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and the hydroxides. The tetraalkyltin compounds or tetraaryltin compounds, for example
tetraphenyltin, are common. However, these curing agents provide a relatively slow rate of
cure, are toxic and can introduce metallic contaminants to resulting elastomers.

[0005] Curing agents containing amino groups have also been employed.
Bisaminophenols, bisaminothiophenols and bisamidrazones are additional types of curing

agents. Those having a diphenyl structure having substitutions on each phenyl ring of amino
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[0009]  Accordingly, there remains a need in the art for an improved curing agent capable of
more easily dispersing in and more quickly curing perfluoroelastomers, particularly cyano
curable perfluoroelastomers. There is further a need in the art for a cure accelerator for
perfluoroelastomer curatives which accelerate the cure rate of and maintain the beneficial

properties of perfluoroelastomers.
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accelerators for perfluoroelastomeric compositions. The invention further includes such
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compounds as represented by formula (II):
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wherein D is selected from the group consisting of unsubstituted or substituted halogenated
alkyl, alkoxy, aryl, aralkyl or aralkoxy groups having from about 1 to about 22 carbon atoms;

and perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroalkoxy groups
1
of from 1 to about 22 carbon atoms; and R and R2 are each independently selected to be

hydrogen; substituted or unsubstituted lower alkyl or alkoxy groups of from 1 to about 6 carbon

atoms and an amino group.



and perfluoroal kyl, perfluoroal koxy, perfluoroaryl,
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i ndependently selected to be hydrogen; substituted or
unsubstituted | ower al kyl or al koxy groups of froml
[0012]t o dbounvestiomimplydes acwnble ardlugfociaf aeerigr GIROstiopcromprising: (2)
8 t
aperﬂllgc%gﬁélgggp QERIHJ]D at ]%J%gg 4 g%tr%orée} no[n%omar Igﬁ% ar&gglﬁ% fu%ctlona] group;

and (bCangst tsﬂd]gonc(aa)Jdma—bﬁ%cf émmmlmeh)asedr@ratvel east

one curesite _nmononer conprisin )fano functi onal
[0013]g, o@pﬁural%%aerﬂsyros{%log&ﬂc COMBORHIAG KA T WD Ab tveption which
comp EA0BTEL SO AL U5, 00D D iy o
functldnak/gtmp dh) ahinctionatizeg diphesyl{tajedecupaive] aal @pelcyreeccelerator

se]ecteggmg]e]?ghﬂg (?C%f%lé?gg Plg%;]gassl tgljee %8?%%1@%&%%&2%6 gccelerator at least

one m(ﬂioﬁﬁﬂlﬁhm%ﬁ&@ B RIcEBitoradedE bn@bﬁé&ﬁﬁinﬁﬁ%k@ t&@kQtcelerator and
sel ected fromthe group consisting of | east one

cornbmﬂbwoamemOﬁergmd aahde a@ﬂebmmt@menatcomeastlonscme also included in

noami --based cur.e era

the in ERESR TR FE S5 B0 e cudrarL R S R amiPrar ROy
thereof. Preferred curable pgrfluoroelastonerlc
conpositions are also includad in the invention in
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wherein ris O or 1;
3 4 . . .
R and R are each independently selected from the group consisting of a carbon atom;

substituted and unsubstituted and branched and straight chain carbon groups of from about 2 to
about 22 carbon atoms selected from the group consisting of alkyl groups, halogenated alkyl
groups, and perfluorinated alkyl groups, each of which groups may be interrupted by at least
one oxygen atom;

each Z is independently selected from the group consisting of an amino, mercapto, sulfhydryl,
or hydroxyl group;

each J is independently selected to be formula (IV):



each J is independently selected to be formula (I1V):
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erflugfoal kyl groups of om 1 to about 22 carbon
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a carbon atom at |east one of J and each A is not
formuld (1V). [0014] The invention further includes a
A- azrative for a perfluoroel astoneric conposition, in
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each A ik HikpindEhgy beVAEd frBfh the etougesndstiigrdtformeulh OIV)a fluorine atom;
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oxygen fidMi; Rhefedd W@ (510 arldEk OW d Girtldnsorhatlletdeond of X 4@ each A is not
invention: NR2 (I) Y -CNHR wherein Y is selected
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al koxy, aryl, aralkyl or aral koxy groups of from1l to
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_perfluoroar.al kX'l or %er fluoroaral koxy groups of . 1
comprising a functionalized diphenyl-based curative which has asufficiently high molecular
weight so that the melting point is no greater than about 240° C, and in certain preferred
embodiments is no greater than about 230°C.

[0016] A method for using a compound having formula (I) below is also included in the

invention:
/NR2
Y——C/ M
NHR!

wherein Y is selected from the group consisting of substituted alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups of from 1 to about 22 carbon atoms; substituted or unsubstituted halogenated
alkyl, alkoxy, aryl, aralkyl or aralkoxy groups of from about 1 to about 22 carbon atoms, and

perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of

1
from 1 to about 22 carbon atoms; and R is hydrogen; substituted or unsubstituted lower alkyl

2
or alkoxy groups of from 1 to about 6 carbon atoms; and an amino group; and R isR or



from1l to about 22 carbon atons; and R is hydrogen;
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and in certain preferred enbodi nents is_the neltin
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_ e method conprises (a) reacting an
[0020]or gAlHodn@lh&ﬂ;d withig thé inRestivnak a oiethod for frakingarcurative. The method

al kyl ester; reactin the al k ter w
compriges (BLFERFHIE 20 W?f&%ﬁ%@fl@??{w% an eleyf\{qlé%@ lkgestgrr% reacting
I t
e g} SRBRIERAE B SR RO, O o
with a &hyldesami agmteo tﬁcfma:m‘ndhylautnﬂe amdy(d) reacting the abhyd nitrile with at least
curative, wherein.the curatiyv .e of ¢

one of §BEBPU SR BUPE SR pUPTF PO B AL RSP Ot or

accelelﬁﬁﬁ@%'chf&ff a peP@dckbelhftoefE EdBposittort he above net hod,
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with pdtasefise Fluofidy) toffsﬂﬁhlpﬁglsilﬁﬁ alcoholate reaction product, (b) reacting the
potassium alcoholate reaction product with a perfluoroallylfluorosulfate to form a perfluoroallyl
ether; (c) reacting the perfluoroallyl ether with an oxidizing agent to form a perfluoroglycidyl
ether; (d) reacting the perfluoroglycidyl ether with aluminum chloride in a fluorinated solvent
to isomerize an epoxide group on the perfluoroglyicdyl ether to a ketone; (e) reacting the ketone
group with phenol in the presence of hydrogen fluoride to form a bisphenol-based compound,
(f) nitration of the bisphenol-based compound to give a bisnitrophenol-based compound; and

(g) reduction of the bisnitrophenol-based compound to form a bisaminophenol curative,



pot assi um al cohol ate reaction product with a

perfluoroallylfluorosulfate to forma perfluoroallyl
woebkbewoe9doe) reacting the perfluoroallyl ether wCrhisam4/002584

oxidizing agent to forma perfluoroglycidyl ether;
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omer
compospmmide group on the perfluoroglyicdyl ether to a
ket é&? reactin t he ket one roup with phenol in
100221 { oA SbsBiied bispmespphenyihard dratize Tooparghoroglatomers having cyano-
group d%hfaﬁ)rhﬁé‘ BhreBASHEnGRIP %ﬂgiudec( fAind the FVeRBoP T saminophenyl-
bi sphenol - based conpound to give a
based Ci;raélrva i¥ opistiviteddz seninopirpelibabed amdtivé ghichdds Corinana dila):
t he bi snitropheno|-based conmpound to forma
bi sam nophenol cufative 6 WD 2004/ 069900
PCT/ US2004/ 0025841 wherei n t he bi sam nophenol - based
curative iSsCg mPe—of——cpring a perfluoroelastoneﬂﬂ@
conposition. 1002R] A substituted bi sam nophenyl - based
curative for perfluoroel astoners havi ng cyano- group
cont ai ni ng curesit noners is included within the
i nvention. Th¢ bi sam|nophenyl - based curative is a
substituted hisamynoghenyl - based curative which has
formula (11 r A (M) Z NH2 wherein RBis a
carbon ato Z i n am no, sulfhydryl, or hydroxyl
group; J is formulaNKyV): NH2 z and Ais selected
fromthe group consisting of unsubstituted and
substituted and branched and straight chain
cagbon-based groups, wherein the carbon-based groups
WwhereirgR e I5sa¢beIeafORY; €t £ aming; swlfhydoylsoshyidrexydroup; J is formula (IV):
perfluoroalkyl and perfluoroal koxy groups of from1l to
&ibon  at ons. [0023] The invention further
ncl ud a per fl uoroel ast oneri ¢ conposition conpri sing
bi sapi nophenyl - based cufldi ve for
rfI oel astoners having cyano-group containing
c nmononers, wherein the curative is a
substi uted bisaninophenyl based curative which has
formulag (111): 7 WD 2004/ 069900 PCT/ US2004/ 002584

and A is selected from the group consisting of unsubstituted and substituted and branched and
straight chain carbon-based groups, wherein the carbon-based groups are selected from the
group consisting of perfluoroalkyl and perfluoroalkoxy groups of from 1 to about 22 carbon
atoms.

[0023] The invention further includes a perfluoroelastomeric composition comprising a
bisaminophenyl-based curative for perfluoroelastomers having cyano-group containing curesite
monomers, wherein the curative is a substituted bisaminophenyl-based curative which has
formula (III):



J CF3 RB A Z NH2 wherein"R3 is a carbon atom Z is
an am no, sulfhydryl, or hydroxyl group; J is fornula
wORM40699862 (1V) Z and A is sel ected from t hepgrmspoo4/002584
consi sting of unsubstituted and substituted and
branched and str§ight chai n carbon-based groups,
wherein the carboz-based groups are selected fromthe
group consisting of perfluoroal kyl and perfl uoroal koxy
groups of fepm2t RPo—aboup 22 carbon atonms. DETAI L
DESCRI PTI ON THE | NVENTI ON [ 0024] The present
invention is diregted to |ow nelting di phenyl -based,
preferably diafmn enyl - based and nore preferably
perfluorinate ldiani ophenol - based curatives and

co-curativgé/ﬁp? er fil uoroel astoneric conpositions and

novel nethods hesis of preferred
functional iZed enyl - based curing agents. The
invention is furtheNHirected to ani dine- based cure
accel erators, curatives and co-curatives for
perfl uoroel astoners. The curing agents and co-curing
.agents of the invention show i nproved m xing wth
Wherenpgr fif yeMbar avnyHeisiag andaenseEhydrsh er Aydrox Hegreun; ak is ersnula (IV):
co-curatives and accelerators further denonstrate
C 2rates conpared with conventional curing
gentsAguch as BOAP. Additionally, the am di ne- based
uratives and accel erators (Bfovi de faster cures.
/;2 used herein, a perfluoroel astoner may be any

\vl astoneric material, derived by curing a
perfl uproel astoneri c conposition (as defined herein)
whi ch imncludes a curable 8 WO 2004/ 069900
PCT/ US2004/ 002584 perfl uoropol yner having a
and A if selegtedhfiam e sipypieenpisiing of unsplstitytedhand substitwtadaed branched and

.S . | of .1 it e ct
smighl AL LA SRS A DR SRR
group cobsistignefgretflddrailk gisandqetfthdbeal kisxdegrsissast, frdia s @6 abdut LDicarbon

di scl osure, that sone residual hydrogen may exist in,

atoms. { ne fynctional crosslinking group in some
perfl uoroel astoneric

DETAILED DESCRIPTION OF THE INVENTION
[0024] The present invention is directed to low melting diphenyl-based, preferably
diaminophenyl-based and more preferably perfluorinated diaminophenol-based curatives and
co-curatives for perfluoroelastomeric compositions and novel methods of synthesis of preferred
functionalized diphenyl-based curing agents. The invention is further directed to amidine-
based cure accelerators, curatives and co-curatives for perﬂuoroélastomers. The curing agents
and co-curing agents of the invention show improved mixing with perfluoroelastomeric
compositions and the curatives, co-curatives and accelerators further demonstrate faster cure
rates compared with conventional curing agents such as BOAP. Additionally, the amidine-
based curatives and accelerators provide faster cures.
[0025] As used herein, a perfluoroelastomer may be any cured elastomeric material, derived

by curing a perfluoroelastomeric composition (as defined herein) which includes a curable



conpositions according to the present disclosure. The
perfl uoropol yners, used in perfluoroelastoneric
woaenpasddopons to form perfl uoroel ast onmers uponPCENUS2004/002584
are formed by polynerizing one or nore perfluorinated
nmononers, qne of which preferably has a
perflugyapplvtst hAUbea Tenptienalasoyrinavepi it rfgp@rﬂmgmiasmm“s
st B APl Plorfle e re Bl B 198 Bl e fermuoropotymer
By this nnpmsalttlthm as woaldish mglesstsod, aided opehit ldtsero@@@ aBsomelRsidual

hvd erfl uor.gpol r as noted above is forned

y m%cﬂ PReridih Q%t RBctnahgPes ipbe| i REPBE mﬂh&ml astorpenigs
Rltion€ asdor@NE PG JTOHY R fTu S

comp egst oné f%%ctlgkge&gﬁgﬂ%ﬁqo pern1t(%§¢&gnﬁg?ug%ln

PerﬂU¢r991§$t0mnEC p@npwwmpo Ifqmepetrﬂuomalaetsmees umnaed, arcSeehed by

ials are al o rr enera F

polym{iFE bRt S o RE TR et A ob M Prpre kB oAb

erfluS@itel dtrds@te mideshi Bﬁ AR 2 Ml @iohA| S e Pdm tion

per u(ASTI\/L 551418 01 ea . |%gorporat egzo r?:tr%el n ESI{]{J%

[0026]r ef dvsarsedhera, aper pmla;ezrmnct;@mprosmmh@sap@ymenc cd’xhposition

a5 D R PG She BrBRERARE B BT oS omea
po]ymélazdh Hovadl mbteyriuorprtdd rﬂ@ﬂdi‘l@érg lus RNedl€iid M&ﬁkﬂﬁ%@fﬂonomer
substi t ut ent rouPs on the polymer chain; a smal

which hiasatdeashongt fupfigana grpama@,pwwt evigal-n af lms;tqngrparﬂuoyopod)ymem
curesnE %?dnohqte?t ﬁlc%%gtgl%lé% dag re}:@rsedﬂ igfgﬁll% ﬁﬁﬁ@\g r(‘reerﬂuoroelastomers)

onposition may I1nclu any
in accq:réénfcb wathape hymm:rcéﬁ )300166/HKMT eﬁﬂ]@&bﬂ At AYTOY defhnitién (ASTM-

fl | ast d
D- 141%@&{;& g&%rzﬁg@@g‘gwgﬁﬂg g? (rx_;fpfﬁr%ggq)gjgl%rg re_thg%{esecn%lélcri If\?rt er herein. The
deﬁmt%ﬁfr&ﬁ@és‘%% e?ﬂ%ﬂogla?tgfmpﬁ' A pePfio Y Sﬁp%e?r ?g‘leypolymethy]ene

i ncl ude two more of  various per Pnat
type ha}mg)alyﬂecprg, pﬂrﬂmrobkkals tor perélubtoatiox p suigstiniteitro\gps on the polymer
- Sthyleni cal unsaturated nmn uch as_. o
chain; €S e R G F) o SRRt B4 e plnization.
The peSfitfRodSstoIEX Rt pRTt R MRRYi h@lﬂ@e (1 flﬁtabl%rl:qra%l %eéﬂuorogollymer(s)

er fl uoroal kyl vi nyl et her whi ch |nc
(FFKI\}ér@nﬁée phbgingiewred ta foirga pﬁﬁﬂumdmthmdr and onh ocmorermmmgegents as

nore ether |inkages, such as perfluoro(nethyl
descnb%&(ﬁeﬁ%{ éther), perfluoro (ethyl vinyl ether),

[00271per Sdm,lme@ﬂwrowétoméﬂ& bo@p&etionsans; réfeiﬂﬂlﬁfncm%% e $hore of
Exanpl es of preferred PAVES include those described in
various pegfluqsgatsdi copglymess ofet lezmpBongfinarineysonpiyingethglenically unsaturated

R e R e VS o e

hexaﬂ@nﬁﬁﬁpyla& (m),zlarﬁl&epe@ﬂﬁoroalﬂ(mmyn eep @AV EywhRhehdluddikyl
ref erence. WO 2004/ 069900 PCT/ US2004/ 002584 - [ 0028]
groups 'g?aé%sttr@ghbgiz lpqaﬁé}eg q: Iyinglude ppe pomoreegterdinkages, such as

perfluok & hleBP Y HFEEBed)] peTﬁ&aro RaY% wﬁ‘ﬁ%tl‘?etr), perfluoro(propyl vinyl ether) and
similar compounds. Examples of preferred PAVES include those described in U.S. Patent No.
5,001,278 and in WO 00/08076, incorporated herein by reference. Other suitable PAVEs are
described, for example, in U.S. Patent No. 5,696,189 and 4,983,697, also incorporated herein

by reference.



| east one perfluorinated cure site nononmer which
i ncorporates a functional group to perm't

wonoes@icdsgoli ng of the terpolyner, at |east one etTwisk@h/002584
isS a curesite capable of being cured by t he curatives

and_c ratives the i tion. In e enmbodi
100281 {1 oP B R o s aPS Fre BHBOTESS o e D S merg I A VE and at
Jeast orREpephic@thadtchiredifct8ndnte Wkﬂ&?ﬁﬁ:br‘f)%ra?ééraaﬁlhdﬁor% roup to permit
i nventive co- curatives or by other curatives %
crosslinkinghofihe t@p@y@pe apleastipae pﬁwé)mh isp cumatte odpable Qirbemg cured by the
e of. accel er at d en a

b
curaiivO R iy SR LR AP By SISt MRS BionSer

providd @2ees Mpssh s Ebesiredwitlcabét tBe MRAMIRS Gurhthi! 31d8vdnfios 8o-
havi ng cyano curesites, regardl ess of the |ocation of

curativesher yythey cgfaéilygs net vgthm e s;qzﬁptyo%tﬁg ng@ggwé),uywb@r@e capable of
having qh %H&]eﬁ‘gtlég ?{éltegxés o {?Cal é)?} bﬁr tgé ?ngl ac eeh?rélt|0?§/ gﬂﬂg %yersgﬁctﬁg ention.

[0029] f oumidsti prefefred curexieambromets SacliRii tbde M@inglsydd c@%ﬁtes regardless
Such cyano group cont ai n| ng cure site nopnoners are
of the Iggation joh S £ YRPO E1P8PeS-&-, PBADT Hish SCersiant CY3REe SHUPRYESite fnonomers.

