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WD 2004/ 011512 PCT/ US2003/ 015857 DYED FLUOROPOLYMERS

FIELD 5 This invention relates to dyed fl uoropol yners
wohedd4/ara2 useful, for exanple, as conforml ceariusy®3/ 015857

for electronic conponents and, in other aspects, to

coati ng conpositions conprising the dyed

fluoropolynmers, and articles coated with the coating

conposi tions. 10 BACKeReUMPuOROPORKIBIRgCOAt i ngs are
protective coatings that conform to the surface of a

substrate or article (for exanple, dielectric
F&EEH ngs on el ectronic conponents and circuit 15 board
assenblies). Properly applied conformal coatings can

i ncr ease iheewelilbnngdliafiRs0fc A Bidc HitiRePA aeseMinat are
rotecting its conponents and the board itself.

by
uééﬁflgrr n&PT eFarPAgs Gén condoraredmsiogtimdsyifey electronic

' 0 i stur i \ st, _f S -
“ARpPhEhsEartR it Brhstoanet ey Yknanti tompogitions
cotpessingl ke dgeshddkoangoldivireats, oangbsartierles coated with

Various . material s,sych as, for exanple, polyurethanes,

EBEr PPEL NI F6PES 1 EARESsi | i cones are commoniy used for
conformal coatings. The selection of a confornma

coating 25 material is generally based upon desired
BAEKEBPHNRce and processing requirenents for a

specj.fi ication. ~ Silicones,  f.or exanpl e re

chows P57 TR CPRRpBRS: BFE COPLFSETNG CApanra g conforn
toanhkypuedbby b€ HSedbatraper atd BgtikteperatueS i d,0
about 2002C, whereas many ot her, conformal 30 coating .
dhBLEFLALS EQACLPEECEN PLERIEY Obé CuSERPRNEPSEr #fichgircuit

pbePReLatELBS 1HR) L O @Qgﬁbri?0%§p1§EbiEgﬂ%%rmEQMQM%&i gs can

exhibit a high coefficCient of "theFmal expansion and
ineratbeekiepworking life of a circuit board assembly by
protecting its components and the board itself. Conformal
coatings can, for example, provide a barrier to moisture,
chemicals, dust, fungus, ultraviolet light, and ozone, as
well as act as a stregss-relieving shock and vibration
absorber.

Various materials such as, for example, polyurethanes,
acrylics, epoxies, and silicones are commonly used for
conformal coatings. The selection of a conformal coating
material is generally based upon desired performance and
processing requirements for a specific application.
Silicones, for example, are known for high temperature
operating capability and can typically be used at operating
temperatures up to about 200°C, whereas many other conformal
coating materials can typically only be used at operating
temperatures up to about 1302C. Silicones, however, exhibit
a high coefficient of thermal expansion and relatively poor

adhesion to many materials. Acrylics, on the other hand,
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adhesion to many materials. Acrylics, on the other

hand, - 1 WD 2004/011512 PCT/ US2003/ 015857 are
wqgenmarialdly t he easi est of the coating naterial BCT@WS2003/015857

handl e and rework, and typically provide better

adhesi on properties than silicone. Acrylics, however,

a0kt gansubiiey; thamebBeestedFealdlic®alditiyt #ait@AS als to handle
ment i oned above. 5 Anot her consideration in the

a8gd| BevPsh. ofnd EYRLEPARY PEOHHIGEybedter aldhiesitme pegberties
tﬂﬁﬁhgm% gqui A‘éggﬁXc% ®noffRLEY) 2r BEPANGAY 4ROl che
YpEe o he con

mat er of rral ing may
thm@éraUuee Liit avcabet @@ﬂﬁlbn@ﬁlahbbé, nnlsture
cure no cure ,system The substrate qr article 10

bei nénesafegdcaﬂ§f-d6éa&a&abnle shesehecsiarn gt e confermal
c8Behay sgLeeguir ed Yot RerBRhethahs INeel958a by the

conformal coating materials that require no cure
nabehaal snPapendipgi cabhy thestyvoespfabbéerPrdpeithe conformal

coverage_and uniformty_of t conf
SR FhanE-B08a 0l LT Ehrlr Ll rEP bRl iR nibhe. Eiise
m@istﬁhé assenbby. nbt cG2B sopebhIeghbesdbkiialkt or article
however, to determne the integrity and uniformty of

beHad c6ARBRAEIUSEORE AgPRRER PE e thsserdisg ghe cure
m@SREAPLY: + gs%ﬁéers% t&ggamgeamgﬁal %ge&g@grgm 8 l_rlgormal

i's sonetines doped e or 20 "tracer
c®melqgaMatgraa$srahae raquEE|nn ohirehmechsseshl ywreor

prope over ag Fl uorescent tracers work well in
t%%h€ i f%?ﬁﬁlgﬁﬁéf?hg ®materials, but the use of

f| uopeSSenRt cO¥eSayB LhHOLADELYARES bE kh@l&@ﬂfegﬁamseoatlng
of poor conpatibility of the dyes with the polyner

OV rtike a2ssqnbiyrégurrstinapobprceféecyiuki pyosndtdge of
CLoE oL L1 Le oBh DOEELOb-Oh Aol L Bl o
dekeeretogntize ihatgtheyeahd aniformity of the conformal
coating when it is coated on an assembly. Therefore, the
conformal coating material is sometimes doped with a dye or
“tracer” to aid in the quality assurance inspection of the
assembly for proper coverage. Fluorescent tracers work well
in many conformal coating materials, but the use of
fluorescent dyes in fluoropolymers is limited because of
poor compatibility of the dyes with the polymer matrix.
This results in poor color quality and dye bleed and little

or no color entrainment into the resulting coating.

SUMMARY

In view of the foregoing, we recognize that there ig a
need for compositions that are suitable for use in conformal
coatings used in high temperature applications and that

contain an effective tracer. Furthermore, we recognize that
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30 need for conpositions that are suitable for use in

conformal coatings used in high tenperature
wappldioaetizons and that contain an effective trRCEMUS2003/015857

Furthernore, we recognize that "2~ WD 2004/011512

PCT/ US2003/ 015857 it would be advant ageous for

i €0RLLENG KeMRAShht8g8otiBakorr BBHEE BgNRomBbLRE 1 bR sf ehaNa
conformal coating. Briefly, in one aspect, the present

reéguentioh puovhdeso @9vd alg@nép@myﬁepgathag are
usef#ﬁ ag;cghggr? %o%%%%?y%e?h 8?%%% é%e%%?%n provides

her

dié&Ofp@@fyﬁBLyﬁ@ﬂprtﬁaﬁgaaedusethatabSc@ﬁyakmaulwoatlng
bonded to the polymer and excludes fluoropolyners in
m@%@%ha%sdyeAShﬂéeﬁe?€F9lﬁeeﬁ drf¥sel FéuosPrplEpged refers to

tﬁfu@f&po%%ﬁgrlg 9593M89%3dgg EﬂSt'EEGEFbgﬁe&% rb% ded

e react product o e or nore uor oche
t@némé)p@lymareandnanutuéeanﬂluneopolymeesohafwhuch a dye
functlo

hESeR Ry Sy P Pere A BE e 1 ERa ot 28Rl TREE g e, oPyed

&aﬁéﬁ& ¥-at gt £Eéeiﬁvé@tE@hhcéﬁbYEQEeﬁheaB@act1on
net acrylates., 15 It has been discovered that when

px@@@ctnoé @bﬁf@Fn@@recﬁéﬂ@ﬁgchﬁ@lﬁbévéméébéﬁpﬁyaaﬁ?ed
m$+&£é°£°$%8953e58£P&#Eé”QRXflﬁﬁgtFhﬂgtﬁghgﬁﬂﬁ

1 and dielectric requir fents of
@h@féf&bB@ecoﬁecaflm@réoxmeahﬁaeﬂynateoauhﬁgipnal dyes) .
| PC-CC-830 ''Qualification ind Per f gr mance of

Ag|eeef ohPESRsul SpPRG) TokY ﬁﬁ@”fBFfPFFnF@deBErécrylates

aﬁgs&g@ﬁé@ 1agg§ dyed fluoropol ymers of the invention
are al so ghly resistant to | eaching or bloom ng of

t he Inéhm$abeynade$0©uﬁcedohhhtdybebeuaaéelnhe dypatfpgmal
cCovalentl v ed t edfg ﬁg%g] urprisingl

?%%%%%a%?§|§g8 ﬁn% $ Yy | on, 2¥m8yeds prisingLy
méé@otﬁéotuﬂakﬁegé,tBEekﬂMQDLtQD an€é fbhe&ectric withstand
regquirements of the IPC specification for conformal
coatings, IPC-CC-830 “Qualification and Performance of
Electronic Insulating Compound for Printed Board
Assemblies.”

The dyed fluoropolymers of the invention are also

highly resistant to leaching or blooming of the
meth (acrylate) functional dye because the dye is covalently
bonded to the fluorochemical (meth)acrylate monomers. In
addition, the dyed fluoropolymers of the invention are more
thermally stable than most conformal coating materials,
being only slightly less stable than silicone. Yet since
they are acrylic, the dyed fluoropolymers of the invention
have appreciably better adhesion than silicone to many
materials. Furthermore, the dyed fluoropolymers of the

invention do not require a cure mechanism.
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thermally stable than nost conformal coating
materials, being only slightly |l ess stable than
weizbi4mera2 Yet since they are acrylic, the dyedT/us2003/015857
fl uoropol yners of the invention~ 30" have appreci ably
better adhesion than silicone to many materi al s.
Furt r t y. t LhRYBAt
T e e e S W it
ndREY/ US2008/ 5 857r demEornhe dyetdinyuvabpoligher shet can be
the invention nmeet the need.in the art for confornal
UL TR TG TR T TR T HAte cane bela bLgas] o graceid’ B
ot £APerdd Uf Buapd ¢ &at | ©Rscand contain an effective
fluorescent tracer. 5 In other aspects, this invention
al sollprevhere AIRRAE g thbﬁpb%V?Péﬁgnc%%ﬁPi@Fﬁ@lﬁﬁé coating

P : e cles
iR R LR A=t R S R R e i e
invdtide @odtdamng cbhaposuthoas, f6rBRk&kp DESCRLPFLON Fard

