬁ‘s_ Arfey al v §RaPHdteHBEG@EPAR* 0 corrosion.
Exanpl'es o he substituents RpR 4 of the im dazole
rin ol L1
o e B e e s o ot AP FE e R alion may be
preparedns ab@Wdtmcadnglfcbam at aa asmbsﬂlietiuteempemtumr(s 1gb340 mut Hd at 25°C).

al koxy, ubsti tut ed. or unsubstituted aryl grou
TheeBRRY st BRAR PRI FEEE i) e PSR FHRENGdEmeripe 2) Rfmal storage
coﬁﬁgor[%r eAtei f}%ﬁaﬁgmre&)a@ﬁg %Sﬁﬂcat%rpiéﬂl efh‘ﬁhr‘é ‘@5 gcfrom about 180°C to

The substituents , R, an
25(P°£2Rthﬁm'wd}3r ¢Qntiog ingryse @pb@ﬂoandwtram@r@b@wa Péqumﬁoan Iwhich may be

soilegBendB R b s ThbBhe EERTTNET T oraand: svngagnay. e
aplﬁieﬂgﬂ)(ﬁvder BafhiRmay be ﬁ‘éﬁdl&ﬂ ahtods QYR Woﬁtlﬂignby R@emical cross-linking
azollunmconplex Exanples of the substituents R,
angfor heggg R " of the |-ZR R'R " } functional group in
the above Formula Il of the imdazoliumsalt conpl exes
rray Qtier| apgpéications bt the uherthasettabis apestyi tastnedorapgojtion af the present

st tut.e nsubst.i t ut (0034 r a ub tituted
imGHOGH bl B < SPTREy SR draafs SRR T sructural
co@F&ﬂes Sheldhgh nabtiute, &dcapsulaioky lor apdiker ef erred exanpl es
aryl group include C-CCaryl. Simlar to the
silylimdazoliumsalt conpl exes of the present
i nvention described above, the imdazoliumsalt
conpl exes of the present invéfition are stable
i m dazolium salt conpl exes. The im dazolium salt
conpl ex of the present invention can be activated at
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el evated tenperatures to forma conplex that is
catal ytically active for epoxide ringopening reactions
w0 poovhe9sgur i ng of epoxy resins. Thernosett abl ePEPUSK3009/040828
Resi n Conposition The thernosettabl e epoxy resin
conposi tions of the present invention conprise (a) an
epo’ﬁ‘rc rf@l?d\@in% @Qamﬁlcg: %51{}{339 Rg&He; th@%ijesgﬂt 1ﬁvérﬁ‘1toﬁ Nh detail but are not
cat al yst rein the | atent catal yst conprises one or
to boeasuhied todingit thel scopedhzsbf.um sal t conpl exes of the
present invention. The preferred exanples of the
| atent catal yst may i ncl udAMBLES | yl i m dazol i um salt
conpl exes represented by the Fornmula | above. The
| at ght feldsvahy Stand 8RMAEI§AER Eqbiynical Md Aetho8$ atehBed in the Examples
gresent i nvention may al so be tunabl e by changing the
ang(pppandtive Exgerimgndsizol e ring substituents R1-R4, and
t he S|Iyl functlonal group substltuents R, R, and
'HRnd "¢ Nitleard¥lpgrietiniResomnce MR glopx for vari ous
hi gh curing tenperatures The latent catalyst
conmbu IaSQ@KmheNMR expeeineht, tHhed img d)ﬁzmhdlmﬂlyhahdazohum complex was

isg b e e AR SO YD Sy PR N H C NMIR spectra

weréch%eh 'uk‘iﬂ'% SV i AHB LNER SRREETLRE %gth%)ctalﬁﬁg FFRIGM s 300 and

above l'atent catal yst represent
75140Mﬁrzl aespectovely.hdl ranés e@rtNMrR/epﬁctr@mmwe&lr@metbeo SiMe, using the

resdiEP PR bl B P ituds Eﬂdf‘%?l%ﬁt R R T foncttoml

gr oup substltle ts R, ., and R'" of the im dazolium
Difigrential syannine € alorimetiy(Ds Ai gh curing tenperatures The
anmount of the | at ent catalyst used in
t heIMs 8xReancate pEsey cHEed RUE BFRIHENE it) rﬁ%?Mt Ré4 Byl EBye method as
ﬂﬂkgyentlon wi Il mainly depend upon the desired active
enperature of the |atent catalyst and t he percent

con ion.of the e Grease

o URC CBRPY iR B B Psfleq 3 bbbl pSC pan N
90687u3{d01i pant hed %@@h@omtmspee&@hlmsc hmﬁl@&&gﬁtw«s%ughty 10 mg. The

active tenperature of the latent catalyst to a | owe

samplgpeveeur@nnesk dor di hyl {Therspl M’mjlbérs)t arttar@2000 DSC (PN
f
97%?)51I dtf ,(Sg’/al\fngm (}82322 %Jll%f]alnt %g&cg{ﬂe{ ktRIQ)g gﬁ{g? ao?%%)ﬁrﬂl/mmutc and

nufB@ﬂ&ﬂcbﬂn@nmbﬂsmaﬁse in the glass transition
tenperature (Tg) of the resulting epoxy resin. In

gen@w expdindndd @Rte 6a1i8d Yt uAB@Y BMaRiiESeMtitibhsOm @heitcool-heat
1 to about 10 nol e percent, preferably, from about