Exampfelg%?@%no %?‘ésh@xﬂ&ﬂ&@‘r’sra?e %stcnb&f‘ﬁlhdetﬁf émozgnd\é}dn ay Pﬁﬂﬁ‘ﬁﬁ in, for

wn curesite nononers nay al so be us
examp]t:hﬁ S Paeet Nb. 4,2%1,09v B¢l ©ano [g&&fp&]ontdaeﬁgl ture @ monomers are

norre ncl.ude fluorinated ol efins and
well Knppipgp it aéwlawtwfa Heps or gl&é%Oﬁ%eﬁgreéﬂe JRE™GF oY }h each
other opalt%'t}ﬁ:li‘ vxten%nt)%lcgi@sﬂeg nﬁ‘)ﬁ@m@%ﬂﬁﬁ}% ?c?ﬁ@{ﬁéld%th]% the  scope of the

wherein n 1's from about
mventlalbout 12 and preferably about 2 to about 6;

100301 D5 bzt o mptar P dn T 9k S onsated viny

ethers, Q&%ﬁn{g%%% é@%ﬁ)o} WH&eh lﬁ]@%&]d%]%arewéﬁl BxdipiSs: f rom

about 1 to about 2, and n is from about 1 to about 4;

@1% o t&z Eblf%gg?(}ﬁ Théte: CH:‘%)fro%\la d’&?%l § l Pu‘g llzs’ar];dr n@rg}erably

Spéci |c exanp
b tzcture3|t) rg;)nomsrs such as CF2= CFCI:FZCF( CF3) CI:FZCFZCN
about 2P ot o APAY % o generally as 8- CNVE) and secondary
curesite npnomers suc

=EF—Perif @CEﬂFEﬁsTom—CﬁavmWéw (B Mis from O to

may be used alone or in conbination. Especially
about 4pr ef ePraferably frore 8ridpbrItti2on of curesite nmononers as
shown below in a fluoropolyneric or perfluoropolyneric
¢rarQFas[ GUFJCRETF3 1902 00B4 g6 90N Ow REEUB200dmCGBabBUto about
- [CF2 CF] P-[CF2 i Fla
2,andn is from about 1 to about 4; and

CFp=CF—O0— [CF],—O—CF(CF3)—CN, wherein n is from 2 to about 4.
[0031] Specific examples include primary curesite monomers such as

CFy=CFOCF,CF(CF3)OCF2CF2CN (referred to generally as 8-CNVE) and secondary curesite

monomers such as CFp=CF—O[CF]3—0O—CF[CF3]-—CN. Such curesite monomers may be

used alone or in combination. Especially preferred is a combination of curesite monomers as

shown below in a fluoropolymeric or perfluoropolymeric chain as follows:

10



00 (CF2)3 CF2 OCFCF3 FCF3 1 1 CNF2 CF2 CN
wherein p represents a secondary curesite nononer
wones@edoodbn a fl uoropol ynmer or perfl uoropol ynmepeTius2@a/002584

amount from about 0.1 to about 12 nol % preferably

about | to about 4 nol % ggg g_represents a primary

curesite nmonomer pi&genttlen o “from about 0.1

to about 12 nol % and pﬂeferably ffom about 1 to about

7 mol% It is preferredc¥hat t he lar ratio of the

primary curesite nnnogg Fgo t he setondary curesite

nmononer in the copoly ¥5 from %but 1:1 to about

10:1, preferably 9:1. [3032] It w i~Re understood

based on this disclosure that addi i onal types of cure

site nononers which cqoW@i n cyanogroups as curesites

and those which do not'con?ain cyarjo groups may be

used in addition to or,cNn certain ses, in place of

the preferred curesite nononers né?zd above, provided

that the curesite nononers are cap&bte of being cured

by the preferred curatives and co-dcuratives and/or

capabl e of experiencing an accel er &%ed curing

: iat
wherei B P S o ey
perflucadfotymdry rean ahownfesi tleourfricmebsuti ldoholde potfefabhysabout 1 to about
4 moi% et SAPRIRG, SRET Ry EEboRELBRT I of A rd 3 e 041 o

uor i de,

about tfrhél%‘ﬁl{dfjll?rﬁf&‘élﬁ? €rom SHRMPIEITAL 7 W19 Ut RNReferred that the molar

. romot rifluoroethyl ene, 1-hydropentafl uoropropene and .
ratio of2the pyivhegpemtsiineropr 6p thesecadery QueRteinennames i thegppelymer is

noner be present in ranges as noted above
from agﬁ’é?g?@%?)‘éﬁn@y]a@rﬁf&ﬁg’ %i’ner ally present in ampunts of
[0032]2bOtityifl bd uh@erdleBH bafedBRl is dirIceR! thatmidiiopaledypesadficyre site
about 0.1 to about 2.5 nole gercent, and npst

mononrreMbichlsbytaineiano Graps 6s cuipBies and Hoge PEigheia contain cyano
0033 he [ L1 Vves, r ated Ieoh R
orons Rl MERQRE) 4P o, AR R
mononreAGHd abdvegprioviaed tip deassésitg neindsnerd ark Icepablaoitbeiigscured by the
i ke may al so be jncluded as op%ional .CO onepts gf .
preferred euTpyes| a6 CowPENVERBII/Y @BARIE ST PIRSHENGRE ¢ accelerated curing

reactioh WeH tulsfﬁg the M 28R hloMST thd mvEiftfon as described herein. Common
examples of other types of curesite monomers include olefins, including partially or fully
halogenated olefins, such as ethylene, vinylidene fluoride, vinyl fluoride, trifluoroethylene,
bromotetrafluorobutene, bromotrifluoroethylene, 1-hydropentafluoropropene and 2-
hydropentafluoropropene. Such additional cure site monomer(s) may be present in ranges as
noted above and are preferably are generally present in amounts of about 0.1 to about 5 mole
percent, more preferably about 0.1 to about 2.5 mole percent, and most preferably about 0.3 to
about 1.5 mole percent.

[0033] Other additives, such as co-curatives, curing agents or accelerators, other than those
of the present invention; processing aids; fillers and the like may also be included as optional
components of the perfluoroelastomeric compositions of the invention. Such additives include

fillers such as graphite, carbon black, clay, silicon dioxide, fluoropolymeric particulates (for

11



fillers such as graphite, carbon black, clay, silicon
di oxi de, fluoropolyneric particulates (for 11 WO
woQeeeme00 PCT/ US2004/ 002584 exanpl e, TFE PCT/US2004/002584

honopol ynmer and copol yner m cropowders), barium

sulfate, silica, titanium dioxide, acid acceptors,
exampés, AEEdosapelymes esd copelsmer inkppowdsrs) puiripar sulfate, Silisertitanium
- I ot her curing agents. and/.qr.
dioxidS ElY R385, Ale oo IFon g b Rk A Giogis such as Kevar,
other cieivig b ggmedlaridrort figsticfetsir@len S8 AITRES KoMt oraBBe developed in the

erfluoroel astoneric art. Preferred

ﬂuoro%

e gpetdpratiupiselesionsriertadtdfieed incl ude
I, I
prto o S r BB B0 ot AR SHIBIL SOy 1 o
Germam,riaf/rmnm aveglable fMm Ihéi&mgmta dniisg & Mgﬁlﬁﬂa?ﬁ)ﬁﬁ g ?(n Minnesota, Daiel-
avail a ro i kipn Industries, Ltd. of GCsaka, .
Perfludf D 3y bt 8 Dt Ui i of Gkl BB aF pgrals are also
. . ' r . .
iSSR0 B AT 80 M EORIR Pl .
Lebedgylnstiote of SRutiiste Ruhbéis Ruasia] 0034] Preferred curatives
and,cq-curatives for use.in the fluorgel astoneric or
r003410 07 PR ER a0 f o LR or e §6¢ Miruphddinnc o
perfludrB &Mémeric &lpdshRMe otieGiedeRCi V&R onl #O ORI chaRdnd
di &hq%n%]}) conmpounds whi ch include branched or strai ght

functiong hepy! campoygenwhish inelide/branghed loa biogjghiatheth Ak Kybalogenated
. AL, ot B8, SSTRRARSh U e e

have on@yr L6reMRy géiPitoRs afll didH b £ map otk wbsthaded, A1d which have at
| east two anlnopheqygmfroupsh preferably two

least tworiRBIORBHYT SEpuplPscierbly Wi appinppleachgrosps, bt vhishihgve a

. hi . ' X i NS t hat the
st AP SRR RO A Ao 0L kDl ety o
greater2HAGbowb240°QY, efoes plelaralile ngregaite thdnhoue®snIC, 28DBostgireberably to

:g%§ &ref%rab %ﬁ}o aboug 225C tq thereby enhance
about rréé thsrabyEphanca cpmpatibibty adirevids frst pu g easiong pf

e ! o . _

PR UBEARBRIRIRE GERTRRN) bt Rt BB i
cyano-type esicsiée mongmenss. [ 0035] Such curing agents are

10035 D" C8 5 0H e 3oBIS B 5 ORERRY by Ve Yuratived of fortula H):

‘ Z
S
_
A--—R[ 1|z"' a W

Hﬁ l
Z/‘l\ﬁ\/ i o
NH,
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12 WD 2004/ 069900 PCT/ US2004/ 002584 In formula (111),
r may be O or 1. In forrmula (I1l), further R3 and R 4
waneodmempendent |y sel ected to be a carbon at ®QmaIS2004/002584
branched or straight chain carbon-based groups (which
may be further substituted or unsubstituted) of from
about 2 to about 22 carbon atons in any of such chains
(whet her straight or branched), noreg prefgrably such
In formiaiB, mmey be Or 10 Tt Eora@lac@Hh dwrtlzer rsand Rinatewhdepbndently selected
groups are selected fromthe foll ow ng exenpl ary
to be agearbrsatorl doytrarghed psstrdightichaio carbpabiseal gryultsa(l\&d@mmayetje further

substief s BB OHPEROoT LIS HEPITARS ppsplyciyehains

(whetHe® a8di IR bRNYB&T), AbRPrefRib]y fuchh&ils BleaRiRi1 080 89 84B8n atoms,
may i nclude such groups as, for exanple, haloal kyl,

and wifitlugroops faglseleaigd fronf thedplbeikg lexerapibet groups: ofky! groups, fully or

f f
partalERRERAE A Lelt0e B hETHb S e bloofe Pyl Bloui Pt B i
groups A&y blinfgrdphel 1y /f€dst 6k 6:9k6n hidki, andin Whikh %@drﬂﬁﬁ]@%hams may
with formula (111) described bel ow, nay be the sane

include such@reupsierfer axaepies balpalkyls ﬂgq)rpalgﬁhalﬁ trlﬁup@a{lqyé Substitutions
accept?&ié %‘rtusé HeR g%ﬁ%} ) étRé}SfoH;?%flé)&esgﬁf%cf 1feih 35 c&mtgi'n}/negn

I ng F eact

substi ttlhbprgeﬂqis, mshlidfdgvtde pfefmemdh@mybnsgh atm)rdmnce hv:thmemnula (11))
ydr oxyl bei ng nost preferred. 0036$(Each

descrﬂ?eﬁd)@}% wﬁg SAIBE FeBO P B IEF frmglas (Yynd (g the e%t?m such
substlt{lpﬁr}1 Jfayt de o d%‘% %‘v#]ﬁ%ﬁrﬂ% ré QS?)eﬁggﬁteE a laﬁ frﬁ‘ﬁjo %Ercapto,

th;pheﬂdl\,swﬂ]adﬂyy dr lngbmyitgnmnp, svithl thehydrex dtgomp tgin @mbstqnefbﬁdd
tral ght .chain sti.tu substi t ut ed)
10036104, Bari bidadergrathaieckt ebebratladi¥f om t ho

fol | owi ng, gEgups: an alkyl, a partially or fully
ed al kyl, or perfluoroal kyl groups, nore

I42}y a perfluoroal kylygroup, of fromone to

carbon atons; each of which groups may be

errypted by at | east one oxygen atom and in which
branchhng chai ns may include such groups as, for 3
exanpl hal oal kyl, fluoroal kyl and trifl uoroal kyl.
When r ?é 0 and R is a carbon atom at |east one of J
and each A

or the%ﬁ@efpaé%fan@h%maﬁ g dndeorPaeany Selbiud g 6o sideint ¥ g mes (o

be formpyf 4P PYSBEGT oo yoRng Fiom o t@E%qglﬁ’q&r%?r%aﬁ??@%ﬁu{vsnwtﬁd
or unsﬁ’cﬁﬂttﬂed) LaibBh T %rbﬂ% w"ﬁpﬂ\i? se éc{tgd Somthd RfoSng Bdbps: an alkyl, a

neither A group ormul a
partially or fully ha]ogenated alkyl, or perfluoroalkyl groups, more preferably a perfluoroalkyl

group, of from one to about 22 carbon atoms; each of which groups may be interrupted by at

least one oxygen atom, and in which branching chains may include such groups as, for
example, haloalkyl, fluoroalkyl and trifluoroalkyl. Whenris O and R is a carbon atom, at

least one of J and each A is not formula (IV). While it is within the scope of the invention for
an A group to be formula (IV), it is preferred that only two such groups appear in curatives of
formula (III), such that if r is 0 and J is formula (IV) above, it is preferred that neither A group
is formula (IV).

13



13 WD 2004/ 069900 PCT/ US2004/ 002584 [0037] Preferred
structures when r =0 in formula (11l1) and J neets
wOapomidesooN above, include structures where R3PCE/UB2004/002584

carbon atom and those in which R3 is a straight or
branched al kyl or perfluorinated al kyl group which

[0037]ray Posfemred/stnwtureowhen n= Oy emuld U ket J peets domada '3 above,
are structures,in which when r is 0, Rig a carbon

includastomturds whee® Nislaacatthdh, at@n endithiose int whith ROrie aetrhight @ttatanched
the other Ais selected fromthe group consisting of

alkyl dripafaioriamdd bikghghegd whittamsy pemby nor@atdiy bx yged. Further preferred
per f I uor oal kyl et her g%oups of from2 to 22 car bon

are str@t@@%in @%ﬁ&]heﬁ 76 @rlf fl SGFBHnlHERST WHEHSuIA (VD

meets formula IV and R3 is a carbon atom mciucf

t“ﬂ“"%)?’lééf‘wgﬁg aRtdGL AL es%]e(:\%l {c!?ﬁ galéggl?%lg)v(l:cln)slshﬂg é’? nq&xr gnd branched

y ranges ¥Tom
chain gprfradreslk ylnad perilsoredikdethet fionpd dfefran ape Zchathbﬁ atoms.
invention. H2 CF3 NH2 (V) HO OH tIF2 OQ%& F2)2 O
3

[0038]1CF2 PepfercdBstArk €3 wHEH i 5@ I0H0e JATDHITRATAd 4 catBdN atom
CF3 N2 (M) HO\ / <7 OH ?F2 O (CF2)3 CF3

include the following structures (V) through (VII) in which q preferably ranges from 0 to 6,

however q being greater than 6 is also within the scope of the invention.

F3
: f %
)

F.

Ho—@?

i
(ICFz)z

O

CF, 1q

O

CF,
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and RN CF3 NH2 | (M) HOOC( OHTF2 O1 CF2 q

01 CF3 [0039] Further preferred exanples of fornula
woOkbosdsesvor is O, R 3 is a carbon atom A is CP8T/USR004/002584

one side of R3 and Ais a chain of varied | ength on

the other side of R3 include the followng materials

as s&bNorth in le 1 bel i n accordance with the
structu of the,chain represented by the A group
opposi t = [ js=CF3. As can be seen from TabNaD
1 he p ds are simlar in color and

a eara\c\ [ Itin@Hpoi nt, providing a

wi der range [ gr curatives in ternms of

conpatibility an@Fguring speed in fluoroelastoneric
and perfluoroel agtoneric conpositions. Table 1 15 WO
2004/ 069900 PCT/ 52004/ 002584 A Col or Appear ance
Melting Point ( ¢ CF30OCF2CF20CF2 White to creany
powder 210 CF3 2CF20CF2 White to creany powder
175 CF3Q(CF20) 2 20CF2 Wite to creany powder 142
CF3Q( CF20) 3CF2CFROCF2 Wiite to creany powder 100
CF3Q( CF20) 4CF2CFZOCF2 White to creamnmy powder 75
CF30CF2 Wite toc%r eanmy powder 235 CF30CF20CF2 Wite
to Creany powder “190 CF3Q(CF20) 2CF2 Wite to Creany
and Powder 155

HN CF; NH,

\ | |
(VID
Ho——Q‘lc OH
T
0
|
CH 1 q
0

CF,

[0039]  Further preferred examples of formula III when ris 0, R3 is a carbon atom, A is CF3

. 3 . . .
on one side of R and A is a chain of varied length on the other side of R3 include the
following materials as set forth in Table 1 below in accordance with the structure of the chain
represented by the A group opposite the A which is CF3. As can be seen from Table 1, the

preferred compounds are similar in color and appearance but differ in melting point, providing
a wider range of options for curatives in terms of compatibility and curing speed in
fluoroelastomeric and perfluoroelastomeric compositions.

Table 1

15



CF3Q( CF20) 3CF2 Wite to Creany powder 120
CF30CF2CF2CF20CF2 White to Creany powder 220 [0040]

wonedsmwcymad exenplary structures when r is 0 i nPCOUS00a/002584
Jisas in formula IV above and R3 is a

(1,

strai ght or branched chain -group such as al kyl,

hal og

Xnat ed
nlkvl whi |

nr nlln

al ky[,

and r ef er 4
ch nn\(ﬂl'nnv no

18] per f
oft pt?@ﬁmen

ori nat ed
M}H%Pomt © O

CFgO@Fb@FQ@SFQSt r uct uf

[ Bihit ie Freamy( Vi

PPy deid (|

) beI GOi n

wWhT L,II lll(:‘ UI dlll IT

CF3 0@ itanOadzar e

DRTEN ¢ amye

I he StTuc

?R%dnur ma
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to 10, wherein preferably x + y + z total no nore than

[0040] aboPFef&@ed @(@%pﬂ’d’r?fsﬁﬁ(ﬁﬁky thEfP msa(m%rﬁuﬁamn)ab RUs i Borfith TV

bout L\J, erefr

y rogen hal ogen such | 'uori ne, | orine,
v 40 1 o 16, 003 Sﬁ%%@?aé%%%‘ g ond

it g3 U i L G

structufegstitteas @dphae (IX) belosiews: Whiélh\khkll-ﬂﬁar(linxpheml\oups are @BRin-the bis

... (CF2), CFLCF2
positioygs Al STHETES MR vAbeE Bt apgn el o s pEi P sRTalFd by & chain

providiRk &f B8N \Lélgm WhitR is RBRHUENtED prdidk MLTRIsDoint b Yo greater than
totals preferably no nore than about 20, pr eferably

about 2403 &3, atsmpreger@l@iy nalgseateraban atoug E@U’ICd apdmosidueferabhino greater

than ablpufé2%té urﬁgs rgcr}g%%;gé?ﬁ% %rGas\éY‘F @ﬁ@ a Cé\/iekﬁ’ L hﬁ,x)t is wﬁﬁm the

scope dfehd Inveritidhafoetn Al fwhp 85 BeRrinblaqiV)IRYis preférddd th@twhen J is formula
contai n oxygen, include variations of fornulae VIII

(IV), omlydwpxughh sfo8psh apnegbin (eatives b fogaylafdll) and that it is preferred in such
structures that neither A is formula (IV):

H,N NH,

(VI

HO--@— CF,— (CEp);~ 0 — (CE), ~(CFLCR,0)z ~ CR, ™\ 7/ OH

wherein X, y and z are each independently selected to be from O to about 20, preferably from 0
to 10, wherein preferably x + y + z total no more than about 20, and preferably from about 9 to

about 20 and L is hydrogen, halogen such as fluorine, chlorine, bromine and iodine, alkyl,
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substituted and/or L may be branched into | onger
structures as shown below, for exanple in fornul ae
wa2004h0699d8 \ NH2 O ° / - CF2 - (CF2)- (CFCF20 BCT/US2004/002584
(CFLCFZO)Z CF2- \ | OH(X) TF2 O 1 (CF2)2 01 CI 2
17 WO _2004/.069900 PCT/ US2004/002584 Hz
ha]ogena,t@i Q]ky} andmngerabémﬂ;prenﬂt@:@by S suql@sﬁ@ﬁg@ppeth;@pgost prgderably