THE DRAW NG Figure. 1 is a plot,of weight,percent '
A ST 7 G el W Pt BattiRe SoBRoR  BE PR,

conpositions described in Conparative Exanples Cl -

C3 and Exanple 1. 15 DETAI LED DESCRI PTI ON OF
BRIERPESIR AT INBRY VEHH SPRABINGed f | uor opol ymers of

the invention. conprj se ope ofr re fluoroche
(mehSERS | Bk o har <o e PP e S rabf ot b piRY versus
cim@t #9acs ys &t e oapnesstingl deepof bt ienanpeecribed in
1,1-dihydrqg:rfluorobutyl meth)acrylate, 1,1 20
CoMPRER obent BFIURFDDrEbyT Ciethyakrobaie 1-
hexaf | uor oi sopropyl (neth)acryl ate,
2,2,3,3,4,4, 4- hept af l uorobutyl (et h)acryl at e,
DETERTIED  HESCREXEION 00D bTLLVSTRAT RYE CEYBQDEMENTS

2 2 S A L L BB SR LIRS ey oo g one
obeafdad | HoieeddydmPed L r (thetRy 8By DNt & phERYhers. Suitable
ff&gﬁggﬁgﬁyégge(meth)acrylate monomers include, for example,
1,1-dihydroperfluorobutyl (meth)acrylate, 1,1~
dihydropentafluoropropyl (meth)acrylate, hexafluoroisopropyl
(meth)acrylate, 2,2,3,3,4,4,4-heptafluorobutyl
(meth)acrylate, 2,2,3,4,4,4-hexafluorobutyl (méth)acrylate,
2,2,3,3-tetrafluoropropyl (meth)acrylate, 1,1-
dihydroperfluorocyclohexylmethyl (meth)acrylate, 1-
pentafluoroethyl—2—(trifluoromethyl)propyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl
(meth)acrylate, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecatluorooctyl
(meth)acrylate, N-methyl perfluorooctanesul fonamidoethyl
(meth)acrylate, N-ethyl perfluorohexylsulfonamidoethyl
(meth)acrylate, and N-methyl perfluorobutanesulfonamidoethyl
(meth)acrylate.

Preferably the (meth)acrylate is derived from an

alcohol selected from CF3CHFCF,CH,OH, HCF,CF,CH,0H,
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3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10, 10- hept adecaf | uor ode
cyl (meth)acryl ate,
W@ 2804017515, 5, 6,6, 7,7, 8,8,8-tri decafl uor ooctyl PCT/US2003/015857
(et h)acrylate, N nethyl '
per f I uor oout anesul f onam doet hyl (neth)acryl ate,

J(‘ﬂr_c,% i) RET (UL Of%?ﬁ%bﬁ%ﬁon@m@@%ﬁyl C3 S0,N (CHs ) CH,CH,0H,

acrylate
alp@rallgghgbat dredukfofizwrind @éﬁhy‘tlelO(nmlz)awpyﬂ atfe.

b th | at
SOROSHP O B ot GRS EHE B SO BHO SR I D
ﬂetﬂlh899§éeé1ﬁ$aoH€IéU52@O&L&k5&§I C2F5CH (OH) o

(CE3) C3F7CH2OH, CAF9CH2OH, CAF9SO2N ( )N
@?@%PQEPPUt@ﬂQSaﬂ@@ﬁémédeéFhvgdaFFEﬁﬁﬁﬁeand -methyl

p%fffﬂgf EQEéﬁESQQfBﬁﬁ?QEEEQE?QtRﬁkﬁg%r E%ferr%QeﬁeFagly,

uorochem ca acrylate nononers are N-ne
apeléhsbr@ﬁupaneentfoﬁanhdoéﬂhpkomoanake asédNamethﬂ

erfluo obutane Igonan1do él net hacr
%?8?8 YPers Pt & §tl?§eﬁ nt-r&f NERE V oronononers

péﬁsﬂubﬁobﬁ@anégu@Eeﬁahxaséahg& ble ua%%ntlon are
N- et hyl  perfl uor obut anesul f onam oethyl acrylate. 10

The BpeddyedoEdporynelymetst pé theedniventinel ddelunesg&hose

t n,_he_repr y efoll ow ng er
f OB RSP RS ERERCA shEC Ry oRth O BRI fprmat
CO2QRf eranthesmmof + bH s appunber such that
the compound 15 is golyn$r|c ( andiﬁ can represent
non-i ntegral val ues erages of {he nunber of each
mononer unit pr&ent[C—RI1Cl.s—HEdrogeh—or Hethyl, R2
is a straight chain gr branched |chai al kyl
containing 1 to about,4 c EPQB ons C?d an organic
di val ent |inking grou a dye noiety f(that is, a
noi ety

wherein the sum of a + b is a number such that the compound
is polymeric (a and b can represent non-integral values or
averagés of the number of each monomer unit present), R; is
hydrogen or methyl, R; is a straight chain or branched chain
alkyl containing 1 to about 4 carbon atoms, Z is an organic
divalent linking group, D is a dye moiety (that is, a moiety
comprising a chromophore that absorbs and/or emits light in
the visible region), Q is a covalent bond or a divalent
linking group, Rf is a fluorocaliphatic group that comprises
a fully fluorinated terminal group having 12 carbon atoms or
less, and X is a hydrogen atom or a group derived from a
free radical initiator.

The dyed fluoropolymer of the invention contains a
plurality of pendant R groups (typically ffom 2 to about 10)
proximal to one another and preferably contains from about 5

percent to about 80 percent, more preferably from about 20
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20 conprising a chronophore that absorbs and/or emts
light in the visible region), Qis a coval ent bond or

wea 2040aizamt | i nking group, Rf is a fluoroali pharius2003/015857
group that conprises a fully fluorinated term na
group having 12 carbon atonms or less, and Xis a

pBYEEAGERALBALET 68 g@%@n@erlaﬁ%d R MA 3% RS, about 25
radical initiator. dyed f1 uoropol ymer of the

peneenti or abnua|ﬁ§ RengeptalfiluprdhepbydamiogRit glmgesl on the

i call 10 OX|naI 0
ték%?hgﬁlg %eFéFa%Py 08%93|%§e$ ﬁlabout%§ %ggﬁgﬁ%? being
ek8enboHl 180iperaenk, gboepd!l ef Rf atd ya fetudBOOUN@O: - Hon-

WD 2004/ 011512 PCT/ US2003/.015857 percent to about 65
PPpéREenPreARyaRBYt SPLEFETER yIepoRlent pedednt whgch 1s both

0?98gﬁ0§§cp Eﬁep&dﬁgbﬂEkﬁ% byRMBEQQFerQB§§dtﬁgt%FES at least

conmpound, oCl uorine
abeung3 easbnhlatbmsnnmbhe Birefeamapldy Boout: 3 $Ka@b@ut 6

nert, no ol_ar referabl sat ra oval
wbBoty 2hifen PEoRBrRY BrEserobiy BRittyd: SAnan e e atoms.
Rpr@éﬁr@@é{ SORL BhRE Shalgast bﬁQﬁé‘heé E§8LDANCAL BAR, be cyclic
more preferably about 3 to about 6 carbon atons, and

ifosufpietensbyy labgat 3Rerig preberebivnEreerpican be

p?% Su?#ggglCha ng %r%%%g%Qrnglﬂ or %agrggrgﬁp&E%dlghat R¢

icrent s pre &r abl
cDﬁtaﬂﬁrabathBEPeEbnaboumsaB%r&ﬂm@ﬁlnbtkam@ﬁgﬂﬁfrﬁ@re
‘that Rf_ contain about 35%to about 7896f|uor|ne b%
pﬁ@ﬁ@ﬁﬁblﬁbﬁgouﬁrépérgﬂl?bﬁﬁéu? 80 SIS TARGU Y7 Bt gl The

tékmﬁamepeh%h@a‘f tEQeR tSEFuPaloREELHENa0Fui g Riuorinated
group contains a ful ffuodrinated 15 term nal group

teunhnag, gtonpeﬁanpleﬁ @53 SEAMPAR , beCFbar@ratay be
for.exa Q are

di vakeahdabkylenen@ebeaideht 19hahosen bhriardhed gehaio’) that

containing 1 to about. 15 carbon atons. The al kyl ene
cagnbe adivalent alkylene (straight chain or branched chain)
containing 1 to about 15 carbon atoms. The alkylene can
optionally contain one or more catenary heteroatom-
containing groups. As used herein, the term “hetercatom-
contailning group” means a group containing a heterocato (for
example, nitrogen, oxygen, or sulfur) that replaces one or
more carbon atoms of the Z or Q linking group in a manner
such that the heterocatom-containing group is bonded to at
least two carbon atoms of the Z or Q linking group.

The 7z or Q linking group can be a group that results
from the condensation reaction of a nucleophile such as an
alcohol, an amine, or a thiol with and electrophile, such as
an ester, acid, acid halide, isocyanate, sulfonyl halide,
sulfonyl ester, or can result from a displacement reaction

between a nucleophile and leaving group.
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20 optionally contain one or nore catenary heteroatom

containing groups. As used herein, the term
wOhed@gnoat om contai ni ng group” neans a group PCT/US2003/015857

containing a heteroato (for exanple, nitrogen,

oxygen, or sulfur) that replaces one or nore carbon

at ong10hsthatdver eRakiplkisN@® fIIsRUR aldl A ZATRRRETY 25 UGy

that the heteroatomcontaining group is bonded to at
greups tneledebshratient ehaime Prenchad whaig.grsugyclic

| u g . lL.ts

=kigefieRe SoKiSheRr: SR BrdutsRa Rty | 2@% JPEdne frontain,
fag amramplephah, oafy,awtde, hgﬁx@xyhlahumtlgumﬂbnyl, sulfoxy,

el.ectrophile, such as 30 an ester, |, |d acid halide,

aMndBLy ahlt RO s GHE6RPRTRECH d&ATPORPRG SSEHONYHOXan
uf@%HEhe%l@Hba g @%ﬁ%e”%glaf%%%bhﬂ%tlg%nﬁﬁ b (for
nucl eophi | e and eaV|ng group. - WO 2004/ 011512
erampUs2083L 6¢6881dokllkydensti-ve exanples of suitable Z
and | Loking gt oups include strai chain ranched
chalggpg?scycﬁ VEARFIERESS & yﬁgﬁgg%lgn% §F§F§§Iéﬁ§§ng
gtbapsophtvaak! yhéom_bauawmber exanpl e, an oxy, o0xo,
hy droxg th|o squoH¥I, sul foxy, 5 am no, im no,
H do,

sul f oRaATRIG, (CHal Hol@ carbonylOQQNRmréﬁﬁahéyﬁéﬁé
urylen mbi nation thereof ({of-

sulfongﬁl& aIk&fene) Representatlvg%%xa ?gg(%Po
sui t albCE2)ZCAd OQ | i nki ng groups i Hc(bHd)ekSChED

foll 0 CH2) kO (0) C. -

KO (o;%%g) koj(%ﬁzf ég%(l‘b)( )CHZCI(—I )(dﬁ%? («é?@
CH2 - 0- - (CH2 ) , ») C
GHASTUBIE (0P 0~ (o) koo (BB €