CY‘de 1 Kirst.ahe RSG spmples pegre diseted i ROPE tpriSORF abitly a eadng rate of
[o] b [o] t
2 G0 B5E Rl o0k SSBRUEorPRECRubE  ly geconne

fro@P X yCrte 80°C ahpoRi/timne.f Qhe tsbns|vadre rahalgaddanhsylsg Undvebsal Analysis
active. The_exotherm ¢ geak of the epoxy resin

Viethpsetrarcon Voueht tost ohyh RS (magmples stist fabanlated dromp s difference
belwelR Bt a?\x}%}/gih't 3 Lh%"ﬁ%@ Qahpe dndl fmﬁ%c@éﬁtsotf the DSC sample after

concentration er no ttab e epoxy-resin
thecsomposg tunon. The epoxy resin suitable for the
t hernosettabl e epoxy resin conposition of the present
invention nmay be any conp@xachpdé 1m xture of conpounds
that conprises on average nore than one epoxi de group
PerA 5 IREIdhAiufX AL RSHIS whi &yRRAKMKd u8Hig Mhé B owied HdEtant A and
| ow nol ecul ar wei ght or higher nolecul ar weight
reagiptRced epoxy resins and liquid epoxy resins or solid
epoxy resins. The epoxy resin preferably has an epoxy
equi val ent wei ght (EEW of at |east about 100, and
nore preferably at |east abodf 170. The EEW of the
epoxy resin is preferably no nore than about 10, 000,
and nore preferably no nore than about 3, 000.
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Specific exanples of the epoxy resin suitable for the

t her noset t abl e epoxy resin conposition may include one
woroognesIpol y( gl yci dyl ether) or poly(glycidyl PEBUS20N9I/040828

conpounds including a poly(glycidyl ether) derived

from a bi sphenol conpound, a bisphenol conpound, a
RehdthP{BRRIa 6RP0UNd, a novol ac, an aliphatic diol or a

harogenated variation of those conpounds. The epoxy

res t.. pr.ef rably conprises a diglycidyl ether of

bi sp ewﬁah ldazlesphenol F, or a hal ogenat ed

di gl yci d bi sphenol A, or a hal ogenat ed

blsﬁﬁ%ﬁarlﬁﬁ &Wﬁ&égrof known epoxy resins that may be

used in_ the present invention, include diglycidyl

ethéﬂ§ﬂEYL?@§@B@ﬁH@Vthatechol hydr oqui none,

bi sphenol , bi sphenol A, blsphenol AP
RcmﬂmuIhﬁﬁh@ﬂh&di@&&ﬁphenyl)-I-phenyl et hane), bi spheno

F, bi sphenol K, tetrabronobi sphenol A,

phetRéR”Rb’f v cdepgrdewhavol Rc R esindR ™ adakly repsesestsiNM et Itd ‘Pr, or ‘Bu

hen de resins henol enzal de
vEgSethel HrRbek MiySraenis SHihT DGR SRR Wle . B
or B R-8PENLAELRNR-BhefRks AERIKYB group, an alkoxy group, an aryl group, or
di'cycl opent adi ene- substi t ut ed” pRenol resins

CHKet r anet hyl bi phenol , tetranethyl -tetrabronobi phenol,
tetranethyltribronnbiphenol, t et rachl or obi sphenol A,
and Aasglug@mbf ratiaon At flerseofmol e d'erh;d()ethee@ta@) 6 efluil was reacted

n the. sent tion .e own in the art
wifrfy b el T oerReDig B (4 MM HTopRtPugls (bout 25°C).
Thé m%wo%ssmedc&ylesm QRd a8 ewe@eawdo @Qnthﬁo{ﬁw Keor G0N BRAutes at room
Encycl opedi a of Chem cal Technol ogy by H " Q Pham and
tenpergiure (WaowSSpUb| Tshedction 2GDBxbihexticayaction erhydi ma@ eccompanied

oy ERRER, b R0 VA P SRR S uBRBY, FERY PRl vas e
colMetdayHifillthatioble Wy aé@ed ; wall EGDS. andatieisd  d¥ler 4anﬁ@m6?(8,obtam the
all of which incorporated herein by reference. The
sildimidagpliageralt complepfivalfrspduche Yiehds aip piqadly|ie thegange of about 80%
to 51?0%1": BS ‘900 'THQ %JhtltE %811(? g otdn &Jse&lg&tc ehgé(f B%vnﬁ r}mH EQ( ) pl%ﬂ? rs]%{ectroscopy
co-reéactive curing gen naterla s kno to be use
dedcpibed nisaveg epoxy resin based coating conpositions.
Such curing agent materials include, for exanple,
pol yanmi ne, pol yam de, pol ya&ahijaeri de, di cyandi ami de,
pol yphenol , polyneric thiol, polycarboxylic acid and
an hm I dﬁgffhﬂﬂﬁaz%m{mc OPLRAHIQ r\)vitt]ff' eclgﬁ)‘ﬁf -G hs?l'ilcﬁ’ RRE 'ct)frgspondlng
exanp es e curing agent inc phenol novol acs,
redotaap BEROR >’ R’ NYixoOteagant) phanadilabzy deasilybifnidazolium salt complex can be
di cycl opent adi ene, . styrene- Ie|c a anhydri de (SMA)
Preé’é’f%‘l S%E}eéathf‘éﬁofe%f‘ﬁ&?néé TRl st e ?%gwngr%am i o of
the curing agent to the epoxy resin may vary dependi ng