L Moo bl TR, SRR R B 152 0 T2 g

CF3 wherein s is preferably I to about 6, and x, s and

q are as previously defined, with x + s + z
xég\eferably totaling no nore than about 20, Nahd nore
Y

eferably at a minimnum s is 1 and x and z

———

IX)
HO— ~ CF, ™ (CR)T (CFLCR,012 ~CR T\ / OH

wherein L, X, z are as defined above, but x and z are each independently preferably from O to -
about 10, and wherein x + y totals preferably no more than about 20, preferably from about 9 to

about 20. It should be understood that structures in accordance with Formula (III) where 1 is O
and R3 is straight or branched alkyl or perfluorinated alkyl group which may or may not

contain oxygen, include variations of formulae VIII and IX wherein fluorine atoms may be
substituted and/or L may be branched into longer structures as shown below, for example in

formulae X-X1I1:

H,N . NH,

o——@— CE,~ (CE),~ (CFCon)S"(CFLCFZO)Z “CRT\  / OH (x
‘sz

(CFy),

O

el

O

CF,

17



are 0. [0041] Wen r is not O in formula (I11),
structures are included within the scope of the
wonvemichmn whi ch have at | east two am nophenyl pgraisp&4/002584
but wherein the am nophenyl groups are not in the bis
position and/or necessarily in a termnal position. In
such structures, at |east one am nophenyl group is
Hldcated on R3 and R4 at any |ocation al ong each of
their chains, wth J and A being as defined abo
butl—n, preferred enbodi nents, only two such
am enyl groups are present in the conp
HO Nl e FUCH R, RaChRakieqCFaR034T -GSk ‘Iéfvao\g
Y 004/ 002584 are already are present |
preferred that J an Fa are not formula (1V), even
t hough such conpourids are clearly contenpl ated as
being within the scgpe of the invention. Exenplary
such bi sam nophenol Istructures are as follows, however
it shoul d be underst@ald that variations of-such
structures are al so|i ncluded wthin the invention in
accordance with forkula (Il11): NH2 HO ~J | (Xf) CF3 -
CF - (CFLCF20 Z - CF20 - (CF2)X CF2 - CF3 j NH2 OH
For exanple, in forfflka Xl 1|1 above, both A groups are
CF3, RBis - C- (CFLCF20z -, R4 is - CCF20 -
(CF2)x-CF2-, the J group on R3 is F and the J group on
R4 is L, and x and z are as described bel ow. Further
Hgkanmpl es include: NH2 HO (XIV) CF3 - (CFLCF20 Z-NI&:F
- - (CF2)- CF2 - CF3 NH2 OH 19 WD 2004/ 06990 2

S a
/0699&)H (XD

and

P 004/ 002584 —
HO—— — CE,— (CEy),~ (CIIFCFQO)S_(CFLCFZO)Z “CRT\ OH  (xm
T
o)
|
CR | q
l
o)
|
CF,

wherein s is preferably 1 to about 6, and X, s and z are as previously defined, with x +5s + z
preferably totaling no more than about 20, and more preferably at 2 minimum, sis 1 and x and z
are 0.

[0041] When r is not 0 in formula (III), structures are included within the scope of the
invention which have at least two aminophenyl groups, but wherein the aminophenyl groups

are not in the bis position and/or necessarily in a terminal position. In such structures, at least
. . 3 4 . . .
one aminophenyl group is located on R™ and R at any location along each of their chains,

with J and A being as defined above, but in preferred embodiments, only two such

aminophenyl groups are present in the compound as a whole such that when two such groups
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NH2 HO | ~ (XV) CF3 - (CFLCF90O Z- CFLCF20 - (CF2) X
CFLCF20 - CF2 - CF3 { j N2 OH and NH2 HO ~{ ~.~
woOlRo4(osddop) CF3 (CFLCF20) Z CFLCF20 - ( CF2) X CFP2TAISR004/002584
OH wherein L, x and z are as descri bed above, however,
in formul a XIII XIV, XV and XVI, it is referred
are alrepy pre pRgpeptihts prefgrad that dend Anae ek ’@rmhlar{ evé¢ry thoggh such

compox?rLcﬁ%rJ’J]gefrﬁwo?n oé]?t%d a Iné 8\?{% Ex% sch@¥ © per nvgr:;tgcg] BsEgpplary

such bl[szﬁﬁmﬁﬂ)hemﬂmrucnrr@‘ ﬁé ae £b]]‘oﬁxrs[’rhﬂ>\aeueh alshaeld foerumdétahd kat Variations
IS each A and each 3 4 J are

of SUChfSIUH‘étluf Eﬁ ére %bsq’ glcalde%m@m Bedmyeanan 1 iesoxBpec il fompra (1IT):

t hengr,oup consisting of linear and branched chain

perfl uor oal kyl ene and perfl uoroal kyl et her groups of

to 22 carbon atonms, wherein one A and one J

e b@gth bonded to the term nal carbon atom of R4.

043} Various synthetic routes exi st and/ or may be

oped for making the various preferred curing

agemts according to fornul a &III . The curing age 1)

CEareCHi T hCALCIh®)s cofelLGF,0 téCFnyeaF;, onCFegar dl ess™ of
whi ch chem cal routle is used to obtain them Existing
routes are desc for maki ng sone of the conpounds
according to forgn Il as described in R C. Evers,
J. Polym Sci. 1 \{ ~“R#¥8 (1978), incorporated

herein by referenc Further, the present invention
i ncl udes several no routes for preparing preferred
conpounds in accord&H&e with formula (I111). One route
i nvol ves usi ng epoxi de-ketone reactions as descri bed
20 WD 2004/ 069900 PCT/ US2004/ 002584

!

For example, in formula XIII above, both A groups are CF3, R3 is - C - (CFLCF,0)z -, R4 is
3.
- CCF20 - (CF2)x-CFy-, the J group on R™ is F and the J group on R4 is L, and x and z are as

|

described below. Further examples include:

NH2

J

XIV
~ (CFLCF,0),— CF ~ CF —(CF);~CF,— CF, (XIV)
[ 2
\/\'\ NH,

OH
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further bel ow and anot her involves an organomagnesi um

route al so described further herein. However, while
woauelospmb hods are presented herein, it shoul dpro®/us2004/002584

understood that any synthesis nethod may be used to

make the n | curatives and co-curatives of the
i nvention 2that the invention of providing
f ungig onal ijzed di phenyl - based curatives and
co-cufét(;e ich have nolecul ar weights

I

SUffiCith@y igh to provide a melting point of no
greater about 240 C, nore preferably no greater

t han abOUté§i9C or nost preferably no greater @E@p
— S engeppas he dpventi

CF Fﬁ@Tu %@ osezﬁav ggfo?ﬁgfga Lngﬁ%egggﬂless of
their nmethods of synthesis. [0044] Preferred
reactions include reacttn per fl uoroal kyl aci d
hal i de, preferably a roal kyl acid fluoride,
i.e., an acyl-group co pYf erably a
perfluoroacyl fluoride wi\th potassiumfluoride to
forman al coholate of the Ynitial conmpound. The
pot assi um al cohol ate reac Hon product, is then
reacted wth perfluoroallyl fluorosulfate to formthe
perfluoroal lylether of that material. [0045] This

and perfluoroallyl ether reactant product is then further
reacted w thyyan oxidizing agent, i.e., oxidized,
wherei n theg oxidi zing agent is preferably oxygen but
is Hax_|ipted thereto, to forma perfluoroglycidyl
ether:\Wﬁ%;pe fluoroglycidyl ether, which is then
reacted Mith Hal umi numchloride in a fNHgori nat ed
sol vent rizes the epoxide groyg on the
perfluoroglb0|dyl ether to a ke"Oﬂe The ketoneCXVD

- ofl —+ scﬁﬂ@gor If; - : er
unctional group Z (prefera ly \y £ Z is and the

phenyl is phenol) in the presencé of hydrogen

whereinfIl, xamiddearé as dasctibal dhovpiewdve) as BamatROU Y, XV and X V1, it is

und, . [ 0046] Such a

preferre rtlggglé(ﬂ&a}/x argc? glt A reotggrg}ﬁ C% hsngﬁmgre egredithyf 1n all of the
formular?l'&erd%@% W s ke, g'eﬁ]u%%zﬁ‘k)(] QF pe ﬁ]u%@lo%?ouse“ ul

trating conpound) to provrd up on each
[0042] phé)nly&r pyefeurpd foohul pinntude fdrsitd ﬂIIdehwin Wwheedisdg each A and each
bi sni toy ophenol - based cgnmpound. This conpound is then

J are flubBAK) RECis Uchitdn aforfi Uhd RD1iE se1edetE 66 tBE tc@nilﬁi dfhﬁ’iear and
desi r ed conpound havi ng bi sam nophenyl, prefer

branche? bﬁeﬁﬂ‘g&?@@%ﬁi vy e ?zh%\ﬁét'ﬂgr %xjaﬁ szotr 8cth 026% 2? carbon atoms,

pref 'y bi'sarni nopheno r oups For mu

wherein%%&%rqf?%ﬁp £ b onit o o ol ratP B i;' route

cur.atives and co-cur

formn novel S . .
[0043] 0 CaaRTRy S C.rﬂ%wwnﬁfey%herqemelppﬁéaﬂwkm the various

f eh L4 ithi
rtene A EOEA LU LIS RIS, S ARy Ve o
the invel3on sgardleas bbwhzhehpmital mufeas ueddetolottaimttent. Existilyg routes are

descnbeﬁ. gl;lgrpe?lgts&%e% h{g?ctom%u (? Saltcg%rrchenagcttolfglqnu a?ﬁggdghsc% g {1]1 R.C.

Evers, J. Polym. Sci. 16, 2833-2848 (1978), incorporated herein by reference. Further, the

present invention includes several novel routes for preparing preferred compounds in

accordance with formula (III). One route involves using epoxide-ketone reactions as described
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chain that is part of the A group (CF2-OCF2-R)
ext endi ng opposite the A which is CF3: 21 WO
woQ0Wweeme00 PCT/ US2004/ 002584 O R + KF -~- RCCRA0H4/002584
CF2=CFCF20sQ2F -~- F 02 AIC3 R CF20CF2CF=CF2 --~-
CF3 R C

e EERTR G 5 S e B R
Howevkr, GHtiledhoPdl Hethb@0ase predBited b&réinMiZh&did bEndéiQobd that aFsynthesis
methodcnlii_y bf(:) use%ﬁ;g make the novel curatives and co-curatives of the invention and that the
invention of providing functionalized diphenyl-based curatives and co-curatives which have
molecular weights sufficiently high to provide a melting point of no greater than about 240° C,
more preferably no greater than about 230°C, or most preferably no greater than about 225° C
are encompassed within the invention including those having formula (III) regardless of their
methods of synthesis.

[0044] Preferred reactions include reacting a perfluoroalkylacid halide, preferably a
perfluoroalkyl acid fluoride, i.e., an acyl-group compound, preferably a perfluoroacyl fluoride
with potassium fluoride to form an alcoholate of the initial compound. The potassium
alcoholate reaction product, is then reacted with perfluoroallyl fluorosulfate to form the
perfluoroallylether of that material.

[0045] This perfluoroallyl ether reactant product is then further reacted with an oxidizing
agent, i.e., oxidized, wherein the oxidizing agent is preferably oxygen but is not limited thereto,
to form a perfluoroglycidyl ether. The perfluoroglycidyl ether, which is then reacted with
aluminum chloride in a fluorinated solvent, isomerizes the epoxide group on the
perfluoroglycidyl ether to a ketone. The ketone compound is then reacted with a phenyl having
functional group Z (preferably where Z is OH and the phenyl is phenol) in the presence of
hydrogen fluoride to form a bisphenyl-based compound, preferably a bisphenol compound.

[0046] Such a bisphenyl- or bisphenol-based compound is then nitrated with nitric acid (or
a similar useful nitrating compound) to provide an NO7 group on each phenyl group and form a

bisnitrophenyl-based or bisnitrophenol-based compound. This compound is then reduced using
a suitable reducing agent to form the desired compound having bisaminophenyl, preferably
bisamim;phenol groups each having the Z radical (preferably bisaminophenol groups) of
Formula IV which is capable of curing a perfluoroelastomeric composition.

[0047] Such an exemplary synthesis route for forming novel curatives and co-curatives

according the invention may be illustrated with reference to structures such formulae V and VI
.. . . 3. .

and similar compounds where one A in formula III is CF3, R” is a carbon atom, J is formula IV

andr is 0, includes the following basic reaction scheme wherein R’ refers to a portion of the

chain fhat is part of the A group (CF»-O-CF)-R’) extending opposite the A which is CF3:
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R 22 WD 2004/ 069900 PCT/ US2004/ 002584 [0048] A

further exenplary reaction schene for formng
woanpmepads according to formula (111) when R3PUCS/UB2004/002584

carbon atom r is 0, Jis formula (1V), one A group is

CF3 and the other A group (referred to in the

mscrka ¥£m bel ow as A') is CF30(CF20)gCF2- such as

conpoynds it Kior ot ( \R'CF,@Kd+S O, +@FCEQJRHN GS— 3

i ncl uf}l%s:ﬁa nmet hod usi ng or ganomagnesi um conpounds. In

this syrfhesis route, an al kyl magnesi um hal i de,

hal ogenat ed al kyl nagnesi um halide or a

perfluoroal kyl magnesi urphalide, and preferabl xi@,

perflugr nesi um i odi d& such,
trifl ugﬁﬁﬁgﬁy@ﬁ%si arrPodi ge‘va‘iéz?@é Ee & with 2n
al kyl, hal ogenated al kyl or perfluoringted acyl
halide (such as.an A chain in fornula (®l1)) wherein
the acyl halide includes a hal ogenated ketone group.
The resul ting conmpound rel eases nagnesiun1hakhge to

| eave a ketone group on the acyl halide. Thig?3
ketone'is then further reacted with 8 -ostiquted

mpaund bhaving— a7 functi ona ) ou
I(QSL?E?EF%\ In?gﬁydr to formid |s pg::OH
group (p eferabmol) at the pne dite,

whi ch i sOt hen ni ¢d and subsequently redu in the
manner noted above. A sanple of such nechanijsmis as

shown bel ow. 23 WO 2004/ 069900 PCT/ US2004/ 002584 0 11

/| OH O CR3mgyl + CF3Q ER¥0cF yq 2C / 0 CF3Q( G20 9CF2C
CF3 + d CFR3 HO\|~C\ /| OH CFZ(Lx;l—Z)qOC%FNI—Q CF3
NH2 HNO3/reductionf HO\ / C CH l2

R!
{© CF, O,
F,
(l) (reduction)
K
HO— 'C OH
T
@)
|
CF,
|
Rl



| CF2(OCF2)gqOCF3 [0049] Alternatively, each of the
two phenyl groups may be provided to R3 or R4 at
wai2bdsmoend | ocati ons and/ or term nal | ocati onspoy/ussiongo2ss4

known chemi cal substitution techniques and routes to
achi eve various other fornulae in accordance with
formula (I11). One such substitution route is shown
in Evers, noted above herein, which obtains
fluorocarbon bi sam nophenols (sone of which are

[0048] ¢ A duRhFr &gemplanbicaion schemg forfprmiag spmpgunds according to formula
di i oxloper f | uoroal kane internedi ates with i odophenyl

(I1I) wheadk ats@ cafyparagdmyzi in g, ¥ isdopmda (0D, ees Algretpis CGi's and the other A
bi sphenol, nitrating and then reducing the

group (ﬁf&iréd @hh %m%&lgianitsfh Eé%\l@ia@ A% Q'(%‘@(ﬂ‘ﬁzgﬁggga suk99§9c])mgounds in

al so possible to enploy other “curi ts or nor
formuld D) HsinHA QhRARN iﬁjcﬂlﬂgfﬁ‘g}'eﬂg)d%intgrb‘?gzﬁ]%ﬁggﬁésthﬁn compounds.
_ nmononers present, such as an organi c “peroxi d€, an
In this gymglmnisretta) 4ni adkyloegpsivng hlidh halsgamntedirglayl ondgnesium halide or a

di am.nes, am di pes, conventi onal _bi sam nophenol
pertuofufi) A i Pilion cof REHO Ry SaREIvRsP A I et e s
trifluorbe g HhdgdneAumi6ditit AL WiTRRLA aBY, HifeHAEd alkgﬂéﬂ}%{gﬂuoﬁnated

radi ation curing technology as an assist or t
acyl habdhepclragy ansh icbsin o forputaedIhywhdrein thwaed haled iaclddes a halogenated

-curatives. of the invention. 24 04/ 06990
ketone BB Bb 0T BB s8EOp SIS RS MR (t 38 BRetone group on
the acyChdlRle] T8isKetdh@1€theh ReriRg edicte@cHA 8bit@titled PIRnNHuAl having
whi ch shoul d be used should be chosen to optiim ze 't he

a Z fungfianal grgup (prpteratile Bydrpx ylh ko foumecbisitienplrfonttinnabgnenp ¢preferably
: r o Cd i I t.s resistance tq.
bispher R N AR T 5 B IR S DAL B n the manner
noted ab@wl. SA asagle b swhMEhanisors ae€thowrd lewal nodul us, tear
strength, hardness and the |ike). The anmpunt used
wi || depend on the degree of crosslinking desired, the
type and nunber of cure sites to be cured by the
i nventive curatives, the nunber of other cure sites to
be cured by other curatives not within the scope of
the invention, and the cure rate desired. A preferred
amount of curative is an anmount as much as equi val ent
to an anmount in slight excess of the anobunt required
to react with those curesites present in the
fluoroelastoneric or perfluoroelastoneric conposition
whi ch are capable of reacting wth the curatives and
co- curatives of the invention. Preferably, about 0.1
to about 10 parts by weight of the curing agent per
about 100 parts of fluoropol ynmer or perfluoropolymner
is used, nore preferably about I to about 4 parts by
wei ght. Wien used as a co-curative, the amount is
preferably | ess, since other
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cure reactions are occurring, however, that too
depends on the nunber of sites and other paraneters
woav@ehesdoove. [ 0052] The invention includes PCT/US2004/002584
am di ne- based or am doxi nme-based curatives which may
function as curatives_or co-curatives, and also as
cure accel erators, may be enpl oyed efther a
or with the biphe -based curatives and|co-cur &i
CF;Mgbh CRO(AReNTRC as desgel beg: Oarrio) CRC-0Ff b of her
curatives not within the |nvent|on or ‘used to f\urther
accel erate the rate~Nof cure of the bi phenyl - based
curatives and co-cur@tives of the invention nor other
curatives outside of the invention wthin
perfluoroel astomeric conpositions. [0053] Sujtable
am di ne and am d |ne curatives and accelerators

i ncl ude nonoami d nonoani doxi mes and bi $am di nes
as described her |n. " her curggaccel eratorsjknown in
the art \ as'orgs Qr i norgani c ammoni uns salts,

eH@—pe P ] Y. iQkh perfl uoroacetate,
anmoni u cyagat e, ¢ anmoni um sul f amat e; urea;
t-butyl carbamat acet al dehyde anmoni a;
tetraalkyIphosphéHEGﬂQ&ﬂKﬁQﬁ t et raal kyl anmoni um sal t's,
and trial kylsulfoniumsalts, such as

benzyl tri phenyl phosphoni um chl or | hy %35} CE

benzyl t ri pheryl phosphoni um br oni de 3
benzyl tri pheryl - pHOEpfrediammnphenol atip—c bIS heno
AF, tetrabut dr ogen sul and