- (CHEFHRSSOANR) ' K& )K0)0)Ct5 - ( CHAFHRBSENRL' (CH2)

kO(Oﬁququ (EFR)okS02 - SO2NRL"  ( CHR) KO-, (SDINRL

(CH2)

- (CHy) xO (CH3) xC (0) O- -CHz) xSO2NR; ' (CHy) xC (0) O-
- (CHz) xS0z (CHz) xC (0) O- ~CONR;’ (CHz)xC (0) O-

- (CH2) xS (CH2) xC (0) O- ~CH,CH (OR;’ ) CH,C (0) O-
-SO,;NR; ’ (CH3) xC (0) O- - (CHz2) xO-

~(CHy) {NR1’C (0O) O- ~OC(O)NR1’ (CHz) x—

wherein each k is independently an integer of 0 to about 20,
Ri1’ is hydrogen, phenyl, or alkyl containing 1 to about 4
carbon atoms, and R;' is alkyl-containing 1 to about 20
carbon atoms. Each structure is non-directional, that is,
-(CH3)xC(0)0O- is equivalent to -0(0)C(CHjy)k-.

Preferably Z is a divalent alkylene (straight or
branched chain) containing 1 to about 15 carbon atoms, the
alkylene optionally containing one or more catenary
heteroatoms. More preferably Z is -CpHan-, wherein n is 1 to
about 15.

Preferably Q is a covalent bond or divalent linking

group represented by one of the following formulas:

-7 -
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- (CH2) kO (CH2) kC (0) 0O- -CH2) kSO2NR1 ' (CH2) kC

(0) O - (CH2) kS02 (CH2) kC (0) O -CONRL" (CH2) kC
wOQyo4@11516 CH2) kS (CH2) kC (0) 0- -CH2CH (OR2 PYT@N2D3/015857

(O O 20 -SO2NR1'" (CH2) kC (0) 0- - (CH2) kO

-(CH2)KNRL' C(O) O -OC(0)NR1' (CH2) k vvherein each k is

i ndependently an integer of 0 to about 20, A Rl' is

hydr ogen, phenyl, or alkyl containing 1 tolabout 4

carbon atons, and, R2' is al kyl-containi ng 1 to about

20 25 carbon atons. Each strucfuHesTs on- rectional,
that is, - (CH2) kC (0) O- is equival o -0 (0) C

(CH2) k- . Preferably Z is a dival ent Iky ene

(strai ght or-chitanched ohain) containing 1-to about 15

carbon atons, the alkylene optionally containing one

or nore catenary 30 heteroatons. More preferably Z is
whEPERA-n WBeRe Enﬁegt%rl off01 2BoHbol®. 1Br qhslalih@yi S to

a coval ent bond or divalent linking group represented
abgubné) ofndhBsf b% | vdngoenr ol asstraghwirhkeba/ or16tanched

U / 570 ( CnH2n- or R3

% §%Q%§ng|%§§grl1nlln ehertgoH% utto%a ouioofSa(tﬁfﬂé:’fer ably

1 t oprabeubtdpnand Bael flhwbe@emeala (slefta) gltrvahdlel’ and

or branched 5, chain_alkyl containing 1 to about 6

£ LaPBBRORP bHBETRr BESERLT A shet H@V?Flﬁépﬁcﬁ‘é‘m ggown in the
akEeLinagE Yl abes-ada fIuor geaREhUTES Uegl Uboleh 3&5@

i nvention are known in e and are escrlbe for
26&@%5&5 i(AhlUbSechat etNed.. ) 2n803, 6453, 6ABI HAkdhireeht et

af! A aﬂlc% g%é ?Kgo poEgEga Bereln by reference in their

entirety.

Preferably, the dyed fluoropolymers of the invention
further comprise (meth)acrylic acid. Incorporating a small
amount (preferably less than 2 weight percent) of
(meth)acrylic into the fluoropolymer improves the adhesion
of the coating to polar substrates such as, for example, the
metallic surfaces of printed circuit boards. Preferred dyed
fluoropolymers of the invention comprise
(meth)acrylate/ (meth)acrylic acid copolymers wherein the
fluoroalkyl group has 12 or fewer carbon atoms (preferably 6
or fewer).

Preferably, the dyed fluoropolymers of the invention
also comprise one or more hydrocarbon monomers. Suitable
hydrocarbon monomers include, for example, (meth)acrylates
containing 2 to about 20 carbon atoms and vinyls. Preferred
hydrocarbon monomers include butyl methacrylate and lauryl
methacrylate.

The dyed fluoropolymers of the invention comprise one

or more olefinic functional dyes. Preferably, the dyed
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10 al.), which are incorporated herein by reference in

their entirety. Preferably, the dyed fl uoropol yners
wofhodhve1iimventi on further conprise (meth)acryPCt/uaeiod 015857

Incorporating a small anount (preferably less than 2

wei ght percent) of 15 (meth)acrylic into the

FilyereBa s IEPRQNES kg BRE T Ribr e (R GRALIE tO

pol ar substrates such as, for exanple, the netallic
(metchaserydfter ifmned ioneduidyasoaiise  Eredftoraced, oy

fluot Lymers_of. the_invention conprise. .
EPREERP ARy CACRR et REBERITE © Al Cops JAdTs Tufdidigppbile
tbheo2fd &l worealkyl Hpnaup ikasrl 2Zmfodgnerdgarihen at ons
(preferably 6 or fewer). Preferably, the dyed .
dipRérepEERHrer s 16f thise Wiefe ftliverorglamegsmsy dheiavmntion,

r K I ui 0 .
o8 nB¥lh AcTAAR MHORE Sl AP s ML SR Wrpo1ymeri zes
wioht 8hei B udromoalboktr 20 Carorrhst ayedarfd wirogded.ymer. The

Prefecrred hydrocarbon no s incl e butyl
BEn L POFEPE LA T Fadr CATHILRS, el YT RE Shsgnt to
1éheﬁﬁﬁ§0tayleremo@tniltn@¢ bRY @B 11QN G0 VSR QRE oy Swe\%

ol efinic functional dyes. Preferably, the dyed - ‘
pPodomegs 1802 wREThUSPROSVEE588 7  fikMast djulopgdr eidsforritgon or

mggﬁgﬁ&%gﬁ %ggggb%%ﬁene or nore (nmeth)acrylate

ancti onal es. ‘(meth)acrylate functional group
i s cauabheaet-yileaet ifigcnithad @yeleeptidiet adsfieamisy of
coval ent bond either_  throygh addition or 5 Lo

CHrepl SEBRRRENCER PhEYEyBG1FRYor SpSLiHsigid ot Hénking group,

ahfVvenki Rethd Q.@rﬁ/’i%tt@ 2eh¥abeahu @goiu%n.al T@lreolcﬂ%e()fc e
dye copolynerizes wth the fluordonononer to formthe
fdyedettaotopol poerflibgesdyad .f | uor opol yners are
Lher ef gpe iLahly Lesistanh Lo Leaching and bl eoming,
include, for example, dyes from the coumarin, naphthalic
acid derivatives, perylene, benzanthrone, benzothioxanthone,
diketopyrrolopyrrole, rhodamine, cationic methine, and
azomethine dye classes. A description of fluorescent dyes
and their synthesis can be found, for example, in R.M.
Christie, Rev. Prog. Coloration 23, 1 - 18 (1993).
Non-fluorescent dyes useful in the present invention
include, for example, those from the azo, anthragquinone,
benzodifurnanone, indigoid, quinophthalone, and sulfur
classes of dyes.
Representative examples of (meth)acrylate functional

dyes that are useful in the dyed fluoropolymers of the

invention include:
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10 polyners in which the dyes are fixed through

adsorption or nechanical entrapnent. (Meth)acrylate
wounomoicnal dyes consist basically of three PCT/US2003/015857

conponents: a dye noiety, a bridging or Iinking group,

and the (rmeth)acrylate functional group. The dye can

Igggﬁﬁcggt or non-fluorescept . kKl ygregseent jdye

use in the present invention include, for exanple,

dyes fron1the coumarin, naphthalic acid derivatives,

peryl ene, benzant hrone, benzothlox%pthone

di ket opyrrol opyrrol e, rhodam ati-dntec nethine, and.

20 azonet@ ne dye classes. A des iptio

quore cep eso.apd their syntheS|s

Christie, R > p ation
Non-f | uor escen i in the
i ncl ude, for e N: se from

ant hr aqui none, 25 benzodi furé
i ndi goi d, qui nopht hal one, and sul fur cl asses of dyes.
Repr@s%nlatpvébéwénéﬁes of (neth)aBr§l at &of aRetitoA
dyes that are useful in the dyed fluoropolyners of the
invention include: ol N2 HNNO L Jit o \ I/
n o0 PNERe38blyof the (AetMr200440215hActional dyes are
PCT/ US2003/ 015857 n = 1_to about 1?mn = 1 to_about 15

f}¢o%%%c$ng)/ Frgferred fluorescent eth)acrylate
functional dyes are those that are relatively more soluble
in solvents such as, for example, acetone and

hydrofluoroethers and the monomer mixture. Preferred

fluorescent (meth)acrylate functional dyes include:

n =4 or 5 (more preferably n = 4)

n=>717

The (meth)acrylate functional dyes can generally be
prepared using methods known in the art. For example, first
a chromogen is prepared. Typically, the chromogen is a
cyclic, fused aromatic derivative containing the appropriate
chromophores to achieve the desired absorbance/emission
spectra characteristics. Alternatively, a commercially

available dye chromogen such as, for example, l-amino-2-

- 10 -
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O n=1to about 15 n =1 to about 15 5 Preferably,

the (nmeth)acrylate functional dyes are fluorescent.
weénedsmirae fl uorescent (meth)acrylate functi oral/usy®s/ 015857

are those that are relatively nore soluble in

sol vent s such as, for exanple, acetone and 10

’P?ﬁ% Oﬁ ' s%geﬁgslf@gumsngoegﬁ%eﬂbﬁ&ehssear ef gfped

uores acrylate functional dyes include: O
clfeoden Gaﬂ be Bedobed pitherebpgnins=t4) prepa®d @ Bydroxy-
\l I/ on, = 5 The (neth)acry| ate functional €S_ ..
Eint beiel beg B8° GREPRRBVES: neRerHOS KnoaAC TRb Lzed
d%%tdef@$a€%€€péﬁn thestbeatehhoMBERBAI SoPEBRARBEGresponding
ypically, the chrombgen is a cyclic, fused aromatic