upord-eBYcHiimghylgdrhinidrzebvad brmidae (Int sHaRly v opotassium

t it @l
rel g BFOTRREIARE) RO E R ORER ol i 5 mb
usetd'ms £paxyntr e8 ipnedisitate ofrp@tbmﬂm Oraibide g Kadop fttrm]:ﬂ(immedlately, which

preferably from about 1 to_about 1 nor e prefera
wap FERP oﬁ@zr%ﬂ%@mwrs vig, ilragioa; e i IR piep dgmoved from
theaf%%tan@ Ip?o&u@t ﬁ@&é‘i‘tvaguurﬁ‘p WHCC@%HI%ESWEIS thBRSyE&Nwith Et,O and dried
di scovered in the present i1nvention that the | atent
un@@rt\abwn s Tbé ptddectpwwcémtacmmeqh by OH ahd @ DWNIR gpeimxgopy described

resin ove ative
bl Tl Tl G SRR i, iabforpBfephasagauantiaive
yidl®@r curlng epoxy resins. For exanple, with 1 nole

percent |atent catalyst present in the thernosettable

epoxy resin conposition, thelf-nethylim dazole-boric

acid catalyst has an active tenperature at about 140C,

whil e nost of the silylimdazoliumsalt conpl exes of

the present invention have active tenperatures

reachi ng as high as about 180C to about 2300C
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Furthernore, the onset cure tenperature for the
2-nmet hyl i m dazol e-boric acid catal yst is about 800C
wokieh24389 al so | ower than those of the silyli mPdEES100U0M0828
salt conpl exes of the present invention, which have
onset cure tenperatures rangi ng between about 1000C to
abott,e %@W&promﬁu& he RS Efet?%u? bERSY td E%Fﬂre other sﬂ limidazolium
conposition of the present i1nvention co Ising t
compleyéd ofi thapebénymwation wahphesesanoensi m dazol i um sal t
conpl exes as |latent catal ysts may be used in many
applications. |In particul @xanipde3t her nosett abl e epoxy
resin conmposition of the present invention is useful

f or sapples c abf Olﬁl’ferﬁl@%ﬂﬂablengeﬁoﬂiﬂ ghesheatcohpsbifb@NCRoMPLsing  the
a good storage stability to al |l ow epoxy resins

silylgnidazqliyat tsaltcontlongs @:tt@nedggrb@b@qamp&ﬁné ahdxample 3tabove were

pre{f)ﬁ Ht{%ﬁ{@rﬁﬁ tr’#&g% @' IH&%E Qx!%?éjﬁe FROftowh 19%&8‘@9@1%8% g

er nNnos |'e "époxy SI n conposition

appil cat PR Fh prSk e éggié\"éd@ﬁﬁm (L Emo) and

bispREFP A {2(08S0.9 QHHIY |v&$a|s neattsa Qo Ilaomﬂto gRlAh Woh®geheoub8olution. The
present | nventi on al so be used in povvder coat1 ngs

hompptreent sadwion @fcqha(m 3Afapel bisphersll et wap thsnallewed & eeql rapidly to
rocﬂﬁ QS)? elf‘gtﬁfe I ﬂ tEe %?sph&%é%@%{aﬂ&gé PR th%%%?geﬁeous solution during
rern rc ng ars vari et

co@lﬁ@ﬂ&ﬁ‘lheﬁﬁﬁg aﬁtﬂ c@lcﬂin‘gq&oéersﬁﬁmrdzqt B tepemtd. O[Ah@iuetst(ﬁpprommately 1g
corrosr on. The thernpsettabl e epoxy resin conmpositio

hofeogspeausnelytiapenit the PGRBA Fad highspeldA | werg t ed to a solid
a t er t t ( 7
Sﬂﬁ%ﬂlﬁéﬂ%ﬂtﬂ%s%}? B SRR SETRIE KGR Winne TR the solid
siljzlh&idpmlli]hﬁ’[ sadtodimpigx caatpstiwaresrahudty apitated lungt @hamgegeneous mixture
(tions. At a typical powder coating application
Wa?@lgrﬁglre di%re (e.q. from about 1800C to 2500C), the
powder coating nma nmelted and transforned t

liqdid férmixiae %§Bﬁe(lébg>| F-eanmeD) gpd Prsaml Sl & 1.7 mmol)
was Lﬂ%g&l&@& 70} Fﬁmﬂ 3 ﬁlrLS(;fefll ng—T@V\g@betl) %Hﬁfaas%?ut The solution of the

equently, the a ér coati ng
DGEBlﬂsandntﬂlelbll;mleaolsAl Wais deat adalgd by ac bdi elaj}'hmldazohum salt complex
0ss- | i nki ng and/.or heasl ng. O her .applications of

catilyal PRk moSeRs 46 OEh ok Y FRECACRS nﬁB%ﬁ%F‘? G Eront pigmperature.  The
CHAESEDD doBNWa@RelIBVed HEMUAE hohRIgeftAMRLGure qgfaﬁl'aﬁﬁé the sample
structural lamnates, electrical or structural
undwyvposint €4 olrdi ngs, castings, encapsul ations, or the
i ke. The foll owm ng exanples further illustrate the
pr egéat adtive eiletripemttirlas 't ehiel rvultanar Bomadent@isbenixtures (epoxy resin
construed to. limt the scope thereof. VPLES The
COmBPY ARSn P RRIERER R rng/ler e GF SRBRICXEHAW RSt FGared by DSC
us1ﬁ €heSSE nhdthdd e s EXRARILE S ANCHEPTRAL %'sﬁ@w%?{ghf‘@% Ntahd 2.