Crn

t et rabut yl ammoni um br oni de maffOarsoN\b
conjunction with the novel biphenyl-X Jﬁ cu at|
and co-curatives of the invention if desire
However, of accelerators are desired for the ﬁd@%ﬁﬁhocﬁ3
bi phenyl - based curatives and co- curatives of the
invention, it is preferred that the am dine- and
am doxi me- based cure 25 WD 2004/ 069900
PCT/ US2004/ 002584 accel erators descri bed herein be4
[0049] us etllcroativeds eachaefehe freo phany] gouphBaybp ﬁwedﬂaéﬁe oPr R at
curatives and co-curatives of the invention. 54]
di fferenTllmeamef andfderagnd|leqatipns By BHRE kwrbclm@ﬁgllsub%%‘étpn techniques
and rougﬁs ég ta?ﬂ\{g‘fse \Zarr]lg)gg gt&le o(lj'mlu}/ag 8&:0&‘ % dtﬁsfgl%ulé E‘I\fﬁ.nbng Ruch

oxXl1 nme-

substitufiof b RE & MoSun IMEVER, ROED B het'd*\xe,mslﬁblv elstafnSI flabrooarbas
i ndependent curatives or co-curatives

bisaminpphenialbiserieps vdner are repsesaisH by demmuler FEb Loy FeRefinge- based
d11odop§1ﬁg.)o%gllg§?él sR@figds &R[‘x E&doﬁhﬁy’] BCdAe! eno)’ﬁ?(ﬂ?ﬂﬂ'% @He‘}ﬁ'éduct to obtain

nonoam XI nes o ow ng

a blsph&icﬁ Atfirgiinpesdahert edotihg thel dmltrd»bsphedmbtb ol:ftmntaﬁmanbad);dwlol

nonoam_di nes and rg)noam doxi mes rmrx be represente
[0050] by IF alsarppssifle Jo erpplpy other curing agents or mo than one curing agen

depending on the cure site monomers present, such as an organic peroxide, an organometallic

compound such as an organotin, diamines, amidines, conventional bisaminophenols and/or
bisaminothiophenols, etc. or mixtures thereof. In addition, perfluoropolymers may be cured
using radiation curing technology as an assist or to cure other curesites not cured by the

curatives and co-curatives of the invention.
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Y C NHR wherein Y may be a substituted al kyl, al koxy,
aryl, aral kyl or aral koxy group or an wunsubstituted
wonoswissdodt ut ed fully or partially hal ogenat edpairhigkoo4/002584

al koxy, aryl, aralkyl or aral koxy group having from

about 1 to about 22 carbon atons. Y ma HJrSO be, .and
[0051] r dhepmgpiyt anddyPeol 3 VG OF SAICRYNE ag5aF AFSQBHB& [9id% jnvention
which smﬂé byegéa pxbm b@edhﬁie%% %?ﬁﬁiz'@fhe &sirB8 Pfdp@ﬁfe@ i fekOxa

rom1l to about 22 carbon atons and nore
ﬂuoroel@tcsﬁercameyﬂlmrp@aa‘td)mm(axad]ﬂqmg ms repistahtaiorabamia yittaclr spepific
aut t o about. rbon at , ,and nor.e
clongatig-at bRk T e 1 SPBPY U7 St G OHnoT ks T Frefgyh pardness and
the hke)hm{e%mnpﬁseamﬁtdew@& Pk degreel bﬁéxbgs«}mﬂ]gl&g\i%d @Hel@ybe and
koxy gﬁoups of from 2 "one to about carb
number gf @mg sitesrtodxe carddrizy the oupntiR questivies the g@pbﬁdgrmmey cmwsﬁes to be
roups d above.for R.or OX

cured b ot el S P with FonepS Ve gl A G ratp oo A
preferredl affotiat dfQrativaliogeaabad aahltgh as e@iivatnae artedum ik ¥light excess

hal ogenat ed al koxy, perhal ogenated al koxy, thio,
of the amagpmgequireid ie reaﬁm)vﬁb thaspricerssitas presgeinn tl@eaﬂwgg.]pstomenc or
perﬂuorgﬁ_%;tgm}érl% %S%E(SS?{(%IJ] d\’é\’h?ﬁ%gete %lhé ?I’ agt:i{?é \gftﬁ?% cu%at ves and co- ‘

curatweh)bﬂﬂ]@gﬂbnﬁbn S PhSérablyt &bu00.1Un Sbkhﬁtl[)tpatteﬁy mi ghy bf o curin g agent
| koxy groups of from1l to 6 carbon atons, nore
per aboqs 8P erebPl Tgrapelxyer BF pastiaprapimer susel, Rt eFsfeigblyyabout 1 to

about 4 Eé‘pgsg?)% Bls Me%&%ﬂ% sRlol ! 6@ %Hmuf}g'y 'f)pef?fa})ﬁr less smce other

ed or stituted | ower
cure reaﬁt]mrabamcmtmgs hotviev e, 2t tos dbpahde ge thearunttyed 106 xiyas. and/k»ﬁ’(er
26 V\anag) 4/ 069900 PCT/ US2004/ 002584 1 preferred are
parametgisiQRdAPAYE where R is hydrogen. Further preferred

[0052] emT‘HQ L ARALiSY ifdalddd ﬁmuﬁﬁ‘@ﬁfseﬂ Br ¥ideRinte-biksed curatives which may
perfluoroal kyl, perfl uoroal koxy, substituted or

functionassubaives ot extcamijyesgamlgiso asauek angbletdtenstand raay be employed either

alone o) V%]ﬂb?ﬁé)llt s e]g?aesah glgnggat ea%fl%ra)élgi %g%ﬁéﬁhg?%}ep} rtl Qse de%@r?li)e% herein

or with SBBEAIFhENR QoPARER BE thveRNSAGH 8RditourRs ecteftidthesate of cure of
according to formula (l) include

the blphp@y]fbag@} @aaqquatnﬂ @p-@ggatwgs( ofi theringypféan nor other curatives outside of the
9]"% | am doxi mes and
1nvent1 PPHg roa e:]a%[gngﬁr azon Osmgﬁp%m fic exanples include

[0053] Su1tab]e amidine and amidoxime curatives and accelerators include monoamidines,
monoamidoximes and bisamidines as described herein. Other cure accelerators known in the
art such as organic or inorganic ammoniums salts, e.g. perfluoroctonaoate, ammonium
perfluoroacetate, ammonium thiocyanate, and ammonium sulfamate; urea; t-butyl carbamate;
acetaldehyde ammonia; tetraalkylphosphoniﬁm salts, tetraalkylammonium salts, and
trialkylsulfonium salts, such as benzyltriphenylphosphonium chloride,
benzyltriphenylphosphonium bromide, benzyltriphenyl-phosphonium phenolate of bisphenol
AF, tetrabutylammonium hydrogen sulfate, and tetrabutylammonium bromide may also be used
in conjunction with the novel biphenyl-based curatives and co-curatives of the invention if
desired. However, of accelerators are desired for the novel biphenyl-based curatives and co-

curatives of the invention, it is preferred that the amidine- and amidoxime-based cure
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per f| uor ooct anam di ne, hept af | uorobutyryl am di ne,
benzam dine, trifluoronethyl benzam doxi ne, and
wonbddosoronet hoxyl benzam doxi ne. Curatives as ROTAE2004/002584
according to fornmula (1) nay be used alone or in
conbi nations, such as conbi nations of the foregoing
accelergjarnpésarifedchempo bedsed {o00BOErakbe cancaf itvedwphanybbdiedgutatives and
ftor rru%@ gl‘? @re preferably capable of curing
CO-CUrE®? PLSYF d-1°4E8P%meri ¢ conpositions, particularly those
[0054]W t IThé@prelfe At acOfBrafofd RS thdibiphéilye badbanr@mives diEco-curatives of the
curatives according to formula (I) of the present
present igveaRiongre aniling-based gt amidodimebirgd edreasecierators, which also may
themseﬁ%?@@éﬂg?xk @é?%}sdgag% Cllll'}{rlltgve?ﬁ)gg(%:ﬁl?rghg sSin ell"fﬁl%r@erlaestomeric
compopigivhd. UThee| aasitime®abal admptidotinerasabmpiciislsigelade meAacdmidines
curesite nmonomer, and nore prefer

one cyano ) TOr € abl?/ )
and m@&%ﬁ&fwmw thmfdlovars brmyta Grrnddiigmudipes phiosgula (1) described
| . -
forther SIY VRGO leR ol ooy MR IS SEREbIcq by fepmuta
and its derivativesygr®uitabl e exanpl es of nonoani di nes
i ncl ude benzam di pgs and perfl uoroal kyl am di nes.
Particul arly sui#abl e exanples are @
per f | uor ooctandni di ne and perfl uor ohept anam’di ne.
[ 0057] The inventyon al so includes bi sam di ne-based

curative and cure ﬁlerators for fluoroel astoneric
and perfl uoroel ast i C conpositions represented by
formula (I1): i RN NRCDC R2HN NHR2 wherein D

may be unsubstituted or substituted fully or partially
whereih 3 mgi haasubsiticgd alkal, kbkony, ayly hralkyh parkikiox p graupairiox y

u havi ng ,f.r.,om about,, 1. to about . 2 arbon_ato
unsubs B RUES AR PEa TURTO AR Tl GesPRGHT kL sy Bl ey or
aralkopegrbhp BEARE From ehf | uoskvat 3k kytbon AonRe N hd9aRama] kteferably
groups. of from 1l to about 22 carbon atons and nore

is, a pepilugrealiy) pelrﬂuwhqoabﬂ?aﬂwpardk ppetuprQsstl sy qwfx;ﬂlgmﬁmlkoxy group
o ol Y RE007 53R 48, TSR MU oot f AT

group aftfoe abinith toebp@ci2 dacbonZtbas,nmt andré prefdrabig\ferm 1it@9 carbon atoms;
ormula (11), Ris not hydroxyl, it is independently

and Ri Sh&8AE) dkSzcR®r kiiSstituted or unsubstituted lower alkyl or alkoxy groups of from
: 2 :
one to about 6 carbon atoms, or an amino group. R may be independently any of the groups

1 2
listed above for R or hydroxyl. Substituted groups for Y, R1 or R include, without

limitation, halogenated alkyl, perhalogenated alkyl, halogenated alkoxy, perhalogenated alkoxy,

thio, amine, imine, amide, imide, halogen, carboxyl, sulfonyl, hydroxyl, and the like. Preferred
embodiments include those in which R is hydroxyl, hydrogen or substituted or unsubstituted
alkyl or alkoxy groups of from 1 to 6 carbon atoms, more preferably hydroxyl or hydrogen.

: | i
Also preferred are embodiments in which R is hydrogen, amino or a substituted or

2
unsubstituted lower alkyl of from 1 to 6 carbon atoms while R  is hydrogen or hydroxyl. Most
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same as Rl noted above. Further, D, R and R2 may each

be substituted by one of nore of the 1 groups noted
weahoumevdobh respect to formula (1). Most pref epailug2004/002584

herein in forrmula (11), both R 2 and R are hydrogen.

[ 0058] Oxygen atorrs are preferably i ncluded in the

preferrécpcrxllfn(ceagrbggtn?)h | s s é n. %@%g F%eraed%lgeedi]inte?tissfnclude

t he f e n nt i on
those ik yiheY i Pes Btk Bt HB’IEO& P e o it arh groups
and sub@hiél SulsEbsiuldhaAsdMatecthr 1@@&;% halifﬂnféftﬁ& chHAid Rnk@S RS Gbted
to the bisam di nes o% formﬁ’ , is preferable
above.that Dis a fluorinated, nore preferabl y
enat ed

[0055] pe@%ﬁﬁ]hﬂ?&?xﬁoanﬁ@g? é)la§edgan{1ha noa 1(%)411% b%se%gcur(}%lves according to

e CABor At
formulad)) acanie ﬁeh%oa@amylmlcgﬁ&um}@aah]ea@éﬁmmmydmﬂgﬁnnes
substituents to stabilize the conpound. Oxygen atons
arylamjdexmegrand peeffusreh ylargidsezongs. t $rec wreﬁfﬁ@@esemq%
is straight or
perﬂuokerdz}%%ﬁ‘? m%\vﬁ ht%ﬂhérobﬁtyg]g&%ﬁee%eﬁ ﬁhdl?escope of "t he
mﬂuorbmt&rytbeammhaimﬁ hsd a:fnmecbmahmﬂwmmatdoanﬁé r gafatives, as noted
he further substituted, Particularl

accordleaﬂ? m¥ae<>l)aw&y be ugzd alopaP1yp SamPHIaHERS, SHRlY %ﬁ&em%matlons of the
5% ine and perfluorosebacamn di ne.

forego}%ﬁ%{(g‘ﬁﬂ er Oglglrl%al kyl nmonoam di nes and bi sam di nes

[0056] c anThrecurpmNas heswdingto fnrﬁgnmz(l)agb pltabmb}‘yt @palds of tmnmg of

f Q%g chua, . Fl ori da. Suchcg? f h gﬁ | commer ci al y
perfluogeelasforpfric GO HORE PATHcR{arbdhess With ¢ Teas 8rpryde s egite
monoﬂe? bedeVurhfivdsiatdr@ingfto foiild ﬁ§ bEthBHRRBHAt iherBea Sk@also

[ 0060] The bisam dines of the invéntion can be used as
monoagiidire-hassd lapd atoppsmisiapaid- éaseﬂ cumeﬂtlelramrs wglcmhaee capablegff
acceler terf uorlpe fasffg e% t art co os t#n T leas cyano

gé‘?% G GHSe REHBIRERE ’E%Y%Fp §?I% Blony Sog dsggg atlepk Qo v
curesit©@RRNENSF) and HoRSpreferaBIN 06 posifs:Rf whit e dls xflRleatiyhenyl-based

bi sami di nes according to the invention include
curativgse(nqluding hetnew el ipheny]-hpsgd serativeelobe bueaieni fieh as
blsamlxgo?ﬁ%gﬂdl alnh 1t's%l HMW St %Pabﬁéq& nﬁﬁgs o%'?ﬁ’ ﬁes%mslgggﬁenzamidines

Periars are usad acce era ors
and perdlotoatkyi am&ﬁmese Pariopldry svdtakld expaplet e peafidroadtaramidine and
per fl uoroel astomer chosen, the curatives and/or

memo&ﬁ“&@P@@F@%% chosen and the desired cure properti es,

[0057]SU C’Ph@ﬁlvé fontdIBincRBEERSAhiMideSbHEY & rAfvetand c%hé'%'&:lerators for

speci f Mooney viscosity, the ability of t
ﬂuoroelastqnmmtand petfoR&1AAORE OGBSI DNPEHr ¢8R0 0 by Gam84 (1I):
R'N NR'
N 4 an
/C————D—C
R*HN NHR?

wherein D may be unsubstituted or substituted fully or partially halogenated alkyl, alkoxy, aryl,
aralkyl or aralkoxy groups having from about 1 to about 22 carbon atoms, or more preferably
perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl, or perfluoroaralkoxy groups of

from 1 to about 22 carbon atoms and more preferably a perfluoroalkyl or perfluoroalkoxy group
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resi st deformation, and a maxi num specified torque
nmeasured by a noving die rheoneter. Suitable anmounts
wonedadesoabout 0.1 to about 5 parts of accel er aCwUSp®@R/002584

about 100 parts of perfluoropolymer. [0062] In
preparing monoani di nes, npnoam,doxi nes and

of from wamid bRt 12 tch®oh AwaN. iPNandRNate asrdesihed aioed witH fespect to
respect to any particular synthesis nethod for nmaki ng
t hese conpounds. Any 2cheni cal nt hesi s and/ or use

formula €Orhmevevienlin Jormpdd ((RbRe JWété{ﬂf%YXé@S indeReRiendy selpsted @ be the

and bisam dines are accept abl e. However, the present

same as dventdo%gwlq e?l—ﬁt JJI gh apg dvel es%ﬂgjgesf)s%tutgg Ey 3fe 8fmore of the

monoami di nes useful within the I nvention, an alkyl

1
groups rtddhtole Svith e@trtgéfahﬁu@@) dnadee re?e?atﬂ%%@fem%ﬁ’tbhﬁulaqnﬁ both R
cont ai ni ng corrpound) hal ogenat e acid and

preferably a perfluorlnated al kyl acid is first
and R~ @eMyeéidgedl to a nitrile formby conbining the alkyl
acid (or simlar conpound as noted) with an al cohol,

ons) 38R BB B T SRR

e S S S SEEI ALor S nie
that Y Cgﬁt\gﬁe%zcﬁrt:ﬁé BParBfRHY SlrudiSre@RnRh kY ESRbRIOF bBﬁb@G@ﬁ]@ﬁt@&i as noted

ter or perfiuoroal kyl estér which is then
above. reacted with a mtrogen cont ai ni ng reactant such as

a ia, pref I ea
o0s0) 2R pBiEt SRR BL A B R EPLBR b Do
ﬂuonnate%nﬁl%t ﬂéfe@am? HRAHER@ IRy partidey Balogeaiatbdehoseseh, it is
an al kyl car oxyanrde This reaction product is then

preferred @lnm ithrechrbari athma adiepsd thet piginggapMDs eagft havgd wohyydrogen

s GHETP g GRE R 5y, RS AR iy e form o

ether ]m‘klag sl ['Whilé e prRferdana1h isnailghnat brahdhed £hainic Iisw:lsmglthm the

yl cyano, hal ogenated cyang or perf| uogoal E%I %ﬁg b d
scope ot hapRNERLEN theh D léIaWFhC O APTIAYC HERSENNICR Maydy TRt qubstituted.
Part1cul£19¥ Quil BRCHBIhIGRATRE b&éﬁa {a6tls %Jh!i'ﬂeﬁﬁerﬂtﬁﬁé%b@ﬁ%rdme and

gen contal ni ng npound, such as preferably an
perﬂuor@ﬁﬂbaeammlmm (Buitable parfmmamkyl nndmoqmldineﬁr anglatssatmdmps can be

bl d f f d t
purchash foBySMAtsAt L o dchin o i il e
commer\%fa{?ﬁ%%ﬂéﬂie EEERlerd? S%@Uﬂhhéyl FaQptisel9 V. DeBe ¥ dRiRute of

respect to the added al nitrile (preferably
Synthettrylﬁmhbefunktlssmal ) corrpound After addition of the
nitrile c