(mn#h»@¢rybab@nfanﬁthgn@hedﬁﬁpbwpmﬁéh@d8chn@waph@rééetért
foii gve Lhe deshhed apsobe gﬁéﬁggﬁﬁbﬂnu§9n§pse&galc acid

Aract er st Tes conmerci a
oﬁV@¢£@bbE dquﬁmd@anenbguthaasestérléxaaphen using methyl
1-amno-2- - 10 WD 2004/011512 PCT/ US2003/ 015857
agFBhdER- hydr oxyant hr oqui none can be purchased. The

chr W&eﬂ?gaﬂng% eeﬁéeéy&at hmsgegewmegspbgp%% anvention
hydr oxy unctional i zed derivative

gétyetr@kyyfwmiesnéep@edlngyepder thet figadapprhégaeon of the
A0 o RS 2oL, cRrgeaeending, B LHEESELu el S s of ne
ih@EneXeAPESnthynestentéhcabbal USDDY aadyBi.0 @elightOpercent
oeiRorh) adrylate’ tihctional dve based upon the Lotal
polymeric content of the composition (preferably between
about 0.01 and 2.0 weight percent).

The dyed fluoropolymers of the invention can be
prepared by free radical solution polymerization of the
fluorochemical (meth)acrylate monomers with the
(meth)acrylate functional dye(s) (and optionally with
(meth)acrylic acid and/or other hydrocarbon monomers) in any
conventional solvent, including both fluorinated and non-
fluorinated solvents. Typically, the dye is dissolved into
the melted fluorochemical monomers or, if used, the
hydrocarbon monomers before the solvent is added.

Preferably fluorinated solvents are used. More
preferably, non-ozone depleting, non-flammable, and fast
drying partially fluorinated (rather than perfluorinated)
solvents such as, for example, hydrochlorofluorocarbons
(HCFCs), hydrofluorocarbons (HFCs) and hydrofluoroethers
(HFEs) are used. As used herein, the term
vhydrofluorocarbon” means compounds consisting only of the
elements carbon, hydrogen and fluorine, the term

“hydrochlorofluorocarbon” means compounds consisting only of

- 11 -
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acrylate. Dye loading in the dyed fluoropol yners of
the invention 10 generally varies dependi ng upon the

woiaaloianpl i cation of the coating. Typically, PODWS2®B/015857

the dyed fluoropol yners of the invention contain
bet ween about 0.001 and 3.0 wei ght percent of

th8ethiaenyLaterbuAct hoabgdye kasesivBoRnEheHi®dhe, and
ol yneric content of the conposition (preferably

thet ween “hgdabbluogoethend PeengeicghPopafsenbpt Peatain
%¥S$ flug agB§a¥n§%?u§}lkg Fﬂ&egk'%%a%%” %% RS gen,

Fee ™t I on yneri zation o
aﬁﬂuanCHEﬁbCaE éHEbhiﬁerybabmlnanamérSowuhb.the

(rmeth)acrylate functional dye(s) (and optionally with

20 (meth) pek¥biabagi doandoer motbehylydroearBeithers or
nmonomers) in any conventional solvent, including both

mixgﬁreﬁap@doaﬁdOﬁomorﬁ|baﬁrﬁéﬂéer§@¢h@ﬁssW1t@pp@ﬁ|9¢ more
d | t h d hen
oEﬂgr M?dkgfgh8?8c¥§ oh? guch %rggg%g e&g %ﬁ%P ﬁgﬂgCH3

nononet s— or used, on MONOMEr s
atéeuseaventHyéraﬂdadroéﬁhﬁmsfasaﬁhy ﬁhuohu&ahadentlon are
sol ven is re ysed. M eferabl non- Qzone
C¥RepFat+¥o:; lﬂBﬁdfFEnﬁﬁ%FEn ah§PSEE uHFyPH% PAPCFAHSy are
nbhugrbRat gdpiEat hgr shhabapebE! HohL rabRfAbL180! VRS flammable
such as, for exanple, hydrochlorofluorocarbons

hY@EFE%worhyahersuétbearb@nshyﬂngﬂuQﬁdethers which do not
e%ﬁgg%éLﬁs% F}Slawers .3 FES)Ce used gdcﬁ%r%f%sh

rBPIHt rocarbon neans conpoun

p@@ﬂﬁlSéSGgp@BEMrmEdtHecoeﬁeﬁgnt& a8riop, skydroger<and
fluorine, the term "hydrochl orofl uorocarbon" neans
PEBRPBEAGs cBASEECHAGTOH Proferred hy@rofdupyeespers are

D £§1&5?89§k915 ?ﬁyltE%h%%%”ﬁﬂhsm6§éb99efE¥Q5Q9enthe

['uorine and chlofine
hyfiydf bhbuoebbeher tomearpovdnpountis fhalowdnpapeneral

carbon, hydrogen, fluorine, and at |east one ether
EGTRR
B%Ygen:

(R-0) xR’

wherein x is 1 or 2, R is an alkyl group having from 1 to

about 4 carbon atoms, and R’s is a fluoroaliphatic group.

R’¢ preferably comprises between about 2 to about 9
carbon atoms. When x 1s 1, R’:f is preferably selected from
the group consisting of a linear or branched perfluoroalkyl
group, perfluorocycloalkyl group-containing perfluoroalkyl
groups, perfluorocycloalkyl groups, linear or branched
perfluoroalkyl groups having one or more catenary atoms,
perfluorocycloalkyl-group-containing perfluoroalkyl groups
having one or more catenary heterocatoms, and
perfluorocycloalkyl groups having one or more catenary
heteroatoms. When x is 2, R’s is preferably selected from

the group consisting of linear or branched perfluoroalkylene

- 12 -
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and are free of chlorine, bromne and iodine. 5 Mst
preferably, one or nore hydrofluoroethers or mxtures
wofommae1ae nore hydrofl uoroethers with one or ROTAIS2003/015857
ot her hydrof | uorocarbons such as, for exanple,
CF3CH2CF2CH3 are used. Hydrofl uoroethers useful in

gfcﬂhﬁs, f&ﬁi&&@éﬁclémkﬁl J_;,yohjaqebﬁtaangﬂgwnt

tenperdature and pressure, are non- ozone depl eting
pemﬁﬂmmwpa&kybemélgnquDSe pabAlbpaandplealkylene groups,

LR b B G bOFATOAAEA. PRS: SGOTR o eY §8a Bp T

méﬁ@saat@@éﬂ§ L e6hs pepéprieeraegel dahyyl ogASEN-Bohba8hing
are preferred. Particularly preferred

P4 P T oot leet elee soBPEPS ShPERY uUBRBaPKyMORPK R EEPREY S
t 0 n

n O FRE Gub] G B ELhFocPUebal kYOLaE BERAoEOhEETAG ne or
maré ScdtetiaZy Retsraatahkyl group having froml to 20

about 4 carbon atons, or oal | phat

o OReDFEAeny o ST ALFSEBNEE | B P Bar ELROARB LR g5 guitable
f&!@%e :LnC@l’i@oﬂn@éﬁ@onV\K‘EBlﬁdéSn1C4ﬁ'OfCH3S A el ey, v,

selected from the group consisting of a (i near or

CHuCENHFad CePE Huo @R CRY(ICE 3 bE B 2 Hper wiuoiaﬁaym @i Qy(CF2) 4

(g%"f ﬁjgl‘kr&;g?ggﬁg@ﬁ Fbu&g%c#(l ea?%%dgr;c%g nehegr 3) CF20CHs,

(eenf, b@@ce@l kaAFg@t@Enmzma@cm ORELDIC,HPD (CEALOUHR Y
atonms,  perfluorocycl oal kyl - group-cont ai ni ng

per fTYRE el ky| 28r b0b512RATI hg Bﬁ@doFonﬁpétéﬁF§nary
p@%&épfégﬁ"fonan% peak! ygﬁggysko%mu%eure§o£1a\élxa fple,

nore catenary 30 eroatons. \Wien X is
mosopeebryadtiyosetest @ddf penpxyfécgrbapacensi sti ng of

oSG 58 L B LA oL KHLE08. 18 fOors, core-
amyl and tert-butyl perketal, bisperoxides, diazo compounds,
and others) can be used as free radical sources for the
initiation of polymerization.

The dyed fluoropolymers of the invention can be used in
coating compositions. Coating compositioné comprising the
dyed fluoropolymers of the invention can further comprise a
solvent. Any solvent in which the dyed fluoropolymer
dissolves to a suitable degree, which does not deleteriously
affect the substrate, and which does not leave a harmful
residue can be used. It 1s preferable, however, to use the
same solvent that was used in the polymerization reaction.
Therefore, preferences for coating solvents are the same as
the preferences stated for polymerization solvents.