and 13C Nucl ear Magnetic Resonance (N

spectroscopy In a typical é%e er| ment , 5 10 ng of
SO|Id silylimdazolium conmp eXWas dissolved in 0.5 L

T“ﬁrrﬁ (B S ie %eﬁeig%?%%fﬂawgrfﬁ@g%%meﬁw%%mﬂg& e

ectronmeter with operating frequencies 300 and 75.
es ¢fdBpRotRamad iR T Bingfupgeonavresyeshown iefable I below (Rs and
refer enced to Si Me4 using the residual proton signal
R;efHibrecadie norepatngl $hérvmhtnal i dfghe dynaamhic Seamnpnogesses in a
Calorinetry (DSC) DSC experinments were carried out
phéggion 0i6Nobitghe AT TMALIALSY| 11D 6ispRédp0d @GEBA))@pexy Bsem using 1-
sanpl es were wei ghed and sealed in an al um num

hernetic DSC pan (P/' N .
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900793. 901 pans and 900794.901 lids). Each DSC sanpl e
wei ght was roughly 10 ng. The sanples were scanned in
w@200/1¢9Bber mal Anal ysis) I nstrunents QRO000 DSCPCPIUB2009/040828
970001.901) (S/ N 2000.0884) with an autosanpler, a
nitrogen purge of 50 m/m nute, and nechani cal cooling
5 AAESRAY §Ratieto Bfﬁ%Aﬁﬁ&t SuME] Sut GG TR Gtk eBGnple, the
dynam c” conditions 1 n a heat-cool-heat cycle. First,
t he DSC sanpl we ed, from 200C t C Wit h
reailih PP Ao TroyEr Fo R o Bef iR 22Cltal, Wbr ip coot o
to 2Q0C at 10C/ m nute and then r escanne{l from25 0Cto
rooR ESRPCER ORI AY RS CanPRS I CeATE iR o Litly SReetist A
Uni versal Anal ysis V4.3A software. Wight |oss of the
silyhgmdgzaipineeomplsxes@ire sHamaidzedriphabled. di f f er ence bet ween
the initial weight of the DSC sanple and the final
weTgphle 10SuimherPSCtlsaDPCalata farthe SdyEméduwroligny Gomplexes 1-23.
EXanple I A SiTylimdazoll UNbpmatlicdosddafl EX_Was
ssemtidiesized Rusi SRER"heXT ol magF gactcantt udke aepghersion(%)® Tg(<)°
redct ante B :‘Reactant & (i t+dazdl’e) 2N nethyl i m dazol e,
1, 2- di nft hy"f mi ddzol e or °1- meffyl £5° phehyl i mi dgzole 7
React anf B (,Si | yl@ting reagent)ee R.ER "5 X reagent,
wher ei nulR , R', @ard R\" eagh represgats e, Et, Pr, o
or ¢ Bu (dve=met hydve, Et et hyby, '1Rre=i sopropyk, ands' Bu 78
=t €rt- bt yl )H and™x r@}?@es@;ﬁ;t S 4§S-al i d&2(e2g5 Br of5 ) or 22
R-S0 ; VYherdfn R FepféSents’ arf’dl kyl"group, an g koxy

grqup, @n aryl _ gsri,FpquFigsr 3 .ZOA solution_of regctant

A (2. Sudmoly) i nedi etdayl  ether,(Et 20} (6.rnL) was 7
react edrw t lvea swlaut ¢ren, ofier eastsant-—-B (125 nmoks) in e
Et 20 (4varl) ‘At ?isom ¢'eAperat ur e (about 25C). The 63

soliti off of f eaftefht A affff B §ds stirred contifuously
for, 30 jA nuties af,.r opfbt efiper agr e (about 250) . cThe 3

reacti om i Svan exet hedsdl cireacklson . whi ch.was s 56
aceconpam ed Hy isveedrab.e precizgpiot at+-en of-—-a whi te 54
sol'fd produdt. Tite whitke 881 i d*pr oduct was thens® 82
cofj ect¥d by filYFatidn, Pshed?wi th Et20° and fried

undgr vacuumto Qpt aigp, t he, si |yli nidazolium sal f; ‘o7
compl exvd i nab _praductsen Yi alds ane typi cably in tshe %
range ot about g80% to about 95% The wnite solid
‘O ingd| brdinecap integratipy okthe RYG pzbzg(a fot psegprd st |gjiduded only for samples in which
ac j re is. pr . d ugt timatgd ion,enthalpy of 20 kcal/mol for
bot épég:'g{l igopo 8;9& a iéggiii ?}Sgﬂphéglﬁ)ﬁ'{e&cﬁons.. Sti zjtgmf;%m%ﬂ%% ddfa. “ eliable integration data
coufiiln boddi ézlﬁﬁk H}@tt%dpty su%&gpiaﬁx din)cti orﬁgin_ﬁ’(ﬁz Pl l&_ solution.
the corresponding reactant B (R R'R"Si X reagent) is
unavail abl e, the silylimdazoliumsalt conplex can be