100601 1 (¥ BrOES PR G OIRREHS FRA of EsapaHER GrkbiE or

acce]eraftﬁ'gstﬁéjeur@ b befmBlaglasfnteM, %)articﬂla@l@%ﬂen&ﬁ@pﬁﬂhoroelastomenc
emperature and excess nitrogen contai ni gé; conpound
compos(tmncladesaahmt ene 4yane ewssitsomomiperd Ripfetred preseplery higamidines

he.r n
accor d"i’%?) té% H}a%géo%f%&%g & erfgug)rr ﬁgr?fﬁn(g M@t&ﬁrﬂﬁmggeg i p i)aétlvnlen g
[0061] @ MPRAAAEMICHE thdtiehuhieabodbiahiding hﬁllﬂﬁ)ﬁﬁ@(matgnals are used as

represents a preferred synthesis route { %
accelergtisothgiagionatkis gbgq_epdm;ygbq Based,apon the particular pe uoroe stomer chosen,

the curatives and/or co-curatives chosen and the desired cure properties, such as the time

necessary to develop a minimum specified Mooney viscosity, the ability of the composition to
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i nvention, any nmethod known or to be devel oped may be
enpl oyed i n nmaki ng the bi sam di nes, nonoam di hes or
wounoaedaoxi nes of the invention without deparpCmgskeoanv2sss
the scope of the 29 WO 2004/ 069900 PCT/ US2004/ 002584
ention. The resultin noanm di nes.and . .
resist dﬁféﬂaataﬁnd 89 TR ECT AL Pl Sy PO g Be die theometer.
Su1tab]€ Hﬁaehmg %ﬁ:l@d}dab%{]@o ¢ 3P AJue 5 PhrtE B dRBlePliordes ab&Ta0D Rarts of
he cure of perfluoroel astomeric conpositions as noted

pmﬂuoanovﬂanWeferred conmpounds made accordi ng to the above

i ncl ude fluorohe t nam di 0 The
[0062] per IHE%?W&’%?WEWE 8% PSS élﬁn Efssan%%isg b] T ihisrigugion is not
restrict¥d #/ith @ék‘{’)e&fto Lhe Fﬁxj@i@iﬂ@r syhélibsisinve@BSodofor mklrfg(lﬂb@l’ﬁoh@’cbahds Any

means or ara including with two-roll mlls and
chemicakgyathesis ang % bsesof ommessiay peilaplsenennspudings. srpneagpidogimes and

bisami h%pragg g gaf)*a%% BI-TO\ivm erﬂ?abregg %veﬁﬁ'&hd%%v&&@& a,nov SynthCSIS

avali anbur raden
method dﬁsdeﬁ&f&ﬂtlﬁrenh NWitholesfdaciognaacing n’n\l&WamiﬂﬁGsa;seﬁlh dm‘hlmme
Morijama of Farm ngdal e,  New York. Preferably, .the

inventignyanalkyd eely (aprela BLEapiGREM; SPeh 892 6T %@C.aﬁxﬁe?ﬂni%wng compound),
haloger?agegfe egf( ta{?:?d oif%%;ot?%e %{ﬂﬁ[}ﬁnﬂgd mgl AHY B Qn@Efed to a nitrile

Hrce ingredients desired are
form bptenbigthg the‘ﬁBi\yEacld i(6r ssshidad cdnipeundhaensted)ordith haalcolnd, such as an

akinol b PERGIOHE SEORbIIPE PIEIER G LM ORI RAS il gulToric acid. The

mixtur& R ?Ji t\*l:%ﬂ?d B J@ﬁ&rhng%n@ﬁ ;}ﬁ@i%?a%‘ij &4k an suitable material such as

cured/ crosslinke application of heat and/or

MgSO&f ’fﬁesxlé'él?ltlh g Bf&fum Rp %hﬁiﬁs a%cg g&éﬁ alkgr@ﬁex"%ﬁ perfRfdalkyl ester

curi ostcurl esira t o enhance

which {2'@(51 r%g‘éte (V?tﬂearrfﬂdgéeﬁ%ﬂ ta Jﬁ ? am &lth '3 LRGoREL n‘gref&fdbl ammonia

i'nvention speC| IC exa
gas. Apegtien fiealowsiaapretiend \xmhroenm@kxff Itleer @hctis), temipebure tragroduce a

lso b d di t t .
N O R C N T -
withaﬁ‘éfﬁ:(pios'? g&q LR 25 ABPOURSTe %@sﬂ%ﬁ?s%h{aéﬁﬂebﬂn)@eﬁ%nd refluxed

nof Yin formila above.
under 12@040/dX68 9&@1@@/@3@@@4/@@2@@1 mtrdb,l suclp awcmbdunctlonal alkyls

RS SRS o e REP R Y PRET Bspfoah F,g
nitrile compound is then added to a reaction chamber filled with at least one nitrogen containing
compound, such as preferably an amine compound or ammonia in liquid or gas form,
preferably in liquid form. It is preferred that the nitrogen-containing compound such as
ammonia is present in excess, preferably about 10 fold excess, with respect to the added alkyl
nitrile (preferably cyano-functional) compound. After addition of the alkyl nitrile compound to
the chamber including the nitrogen containing compound, the temperature is raised, preferably
slowly, to about ambient temperature and excess nitrogen containing compound (such as
ammonia) is removed. Solid white product is typically the resulting compound which is an
alkyl, halogenated alkyl or perfluorinated alkyl group having a monoamidine structure. While
the foregoing represents a preferred synthesis route for making monoamidines according to the
invention, any method known or to be developed may be employed in making the bisamidines,

monoamidines or monoamidoximes of the invention without departing from the scope of the
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-C2F5 White to powder 50 212 creany -C3F7 Wite to
powder 52 212 creany -C4AF9 Wite to powder 58 212
wonreas9sotS5F11 Wiite to powder 66 212 creany PCORIS3004/002584
Wiite to powder 75 212 creany -C7F15 White to powder
87 212 crea -C8F17 Wiite to powder 98 212 crea
mventw@gEhgrwhtwg%@oam@% @ﬂenmm?%qug@ﬁw’[ t@eers\]entm@argyuseful as
curatw%e@?frﬁﬁ&rle@ a‘r%éné_)f REW I%? a&%ge)ggad qﬁe Pire o?bgf%p& %%%}FEA
compoblltlsasrmmmndftbffhmlve d Brafem*&td Gml}mundfr miaal‘fga(tcorcﬁmg rouha abdel hethod
?Jﬁ §‘£3 am o 4- hydroxyphenyl]14,7,9, 11
md“d‘i% 3R REaﬁa"fE §€3,5,5,6,6, 8, 8, 10, 10, 12, 12, 12- hexadeca
[0063]f | U‘?B@E%ﬁSﬁ)@%tonﬁ’% BIRB&LSH s Mixelos B]eﬁ@ed with a@?ﬁp@]@ above
atom r is 0, Jis a structure as in fornula
addltIVAs by any @R3entimhat reamst dreppaius, mchQm@F@(ce@mm B@AE internal

m]XGI‘Sr Of' 8)?%?5}?[10% Qﬁomi)(??]tbo?n\é%gf %%}%g%ﬁ US@%‘I ﬁe téll”ﬂ\)/(gr SUCE as those
commd?€iafly HRLilaPRifEsh Bahmalherw. Batemkr Wasruhich&t Irfco[)ﬂHchdeHsack New
accordance W th _an epoxi de-ketone route as descri bed

Jersey prd &pm MavrijamadiFapningdale dew y oak- cBﬂ@rhlalau@efcpmwvg@) ardco-

curativ'é@é Bfr)rt%xg EIP%%? ch&ht% gﬁ% acc ]er)a&)% gfstﬁ%)gw e ﬁ) £1redaed}dec[1 PGe all of

the othbﬁﬂg&ﬂfeﬁ%di&sbﬁﬁﬂed)ﬂdnﬂed mywavst itlshaild oo unﬂér@t@b@aﬂrﬁ theldi€er in
.. mxture was stirred for 15 minutes. To this m xture
which §ich materiads afe rofsd saepbmiingrthe 4P of Hisdneention; ddegpragle

compoglgmjr%ngy tieh vgf rg’cere il ﬁfc?osghﬁlk g(})g C?%Pg?zﬁio%tof hfat5and/or

nonaft | uor ooct noy ["'uor e were a
pressuliedo farm @t elavometieppesatiuasea satl Aftédrcuring, postcuring may be desirable

to enhance physical properties and is also within the scope of the invention.

[0064]  Additional specific examples of preferred monoamidine cure accelerators, which

. . . . .
may also be used as direct curative(s) or co-curative(s) are as found in Table 2, wherein R™ and

2
R are both hydrogen and the compounds are categorized by the composition of Y in formula

(I) above.
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adequate stirring. After addition was conpleted, the
m xture was stirred an additional 2 hours 31 WO
waQweeme00 PCT/ US2004/ 002584 wuntil all the porassiosov2s5s4
fluoride was dissolved form ng the potassium
al cohol ate salt, CF3Q(CF20) 2CF2CF2CK. The presence of

t he al cohol ate and corrpl efalda 2of the reaction was
T |||::u

npnoaranee

H FaH
CUITI &+-Sg

Yband

l. IIC

at 1%5%r cm i o UWev Fﬁ??émm (nm)

D1 i T
&R ar edMlﬁ Do
cml corres| nndq to: o - ‘ahehrnrr‘tion

\J

i beWhiiBéve i|s chaligeider i ze(JITl?Qﬂtnlﬁer 4G4 gwi ng: 212
me_ OR3MYCF2Q) 2CF2 + KF ) 00| CFA&morAt)2Cr2CF20K  F

_C%escr

ssi WihitAke ohal at e)poWd2067] Fol | owdeg forrmati on afi2

C2the | cobgantye above, the flaskjcontaining the above

Pot i

ot ag

S uwh%%)hol ate slggjv\;.ge}on was cooked to 10 C angja
“C387 opy
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’205 t
_CoHyol, 2,3, YN0 g g 10, MEMB 12, 13- hexablcaf | ud P
ey im qq@segmal ri Thp r‘rudp perfluoroallyl etlher was

LOL ’\
HaetrealH
r

rodode
fractionally distilled and a fraction boiling at 88 C

was ti-fi F19 . ..
[0065] pegﬁér) %}ggrgtposl {?]brgogv% §&\ h%%dﬁ%' ge}‘eri%élo\lﬁ ffh&vmg non-limiting
exampleer responding to - CF= CF2) and el enental analysis. The
cal cul ated for

el enrental analysis is as_follows:
C8F1604: C, 20.68% F, BXAMBLEdyperinentally found:

[0066] G, ésﬁns%\%{?l%&]en&%eg%a/ ve %leﬁrdﬁr?gaﬁtfbﬂﬂu]g 35t} r(Q *Qefﬁs[é%‘?f{lﬁo 145

repr entative
hydroxypheny1]4 7 9 11 tetraoxa-1,1,1, 3 3,5,5,6,6,8,8,10,10,12,12,12-hexadecafluorododecane)

was prepared in which R is a carbon atom, r is 0, J is a structure as in formula (IV), one A is

-CF3 and the other A is -CFpOCF2CF2(OCF2)20CF3. Such structure is shown above in

representative form in formula (V). In preparing such compound, a perfluorinated polyether
ketone was first formed in accordance with an epoxide-ketone route as described herein. A
flask protected by a continuous flow of dry nitrogen gas was charged with potassium fluoride in

an amount of 11.6 g (0.2 mole) and 100 ml Diglyme that had already been dried by distillation
from CaHp. The mixture was stirred for 15 minutes. To this mixture was added at room

temperature with good stirring 60 g (0.19 mole) of 3,5,7-trioxa-2,2.,4,4,6,6,8,8,8-
nonafluorooctanoyl fluoride were added for 1 to 1.5 hours, at room temperature and with

adequate stirring. After addition was completed, the mixture was stirred an additional 2 hours
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32 WD 2004/ 069900 PCT/ US2004/ 002584
CF3Q( CF20) 2CF2CF2CK + CF2=CFCF208Q2F | )W
WORB(06H900) 2CF2CF20CF2CF=CF2 + K(0S02) F [ 0068PCThis2004/002584
above perfluoroallyl ether was oxidized in a '
. well-agitated 1-liter stainless steel reactor. The
until al the pofaspopduesiderwasdlissatved &rming hepotassivmaleahoires saliur e
of 80 to 120 C and an oxygen pressure of 12 to 20 atm
CF30(ghogeo (s d 205K 36 prssagre of?—m; ajeoheleteomdreoRiplationwd she reaction was
distilled at 90 C and a pressure of 100 anHg to
firnyd X ' 1808 il § P :
C O R I M Pt R o A B B gpoctrum.
. ecane-1:P-oxirane) in 85%yield. The structure was
The]meé%?&p%dcwqu@sm, the presence of an IR band at
1530 cm 1 (epoxide) - CFA CF2- \ corresponding to
epoxi de 0 and t he absence Qn IR band at 1795 cm
(absence of -CF=CF2- ). T)%reacti on noted above is
shown representativel ybe! ow
CF3Q( CF20) 2CF2CF20CF2CF= + 02 )ON
CF3Q( CF20) 2CF2CF20CF2CF - 2 0 [0069] A flask was
charged with three (3) g of AIC13 and 10 mM Freon 113
The reagtidn tleseribed bhirve is viesacsdrized &4 tlad following: enper at ure f or
40 m nutes. Most of the E .ei)n 113 was renoved at
reduced pressg@ | eavi ng]5’§3ﬁ%esty residual. To this
CF;0(@Bs0)30He e—€Copwi se W stiTPng @B, gp%oj be. @boye
perfl uorogl y&i dyl ‘et hier over a period o 70 to ‘15
m nutes. The Nixture was then stir(Raasstumd@lcoBofate) 2
hours. The course of the isonerization was nonitored
[0067] by Falfovan %ﬂorﬁﬁﬁﬁﬁ bP§6 ARYWholhRkebooDANe HSskRIAChiRAg AR3IBo0N
.1 was replaced by the ketone band at 1796 cm 1. Crude
potassiyyaaiqohiglageliva wissoplsditafl 84Ciand 9Glyepping finhgl was attached.

S| ' 00 ~ he pur .
LA B 0Ty i sy cropuse
throughla @roppmgTutned wBthd, t2Mpdltule ofl P) &215° C being maintained. After an

. hq?xadscafl uor ododecan- 2- onell)9 was obt ai ned by
additiongl Lwp g stigings (e Bawd fayars toriped. ghe jaygrsayerp geparated and the upper

. o ek d Y ..
e e R
combingthavithehé bottoro kayeo nEhd gudhpraducteprsesahtdtvith slayerhe kanove the
33 WD 2004/ 069900 PCT/ US2004/ 002584
KOSOEra0) £ipafaf RICHMAGCRS (ipe? @fueouSa¥eddiscarded. The lower layer was dried by
CF3Q( CF20) 2CF2CF20CF2CF - CF3

distillation from P05 to obtain crude perfluoroallyl ether (4,7,9,11-tetraoxa-

1,1,2,3,3,5,5,8,8,10,10,12,12,12-hexadecafluorododecene) in 95% yield. The crude

perfluoroallyl ether was fractionally distilled and a fraction boiling at 88° C was collected and

Sl 19 : -
identified by F ~ NMR, IR spectroscopy (absorption band at 1795 cm : corresponding to -
CF=CFp) and elemental analysis. The elemental analysis is as follows:

calculated for CgF1604: C, 20.68%; F, 65.51%

experimentally found: C, 20.24%; F, 65.63%.

The reaction described above is shown representatively below:
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AlC3 11 00 [0070] A metal anpoule was charged wth
94 g of phenol, 240 g of perfluoroketone and 100 g of
woOydrsmgesvof | uori de, seal ed and heated for 10 heurAasato4m02584

tenperature of 95 C. The hydrogen fluoride was

renoved distillation and the solid bis-phenol was
Con(EEy@}zCEzC Kretr {3pafFCEANQHR from tol uene and

chl oroform The yield was pure bi sphenol (2, 2-bis[4-

hydoxyphenyl ] 4, 7, 9711 tetraoxa-1,1,1,3,3,5,5,6,6,8,8,1

0, 10, 12,12, 12- hexadecafluorododecane at 89% The
structure was confirmed byBPER . FEEFPCK ¢ 5trEnedk K(OSOYF
flask was fitted with an agltator refl ux condenser

ing funnel her none A so utJo

1006811 *F e Adouier Biou A MO BUTOTZEh DY E eI S e St stee
reactormThﬁ%f:%'oﬁl RCEled BEFH 1%§u1@ra@9@é‘n$&ratﬁretm0ftb 3562 C and an

eso utt on mal ntai ned at - C a sol ution
oxygernpressute o1t 2aioi 20 amdzagge (H50¢d 360 a$1g)ac'Ete4 reaciiondnixtige was distilled at

o0 558 HE IRE0Bh b S e RS BG4 Rgone

1,1,2,38,5,5 /88918, 8A0, 13) 12hm1rzﬁh@¢ad@camma5@écuﬁ@1 2£0:8An6 in\¥BY&eYield. The
was added and owred oil that resulted

tructufEPE &nfiimedb gm@mm AlskfRerARdR Hah@d P5e ﬁ%é%x ide
Srucuﬁae‘fguene soleveZt was di steltpl Ised of f at a200 300 Crrm ide)
pressure usi ng__a Z|—e{ punp. The residual
bi sam nophenol gd t (2, 2-
bi s[ 3-nitro-4-hyd yphenyl]
correspegigrtaRexide 1. 1, 303 5, 5. LaE %lesbsmcqef IR bangat 295 e
adecaf | uor ododec ane) vvas obtai ned in an anount of

(absen&"af7—(§F—f(9F2h@ Ghe 14chbehéted hKVE3$ sHdWDtEpred&tkii Vel pBHowas

fitted with an agitator, reflux condenser, dropping
@Im@ ¢heeRet e SOol-utyson
CF3O(bl %a%‘l’bﬁg% #ﬂ abové |f1 1?%) et haﬁg{;OGv(\f,aFéO%ZrC (f 6%?%%0:25 F-Ch
the flask and 1.5 ¢ catalyst was added (5% Pt on \\//
carbon). Wth agitation, 12 g of 100% hydrogen
per oxi de was added and the m xture was refluxed for 4
[0069]houAsflaskieasrahxiged evithethiree @) gof AlC1s andd0 nil FrecanithBeant] hlse mixture
catalyst and diluted with three volunes of water. The

was stid@d @0roniiesiperuredsr 4G@imitdsi ddostof thedtedn T13aeadreimved at reduced
pH bel ow 6. The precipitated product was coll ected }\]/
pressufei lpaviBg A Bty resiqoalr T Pisies e §Eapaiss Wik g 30iaRfithe above

perﬂucﬁ;c;/@& ?lpehteny Ph ?913&@%8@5 rhifutes Pt ﬁm@tﬁ}é"@as‘lthen stirred at 50°

11-tetraoxa-1,1,1, 3, 3,5, 5,6,6, 8,8,
C for 2ihul), Tk d@:&&)fhbe(admeaidmn rvmsiantama)mﬁ) by lpfmmdcspectroscopy The
melting at 142 C was obtained in 91.0%yield{(45.7 g).
epoxidéband at 1LHS0WHe  was repadet byl kdwyneFihd NMR7963¢m VWO Crude
2004/ 069900 PCT/ US2004/ 002584

perfluoroketone was isolated in 90% yield by distillation at 60° C and 100 mm Hg. The pure
perfluoroketone (4,7,9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-
hexadecafluorododecan-2-one) was obtained by fractional distillation at b.p. of 114° C. Its

1 .
identity was confirmed by F 9NMR and its purity by gas-liquid chromatography. The final

reaction to form the perfluoroketone is shown representatively below:
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EXAMPLE 2 [0073] In making the sane bi sam nophenol
derivative product as in Exanple 1, an alternate

woQuis@eyms taken to prepare the perfl uoroket oneCuAiSR®4/002584
or ganomagnesi um synt hesi s whi ch invol ves condensati on