Typically, the coating composition comprises up to
about 50 weight percent dyed fluoropolymer (preferably up to
about 35 weight percent; most preferably up to about 28

weight percent). The resulting coatings are generally less

- 13 -
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groups, perfluorocycl oal kyl group-containi ng-

per fl uoroal kyl ene groups, perfluorocycl oal kyl ene
wanroupd]si2l i near or branched perfl uoroal kyl enePgr@sp®3/015857

havi ng one or nore catenary atons,

per fl uorocycl oal kyl - group-contai ning 5

thehf bueueabkyliane @ QPn)aWMEGKONe Y Y &I&AA08Mhickness
het er oat ons, and perfluorocycloalkylene roups having

depende UreFe t(l‘J@t @\mﬂm Epdtiows i Repr kan var thinner

S u t. use in t-he
AR eSS o A P s o e 1P T Ggetion
ofCERE QEZQQH& s)CHEGE (€St 165 2 QLR HBCH; ) Caiky/QAGH3,

CH30- , C5F110C2H5, C3F7OC}B 1

C€P§Géﬁﬁﬁé€2950fc§#¢oéﬁueépyphzm§¥ the geptingocHs
com%gg%ﬁ‘lm%"ﬁ%%’ln@nq‘og@: Qt(lg:n,z)ca?ip% applied to a

Typically an initiator i's used to initiate
spbkeymetezati ertislw deimangayofsuntladgdid esgforknown in the

| 15 b
5k GWyh B8 bAa SRanBr: SRAIHRGE: & AR o resips, and

£ 86t cBHEYhper eaketgvahetle ¥ knand s s that the’
perketal , bisperoxides, diazo conpounds, and others)

C@QQOEétB@@dC§§tﬁﬁe§U#§&¢@§ﬁ §§U@@@§qiﬂ'qaﬂabe allowed to
a?.?' ke “ﬁB %rﬁ?l' Y IRIZRL QN 5 2Q. gr?]l
e used in

uor YIEr s 6f the I nvention ¢
coatEnghasnbaentdamspvﬁm@ﬁim@amomm@sbbamrhgxuqmﬁdﬁﬂulons of

ed fluoropol t he |nvent| n can further
By RE 40N BPgen CHOAGLEBFTER P AP G Oy e tand
rEhuorenahyseE rdirggalves 3o g b2l HReaf 68 M fimal
does not deleteriously 25 affect the substrate, and

cepténodoBerneletsapais Kamponkntse sindue icanite hese
%% #Bmﬂsgfergg%%bg QWeY. atlkgsus%an%s1q#n%.SOG&%

use e polynerrzatl o reacC
fTherepol emepeebér ehecsnfenhtdoat bfg sOlewAri=S 1ar @t e and

same as the preferences stated for polynerization
mep Py EREEMA3GY T EPEAR lRaphBeR¥afPRgCS o fRefiorgd coating

mGPBPL5$ES ums? aélgotehe%fwegmelaers%q%dmf%@ high
fluoropol ymer (preferably up t
temperature applications where s1llcone conformal coatings

have traditionally been used, and at least some coating
compositions of the invention appear to have better adhesion
properties than silicone.

Circuilt board components and assemblies can be coated
with the present coating compoéition to insulate them from
contaminants and preserve their electronic functions.
Circuit board assemblies can be coated before or after the
components have been mounted, but they are typically
conformally coated after they have been completely assembled
and soldered.

Proper coverage and uniformity of the conformal coating

over the assembly is critical for effective protection of

the assembly. The (meth)acrylate functional dye of the

- 14 -
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about 35 wei ght percent; nost preferably up to about

28 weight percent). The resulting coatings are
wqgenarialdly | ess 13 WO 2004/ 011512 PCT/ US2003/ 8¢5857003/015857

than about 3 mls (0.08 mm thick, but the desired

t hi ckness depends upon the specific application.
CSQtfﬁgfceﬁpBEhEESﬁs QaEh€9§n9éﬂt@%np&§@%r§§ the quality

desired, typically by selection of the solvent (s

a$Soraeqanphspecn59ﬁth)thﬁdﬁmr0§l§ob@éﬁﬁraﬁﬁ@mbdw‘ﬁﬁé

fl uor opol coaté 8% conposition. The coating

PEBRPbs ?l%ﬁaggnOSeggﬁpFPg substrate or article

US'“@héﬂﬁlﬁété@bbﬁtﬁﬁ§@& EmawﬁopalyﬂersabE sheh iavention
for exanple, brushing, pglng spraying, and flow
ce@aben@ea¢mlﬁd9bﬁﬁa§@doPYt Bei AVBARI NS ¥siRgr e ergmple,
“§9QB£$iigHE"C8§t8H guRSt{Atf 9p @ﬁ%b%&%-%%%&%%ﬁa'eQW%@
0 air dry, no curing mechanismis requ
wheﬁnadf$uoyesednthametheacmgﬂang funp@sphadn§yeflstheed

|nvent|ﬁg,n§et the thickness and % Electr mnthstagd

Crabiiy ehBhEEREFE S| POF CEO886 Ny SLdRT ecﬁ§e ggieasurea on=

199@f@£ﬂﬁg %écﬁﬁ@&h@951£OWh§EﬁCEh%n HGeCORPRRRALEARY optical
circuit board assenblies. Conformal coatings

r@dﬂ@tl@nngndhéhéyéhlckhgéﬁopél9h€r§06F1P§elﬁnd€ﬁﬁﬁﬁﬁned by
tﬁgemChSEkC§||¥fS%ﬁbl %Eg?dn%iuor g%%ﬁk'%a@%@%h% t han
eomon. conf ormal coa al’s

ther@ﬁ@reoaehhgsmepdsﬁ@ﬁohsgbfzehbeﬁpeeatdba can also be
pl.ications where silicone conformal coatings have
uF?QdF?l@ﬁBYI9tB§§naH§édC°§ﬁaséPnheé§ isBHETeGAPPngantl-

sgggEQéhtlgﬂa Bgrkmeuna&%ngheadéaeeg&okacma%% agbqqeatlons

sion properties than silicone. Crcuit board
suchpasentsrasgampdenbfiles panebedisatens,2padiltizlelse
r seﬁ% gat ng.conposi.tion to.insulate %hen1from
Ha

Eﬁ?ﬁ PE S 4PBr e¥BFGEST el SPERPRSHE ' unct i ons.
mgﬁféélécbﬁaﬁdcﬂaﬁﬁﬁbﬂl@?s@émstMﬂﬂabedfﬂkarapQﬁcafter

t he
components, cellular phone components, medical respiratory
masks, and in any application in which sensitive materials

require protection from their environment.
EXAMPLES
‘The invention will be further explained by the following

illustrative examples which are intended to be non-limiting.

Glossary Table

Descriptor Description, Formula Availability
and/or Structure
Acryloyl chloride CH,=CHCOC1 Sigma-
Aldrich,
Milwaukee,

WI

- 15 —




conmponents have been nounted, but they are typically
conformal ly coated after they have been conpletely
wazswEmdiaed 30 and sol dered. Proper coverage ardT/US2003/015857

uniformty of the confornma

coati ng

over the assenbly

is critical for effective protection of the assenbly.
The (e J crytate frunctional dyg of the - 14 WO See
2004/ 01 PCT/ US2(003/ 01585 ! iti3n§r8£aration
t he |nvent|on aids iln the q assuPaEce below
i nspection of the ci|rcut gSenbly for proper
coverage of the coati o@ rescent dyed A
fluoropol yners of the inventSon”™5 can be readily
observed by the human eye uswmiggref ar exanpl e, "plack
[1Tght™ gps-pn-Tine wjth an el gct ne-optical device See
When a fluorescent ((neth)agryda nctional dye|igreparation
used, coating thichnessi!ﬂ i ght) can|be peilow
measured on- |ine uging teChw gy chythe dye is
excited by optical 10 r adi at Ponnand® the j#?ékness of
the coating s—deterdmnedbyv t he ”uyni tude—o6fthe
eni tt edPTor escent |radi at i he coating See
conposi tions of the|ipwe I e used [nPreparation
many ot her anti-corno m grati any; below
stiction, and partigu : ng protecti
applications 15 such as, for anpl e, flatdzanel
e e o ot om ORAHEIO, Ships, vl erp, and
u.uur.: TTITTC O T T OCT \.L;L T UIICL;IIG. II L;al 9 OU CTIID \IVI_IVJ) y See
fiber o%? % conpongnts, cellular onents, .
medi cal respiratory| masks, and iquFy ppllcatlaonﬁparatlon
which sensitive material's 20 reqgjtenprBtection {rombslow
their environnment. |EXAMPLES The |nvent|on will bpe
further explained by the follo i $ tive
exanpl es which are ijntended to ng.
O
where n =
AD-5 See
\n/ﬁ\\ preparation
below
O o
o)
where n =
AD-6 See
/7\40 preparation
below
\where n =

- 16 -




25 d ossary Tabl e Descri ptor

and/ or
gma- Al

Availability
WORROHGBDE! Si

2004/ 011512 PCT/ US2003/ 015857 AD-1 0 See
preparation O 0 bel ow ass.

Descri ption, Formula
Structure Acryloyl chloride
drich, M Ilwaukee, W - 1BCTA¥2003/015857
NO

where n =,4 AD-2 ONH2 O

ﬁﬁ; \S |A%_j7 preparari on\ I_oI belovg I\{u NHZ0 0 O/i\IDDd O gee
ee preparatian S /\F@}Q}%&% reparation
where n = 5 AD-4 O |See IxI eparjat i ol gn O bel oW 85
elow
s V1V o]
S
where n = 5
l-amino-2-bromo-4- 0 NH, Aceto
hydroxyanthrogquinone Br Chemical Co.,
Lake Success,
O OH NY
1,4-diamino-2,3- O  NH, Aceto
dicyano =N Chemical Co.,
anthraguinone O‘O Lake Success,
=\ NY
O NH,
5-amino-l1-pentanol NH, (CH,) 5s0H Sigma-Aldrich

2-amino-l1-ethanol

NH; (CH;) ;O0H

Sigma-Aldrich

6-amino-1l-hexanol

NH; (CH;) ¢OH

Sigma-Aldrich

2-aminothiophenol

L,
NH,

Sigma-Aldrich

BMA Butyl methacrylate Sigma-Aldrich
4-chloronaphthalic 0 Acros
anhydride c O 5 Organics,
Q ’ Pittsburgh, .
o PA
8-chloro-l-octanol C1l (CH,) gOH Sigma-Aldrich
CYTA Conap™ CE-1170 acrylic Cytec,
conformal coating Olean, NY
DMF dimethylformamide; Sigma-Aldrich
(CH3)NC(O)H
DOWS Dow'™ 3-1765 silicone Dow Corning,

conformal coating

Midland, MI

ethylene carbonate

[

Sigma-Aldrich

HAS HumiSeal™ 1B-31 acrylic Humiseal,
conformal coating Woodside, NY
HFE-7100 3M™ NOVEC™ HFE-7100; 3M Company,
C4FOCH; perfluorobutyl St. Paul, MN
methyl ether
HFE-7200 3M™ NOVEC™ FLUID HFE-7200; 3M Company
C4Fq0CH;5 perfluorobutyl
ethyl ether
HFE-72DE 3M™ NOVEC™ HFE-72DE (HFE- 3M Company

7100 (10%), HFE-7200

(20%), and trans-
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O where n =1 AD-5 0 ° ~ See
Jn Obelows [/ I | \ \ |
woOl2po4tonisipr eparati on |\ |
WO 2004/ 011512 PCT/ US2003/ 015857 AD-7 0 See