prepared salt netathesis reaction as exenplified by
t he Itf will baablrgowsxtargsirsons skilled in the art that certain changes may be made in

| -met hyl,- 3(trinethyl si,lyl)imdazol,i um,brom.de 1 .
tne s dIRSOUNS, ohlnoTEb Y, i o B RR S oV S it ddpapting from the
scdﬁﬁrcg 1:10 gﬁﬁeﬂthﬁ%ﬂﬁah.A Vit tshthaeedre ﬁhﬁt&lﬁd%dd&hﬁtQﬁBfﬁwtelé l&rﬁhz_jdisclosed be
intEIRER PO HEE Bl a0} 35 DRICE (ARSCoPB RPEFTPBfpIghe. Moreover,
r ' ' . ' [ r.at.i T vent .
o SR T B A1 ST DR AR 9 i
by phe shecificaanipisnsenvdathesbonk tilclkdiz@tianablds ite @vhich they refer. Rather,

these examples and the tables they refer to are illustrative of the compounds, compositions,

and processes of the present invention.

18
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under vacuum The product was characterized by 1H and
13C NMR spectroscopy descri bed above to be

woO 2000t12098b9 3(tri met hyl silyl)imdazolium PCT/US2009/040828

hexaf | uor ophosphate in quantitative yield. The above
procedure in Exanple 2 can be used to prepare other

Vﬁ{alt%g élHﬂn&@ZQJ i um conpl exes of the present invention

1.

various anions. Exanple 3 Sanples of
t ol g the
L R o e G P T
1 or Exanple 2 .above were prepared in the range from1
to 5 nol % by any one of tRe follow ng two nethods: 1.
A m xture of dijglycidyl efher of bfsphenol A (DGEBA)
(50 g, 0.15 nol{) and bisplenol A (/20 _g. 0.9 nol) was
heated to 13Q0¢ tyg yield a~gQep eous sl ution. The
honogeneous solfuti 's nol A was
then all owed tg eérature. If
t he bi sphenol 4 nogeneous
sol ution during cool i ng
processes my & roximately 1
g) of the honpgeneous sol ution of the DGEBA and
bi sphenol A were then added to a solid —
silylimdazoliumsalt co | ex T al yst. The resulting
liquid mxture and the s Qrdnblliﬂﬁl i m dazol i um sal t
conpl ex catal yst were nmanually agitated until a
honbgeneous m xture was obtained; or 2. A mxture of
DFEB&n(1.0 g, 2.9 mol ) and bi sphenol A (0.4 g, 1.7
nmol ) was di ssolved in about 3 nmL of 3:1 CH2d 2: Et 20
to for f t:
bi sphelglno Za?é %Bs‘?ﬂ%eﬁlﬂgg ? %1'1&%9(%% |;c11£ Bﬁ4 343?1(1) IFur%endenﬂy
sxapltescmnfnpduexmgamlal pstupwi th:tt goiniy i zngstnbjef unnilaaole ring within the
ng&;(? ture at roomtenperature. The
3P 1E)m§ tG¥RPlNas renoved from the honobgenous
m xture by placing the sanple under vacuumfor 4 o,
hour s. RTH% aed Rye e mphstificntsed e stlHefupetianat gipup and R°, R”, and
110 [
ngnpfgi&gl ﬁgégeﬁhe%twr%?reg&lggé% lo:f ?ﬁcn gﬁ.gfgﬁp ff)ferf)iggg stable sﬂyl function
ngrasp wéttlinbtite EiSﬁﬁmﬁslamluhhellt%&pmct,lamﬂ descri bed above
and the results are shown in Figures 1 and 2. Exanple
4 Twenxy i$ bfi e@ichoWRlcBX@SmYer falle 8aRI@ehpA&C i thg dil§limidazolium
the nethod of Exanple 1. The identities of the RlL, R2
OB MR e silyigdazobpal saltice@Plike shown in Table |,
bel ow (R and R = H for each conpound). Ther mal

: aTiafl )%ﬁi/lér,m'tdfazctlhen Whan@mpb&raqqgr@rg)des@eim iln whghiandid @nion X~

: 1 bi spheno ig CI d ther | A .
(%ﬂﬁ fé%lde i(?tdg 13 YP@ TTSPQ b C}ée?eépgig trepresents a halide, a
(§uﬁbt&hteﬂ%rt1ﬁsm&@éd mg g:Iaﬁp | £6hietitutddsorghsBSGtE®hlkoxy group, a
each sanple, the reaction was nonitored from 25-2800C
viubpfitated o HRASURG Biedardera, of 6F3 - al | owed to cool to
roomtenperature, and then rescanned to determ ne Tg.