Cr 0@ O SRR i | o= e Ol b PaogECE: 6By

|n J. AmChem Soc pp. DGB-77 (1954): CF31 + Myf--
CF3Mgl . diethyl @ther [0074] A flask containing~28.8
g My and a few crystals of iodine was heated wt
[0070]st i Armetgl dropoBO Gasichiarged with D diofi@heal]l 24005 sfgpip@@srekktone and

100 & S giagtR g Oatner i atrddor 1Bo? 3@%@3@2?@1&2%%@ &he
hydrogé‘ﬁ‘ﬁuégd@wgs Rfm(g: g t)"ﬁ?sﬁlﬁat?(l)@m&’th@ggiﬁgb]s%h QYﬁE%ﬁg

perlo hour s 0 pro uce a solution contalnin
recrystgjligar g ﬁycpre |t@ll)Jemef ar@z:hkngforﬂih dht ompémas pue hmen(bil(g,éd)i!;[é—

30 C 7-tri 4 8y -8

hydow g éﬁ”é%ictﬁswﬂ Bt a0 fadoltiar oirsperadisaflpgrgdodecane)

one hour V\,hl fter an additional 7

at 89%h&l§‘?§tr§ftflquﬁbc ”P‘E)‘%)*:ﬁ' F%t ure the perfl uoroketone
proquct

1007117" YR Si-nech Taa%) s §64 i hcmersiion P BioFRde R SheIroRRiag funnel and
| soI ated by distillation at reduced pressure ]

thermomeice. 4 SoIHAAILEY-2 & T dheotioue P B 81 A by B in 130 mi
F1IONMR, This perfluoroketone can be converted via the

glacial geediceagist was preBeesl Hethe iflaslexWith the golpory m.amtaaned at 40-45°C, a

sotuop P B ARSAT20 o o el Ry 419 6 e dltonv
compleB;dXhB réaciion nﬁx!ﬂr@waﬂ@d&ﬂéﬁ)i 2hows @narea)pemﬁﬂe ofeDt Cnghen for 3

oint 115 C MPLE 3 [0 Monoam di nes wer e
hours B RSS! 7 s CPiFANES HgHTGE WRUSHOEEAGH resulied was

i nventjon as ollows. In a four-neck flask, provided
separatgg.tdssqlvigql *%WIUQW%@P%H@% eyer Mg Q4 Teliercosrdesns wias distilled off at

droppi ng funnel, 41.1 g (0.01 nole) of dry C7F15COCH
200-30(\ @8 Hedofeesusmpsing & Hakastiptmps 3 hg rgsidyab bisamésiopherp! pooduct (2,2-

il ShSRASHREMIE SRy, MG Fose B afer ©
hexaded’a‘fhxopmchﬂaﬁn,e) ams ebthiaed inasardowitiof 584 o fobaisilj1%gyiefd. 158

4/ 0699 CT/ US2004/ 002584 The yi el d_ was
[00721 § 90- g%@}&r( a@‘; wigs 1 ?H@f PHb apagHalgr; rr%ﬂ%c%gl&er, ssepping funnel and

thermoHe@r Rastoﬁmonm th@bl@gﬁnil)él@:nof dovtin 100 nf efrAHE dvgé;??gepare | in the

| ask, provid er, thernoneter, con ran
flask al“tchb5 guiatal ysomas addedd AR QmmadfonganBzigl@t]gn AR g of 100% hydrogen
pero;udC 7was ag%HSd &e ml%glge \rvnas pelﬂ?l;(g(}l ¥or§lth%%¥s V)ﬁ)reemg((tjure was cooled filtered
to remove the catalyst and diluted with three volumes of water. The aqueous mixture was
acidified with acetic acid to a pH below 6. The precipitated product was collected by filtration,
air-dried and recrystallized from ethyl acetate. Pure bisaminophenol (2,2-bis[3-amino-4-
hydroxyphenyl]4,7,9,11-tetraoxa-1,1,1,3,3,5,5,6,6,8,8,10,10,12,12,12-hexadecafluorododecane)
product melting at 142° C was obtained in 91.0% yield (45.7 g). The structure was confirmed

by F'” NMR.
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Addi tional ly, ammonia gas was provi ded, and ice was

used as necessary to cool the flask. The conpletion
wohodshegeact i on was checked by gas-1iquid PCT/US2004/002584

chromat ogr aphy by noting the absence of C7F15CO0CH3

in the ether solution. gkhepiher was distilled off,

and the solid product was dried in air. 37.0 g of

[0073] C7HLHEMRherene thkinainnplibnpledeyivelive podedt.a99) Exardpleean alternate
product had a Tbqjli of 90 C. In a round-bottom,.

route ws|tgkeR to BIEPEy the P@'—ﬂﬂ? uplge 8%0%g363{%§yrﬁlt&e JSbVé]'élﬁh

involvesggggg%gaqxﬂ% O @ fhubREnARY1A81gna8i8mE8dide &vitfa f&2kore@kenoyl halide.

materials were thoroughly mxed, and a
The synthesik ixdesaritstelris drAmdshepl. Saedpoh2ihé/ {1928k and heat ed at
100- 200 C. The product C7F15-CN was obtained in an
amount of GB3Il +gMga-ybelF3bdigl85% , and had a Thoiling
of 90 C. The re@pem}@@thgpherre as noted above appears
representatively bellow CH3OH H2SO4 0 C7F15COCH
C7F15C i \ OCH3 NH3, diethyl ether ~O // P20 2 Q' -
[0074] cg RIBGN cofRFibE28. 8HMaLH adgeseystads of indine voanhetind Widistirmng to
o~ Lthen converted.to mono i dj ne form,hayi
60°C wrs ORGPl s esai: e Loeh “Ss U RLle etttk and 300 m
4 bel ow. EXAMPLE 4 [007 A tep-fol ce '
of dithgkghermicre ofdsin R 6 Canb i 405 50D EEh R Hpy added

‘a four-neck flask fitted with, i tator,
somigomatSSSrohavny ok SRR S

tube (filled with solid K whi ch had b I '
CF3Mgh “Whytempersemarsiabe s 20T e nd iohirE o) SOoRses

into the flask via the drying tube. Wth good. .
nonafluargiottandyjrehkomley wes pédpd cgef BBENAY @0@2/‘“@8’9@8’83 stirring. After an

... PCTIUS2004/ 002584 ' .
oasiior S RO Nt e Fpef SRS Rt hoduce e e
1,1,1,3,8 88 M7 9u%9-dd@saflubedoham-Tonanpheisdlafedrbyabstillation etredficed pressure

perfluoroacid to a nitrile, having the ggructure

(b.p. of G IC1AGN A @d daR stotteywasdngirmad dsihg Hn MMER. This
conpleted, the tenperature was allowed to slowy rise

perfluotdkeRAB cANbe &drverkbd ialthe pexedsss dustritiidan fFxampkptodben a
The resul ti ng white solid
bisaminophenol (2,2-bis[ -amino-4-hydroxyphenyl]4,6,8-tetraoxa-1 ,1,1,3,3,5,5,7,7,9,9,9-

dodecafluorononane) with melting point 115° C.

EXAMPLE 3
[0075] Monoamidines were synthesized in accordance with the method of the invention as

follows. In a four-neck flask, provided with a mixer, thermometer, back-flow condenser and a

dropping funnel, 41.1 g (0.01 mole) of dry C7F15COOH were added and blended with 320¢g
methanol and 19. ml of concentrated HpSO4. The mixture was boiled for 6 hours, then washed

with water and dried with MgSO4. The product, an ester, was distilled (Tpojling of 158° C).
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product was air dried to yield 62.0 g of
per fl uor ohept anam de having the following fornula (a
woizelahem0098. 5% with a mp. at 75-76 Q NH COEPEB@SL004/002584
NH2 Ul travi ol et spectroscopy showed a characteristic
am di ne absorption band at 212 rim for the NH Q
The yieljroagP N % 43012 gh using thecprpenduecoastdes@ibed in UaS. Pagmodlo. 2,570,116

LE 5 0/77] 1. hi. i
B T
MR S E R

described in detail in WO 00/08076, incorporate

d
Additionalhe pmISpia gFseyasEeYidahand isitreised prnachesapeioropy he flask. The
compleﬁé&ﬁéﬁ?’tﬂg geéltcﬁ‘&( ahd Hl‘?erci??c]e Q%%ﬁsgﬁn%ui@ kbR PAPRY Y NOtRY lihe absence of

two curesi rs, a secondary cyano
it.e n r, CF2= ;
C7Fq S%E?(?ﬁgl:g Qn éh}rlégeﬁlgqualruggﬁt g%gog#gfné%g%ﬁeq: O?F},(;Nd 01 product was
CF2=CFOCF2CF( CF3) O CF2) 2CN. Pol yneri zati ons were
dried incom AT} g df CnF pC@Heoume ehtainsil ¢hyielshel 7 %hand the product had a
1,1,2-trichloro-1,2,2-trifluoroethane using ammoni um
- | a j ' '
Tooitin G- PR A0 A PSP B0 b Bt Kad been
per fl uor ohept anoate and ammoni um per fl uor ononanoat e.
ground Tite a fisafbwdenansdd3sa g o Ppos asss addeghd &pMateials were thoroughly
Tetrapol ynmers were isolated by coagul ation with
mixed, pedymeiua reonddnsen Wes plagesiandheflask angthepigd e 19(hdOQ] €ofBe product
and dried at 60 C. The conposition was determ ned by
C7F15-ENonR mided i nemmearhaint i 30y i (8 yiadd ot 8Y%brandhad # Thoiting € 90° C.
Mooney viscosity was neasured at 100 C on a
The reat@ahshefe hs voted BECH affpPart 58besenttivelgtbelow:The f ol | owi ng
four 37 WD 2004/ 069900 PCT/ USR004/ 002584
t et rapgmaﬂggzg@ge in accgy% ce with the foregoing
C,Fsombmod and having sbhecfror€goi ng  conposi tion were used
in the formul ati ons nede iq accordance with the
i nvention: Polyner A yedox m 45 Mboney vi scosity

Pol yner B: ngn-redox, B5 Moon i scosity Polynmer C
non- r edo¥Hs-gHeRBFHRS \f scosi ty
/O P205
CiFisC —» GFsCN
NH,

Such cyano terminal compound was then converted to monoamidine form having a formula

C7F15CN using a technique such as that used in Example 4 below.

EXAMPLE 4
[0076] A ten-fold excess, fifty (50) ml, of anhydrous ammonia gas were condensed into a
four-neck flask fitted with an agitator, reflux condenser, dropping funnel, thermometer, and a
drying tube (filled with solid KOH) which had been cooled in a dry ice/ethanol bath. The

ammonia was condensed into the flask via the drying tube. With good agitation and cooling, 60
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Pol ymer D. non-redox, 93 Mooney viscosity [0078] To

t he pol yners noted above, used in these conpositions,
woeo@/@gded vari ous curatives and conbi nati on8COUS2004/002584

curatives, including: perfluorosebacam di ne and

ne ba Lch vve e fro obt I ned

e of G KB R s thetoRPlae e bl DR B Bl ete

describeia Ienigielo msa&aeé@qujf@q)emuh@ﬁd fouokighe maanﬁgrthéi LR ture
whi ch were obtained from Federal State Unitary

CgF13EtekRAdRsISV Y. AeledaiiohRekichrprif tf%%@ﬁlﬁ@rtahﬁe Rub Q]%wed to

in Russia. Pérfluorocarbon ether oil was al so used
slowly Mﬁar QiR ANEWI g 1RO 8x @35 Qer%gﬁ' they V\&?porzﬂ@ dThs re@ﬁﬁ‘fng%mn% solid
from DuPont Specialty Chem cal s, | m ngton war e
productSy asraddridBoAiRld 62.9- gwfs[{egﬂlgmpmptanam]de having the following formula (a
I henag exé uor opropane) was purchased from
yield Oﬁbélqé/éJI “pé}y glp ﬁt%% § g‘ Oregon. Both of the
dlan1nophenol curatives used NH the conpositions,
Curatives A and B were o ined from Federal State
Unitary Enterprise SG4Fifebedev Institute of Synthetic
Rubber in Russia. Curativ A and B each had the
structure: (2,2,-bis[3-am no*&hydroxyl phenol ]R). In
Curative A, R was - CF2(OCF2)30CF3. Curative A had a
Ultraviated dpecigpspopynthoefed b2hafactenidti@amitideceabyddptiomdaghit 212 mmi@ For the
dal t ons. %hgl Curative B, R was CF20CF2CF2( OCF2) 20CF3
and CU i've B had a nelting point of about 142 to 145
a nolecul ar weight of 680 daltons. Also used in
the exenpl ary conpositions herein is carbon bl ack,
speci M Carbon Bl ack N990. [0079] Test speci nens
group were nad anithan regtiacticstcoaffienter= 6088.t he curati ves
to forn1a per fl uoroel astoneric conposition, and
addi ng carbon bl ack to that corrposi tion, using a
Brabender 100 g or 600 gxhRi@Epgl m xer. The
conmpounds, upon m xi ng, were shaped into O- ring
[0077] pr dh thisrexamplt dedions perfiuercehstoperit eompositions wewm!send using as a
tcured into Size 214 I.n_accordance
base pef{[iproeRErich Erand Dot hEe Lo E PG PR EBG 2R Hadueous
emulsioh@Rldeseribed adetdinG WAN0§/08GTE mcbﬁﬁi“zﬁé’d ﬁ&%mtt%ﬂ%férﬁice The
properties using ASTM D-412, Method B, and
monomezs|ift Bk teigopyanea indledes toksaflnoreasoyiente QerﬂﬁBrC(m@h‘éwiwl ether and two
break in MPa); EB (elongation at break in %; and MLOO
curesite(merumears agecontignssyano ngn:tsnt@monvmmpé?}r“g—CB@p@Eg)gD@F(@Eg)CN and
of Oring sanples was determ ned in accordance 38 WD

a prlmalépc%’lﬁg @191%%@: IESETMQZ%L%@)@%C g&%ﬁb@ﬁﬂ 3 95%%2%%?&13 were

Cure characteri $ S werene ng a

conduct oy ueggl OW@@%@HEI?BQMJI%’\’I 9. FRARE- ﬁ%@tmf%‘f&éﬁﬁan@u@mg

ammonium persulfate or ammonium persulfate/sodium sulfite redox intiation. The surfactant
mixture included ammonium perfluoroheptanoate and ammonium perfluorononanoate. The
buffer used was dipotassium phosphate. Tetrapolymers were isolated by coagulation with

magnesium chloride, washed with hot water and alcohol and dried at 60° C. The composition
. 19 .
was determined by F~ NMR and elemental analysis for carbon and fluorine. Mooney viscosity

was measured at 100° C on a TechPro® viscTECH TPD-1585 viscometer. The following four
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Gscillation anplitude: 0.5 deg arc Tenperature: as
indicated in Tables herein Sanple size: disks of 1.6
wonedv/odpmoet er, thickness of 0.17 inch and 9. pCw/US2004/002584
wei ght Duration of test: 60 minutes [0080] The
rapol BB SRR E BB fe R Bl
composllﬁéﬁﬁ{;veﬂeﬂ]sbmiri 188 ferfnuNons hixde (rivhdeutdancd with tlﬂ?SmNBntrdns e
above M.); and tc90 (mnutes to 90% of MH [0081]
T?bl eobmgneh: sedosnpt. 45 MRRNey Mistosilar e directed to use
of no rat | fghd B, and to use of
novel @#ngﬁ?rggéoéﬁgd%{ogg%%\ﬁ%gls% ure accel erators
for tPopener@ @bn-redoxabd Msonag viseddityas for standard
BOAP, _and |ncludes the _use of BOAPR al one as a
corrpa Febines D:erpepdox 83 MPeKyIsCetY.  The conpositions
[0078] nc’!l"ggrﬁ }%&)‘rﬁérgﬂ b YBEVe, u&féﬁn%esg %MH&T §ord, wef® addedhB@dus
and uorogar In Tabl e 4, the cure
curativeardastigin aions ef c(lna(toep,tmalsdmgt p@fﬂuomfr‘:@cwmdmelm@ 160

ST T N
Iachugalblloﬁd§ a'nﬂ?E%@%sﬁ@érﬁnﬁﬂﬁ’é’\hﬁ@p&ﬂﬁo@ﬁéﬁﬁaﬁn@ifne bhﬂﬁcmﬁ/ere obtained

bi sam di ne nonoam di nes of the invention as
from FederaltState InftSanipiteprise§.V. 13bedyv. Ingtitpte A§iSypHietie Rubber in Russia.

petoch SR 3L  B  LTeeGi A s

from DR@6R ﬂfecﬁﬁ?’@h@ﬁnéhﬁr Wilmink@6h, Dlelaweke. Pothydwed BOAR (232—bls[3 amino-
m xed 5 phr carbon black and 1.5 phr_ Fluorog

4- hydr@cmhemIrH@xwfaroy@mgpm wias Burshased feom ¥ 64 Agpegicanloitian Cﬂ Oregon.
Both og&c He an%lpg%t?erﬁg curstt\zets tﬂlge(f ﬁxStHcJ: {zérﬂﬁos?t?c;ng é@fau@@s‘:& and B werg

orrer I C conposi

obtainddoBém Fei@abSarantaryEnepized. Vi Lebeﬂe\pfmﬁmtﬁ of Synthetlc Rubber in
i ncreasing the tenperature from2 ver

Russiap otk Grnld) 3460 NS et (OB ingy %gﬁ@xméﬁnoﬂm In
held at 149 C for 0.5 h and then further heat?q 60 20

Curativg HyvRwas L EH@CIQLEy Copsive 4 bad g mefiingpeant of 120°C and
tenperature is then increased to 260 C over | h and

molectar Weight af 930 dakienspdn SugatveflrbR ¥85 h. The post cure is
then cooled to 25 C over 2 h. [0082] Tables 6 an

~CFQGH)CIgeOCEnn0§iFsiaod S vantiveddhad a medipiedainie fyabov; M@é@ dd>°Canda

to the effect of bisam di nes and npbnoam di nes as cure
molecllamrwetightaif G860 daltensBAdFo uesdtinithd exgmpdary compoBlienst hergin jgcarbon

black, E?eggoi%gé TSP Lt ng 10039 WO 2004/ 059800
[0079]PCTT52P84MEAZRER made by mixing a tetrapolymer and the curatives to form a
perfluoroelastomeric composition, and adding carbon black to that composition, using a
Brabender 100 g or 600 g internal mixer. The compounds, upon mixing, were shaped into O-
ring preforms, molded to cure the performs into seals and then postcured into Size 214 O-rings
in accordance with the cure and postcure conditions noted in the Tables below. The rings were

tested for tensile properties using ASTM-D-412, Method B, and the following parameters were
recorded: TR (tensile at break in MPa); Ep (elongation at break in %); and M 100 (modulus at

100% elongation in MPa). Compression set of O-ring samples was determined in accordance
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phr of the polynmer, 25 phr Carbon Black N990, 1.5 phr
Fl uorogard PCA and varyi ng anounts of BOAP are cured
woi20dw/dehpmoam di nes as indi cated. The data denopernsb@4/002584
the acceleration affect of the am dine cure
with ARGRIIRES. MGh Bl &ird BYFRIdRfics #Rr MR A0RWRERIDMonsanto MDR
PCT/ US2004/ 002584 o Kn N-N'N ~ ONH ,-N “00 ON et
2000 uNde the-fdllewing eonditionsO N ti C) \Od N~-i M r-+ M 0
E-+ (r, N- N--i ON-r-t 1.1 NOVr O~V
00 O ar*VeE YTy p- 4 a]’g‘%f’? %IZQ UUoc f~NNOO U
U cV aOdcilfa¥ioft amplitdded ~ 435 deg arc

Temperature: as indicated in Tables herein

Sample size: disks of 1.6 inch diameter, thickness of 0.17 inch
and 9.5 g weight

Duration of test: 60 minutes

[0080]  The following cure parameters were recorded: My (maximum torque level in units
of Nm); Mj, (minimum torque level in unites of Nm); tg2 (minutes to 0.23 Nm rise above My );

and t.90 (minutes to 90% of My.