"T'1~ preparation O below al. where n =5

of ] 111( \"

preparation

\' O wheren =7 AD-6 0 See

\ OO0 below S where RCEUS$2003615857
\ Noni

I- am no- z bromo- 4- o NFg; AR ebPoe PHPTax¥any fEPyUT one \
"T cat—Co., Lake SUCCESSy, 0 OF Ny
?‘i}%/% 0O NH2 Aceto di cya 8. Chem cal Co.|, pgzrpla?:d
ant raqw none Lake Success, N :
according to
I US Pat. No.
4,036,859
(Example 1
and 2)
LMA Lauryl methacrylate Sigma-Aldrich
LUPEROX Luperox " 26M50, t-butyl Atofina
peroctoate (50%) Chem. ,
Philadelphia,
PA
MAA Methacrylic acid Sigma-Aldrich
NBS N-bromosuccinimide Sigma-Aldrich
sodium nitrite NaNO; Sigma-Aldrich
tetraethyl ammonium (CyHs ) aNT Sigma-Aldrich
lodide
triethyl amine N (C3Hs) 3 Sigma-Aldrich

Preparation 1l: Synthesis of MeFBSEA

Ethoxyvlation of MeFBSA with Ethylene Carbonate

REACTION:
CyF9SONHCH3 + (CH0),C = O + NayCO; (catalyst) —
Cy4F9SO,N (CH;3 ) CH,CH,0H + CO3

CHARGES:

A. 100 g MeFBSA (C4FySO;NHCH3, MW = 313, 0.32 moles)

B. 2.8 g Na,CO3 (0.026 moles)

D1. 8 g ethylene carbonate (MW = 88) (available from
Sigma-Aldrich, Milwaukee, WI) melted in oven at
50eC

D2. 8 g ethylene carbonate

D3. 8 g ethylene carbonate

D4. 10 g ethylene carbonate (total weight = 34 g, 0.38
moles)

E. 300 ml water

300 ml water

300 ml 3 wt% sulfuric acid
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5-am no-1-pentanol NH2 (CH2) 50H Sigma-Aldrich
2-am no-i-et hanol NH2(CH2) 20H Si gma- Al dri ch
wé-2emfncs1k - hexanol NH2 (CH2) 60H Si gma- Al dri chPCT/US2003/015857
2- am not hi ophenol SH Si gma- Al drich NH BVA Butyl
met hacryl ate Sigma-Aldrich 4-chloronaphthalic - O

Acras an@d@”ﬂhﬁew&e} / o Organics, \ / Pittsburgh,,,
PA 8-chloro-T-octanol d (CH2) 80H Sigma-Al drich CYTA

ConapTM CE9 Q1D wetgtic Cytec, confornal coating
A ean, NY. di met hyl f ormam de; Sigma- Al drich (CH3)
2NCH{ O I—F’Qg\gl DBWTRE 3- 1765 sili cone Dow Cor ni ng,

PEGMESGE@l coating Mdland, M ethyl ene carbonate O
Sigma-Aldrich 0 0 HAS Hum Seal TM 1B-31 acrylic
1 Huni Grairges chriind nl webat Phgcedodsi deonfylFer73opecked

3MT ECTM.HFE- 7 : .
ST DECTILEFS, 7300 palhcammenye, - CHERR g saaicion
SMTMWNVECT Muirdl Uk OF Hiee- 2208en88k Conpany  CAF90C2HS

per fl uorobutyl eth

2 HFE-TPERR HEE- Wak 'aﬁ%ﬁﬁo%&&?@ﬁ%ﬁ@’%ﬂc 2Boynt the
and ££alS-was molten and stirring was begun. The set point
was increased to 120°C (248°F).

3. When the batch reached 120°C, Charge D1 was removed
from the oven and transferred to the addition funnel.
Charge D1 was then added slowly over a period of 10
minutes. Outgasing (carbon dioxide) was observed.
Thirty minutes elapsed until the rate of outgasing was
noticed to have diminished.

4. Charge D2 was then transferred to the addition funnel
and added over a period of 5 minutes. After 25
minutes, the rate of outgasing had slowed and Charge D3
was added over a 5 minute period. After 30 minutes,
Charge. D4 was removed from the oven, added to the
addition funnel, and added to the batch over a 5 minute
period.

5. The set point was reduced to 110°C (230°F) and allowed
to stir overnight.

6. In the morning, the batch was cooled to 90°C (194°F)
and the batch was sampled. Gas chromatographic (GC)
analysis showed the material to be 96.1% desired
product and to contain no amide. Charge E was added.
The batch was stirred for 30 minutes, allowed to phase
split and the upper water phase was vacuum decanted
off. The operation was repeated for Charge F at 63°C
(145°F) .
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17 WO 2004/011512 PCT/ US2003/ 015857 di chl or oet hyl ene
(70% ) 2-hydroxy H Can be benzanthrone \~ prepared \

woO 2e@moerdeng to US Pat. No. 4,036,859 (ExanpPeTasand015857

2) LMA Lauryl nethacrylate Sigma-Al drich LUPEROX
Luper oxTM 26Mb0, t-butyl Atofina peroctoate (50%

7ChenThe Bhitkadebphichen BeyiMAANELAAS YiHaG-ACIH For 30
Si gma- Al drich NBS N-bronpsuccinimde Sigma-Aldrich

sodi BAPHIEEFi 8 RARER (SHGTEI Al dHriceh weet Plestsy Isdrirtoniand
(C2H§£éwh Sﬁgg%n%%@r'cﬁhe g%!%% %yGFMQXEr Ne N&@ﬁ?@ested

Si gna- dr| reparati nthesi's o
Et hoayfatioondotoMeEBSAswI tthakt Ryl ene Car bonat e

3 cat B1§SPFCP-"aeAF 95RO RECRS) VERBCHEE ol B s,

A 180s0cMeEBSH( AEDSERNHCHI 4 s = 313, 0. 32 nol es)
10 B. gc cogA(o 026 m)les) 1. 8gethy|ene

Jear bBhat ba(:wvwassye@aedu pagl pofired o8itgwd- Alhdr ifdlesk into a
M l“@&%@fe X%é gﬁh%%gdlgooveﬂlglfy A small amount of

water on top of the resulting solid was poured off, and
the femaining solid material in the jar was found to
weigh 124 g.

10. The solid material was melted into a two-necked 500 ml
flask. The melting point was found to be 57°C (135°F).

11. The resulting liquid material (113 g) was distilled at
667 - 933 Pa (5-7 torr Hg). 104 g (92% of undistilled
material) distilled at a head temperature of 130-137°C
(266-279°F) and a pot temperature of 136-152°C (277-
306°F). Further increase of the pot temperature to
170°C (338°F) resulted in no further material

distilling over.

Preparation of MeFBSEA (N-methyl-

(perfluorobutanesulfonamido)ethyl acrylate)

REACTION:
C4F9SO,N (CH3z) CHaCHR0H + CH=CHCO;H + triflic acid (CF3S0sH)
catalyst — CaF9SO2N (CH3 ) CH,CH,0C (=0) CH=CH; + H,0 +
CF3S03H

CHARGES:

A. 112 g MeFBSE alcohol (C4F9SO,N(CH;)CH,CH,0H, 0.313 moles)

B. 0.07 g phenothiazine (available from Sigma-Aldrich,
Milwaukee, WI)

C. 0.11 g methoxyhydroquinone (MEHQ) (available from
Sigma-Aldrich, Milwaukee, WI)
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502C D2. 8 g ethylene carbonate 15 D3. 8 g ethylene
carbonate D4. 10 g ethyl ene carbonate (total weight =
wG@40@/010:138 noles) E. 300 nl water F. 300 ml PoatUuse002015857

G 300 M 3 wt%sulfuric acid - 18 WD 2004/011512

PCT/ US2003/ 015857 H. 300 ml water 1. 300 ml water J.
D300 AOwat &leptPRE@CEDURE: 5 1. Charges A and B were
pl ac?Q i.n a one liter 3-necked flask with an overhead

r

Estirfdr? EnhéFheddtplsEihdd tifomokSfnel , and ref | ux
Fcondengebnhgdrbie Ratigh jwas theatiRtb AU d0R o2l acig

whi ch point the batch was nolten and stirring was

begurhavipdabde pei HC-2H0 fimem i3dbr sdsed®aud ,1200 (248F2j.

3. h ch reached 120C, Charge D1 was renopve
Gfro\r;\g]?ﬁego@g%%%nd transferred to the addition funnel.
HChar geoDf wasetrhen added slowy over a period of 10

m nutes. CQutgasing (carbon dioxide) was observed. 15

Thirty mnutes el apsed until the rate of outgasing was
pROEEBEARL O have di minished. 4. Charge D2 was then

transferred to the addition funnel and added over a
lperiCdavfes A nbtes., Bfit& a6 Friweuteesddiede tioate 30fhecked

out 92408 Dl Shauet 0 Share 03 20 yos added ovey 2
renoyedri-eem kne aveReraddedpltie LRGer positive nitrogen
pressure.

2. The flask was warmed to 60°C and the stirring was
begun. The batch was stirred at reflux which was
initially at 96°C and rose to 102°C by the end of the
reaction. The theoretical water that should be
collected in the decanter was 6.3 ml. After 15 minutes
of refluxing, 2 ml had collected. After 1 hour and 15
minutes, the reflux temperature was 99°C and 5 ml had
collected. After 5 hours and 15 minutes the reflux
temperature was 102°C and 5.4 ml had collected. A
sample was withdrawn from the batch and GC analysis
showed no unreacted alcohol, 92.6% desired product and
7.4% high boiler.

3. The batch was stripped atmospherically to the decanter
until at 103°C no more heptane collected in it.

4. The batch was cooled to 64°C and vacuum was pulled
slowly. More heptane was stripped off until at 5 torr
no more‘liquid was observed to be distilling off.