. Deheasifybmiddreligmrsalé somplesi dcgdridimgda ztdiinumvdengn &eessibstrtaents Ri-Ry

| zed i n Tabl .. Tabl .S f th C
B PRt Rt it Pedh omproBLry s 5 (yiiRiuged akot.
REGsttnde for Mesuberigle@aliikySHiR fRbRitueédr inéuB)tidid(alyigroup.
T (O AH (JZg)' ConverS| on (%9 " Tg(C) 1 MMH

. St d1yBimiddalidml &t &rstéx §c<§§dlﬁg £9 cf2m?21, MehdYein ShR3bBkuents R’,

133 6202 8 24385 10 73 78 3°Me HSiEt3 Br 120 1
1RY @d2B8’ 5étncB iB8epeBdently represents a substituted or unsubstituted alkyl, a

substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.
19
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4 M Me SIEt3 Br 133 8 135 6 247 4 85 064 815 M H
SiMe3 | 138 3 169 1 246 8 106 8 79 70 6 Me Me Si Me3 |
wa3®9129888 6 245 9 113 4 8 1 78 7 Me H Si M3 OFGB082089040828
7 66 7 234 2 228 5 85 75 8 M Me Si M3 CF3SG3 203 7

203 4 58 66 9 M Ph Si M3 CF3SC3 209 1 196 5 57 65 10

5. VB chla st]-g({ng%rgl: st QYmﬂaz?tﬁﬁlnflsa@pcoﬁgpl&lof{\@aiMel.Si 1Pr3
CF3S 195 2 5 69 73 12 H M S M2 1Bu CF3SOG3 212

7 .Si . . .
6 & RRO R LRI Aol YA S L R NIR wherein

Gha SRl A8z iubB 6alR cdBphR cbonpvBeduSiviidzdie SOF AR5 a&ily6unctional

156 72 17 Me Me Si M3 MeSC3 171 7 203 9 59 56 18 M H

IRERatcReRtoans of theyytrggen afomy in e [ipidggoleirings phscs

158 3 199 5 58 82 20 Me H SiMe3 PF6 200 5 151 2 44 7 1 ,
7. Jhhevsatply sisiaggezdipgstol gRim §.9 whgrep thp sggkimpgazelivgp el complex s

Tl 8% 2ol BRI ", near i ntearat i on of |

1 he DSC peaks. Data for a second isothermis included
WISISY for sanples in which a clear higher tenperature

peak i resent. 'Calculated using an esti ed .

eact i Rker¥h aPByitentsf b PO R ofing G lggéﬁfach independently

r&‘éﬁi‘%@&lté’”ﬁf I &3hhieN ?dh% RAXfoRRENP! sthifacthRRsole Ering within the

stimated from DSC gat a. "Reliable integration data

colylimideablibe selbtainpled. ' NVMR spect roscopy suggests

rapi d dissociation to i m dazol e-BPh3 conplex in

sol ut iRN.R’I tndiR’'1” dde sali3viheus dfahpeilglofmactsdaal kedpiandtRie R”’, and
t. certain changes may be made in the co

art. th nd '
c® rrp%%%%t ingeRendepily 15PISRYs AR O pIoHR (B3 JOBNY.R ORBlst S1Y function
t

%Qﬁ'%(viitﬁgl thé %T}lfﬂﬁ%af&ﬁﬁ?sa@tfco‘iﬂb@eyﬁﬁﬁéent i nvention. |

i's therefore intended that all’ natter herein disclosed
be inter i gﬁ %ﬂio%swhlcp%hh 4 Hfo10 Nh¥ RAHIAOLi@Sthe sily]imidazolium
limting the scope of protection sought. reover, he
caripo withén the eifpiatddddotins, sapedmpreacesses of the present
invention are not to be limted by the specific

8. ERANEItAFstSREorkitet fo akiay e, wWhekindihg GinfdheXt @bhpsisdson WiidehR-SO;™,
they refer. Rather, these exanples and the tables the

ri&feer ot BRar @ang [Whesain & rapeeseits tahizalidenp sufsisited or unsubstit%ted alkyl
C Sj L] f .t re - :
QU] LR DRSS IS o g s
sabiip, @0k ex represented by the following Fornula I

Formula | wherein R1-R4 are substituents of the

i mdazol e ring and R1-R4 each independently

R
)1\ R‘
/ Rn
o
Ry~ \ ®/S|
N N \ @
X
R"l
R3 R,
Formula 1
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represents an organic group that forns a stable
i mdazole ring wwthin the silylimdazoliumsalt
w@eeomphzas9 R, R' and R " are substituents of tPeT/F51099/040828
functional group and R, R', and R " each
I ndependent|ly represents an organic group that forns a
0. Sfl?éoéﬁar.%?étl éét:orfdﬁ%qo' ﬂglrrgﬁo%el\@iﬁ tHensui)Qtﬁuents Ri-R4 each 1nd endently
dazolium salt conplex; and X is an ani on ﬁ
fmpmems sit hbdreg@alatormomubxtltweﬂ hort hes@sﬂlt}aterdnalﬁa]zcﬂ |sulmt1tuted or
azol i um sal t | ex. 2. The
STy APt ek et SR Ab T hyT BB ni,

wherein the anion X canprises a halide, RSO

10gRe catalyyt afrerdng ' Crl%%ﬁr ds¥EEn trrarsv%ﬁéltuegtssl}bs& LR each
qqldﬁﬂé&@ﬁfy’ tgﬁrgﬁn?sl Ky lsuBdtRiRd Br Sﬁigﬁﬁétittﬁ‘&@ dalﬁgll a substituted or

unsubstitute koxy group, a substituted or
unsubsititedibléEdx oy b sghsinpged ar urGkbstit@ed Tty group.
silylimdazoliumsalt conplex according to claiml,