[0081] Tables 3 and 4 (Samples Nos. 1-12) are directed to use of novel curatives, Curatives
A and B, and to use of novel amidines and bisamidines as cure accelerators for those novel
curatives as well as for standard BOAP, and includes the use of BOAP alone as a comparative
sample (Sample No. 11). The compositions include a tetrapolymer, one of Polymers A—-D,
Carbon Black N990 and Fluorogard PCA. In Table 4, the cure characteristics (except as noted)
were MDR, 1h@160° C. Table 3 includes the formulations and Table 4 includes the data
related to those formulations.

Table 5 includes data showing the effects of use of bisamidines and monoamidines of the
invention as curatives (Samples Nos. 13-19). Each of these compositions is based on Polymer
A, and includes Fluorogard PCA and Carbon Black N990 as additives. In each of Samples 13-
19, 100 phr of Polymer A were mixed with 25 phr carbon black and 1.5 phr Fluorogard PCA.
The varying amounts of curatives are shown in Table 5 along with the resulting data for each
perfluoroelastomeric composition. In Table 5, when the post cure sequence G is used, it
represents increasing the temperature from 25° C to 94° C over 1.5 h and then to 149° C over 1
h. The post cure is then held at 149° C for 0.5 h and then further heated to 204° C over 1 h and
held at 204° C for 18 h. The temperature is then increased to 260° C over 1 h and held at that
temperature for 18 h. The post cure is then cooled to 25° C over 2 h.

[0082] Tables 6 and 7 include compositions and data, respectively, directed to the effect of
bisamidines and monoamidines as cure accelerators for BOAP containing perfluoroelastomeric

compositions. In Samples Nos. 20-30, Polymers A, B and D compositions each including 100
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affect of the amidine cure accelerators of the invention.
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45 WD 2004/ 069900 PCT/ US2004/ 002584 [0083] As can be
woeaen/dspmm t he data, the novel curatives of thecExap@s@02584

provi de conparabl e physical properties to standard

use of BQOAP, but due to the low nelting points and

hi gher coppatibjljty of the ratives A and B and the
fast acling) api dine cluratfzyesi and jacicgl ergtoryg, jthe
curat i vigs| @il ace e g6 Ak or I§5 of |t ve B invi@it i on pr gvijde
faster, | npr >R8] gblrel G ur [ g the jg&r f | dor ogol{yner
to formthel perfllo | ast onme AVBLE 6 [10084] ]
Furt her; Sanpl gs| wer g, pr epias ed iing poliymeris havijng
the sanmRIBIRIS A8Sed i Wl e, hqwever ,|of he
pol ynmers || Phts~EXpafile wer elomi—xit Ur e$°jof tjwo
di ffereptinplecpylarl Wweight ¢ Pol yiner |B nat ed
above ih Exanple b. | Jhe fiasnu S jarle shown i n
Tabl e 8|3b8|DdiR|Ae| Pk ynik s @ aer i Zed i|n |t he
same mapngr|Apd| MioreyC vi K2 os| S [‘Hreasur ed {at] 100
C on a [FeghPrply )} viseTECH-TR vi-sicorgt-er{—To-tHe
pol yners noted | aholvei~used i e _lcgnposi ti gng,
wer e addsgiﬂepfa@<u&£55utf§y£ &ias a dim atfi Ve arld
as a curg Bece|Brators The h uordbut yr yl dmildi ne
was obt pHpeg—rpm-Syndest—t Hes—HAe—
Al achuaj Flppldag | Adhiothgs c sqjare |as
describéﬂfaqg%gzgqgéganplé@SE E%Tést speciingns
wer e nade‘%y n1xing‘a§%etnapoﬂyﬂ9r and’it he |cur gt ijves
t o for nrar—perfiuprpetastoneric—conpostittor,—ad
addi ng tarhbalblakki-+d<t hab gaahQ LIt using ja
Brabendaﬂ%@eﬁ@ﬁrgggr. Jhe| & gaidsl, upén i Ki ng,
were shaped{iptp O 1Ry pP@onﬂﬁT nojl ded tlo curg thdg
per farmn Moy SEal S| and tienposteured jmtg-Srze 1214
O rigags|in, peRehdppLel=wi fh tEgtgnggand past cyr €
condit i PRk (IGte | BT ED e/ ik NS TS i nds weRe
test®®d fof teps|lg properti es usj ng IASTM - 413,
Met hod Biapdjthe TOT[QMAN@ parangetiers \Wwere reqorjded:
TB (teng|bpoatidbrepkinn a)io ER & ehjemgat ijon gt (br egk
in 9%; engSNEDRS|CImHulSs @Y 20006 | =iRRgat i dn i fiPa) .
Conpr essi pn{ set] of O FPngjsanpl jes| was| det erjm ngd {i n
accordapcp M fh ~
Wy | e ~ O3 hn e
NSEEEEEE | B2 E =
o
alzlalzislalE 12 s2inlelsls -
Ns|ISISiclaR]S Qaﬂo{ggﬂ “
o o0
r~
. S 2lAleIR| —
Q SIS S I R 3
g |z IS
— — = = o~ N-B )
o| 5| B8 Bl2|E| S G| ElalflolZlglaqR Ssl” o
§b§b§§§§%§§&§§&2§§;%2g§
Cv\-—'/vvv . = vv\” 8\" - O e " q_z
I B DN Y = | I P e 15 B B [ =1 Y LS L
25255922 &2 g BEE s lg Blale T
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ASTM D- 395, Method B. Cure characteristics were
nmeasured using a Monsanto MDR 2000 under the
wbabdsmspaeg condi tions: Moving die frequency: 1pr6®aE2062/002584
Gscillation anplitude: 0.5 deg arc Tenperature: as
i ndixg ke | lehovaN Rzt s ihedt % i
[0083]! st eké&n?ﬁt{?}hﬁl@ CBFC{, Ble r&i gn d(sagﬂ)éé) rolnd@

i nc i anet er I ckness of 0.17 i1 nch
compargéleghtysipal bpotiesod stapderd B0 o BAKR dut d tWEh@ROVMERERZQints and
higher ROTMRT
18her GRIPRFT

004/.002584 . [ 0086] ..Tahl [ | udes.the data
0 s e oty dsch oo Bind i Rtnribe AETditt Sagicsnd

acceler@idiQtheV@iritBles and8ick]HAb Q) sl A& tioh pFONBORI el FRoRPE e curing
a cure accelerator for a BOAP- contai ni ng

of the peadwropelyeenist forre thecperBagrosliastomar. 1 n Sanpl es Nos.
31-34, the Polymer B conpositions each included 100
phr of polynmer and 25 phr Carbon Bl ack N990 and BOAP
as noted in Tabl e-8 whExiaMeIE 6cur ed and/ or
accelerated wth the am dine as indicated. The
[0084]; 11 Byither Samples weappiepared paing palyerarebrving {hasere pegnomers as used

in Exargﬂﬂ.(y ﬁgwe\%}ﬁﬂk ?oﬁ/;nel} eﬂ?}&ﬁ%ﬁtaﬁﬂmer%%&gu%s 6fl ta/o dT]%grleEt Ipo]ecu]ar
, I A conpression se ata, e pércentage measur emnen
weightichaing Rolymep 8rimedtt atgee dleEk anple 60 Thamorniliatidakwsd stidwn in Table 8
operty data is based on post cured sanples. The data

below. g YIPgis &V HBOlYBIGHER] ipdhe prancmannes apd Maongy piseesipyrwas

Lh jo G cel I f j |
s U100 4 L0 1195 AL Al 4 v
above, \fsesidio shasy roRpositiers, Befe2dldivb beygyfhaboRBy3an@iline as a curative and as a

cure ac\égr(é S.i gﬁj gg&%%gggyé%}rg@%]gg ob¥35me7d5 frgr151 Sy\r{l()%ggtslla!b%gatoﬁes,
Inc., AlagRi2 0t 0 Ut othi @MPdhERs dreaft ds@hed abBéve iﬁ%anﬂjiesil' 5
[0085] Test specimens were made by mixing a tetrapolymer and the curatives to form a
perfluoroelastomeric composition, and adding carbon black to that composition, using a
Brabender internal mixer. The compounds, upon mixing, were shaped into O-ring preforms,
molded to cure the performs into seals and then postcured into Size 214 O-rings in accordance

with the cure and postcure conditions noted in Table 9 below. The rings were tested for tensile

properties using ASTM-D-412, Method B, and the following parameters were recorded: T

(tensile at break in MPa); ER (elongation at break in %); and M0 (modulus at 100%

elongation in MPa). Compression set of O-ring samples was determined in accordance with
ASTM-D-395, Method B. Cure characteristics were measured using a Monsanto MDR 2000

under the following conditions:

Moving die frequency: 1.6667 Hz

Oscillation amplitude: 0.5 deg arc

Temperature: as indicated in Tables herein

Sample size: disks of 1.6 inch diameter, thickness of 0.17 inch
and 9.5 g weight

Duration of test: 60 minutes
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*Control 47 WD 2004/ 069900 PCT/ US2004/ 002584 TABLE 9

Sanpl e 31* 32 33 34 neq anmidine! 0 7.26 3.03 3.03
woQom/geedoymer ML (I b-in) 0.80 3.05 1.65 1.22 PpBI/US2004/002584

(I'b-in) 15.85 13.97 16.76 8.76 ts2 (mn) 5. 68 0.50

0. 3
(003613 Patile § fheldde?therupdyets Qg JHJ“'( éfeck Ocﬁeﬁg@{“’qgg%g@gﬁg %S a
curativé For aﬁﬂﬂt&ﬁéﬂ%@ﬂér%&mﬁ)sﬁﬁmﬁlm A R88lkeidRor 16 aBOAFD
) i).3171 2003 .2375 1756 9% .1 1 17 22 00
containfEehd 13 303 aeria 5 Ap e 1B GRS - b Aatho §omer
compo@ié&r@&lﬂnchg@ 06 BESH Qb yaabr aH Bhf (BhohB1k ﬁg9@ Qnd BOAP as
204 C/ 70h/ 18% Conpressi on Set 9.99 8.33 8.57 .

noted i@ Fable/8n@inL 12 BoseCompst @xkorcecderateli2yothe agddide @S)n@l&:a&@l The

30 C/ / Set A 57
inform ) 16 TABH S84 EH BIPor B ATTS WP pfBli Segpntol. I
Table N &d’iﬁ;ﬁ@ss&iﬂ det @4la,ithe ph@emhge ltnbﬁshréiﬂﬂiﬁ ARBcAA Y efechfigBRERection

to the
and the physical property data is based on post cured samples. The data demonstrate the

curative and acceleration affect of the amidine cure accelerators of the invention.

TABLE 8
Sample 31* 32 33 34
Polymer B (110 Mooney 75
Viscosity)
Polymer B (24 Mooney 25 25 25 25
Viscosity)
Polymer B (114 Mooney 75 75 75
Viscosity)
Carbon Black N990 25 25 25 25
Heptafluorobutyrylamidine 1.54 0.64 0.64
BOAP 1.5 1.5

*Control
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enbodi nents descri bed above w t hout departing fromthe

broad i nventive concept thereof. It is understood,
wohewgboe, that this invention is not |imtedpCo/ush@4/002584

particul ar enbodi ments di sclosed, but it is intended

to cover nodifications wWpABmEbbhe spirit and scope of
the present invention as defined by the appended

Sample| ai ns. 48 WO 3004/ 06900 P8/ US2004/ 002884 CLAIMS 34

meq afifire¥ ai m |L A cQrative for 78 f | uof oel ast@dreri c 3.03
100g polymposi ti qns having fprnula (1): NR2 (1) Y C NHR

M, (IbMRerein Ylis sglggct ed| fromstgze grolip consdssti ngjof 1.22

My (IbSHPSTT TUuTEd a'l’Sy85 at oxy 1331§yi arat ky'ﬁ6% ar aﬂ(oxyg 76

tsz (m]g OUpb Ol | I UHSf) lU d ﬁfﬁobdl UU I d.l Ulbb6\9 bUUbl | l Ul %J76
he Anonat Al -y Al 17N

(90 ;Lnr:/.‘::luu::. LUQ%B){ISI ﬁt’ZﬂSé o ?Lgi abo%mit_o_ahlo:mt 5,02

Mold curg 45- at dns 3‘%@7 pef f 1 udrtdi’kyl , | per 130 oal koxy, 13177

(min/° §3r f | uorodryl . perflubroaral kyl ~or oerfl uor oar aI koxy

Post cuge (et abo ar bp Rl i
Ug qe su%s??étﬂlj]? % 288 ' 2a yl 25162r88/N2

C/atm)hydr ogen; unsu it Jt e I ower” al |

Ty, (psipl Koxy grqups 3)1f71frorr I tozg(kzput 6| car bog7sat ons] and 1756

an am no dgroupjoand RZ 1S Rhior n/droxwu7 Z. Ihe 225
Eb(%) cur at i ve dccor di ng tolclaimil, wherein Yis a

Migo (gs®r f | uor i nat ed23®kyl proupl42¥avi ng| abouti924 t o about %25

rhno 2 The ||raf|\lo ancnk Al N+ N r\l ﬂl -1
\Jul ”Ull uL\.llD ) Illb T AT OO ul LI}

Hardne§perein vlis seffect ed| from fhe grolp cobi sti ng of 78
Duromgief M yor odl kyl . perfllioroal koxy, shbstituted an

Compregssub¥eti t Ut ed 180 grpups €@ subbti t ui»80and 32.00
204° C%ilsst i t Uyt ed hal ogenpted aryl gropps. 4. The clrative

Compressir Sttng [t o ch.adpm 1, | whergi33 the furatigysy i s se¢l ect ggds7
204° Cfronymsehe [group consisting of perf uor ooct anam di ne,

ComprB&R) A UOT ODUT I am 0 ne, sggnzam fine, g 36.00
230° CWdhE]!S%r ornet hyI benzarr dOXI e,

| L U lUchn )/ benzam—do art-cobinations
Congpr P . F\ig 4! ur atj ve a?gér di ngjto cl%a#?n 1, wher e%‘28
230° C 4e_|_s_ga_pab e of curing

*Con“ﬁbrfluoroelastonerlc conp05|t|ons conprising at | east
one cyano curesite nononer.
[0087] It will be appreciated by those skilled in the art that changes could be made to the

embodiments described above without departing from the broad inventive concept thereof. It is
understood, therefore, that this invention is not limited to the particular embodiments disclosed,
but it is intended to cover modifications within the spirit and scope of the present invention as

defined by the appended claims.
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2 6. The curative according to claim1, wherein Ris
hydr oxyl, hydrogen or a substituted or unsubstituted
weal2boslosgrooup of from 1l to about 6 carbon at onsPpCT/USTv/002584
curative according to claim®6, wherein R2 is hydroxyl
or hydrogen. 49 WD 2004/ 069900 PCT/ US2004/ 002584 1
8. The curative accordi ndCitAM$ai m 1, wherein Ris
\Veckﬂ%drern or a substituted or unsubstituted | ower
df'kyl group of from! to about 6 carbon atoms and R2
i's hydroxyl or hydrogen. 1 9. The curative according
to cl ai. mA&uratherfed perfubdelasteinege BompddtionkhRvigrfairhve (I)
according to claim1, wherein the curative is a perf
u oroal k yl ami dNRE. 11. The curative according to
claim1l1, wherein e curative is an arylamdine. 12.
The curati§g_g_ rding to claim1, wherein e
curative is an arylam doxime. 13. A cure accel erator
for perfluoroel as{oneric conpositions having fornmul a
(1): NR2 Yo (1)

R wherein Y is selected from
the group consisting of substituted al kyl, al koxy,
whereinnyis selactadl kipin e gr@pedomsixgingmfcmpsﬁtaﬂed fatkyin aﬂkdx@, atybukalkyl or

22 b d bs
aralkor B st T 47 Ry 231eRBiR) Sty pUbSTRA kA sk OSKile bgeenated
alkyl, 2@1( F&ypfarﬂkﬁ@rﬁpﬂl%xyl r&ﬁbsébtf Pm Aouf AN QﬁbLﬁtZQIEﬁrboﬁré%ms and

uor oal K per f "'uor oal koxy, perfl uoroaryl

perﬂqu@llﬁyl LiRsr ﬂmraalkyxy, eerfperédrylo paréiveatormtiyyl gr peﬂ[jkloofaralkoxy groups of
from1l to about 22 carbon atons; and R is hydrogen;

from 13d1bisdut RO catlon atomss uid R 1@hﬁﬂoée§ﬂ“@fbsﬂiﬂféﬂ or vhsdbs@ituted lower alkyl
al koxy groups of from1 to about 6 carbon atons; and

an am no ?rou and Ris R or hydroxyl.
or alkoxy groups of from 1 to about 6 carbon atoms; and an amino group;and R isR or

hydroxyl.

2. The curative according to claim 1, wherein Y is a perfluorinated alkyl group
having about 1 to about 9 carbon atoms.

3. The curative according to claim 1, wherein Y is selected from the group
consisting of perfluoroalkyl, perfluoroalkoxy, substituted and unsubstituted aryl groups and
substituted and unsubstituted halogenated aryl groups.

4. The curative according to claim 1, wherein the curative is selected from the
group consisting of perfluorooctanamidine, heptafluorobutyrylamidine, benzamidine,
trifluoromethylbenzamidoxime, trifluoromethoxylbenzamidoxime, and combinations thereof.

5. The curative according to claim 1, wherein the curative is capable of curing

perfluoroelastomeric compositions comprising at least one cyano curesite monomer.
2
6. The curative according to claim 1, wherein R is hydroxyl, hydrogen or a
substituted or unsubstituted alkyl group of from 1 to about 6 carbon atoms.