5. Vacuum was broken and Charge G was added. The batch
was stirred at 64°C for 15 minutes, allowed to phase

spilt and the upper layer was vacuumed off.
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10

addi tion funnel, and added to the batch over a 5

mnute period. 5. The set point was reduced to 110C
wo026@RI1and al lowed 25 to stir overnight. 6. PATIS2003/015857

nor ni ng, the batch was cooled to 90C (194F) and the

bat ch was sanpl ed. Gas chromatographic (GC) analysis
eshowgdi shepapherbal whe Rep88tdi geshr edapiRdiCtandn@hed the

contain no am de. Charge E was added. 30 The batch _

was bBetehedasonldovwaintresoodl Fowsaomo tgRReaatayle at which

and the up h uu c .Qf

o1 BHEpUPPEL WELSLCRIRIE MSOYAUMUAR® BBl O wacer was

(145p6)hred 489f 0312004/ §1d8H2tPORLY5260340E58&1 ted out of

The batch was ,then agitated with Charge G faor 30

mi nubes 5?“%%&??&45@%9 Phafwas TPRa¥e1igHt P &g product

vac d ng.e ter slhayer t

and Potng fo be Tt rhan 28 BT e harentiag fhoned the

washeatarialwabebechar §4% Hesliredndcrylagecessi VeByat

63C (145F). 9. .The.batc | ted and poured out of

t he Fﬁggl?n?slé ﬁbSﬁ?F@ gaaugﬁromed to solidify. A

smal | amount of water on top of the resulting solid

was poured off, and 10 the remaining solid material in
Preparatiops2t oS¥RthesigepEhMeFBSEMAI). The solid

iRl ed._ i fl :
R e g o
meesattvyhgte) quad patprirall (il3degrrikeddist Phepdratidh 1
667 - 933 Pa §5:7 torr Fg%. 104 g.(92% of undistilled,
SReVer | SKFCRFSHPLEAMEFRACRELHCt BRAEr JPUPAaGE PRofEsTeic
2&286-279F) and a pot tenperature of 136-152C (277-
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306F). Further increase of the pot tenperature to
170C (338F) resulted in no further material 20
wdized4ioiisimg over. Preparation of MFBSEA (N nmecigis2003/015857
(perfl uorobutanesul fonam do) et hyl acryl ate) REACTI ON:
25 CAF9S2N (CH3) CH2CH20H + CH2=CHCO2H + triflic acid
(CF3S@BH) catalyst -4 CAF9SO2N (CH3) CH2CH2OC (=0
CH=CH2 + H20 + CF3SB8H CHARGES: A. 112 g MeFBSE
Pg! gglggllégﬁ)sgg%ﬂgggg—g%&_ 0. 313 noles) 30 B.
: " from Si gma- Al dri ch,
M | waukee, W) C. 0.11 g net hoxyhydroqui none ( MEHQ

(avail able from Sigma-Aldrich, MIwaukee, W) . 20
504/ QY1512 PCT/ US2003/ 015857, D. 10 ofane E.
cl padrylic acid (0.38 ol eSYNf. 2 Adrous
c (Frifluoronethangsul foni ' yvai ~abl e as
N 3M St. Paul, M) 5 G@ N\ H. 300
5 g PROCEDURESTER. A charges A—8, C - E &nd F
were _added to a 3-necked 10 fl ask equi p&gd wi th
decddi er assenbly, overhead stirrer, a a
t her nocoupl e under positive nitrogen prepsure. 2. The
flask was warnmed to 60C and the stirrin%a s begun.
The batch was stirred at ref |ux wRldP 15
initially at 96C and rose to 102C by the pnd of the
o
)
<
STEPC o
@ 3
STEP D
10
0]
O NI
cLoo”
S
where n = 4
AD-1

15 Step A: Preparation of (2)
A 1000 ml round bottom flask equipped with a heating
mantle, stirrer and dropping funnel was charged with 4-
chloronaphthalic anhydride ((1), 125 g, 0.54 moles),
potassium carbonate (36.9 g, 0.27 moles), 215 g isopropyl
20 alcohol, and 322 g sulfolane and heated to about 50°C. 2-

aminothiophenol (73.9 g moles) was added dropwise so that
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reaction. The theoretical water that should be

collected in the decanter was 6.3 nl. After 15 m nutes
wohomafiiuxi ng, 2 m had collected. After 1 houpCamus23/015857

m nutes, the ref lux tenperature was 99C and 5 m had

20 collected. After 5 hours and 15 m nutes the refl ux

theMPEeRBLYE L YAS whE2fmaRdadndanbhad goktechrd. mi\xture was
sanpl e was wthdrawn fromthe batch and GC anal ysis

tbhnmbaahsduhpeaeﬁédaaﬂcbﬁéﬂ foz. é%h@@gﬁre&hﬁr@dadwrﬁnwas
W hi gh | bat
c&pfRlnLaN 8% | $ha e S e ubr i) “Ordi0e SLELRRS ot e yos

rbeptrapedcolbegtedrbibh. wdthThe BhahakrwEsngeal edrHe0 solid

64C and vacuum was gulled slowy. Mre heptane was
W§Fr¥ﬁﬁéﬁpé¥lﬂeéntlpl DAt wetesr (47RoIhorBd ithend fidsered using

89 Eﬁﬁﬁéld'%ggegbﬂ%ﬁg&%atcgléd Yaguum, g gﬁ%@l3c

mge was a was stirre
NMRrcQﬁfmrmaﬁeSheabtmuedute pRase spilt and the upper
| ayer was vacuunmed off. - 21 WD 2004/011512
PCT/ US2003/ 015857 6. This operation was repeated with

sEharge Hrapd-hkeant BE hahch was allowed to cool to
roomtenperature at whicTh point the product was a

sol i 8. 5The menupPundgbeaten Wasskpditégdomtiting dherping
I t
fgnﬁgfcgngaaﬁ?ﬁgsegaﬁ ﬁgh %?ﬁg%%t%% o%ﬁ%néo%%%ip%%s charged

Rt “of uct
witheozetmzan 02¢,g).76Cmanakyseadshewed ot MBIF . wmmﬂruabo g,
to be 92, 6496de3|red acryl ate and 7.36% _acrylic aC|d
cRRERaEr2hadlcras18] QWéEaPQ@?@nd§°P§9ﬁ€he§P§P&Pg th

t@%ﬁ@§§@ﬁr@bﬁé§gW%15 . An agueous solutlon of sodium nitrite

t hyl - (perfluor obut anesul f onani do) et hyl
(ﬁ%thagryﬂé%é)waasagdeéaaed thedrseritbeont MmixPugmeamalsi stirred

ed, RS RousCRh1 HEL IR E" DAS LB eRgk e vRI3GS .
CuS0;°5H,0 (3.0 g, 0.012 moles) was added and a mild exotherm
occurred. The cooling bath was then replaced with a heating
mantle, and nitrogen gas evolved as the temperature was
slowly elevated to 100°C and held for 3 hours. The mixture
was cooled to ambient temperature (~25°C) and filtered using
a Buchner funnel. The resulting solid was resuspended in DI
water (1000 g) and filtered again using a Buchner funnel.

The solid (3) was dried to yield 171 g (75% of the

theoretical material).

Step C: Preparation of (4)

A 1000 mL round bottom flask fitted with a condenser
was charged with (3) (40.0 g, 0.13 moles), 5-amino-1-
pentanol (13.5 G, 0.13 moles) and DMF (240 g) and the
ensuing mixture was heated to reflux (~155°C) for 3 hours.
After it was determined that no starting material remained

(via thin layer chromatography (TLC) in ethyl acetate) the
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acid - 22 WD 2004/011512 PCT/ US2003/ 015857
Preparation 3: Synthesis of AD1 OO C1L 0 HZN - s o

wo 204BTER2A O (1) (?) STEP B O 0O S S ~YOH RCOUSZO0G/015857
STEPC" / / O (4) (3) STEP D100\ N- ~)f n O
Owheren =4 AD1 15 Step A: Preparation of (2) A

mikQQ0- &My OURG, POL t O £6 BSkagquUiL PO PitPaBebeghbngdded,

mantle, stirrer and dropping funnel was charged with
kekpiold orlumapdbartacunahyefveen ((Ay803195ugtid. 541 the water

nol e pat assi um car bon 0 l 15_.
od? e B oR e b RERS APt ater Hrporaia BA Tt Resf s ing
a tBmuahoit PQEheR-amdi Hiot hiopheneht £¥3a9 @asvlashspasded in

added dropw se so that . )

500 g DI water and filtered again using a Buchner funnel.

The yield of resulting material (4) was 41 g.

Step D: Preparation of AD-1

A one liter three neck round bottom flask fitted with
an overhead stirrer and dropping funnel was charged with (4)
(25.0 g; 0.062 moles), dimethyl formamide (310.0 g) and
triethyl amine (8.15 g; 0.08 moles). The resulting mixture
was stirred and heated to 40°C at which time acryloyl
chloride (6.44 g, 0.07 moles) was added drop wise to the
mixture over 30 minutes while keeping the temperature at
approximately 40°C. After two hours, additional triethyl
amine (3.0 g) and acryloyl chloride (2.2 g) were added. The
resulting mixture was stirred for another hour and then
cooled to 20°C. Deionized (DI) water (500.0 g) was added to
the cooled mixture and solid AD-1 was isolated via
filtration with a Buchner funnel. AD-1 was re-suspended in
DI water (700.0 g), filtered using a Buchner funnel and air
dried (yielding 24.7 g; 96% purity of AD-1l. The structure
and purity were confirmed via 'C nuclear magnetic resonance

(NMR) analysis.

Preparation 4: Synthesis of AD-2

O NH, o
QL e
o)
STEP A O NH,
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- 23 WD 2004/011512 PCT/ US2003/ 015857 the
tenperature was mai ntai ned bel ow 80C. The m xture was
woOheny/oheated to 90C and held for 3 hours. The BCXtUSE®@®3/015857
was cooled to 15C and the resulting orange
precipitate was recovered via filtration with a
Buchner funnel. The solid 5 was suspended i n DI
water (470 g) and then filter using a Buchner
funnel. The solid was dri and analysis via 13C NWR
confirmed the structur 2). Step B: Preparation of
(3) 10 A 5000 nL ro nﬁ@éb flask fitted with a
droppi ng funnel d i rsed in an ice-water cooling
bat h was charg with (2) (241.0 g, 0.75 noles) and
3600 g DMF. HO (600 g, concentrated) was slowy
added driopwi se, keeping the tenperature bel ow 15C. An
aqueous sol uti on of sodiumnitrite 15 (%2.5N8, 21%

, ¥ ocgurredO The cooling bath wag) then rej
withoa hgati ®g mantl e,_and nitrogen gas evdtwved as
t he tenperfature was 2§TEIPOQA y elevated to 100C and
hel d for g ours. The mxture was cooled to ambigpiy
tenperature (-25C) and filtered using a Buchner
-funnel. The resulting solid was resuspended in DI
wat er (1000 g) and filtered again using a Buchner
funnel. The solid (3) was dried to yield 171 g (75%
sidp, the 2opheprebhcaF (@ferial). Step C Preparation
of (4) A 1000 ni round Bottomfiask fitted with a
conderkekitemstehes gerrini 1ouqd)bepon flapk1gefpraayged

52 110 9L 4 135,60 01 43; 30l ©9):200; DV an
WJ?%“AB%%}? %n%%tﬁgﬂgn%%% rrllﬁ}%usre vvalsg%eat ed to ref |ux
hdatdadGo f®0°AR hayrss-diamino-2,3-dicyano anthraguinone
((5)123.4 g 0.43 moles) was added to the flask, using a

=

water bath and heating mantle to control the reaction
temperature at 140-150°C. Once all of the anthraguinone was
added, the reaction temperature was held at 150°C for one
hour. The reaction mixture was then cooled to 40°C and 255 g
water was added, using cooling to control the exotherm to
below 50°C and then cooled to room temperature.