11vhter edtiytthecsidigt id deimh 9, Rheldn €lgc kil ylinsigpanidantdly complex has an
represents a hydrogen aton1 a substituted or
AT B S REGRBEE @rik\ylrerela the, pttvertempgrayre risiahdg by ghanging identities

a(LfJ‘iH Xmo]??( gﬁgh S sMPé&QflEkt uted aryl group.
e si l'yl

unrs t conpl ex according to
L h
12101;] %egatgigstw%%&% ‘&p ecglélﬁrl[!lgsgx}hseh li?‘e't ugtlyél(?ﬁgarlz%ﬁ]lqm salt g&ﬁglex has an
mubﬁdnhﬂdﬂitﬁ@ aldkyhereia thel s iviettethpelatre 14rtandbsd bj? uh&ing identities
OXy, Or a substituted or unsubstituted
g‘rfdhﬁJS@Stl‘iéle%tétRar%f the dmistazale fgetin éhes%ﬂryynrqlﬁzaﬁtzrarsr% GFpmplex.
salt conplex of claim1. 6. A tunable |atent catalyst
13cHrm¢4t@1wrgacat>rdr@a§3t clgie 7s Mlyrqmn%mlbrhrmdﬂ@éwm &aéhwréﬁlex has an
i X n.
V\Arzr:]?l(\jlg ;%%pgu% n\é laérgl"ﬁl%ﬁ% E#WFE%%%er%tgla seurn(l)%%m 3%6% identities
t6f thearsutsfitiehe R Rr p@eNR At offtheisilylt ﬂmﬁcﬂldﬁad gmben FHensglylithidazolium
The catal yst according to claim®6, wherein the
siltyrmpleXazol i um salt conmplex is represented by the
followng Formula | : wherein R1-R4 are substituents
14 o¥he ¢realystiadepzrding te ichigm & avhreiRtheecataty st irdiapé atieaen) {emperature and
rePresengs an, or anlcﬂ%w>%§ Cﬁﬁ fornms a stable
]H%E SHF’F%Pr {531 HaneP81 A0 G dazol i um sal t
R! are substituents of the silyl
15fﬂ?’?c?art%)lﬁ%ﬂ acg?rélmg g)nalap?l 4R'Whe]§|1ﬂj the actiyg dgmperature of the catalyst is

Qﬁgﬁ&g QyF§§R%F§§y%§ an organic group that forns a
e s

unctlon group mnthrn t he

azollum t X. 1S an_an [
16?%% Ve TR R kP TR et Gp B hES of Pyt i
CRdih ABowM 150°M «d MduebboricM dazol i um salt conplex. 8. The
cat al yst according to claim7, wherein the anion X

17'r epréedst%1 Qﬁh;}%d gje(:lgﬁzf\][§ gl) Sb?tﬁlg i ﬁ{g %ﬁ%ﬁntg% st [ 660?(5% &talySt '
aﬁ&ybb@nqapﬁja)anhsnmrﬂted or unsubstltuted al koxy
group, a substituted or unsubstituted aryl group, or

18K therfiRs&IbR bfbxyTREInC@&nHERonaeaflrRinda)t & € cﬁdyn?eZm b) a curing
wherein the su stltuents Ri - R4 each i ndependently
raggnesadt ©) a eafalysyerheationthe acataliyss t omprises dhe silylimidazolium salt
UQE%§Sté§#%ed al kyl, a substituted or unsubstituted
ail 0 ‘ubstituted or unsubstituted aryl group.
10. The catal yst according to claim7, wherein the
substituents R, R' and R " each independently
represents a substituted or unsubstituted al kyl, a
substituted or
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unsubstituted al koxy, or a substituted or
unsubstituted aryl group. 11. The catal yst according

wo 0000129300 7, wherein the silylimdazolium sal t PCDIR106%040828
has an active tenperature and wherein the active
tenperature is tunable by changing identities of the

198Ol dsﬂiohrh%cétﬁlrﬁél tb @ﬂﬁ_zf:fil, Wﬁg}e‘i\‘@tﬂe &mﬁt ?sxpregt%t inTE‘I? amount of
catal yst according™to claim?7, wherein the
sibloyt O.14itdaboiti Whmskk tpecomphased hasheatotah apale percent of the epoxy resin
tenperature and.wherein the active tenperature is
ﬂH%%ﬁf%“ﬁ@C@ﬂaﬂﬂ%ﬂb identities of the substituents
Ri-RO the imdazole ring in the silylimdazolium

20sEhe campsition acqydingre C@émgh%%he%%% By & RPEnfnyan amount of
V‘Ab%[l?bﬁ bNBoft § Wididu dlazak 'bh'é@dscﬁ'} &eqeﬁphﬁﬂ% Pé}%etﬁ‘%f the epoxy resin
active tenperature and wherein the active tenperature
i metenhmbthe chypadti@ongi ng i dentities of the substituents
R, R, and R"" of the silyl functional group in the

21 sTheyddnpod aial dcodrd Bl to ctxamidOexvhededn thEh@tabwk & pigtent in an amount of
according to claim®6, wherein the catalyst is inert at

Do Pdnipetbatiut anelp dercent basedonghe &ofplemaleypesceyt @hths epoxy resin

t &ggqﬁéc E&hﬁéé: The catal yst according to claim
14, ereln the active tenperature of the catalyst is

f to._ab C .. The ca St... :
2 AR R Aol ik O SRR g, )  coring

ofgeht)@andar ik ysiabledatkfitamadpouf cliixO0C t o about 23C0C.