2
7. 'The curative according to claim 6, wherein R  is hydroxyl or hydrogen.
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14. The cure accel erator according to claim13,
wherein Y is a perfluorinated alkyl group having
wehoutoshoobo about 9 carbon atons. 15. The cur e PCT/US2004/002584
accel erator according to claim 13, wherein the cure
accelerator is selected fromthe group consisting of
per f | Wor The twatve aicnelingteopiam luovhetaim Rr \ik hydrogereor a substituted
benzam di ne, trifl uoronethyl benzan doxi ne, 5
trlfluoronethoxylben m doxi conblna ns
or unsybsfugrlowsRl gzew%@@ggdolé @2‘2"8?? ) BYPE BN ik 168 Midrgxyl or
nonoam di ne- based cure accel erator according to claim
hydrogem, wherein the cure accelerator is capable of
accel erating the cure of perfluoroel astoneric
conpod. t Theisurat ongucosiinggtoatainey stheoaie Re yiahpdrogeresi t e
nmononer. 17. The nonoam di ne- based cure accel erat or
accor dionghé euralivd &BcdlingMdRI SN, WiRreif Uiecudnbelies at or
I s capabl e of accelerating the cure of
perfluosealkylgrpiding. ast omer i ¢ conpositions conprising
g: zgm Ioﬁgeegﬂj %ﬁlr)ltecﬁ £t %1?1; o {e(i)la'ﬁ]e c‘%rative is an arylamidine.
per f 1 uQr Ok ashiveddcordimpdiin 19 Mhereds tHeaiF @B 1§ adaﬂyyamidoxime.
formul a g&g}): R\ NR~ \CDC R2HN NHR2 wherein
i s sell@cf&dTs pGRIctN 19F BaPueBERsOmerS cefnpeﬁga%%bqvmﬂ@anula (@:
or substituted hal pated al kyl, al koxy, aryl,
aral kyl or aralt;?;g roups having fromabout | to
about 22 carbon onms; and perfluoroal kyl,
per f | uor oalvkexaG” perfl uoroaryl, perfl uoroar zﬂ)kyl or
per fl uor oal koxy \groups of from| to about 22 carbon
atons; and R and are each independently selected to
be hydrogen; substWHBfed or unsubstituted | ower alkyl

wherelg :Yd]s é?l r 2 uﬁ% lgggupacro?l%tm gr?fesugf,tﬁg%g @ﬁﬁibagl%@‘é’d aré/g?aéalkyl or

aralko@cgr@bﬁro&”tfﬂfm 266 abélit 29 chi®of bR, $dbstivied 6 thstbstitutdd HalBgenated
are both hydrogen.
alkyl, alkoxy, aryl, aralkyl or aralkoxy groups of from about 1 to about 22 carbon atoms, and

perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of

1
from 1 to about 22 carbon atoms; and R is hydrogen; substituted or unsubstituted lower alkyl

or alkoxy groups of from 1 to about 6 carbon atoms; and an amino group; and R isR or

hydroxyl.

14. The cure accelerator according to claim 13, wherein Y is a perfluorinated
alkyl group having about 1 to about 9 carbon atoms.

15. The cure accelerator according to claim 13, wherein the cure accelerator is
selected from the group consisting of perfluorooctanamidine, heptafluorobutyrylamidine,
benzamidine, trifluoromethylbenzamidoxime, trifluoromethoxylbenzamidoxime, and

combinations thereof.
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20. The bi sam di ne-based cure accel erator according to
claim 18, wherein the cure accelerator is capable of
weaacelowsombi ng the cure of perfluoroel astonmers PCT/US2004/002584
conprising at |east one cyano curesite nononer. 21.
The b r C rd t .
ol ai m &8 e AR aRASHE L S RO B Bl doo BT eyl 3 whercin the
cure acdel@fol Reapatdelpf aeakiaingnig afre pEpdrilucmekstoaresiticdinpesia o
per f yor osebacam di ne. 22. A curable
Compﬁ%’&ﬂllﬁﬂﬂ BRI SRPB FBIESIEe WERYBS: ti on, conprising: (a) a

perfl Wrm%mmmg ib0G d2hrd e?c@é]‘éra%}eac@é&ﬂﬁ%' th %m&m@%emn the

conprising a cyano functional group; (b) | 'east one
cure aceabaratarisciapabld af acteloratimg nisagrirel oﬁparﬂub@sbldtorrmuc &bmpesitisis
.V\O%004/ 069%{’50?6?5 éJ82004/ 002584 23. The curable
comprigiig PisIBIgRP 1} Le3HYSsi ti on according to claim
22, wWherbllahiBn®sideh oORINARN fbiSpedli@bEIaRBM¥AR EorRpositions
tetrafl uoroet hyl ene, perfluoroal kyl'vinylether, a
asreprepqrntwhbx/fqrymlm(lbwesite monomer and a secondary cyano
curesite nononer. 24. The curable perfluoroel astoneric
conposR Non accordin Ro claim 22, further conprising
a bi sam diN\ge- based re accelerator. 25. The c bl e
cur abl e perfTTuoPoer&st oneric conposi tion according to

claim?22, / further c ri,si ng bi sam nophenol and its
deri valiHMes. 26. A cuN&R’e perfl uoroel ast oneric

wherein l? 9e§éc‘iédoﬁ0m(:tﬁgg1ro!11§ cgr%lstllngé)f ﬂn&l%gl u&é%ro‘?%ﬁtéﬁ'ﬁ‘ﬁéd ng,lg&ﬁted

east one cur
alkyl, aﬂ(UH}thrﬂnalaH@I ouar,an(ob) goupbl Agtih® frahi z?tﬁ:;dt mcpmmy 122 baseml atoms;
rative; (c) cure accel erator selected fromthe

and peraweblkab ﬁ§ﬁfBJPF‘??§<Q¥W parfluprearyl, nsH&rerialk of pssllypgealoxy groups
cure accelerator, at |egst ong nonoam doxi me- based

of fromclupaboac2atagivcat ajoms;amd [Reamtd B narelshcamiddpendeiphsedectadrie be
accel erator and conbi nations thereof. 27. The curable

hydrog@g sfibstanebbagisobinited tavepakkiyl boakaacgotpef fiemdltaiabout 6 carbon
26, wherein wherein the perfluoropolyner is a

atoms aﬁélaﬂlaﬁlé)‘?%%ﬁpyner that is a tetrapol ymer of
tetrafl uoroet hyl ene, perfluoroal kyl vi nyl ether, a 1
pri mat9y. ’Eiy:d]imrrddiredja‘s@l awh areleraomacgording to claim 18, wherein R

2
and R are both hydrogen.

20. The bisamidine-based cure accelerator according to claim 18, wherein the
cure accelerator is capable of accelerating the cure of perfluoroelastomers comprising at least
one cyano curesite monomer.

21. The bisamidine-based cure accelerator according to claim 18, wherein the
cure accelerator is selected from the group consisting of perfluorosuberamidine and
perfluorosebacamidine.

22. A curable perfluoroelastomeric composition, comprising:

(a) a perfluoropolymer having at least one curesite monomer
comprising a cyano functional group;
(b) at least one monoamidine-based or monoamidoxime-based

curative.
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secondary cyano curesite nononmer. 28. The curable

per fl uoroel astoneri c conposition according to claim
waapo4/0sbmpei n t he di phenyl -based curative has &CT/US2004/002584

sufficiently high nolecular weight so that the

ficiently h ’ |
cur ot Pl b a R Fhes AR £ ke SR,

whereinGh@p#ifld8sopoWigdras Mtetrapolpmbt ofitgtrpfbidrbeth glemy pgrfhwt@ikylvinylether,
~ than about 230 C. 30. The curabl e perfl| uoroel astoneric
a primagygigBe FEiCie MEBYPHi g 2S6CRIARYZR0 CURRRIS BPROTRHe

mel ti %‘49_ Rl Cpfabﬁé%égﬁu&ﬁa%t&ﬁqe}i@@é}n Ain e?c%él@ing%é-c]a-mteﬂ, further

cur abl € perfl uor astoneric conposition according to
comprisitigad bis@fidineabaseé curetabeeldratoct i onal i zed di phenyl - based

O A S8 N PR OSSP o ctaim 22
further Mﬁrﬁsﬁﬁg bisdminBpRnolandid @dafiesar e each i ndependently
sel’ect ed ? Phe

rom group consisting of a carbon atom
subst 26.ux egrablecperfhutrdasianutrsctoampsisioanethetisir

strai ght chain z: rbo roups of, fromabout 2 to. about
22 carbon atoms 33§|P§gf'{‘g’501}0§) TR S OSSP R §rogpmer
compﬁsﬂlﬁ&ya@bqummap%r@@;gnat ed al kyl groups, and
a

perfluori nated kyl groups, each of which groups may
be interrupted By aftndiivashizedshghenxlepsed apetiye;@aéh 7 is

ndepenent |, o6 56 R0y LHEMA N8, BE8B, AR A P
Jeast onéd m&xoh@dﬁﬁkﬁﬁ%ﬂfchm 26d18aioe tht leasbenel MomBahadddivE -basddHire
acce]era%or? gt léést %gg bisamidine-based cure accelerator and combinations thereof.

27. The curable perfluoroelastomeric composition according to claim 26,
wherein wherein the perfluoropolymer is a perfluoropolymer that is a tetrapolymer of
tetrafluoroethylene, perfluoroalkylvinylether, a primary cyano curesite monomer and a
secondary cyano curesite monomer.

28. The curable perfluoroelastomeric composition according to claim 26,
wherein the diphenyl-based curative has a sufficiently high molecular weight so that the
melting point is no greater than about 240° C.

29. The curable perfluoroelastomeric composition according co claim 28,
wherein the melting point is no greater than about 230° C.

30. The curable perfluoroelastomeric composition according to claim 29,
wherein the melting point is no greater than about 225°C.

31. The curable perfluoroelastomeric composition according to claim 26,

wherein the functionalized diphenyl-based curative has formula (III):
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each A is independently selected fromthe group
consisting of formula (1V); a fluorine atom and
wonsupsddob ut ed and substituted and branched an®CT/US2004/002584
strai ght chain carbon-based groups which are selected
from group consisting of alkyl, hal ogenated al kyl, and
perfl uoroal kyl groups of frogm 1 to about 22 carbon
atons; each of which groups snQDe interrupted by at
| east one 53 WD 2004/ 069900,F S2004/ 002584  oxygen
atom wherein whenr is O ay 52 Nhr bon atom at
| east one of J and each A iH ormul & (1Vv). 32.
The curabl e perfl poroel ast one onposi tlon accordi ng
to claim31, vvherei n the di phgnyl - based fornul a has
formula I'll whereisn r |s 0, R3’js a carbop atom {I[Rs
"formula 1V, ®dne Ris tfrfTuoroRethyl and {he 6t her
is selected fromfhe gfoup congisting of |linear and
branched chain uof oal kyl and perfl uofoal kyl et her
groups of from 2 to32f{carbon “atons. 33.|The curable
per fl uor oel Wri c [cpnposition according to claim
31, wherei 'lis\lL_Jeath A and each J are & fluorine
atom R3 isZa"}ar\b h atomand R4 is selected fromthe
group consi sting of\}4 near and branched chain
perfl uoroal kyl ene and? perfl uoroal kyl et her groups of
from2 to 22 carbon atons, and wherein one A and one J
_are both bonded to the term nal carbon atom of R4 34.
whereinrts c@rlabl e perfl uorel ast omeri c conposition according
3 tag claim32, wherein the Z-substituted am nophenyl
R and & qupeah iRdepesdanitlycelootad ébm thetgneurt @maistiag ofacdybon atbm;
R4 which has the A and the J. 35. A curative for a
substitupest Friduprsolestiagtd amt brandedpod straight, chizimecachomagrowss dfdsonngbout 2 to

I [11): H2 . A R3 R4 A Z 6" J~r NH2
about Z%érglép %tqgnsi ieaedtegirrjr\lqﬁl the group consisting 0}' alli(y] groups, hglogenated alkyl

groups, and perfluorinated alkyl groups, each of which groups may be interrupted by at least

one oxygen atom,;
each Z is independently selected from the group consisting of an amino, mercapto, sulfhydryl,
or hydroxyl group;
each J is independently selected to be formula (IV):
NH,

V4
or A; and
each A is independently selected from the group consisting of formula (IV); a fluorine atom;
and unsubstituted and substituted and branched and straight chain carbon-based groups which
are selected from group consisting of alkyl, halogenated alkyl, and perfluoroalkyl groups of

from 1 to about 22 carbon atoms; each of which groups may be interrupted by at least one
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WD 2004/ 069900 PCT/ US2004/ 002584 R3 and R4 are each
i ndependently selected fromthe group consisting of a
woankbmemborm  substituted and unsubstituted ardT/Uus2004/002584
branched and strai ght chain carbon groups of from
about 2 to about 22 cgrbon atons selected fromthe
oxygen gtaupwaeisivaiengs 0andRk y$ a grrbopstonhat lsgevat efl] ahkedch A is not
groups, and perfluorinated al kyl groups, each of which
formulagf¥ups nay be interrupted by at |east one oxygen

2232? 3F ?‘ﬁg il G R e aRrelig B PGt o aPpne e o1

wheremf g%lﬁ:r nxlglv?su(? f eafa;xa\g (g(:‘;rsnﬂs 'crl] g[ig%g%grﬂ} i&y éllse gtcz?r ort1 Sa{tokr)r()e Jis

‘i ndependent selec ed fromthe group.consistin
formular A l(smj)'lgoramﬂhu prdbe QEhsh is 3FECEH FABRDF elR cpoaﬁatmg of
incr o34 DL 8 0 PR B ERRU, o o 2 1022 cron
atoms. consi sting of al kyl, hal ogenated al kyl, and

perfl ygr.qal froml to .about 2
P o 2 o oA ﬁor@fﬂ%afﬁgleﬁﬁfowgow}i%ﬁcaﬁ%9%5%&1 31,
| east one, oxygen atom wherein B8hen r is and
whereing is Jp gagh A ERHA tJ Feadpogpragm. R aﬁa%rs%atﬂm iy s selected
formula (IV). A curative for

from thg, érwlf@flaétprsgs?fd%?r @ddqsmf@gﬂ £han pe%lﬁmaﬂlsvlm agd
perﬂuoxfo'él iétﬁ’é}%rﬁu_ﬁﬁ de %HF@ Pﬁﬁ&gat‘é s d4Fheptih She E\aac'ndaone J are both

Icle hi gh" mo ecu ar wei t so that

bondedqgh}etglgmﬂgl'da}b é;sat&ﬂo% dater than about 240 C 37. The

ratrve according to claim 36, wherein the nelting

p0|nt .

cur at |3{1/ zl"lgec L %bgc?éeerhp ia@{bn?e%%%ton@gpgn ﬁgﬁ%ﬁdlgge? %lalm 32, wherein

the Z—s@a@ég]& od Sraﬂlgg &yg%rr%]{lg 8n ragslo :‘l?to{l?% tg thest%rml-lr-lglecarﬁlr ati‘1 ﬂzé which
erfl oel astoneric conposition conprises a

m“the%S?PIH ?opolyner havi ng at |east one cyano group

cont aBHI AGuitiy€ SrladerfliROeTBIomEe compaithad tHe@urdive hgviag

n?ound having forrmula (I1): 55

formula (11
Z
I\N/ NH,
f -
A—R? R* A W
|
A s

whereinrisQor 1;



WD 2004/ 069900 PCT/ US2004/002584 NR2 Y -C (1) NHR
wherein Y is selected fromthe group consisting of
weubstishaebed al kyl, al koxy, aryl, aral kyl or a&caluseooy/002584
groups of froml to about 22 carbon atons; substituted
3 4 unsubstituted hal ogenated = al kyl, al koxy, aryl,
R andﬁ? atTgPRCTndependgnily sedficirddEora the grghp SeRsirting of a caibenrtopy;
carbon atons, and perfl uoroal k per f | uor oal kox

- . | ) )
substitfed and BRsyhstippted gad braneheskand skigie b?h%@?ifrb%g@élp%lpf(%wyi about 2 to
r - '
wbout QRS Rims (AT b TP Eon SR BN e ST g
groups pandgiekiduoringteduiisy] @foups osach of whidhquiduB may hointeriupr®l; by at least
and an am no group; and Ris R or hydroxyl, wherein

one oxy&f@ AYMpound is used as a curative for a

h Z Rembtanasl sl b Ed R i
e S e T MR % - hRfing b ar AR hRRApto, sulthydryl,
or hydrgsykfdraem;oel ast oneri ¢ conposition conprises a

ertl uor opol r Vi a st one cyano-grou
cach J 6?14629%(?61’1]8}'8%}%%5??02% %8%&6?42 A me%/hod fgor (F:)uri ng
a astomeric conposition conprising using a
¥ xture/of (1) at |east one conpound selected fromthe
roup copsisting of nnnoaniﬁhne-based conpounds,
noam Moxi nme- based conpounds, and m xtures thereof
\/) at |east one bisanm di ne-based conpound as
co-curatives for the perfluoroel astoneric conposition.
43. A nethod for accelerating curing of a
perfl ucroel astoneri c conposition, conprising using a
or A; aglire accel erator for a curative, wherein the cure

accelerator is selected from the group consisting of
each A s indersaden]ynslasteddepre dmperanpl consisting of fardwkd ():baBetine atom;
' 1 di.ne- d.co und. an .
and un G BRAA I s U1t R S B B angpaged evovps which
are selepedfftam prebashasthy of alloN1086 denaiad GIXYRIah8 pBdludSdangy] roups of
functionalized di phenyl -based curative having a

from 1 19 3fonE 22PN #ws: ¢ash Of wihigh gierpmnay be interrimted byat least one
melting point is no greater than about 240 C as a

OXygen Ay quemdvhemés Béﬁ‘g Rud#é aehrhen ginan.iat leagiomp o J apdpach A is not
45. The nethod according to claim44, wherein the

formulyy@Vyi ng point is no greater than about 230C. 56

36. A curative for a perfluoroelastomeric composition, comprising a
functionalized diphenyl-based curative which has a sufficiently high molecular weight so that
the melting point is no greater than about 240° C.

37. The curative according to claim 36, wherein the melting point is no greater
than about 230° C.

38. The curative according to claim 37, wherein the melting point is no greater
than about 225°C.

39. The curative according to claim 36, wherein the perfluoroelastomeric
composition comprises a perfluoropolymer having at least one cyano group containing curesite
monomer.

40. A method for using a compound having formula (I):
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wherein Y is selected from the group consisting of substituted alkyl, alkoxy, aryl, aralkyl or
aralkoxy groups of from 1 to about 22 carbon atoms; substituted or unsubstituted halogenated
alkyl, alkoxy, aryl, aralkyl or aralkoxy groups of from about 1 to about 22 carbon atoms, and

perfluoroalkyl, perfluoroalkoxy, perfluoroaryl, perfluoroaralkyl or perfluoroaralkoxy groups of

1
from 1 to about 22 carbon atoms; and R is hydrogen; substituted or unsubstituted lower alkyl

2
or alkoxy groups of from 1 to about 6 carbon atoms; and an amino group; and R isR or

hydroxyl, wherein the compound is used as a curative for a perfluoroelastomeric composition.

41. The method according to claim 40, wherein the perfluoroelastomeric
composition comprises a perfluoropolymer having at least one cyano-group containing curesite
Monomer.

42. A method for curing a perfluoroelastomeric composition comprising using a
mixture of (i) ai least one compound selected from the group consisting of monoamidine-based
compounds, monoamidoxime-based compounds, and mixtures thereof and (ii) at least one
bisamidine-based compound as co-curatives for the perfluoroelastomeric composition.

43. A method for accelerating curing of a perfluoroelastomeric composition,
comprising using a cure accelerator for a curative, wherein the cure accelerator is selected from
the group consisting of a monoamidine-based compound, a monoamidoxime-based compound,
a bisamidine-based compound and combinations thereof. A

44. A method for curing a perfluoroelastomeric composition comprising using a
functionalized diphenyl-based curative having a sufficiently high molecular weight such that
the melting point is no greater than about 240° C as a curative for the perfluoroelastomeric
composition.

45. The method according to claim 44, wherein the melting point is no greater

than about 230°C.
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