17. The catal yst according to claim16, wherein the

2328k hMRI1d {safoth€ tiRfmbffabRtepby P FesinSconipoRitidl Abdordi@&REclaim 18.
to about 2200C. 18. A thernpsettable epoxy resin

C o of .
4RI ROR ARG Mo ROl POR Eoh g fotHiRo claim 22,
j.s@sS . S I,-m i L I | ai
25 A SR L R oY A SR 2L RN SRl 1Rt one of o
tdvatiogt & ykttrical pr sgectiral Na@hagmaunéleaficabauttn@niral Gomposite, a
about 10 npl es percent based on the total nole percent
dlapgat winding. ¢ gﬁﬁn@@é@éﬁlﬁg, Phag FEARFHPIY: ti on. 20. The
conposition according to claim19, wherein the
26 cHheadrijele apepring sealpin A5 aiheipis tie atgfleapapewdercopigngbout
5 nol es percent based on the total nole percent of the
27 epyoxyideedivm galecantle’ reptasentedhp twifollowingFormuladl:
conmposition according to claim20, wherein the
catalyst is present in an anount of about 0.1 to about
1 nol e percent based on the total nole percent of the
epoxy resin prgsSent in thg conposition.™22. A
t her noset t abl e {epoxy resi ' conposi ki on clonpri si ng a)
an epoxy resin, b) a curimpg agent,/ and c|) the tunable
| atent catal yst} of clai 23. _arR'cl e conprising
the thernosettgbl®:-epgxy re ﬁleo ositijonaccordi ng
to claim18. 24. An anticle c npri5|6%'thé(
t her noset t abl e jepoxy rgsin cgnpositi according to
claim22. 25. The arti ording to claim22 or
claim 24, whergin the/articleNs at |east one of a
coating, an elactriCal or struckural |anjinate, an
el ectrical or ructural conposite, a fil anent
wi ndi ng, a nolding, a casting, or an encapsul ation.
26. The article accordin i 25, wherein the
article is a powder coatggg?ng@algh i m dazol i um sal t
conpl ex represented by the followi ng Fornula I1
Formul a |1 wherein
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Z is a stannyl, phosphinoyl, or a sulfonyl functiona

group; R1-R4 are substituents of the im dazole ring
wW@re9IR193B each i ndependently represents an orBEmUS2009/040828

group that forns a stable inmdazole ring within the

i mdazoliumsalt complex; R, R' and R" are

syRstint uents of the silyl functional group and R, R,

and R " each independently represents an organi c group

t hat fi’ tﬂm%&jﬂ %hhno%‘? (Fa%uilfo 1@&%&@'@& froup

mnthln I'm um’sa < an ani on

ot ?Qrﬁmﬁf v TR AEE one IR b B 4 ghdPendenty

| l@paeidd hi Bt alct g@@ﬂ@&o@@@ﬁﬁbl@gn{@ﬂ@l@mg@ v’&f?thm the 1m1dazohum
wherei n the anion onpri ses a halide ,

BRIt:cogMPxvherein R represents a halide, a substltuted
or unsubstituted al kyl group, a substituted or
unsubsRki, tRit end £I’k’ca>t§/ S@soupntsaafsthbstl'ylt funetebngt group and R’, R”, and

substi.t uted, ar rou HR R
T ORb e oy ettt g g0 o S FrEBE- 2R R )
Sﬂuh&tdnhpg@hﬁ WEHHIR‘IIIC @ﬁﬁﬁzd)lﬂdﬁ paneansiby: ahgpr esents a
hydrogen atom a substituted or unsubstituted alkyl, a

substifutesh Aok WS Fdrind taegalﬁE Kax Y,omﬁfexawﬁlﬁ‘ Rt i!nhHﬁz%‘Pium cation
or unsubstituted aryl group. . The imdazoliumsalt

coltiphdlye mudorotivmgatt@onipsixm 27, V\,her ein the
substituents R, R' and R " each independently
28r 'Hmiﬁﬁéz[ﬁoﬁum saltlestriplaxt aedordingun itisit 17, wheetiratheynjonaX ™ comprises a
stltué d or_ unsupstituted al koxy, or a substitute

Sl BESOr o fFed Gir PR+ gragdpvhesgin R RIS £ T ?§Pﬁ§iwwd or
thRubdieddad Ayl BrcRB! & <GBl 8K oPfintb@itied Gikoxy group, a substituted or

unsubstituted aryl group, or CF;5".

29. The imidazolium salt complex according to claim 27, wherein the substituents R;-R4
each independently represents a hydrogen atom, a substituted or unsubstituted alkyl, a

substituted or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.

30. The imidazolium salt complex according to claim 27, wherein the substituents R’, R”’
and R’’’ each independently represents a substituted or unsubstituted alkyl, a substituted

or unsubstituted alkoxy, or a substituted or unsubstituted aryl group.

31. A catalyst comprising the imidazolium salt complex of claim 27.
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