The reaction mixture was filtered through a glass frit
funnel. The resulting solid filtrate was washed with water.
About 500 g additional water was added and the solid was
filtered again. The resulting solid (6) was air dried and

used in the following steps.

Step B: Preparation of (7)
A one liter three neck round bottom flask was charged

with 60 g (0.22 moles) of the (6), 320 g 1,2-dichlorocbenzene
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After it was determ ned that no starting nmateri al
remained (via thin layer chromatography (TLC) in
webhyloieaet ate) the - 24 WD 2004/011512 PCT/US2003/015857
PCT/ US2003/ 015857 m xture was cool ed to 809C and 400
g DI water was added, Kkeeping the tenperature between
anf0-809C 4Nty |44a|rrL lté@ Waﬁﬁlnﬂ@—@&%ﬂal TS desafdiNgble
suspensi on was then filtered using a Buchner funnel
frand Atllde isdl)i.d matd@raraistwacéi rmmwnderﬁs@oo apdla

ter adflltered |nU|n u erfu nel T
meg: lsérs*llﬁrtqrndv g.Sh a% % tf?d tpc? about

12'8P@Daa§§t9m1%gA@u% A @ﬁ@llll ta@fouhltre& rﬂs@riéhQUﬁﬂld water
bottomflask fitted wwth 10 an overhead_ stirrer,

Ly then et aka s SIRFREH G (1R 921395 ¢h> Q. Co@zld held
t hyl thy! u
P D45 G gl e

(GS)tI rred and heated to 40C at which tinme acryl oyl
“chloride (6.44 g, 0.0Q7 | es) was added dro
the T ARG et O T RO TR T TH 2bSuE 400
g RERULG Al g ARPr 0L S Hng %iﬁuﬁé\ﬂﬂi@ Uf Bltered
additional triethyl amne (3.0 g) and acryl oyl
thodugh de Huitthey) fvermeladdlRoutheb0¢ eul oty myd e J-

BRI B9 W or 8D, o e SRt o 9 The T

micaal@d wH Xt el a&Qi i £ Aededpsandotldredrap@ated. The
filtration with a Buchner funnel

AD-1 was .
refséﬂstt@f% |ﬁP11E§1 (/fb’té’?as(ﬁbrdi@?df?%e?%%du%ﬁln@“%
and air dried (yielding 24.7 g; 96%
fogulirgwl of 1 The structure and purity were
conf i rrred via 13C nucl ear magneti c resonance 25 (NWR)
S%?Ia(& Preé)aratl J_p oS ;ym hesis of AD-2 O NH2 O 520

Preparation o
For the preparation of AD-2 the procedure described in
Preparation 3 (step D: preparation of AD-1) was essentially

followed, substituting 7 (0.062 moles) for 4.

Preparation 5: Synthesis of AD-3

0 NH,
"
0 OH

t)

STEP A
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~\N ONH2 STEP A 0O NH2 0 30 (5) (6) 25 WO

2004/ 011512 PCT/ US2003/ 015857 STEP B NH2 O NH2 p OO
wOResMt2 p COOH p H2 p NH2 STEP C O (7) ADPRT/US2003/015857

Step A: Preparation of (6) A1l liter three neck round

bottom fl ask was charged wth 630 g sulfuric acid.

The solyyion was stirred and 10 heated, to 80C.

1, 45di ajn n%-2, 3-di cyano ant hragui nane/((5123.4 g 0.43

to the flask war-¢f ~hat h and

101 ; nt 0 t enper at une At
- . ce a of _the anthraquonopne was added,
the realtion tenper a®UEE Ras hel d at I502C for one 15
hour.gyThe reaction mxture was then coglgd.4 0n40G and
255 '¢" water was added, using cooling to control the
exothermto belqw 50C and then cool ed AR~-3 oom

tenperature. The reactjon mixture was filtered through
Steryifes SRR YA RhetL @e resulting solid filtrate was

was *Aegéq‘%ééT Waheraso 20 Akawta S0 o deli dd10ndd s Weh&Fged with

was added and the solid was filtered again. The
25 @sUl0LiOWP seiliek ) ®F warsared o of 1 legoeerd XYi t he

arft lrla%vl\.'lii%ﬂc’et e&s)', %46% Bg‘ P(S %rn%igg) Oéf (17-)methyl—2-

pyrollidinone, 92 g (0.78 moles) 1,6Thexane—diol, 8.8 g

(0.94 moles) phenol, and 12 g (0.086 moles) potassium
carbonate (all available from Aldrich). The batch was
heated to 125°C and held for 12 hours. TLC (in ethyl
acetate) found no residual starting material.

The reaction was cooled to 50°C and 150 g methanol was
added. The reaction was then cooled to room temperature and
filtered with a buchner funnel. 300 g methanol was added to
the resulting solid and then stirred and filtered. The
resulting solid product was dried in an oven at 100°C. The
vield was 19.8 g. B¢ NMR analysis shows the material was

94% pure of (9).

Step B: Preparation of AD-3

For the preparation of AD-3, the procedure described in
Preparation 3 (Step D: preparation of AD-1) above was
essentially followed, substituting (9) (0.062 moles) for
(4).
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25 A one liter three neck round bottom fl ask was
charged wth 60 g (0.22 noles) of the (6), 320 g
wao 20041 cf1k or obenzene - 26 WO 2004/ 011512 PCT/US2003/015857
PCT/ US2003/ 015857 and 26.6 g (0. 44 nol es)
2-am no-| -ethanol (both available from A drich). A

prgé{laﬂaﬁks'&f@héﬂésgenéenmu and a nechani cal
. wWas heated to about on

120C, distilling out a small anoupt®bf sol vent and
water. 5 Gradually the batch te Ibature was raisedto[j]
150C and helbgg for three hours.9Tt® (in ethyl acetate)l In
showed no rgsidual (6). The '
t enper at urgé@ d about 400 ¢

resul t ing ur e_was §i | e

co gﬁ‘:@;ﬂ br at

s X-The m xture
stirred and filtered, and thep repeated. The

resulting®lue solid (7) was air dried and used in tPe
foll ow ng ($6)EP- 15 Step C.. Prgpqration of AD-2 For (12)
the preparation of AD-2 the procedure described in
Preparation 3 (step D preparation of AD-1) was l

essentially followed, substituting 7 (0.062 nol gfgp ¢
for 4. 20 Preparation 5: Synthesis of AD3 0 NH2 OBr

0 OH 25 éE\B{)]/iI'EP A 27 o o
O{J/]n O{J/]” o[f]n NH,
‘S'TE? S STEP D s
0 " 0
Sos
a ° s

Step 1: Preparation of (11)

AD-4

where n = 1

A 1 L three neck round bottom flask equipped with a
mechanical stirrer and thermometer was charged with 2-
hydroxy benzanthrone ((10), 75.0 g; 0.3 mole), ethylene
carbonate (35.0 g; 0.4 mole), tetraethylammonium iodide
(18.0 g; 0.07 mole) and dimethylformamide (300.0 g). The
ensuing mixture was heated at reflux for 15 hours, and
additional ethylene carbonate (25.0 g; 0.3mole) and
tetraethylammonium iodide (8.0 g; 0.03 mole). The resulting
mixture was cooled to ambient temperature and DI water was
added (200.0 g). The precipitate was filtered, allowed to
air dry and recrystallized in isopropyl alcohol (yielding 70
g. of (11)).
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WD 2004/ 011512 PCT/ US2003/ 015857 O NH2 O NH2 O O SOH
O ~Y// OOOHOHSTEP DO (9) where n =5 AD3
ware@/0A151Pr eparation of (9) 5 A three neck 250rai/usewondisss7
bottom fl ask was charged with 25 g (0.079 nol es) of
1- am no- 2- brono-4 hydroxy anthraqui none (8), 54.5 g
(0.55 noles) of 1-nethyl-2- pyrollidinone, 92 g (0.78
nol es) 1, 6-hexane-diol, 8.8 g (0.94 noles) phenol,
Sterl A2 Rf ¢ep186.anl @5) (431 assi um 10 carbonate (al |

avai g]bl foép%%ggkcpgﬁ@?o@@mhfmk Q&é&ﬁ? ?%i@ﬁ%

and . ours In ethyl acetat ound
matthdresiadlad t Staet i agd nadedeaser Thaes rehetdged washcddl ¢d0.0g;

to 50C and 150 met hanol was dded
Otgrfjeﬁ“‘@c?zl ed®D ?%%n@t%np%r%\tlﬂ‘?]eg)anﬁnd l?‘??ﬁgitégﬁﬁ% €
%@Lﬁ:l’gﬂer ’f‘l’r@n@ﬂlsuﬁg Qtﬂ?f@@r}@ixﬁ\@ﬁeaﬁéj§dhéﬁte&h€o about
resulti'ng solid and then stirred and filtered.' The

55 @sulfblrn@ dwivind prayerictd Wes adrrh:@:lﬁ Femperaiizg apph@I water

(F0E 3 P g0 a® Mo TG, JpalvLs ohovstheccea wich

0l o AIFSiro[2% B0 pg Bparial & obr §in HO- 8xtfialet pwas edhéﬁ washed
described in Preparation 3 (Step D:, preparation of
thpee )t idtRw e il Dés¥eheralPy f%nvoia\éaque Bst i FhtpRgLoTm wWas

réﬁ@véé)&gghﬁmgeégt£9§ géaﬁé}ator, and the resulting yellow

material (12) was oven dried (75 g; 88% vield).

Step 3: Preparation of (13)

A 500 mL three neck round bottom flask equipped with a
mechanical stirrer and condenser was charged with 12 (73.0
g; 0.2 mole), sodium carbonate (14.4 g; 0.13 mole), 2-
aminothiophenol (27.5 g; 0.22 mole) and dimethylformamide
(300.0 g). The ensuing mixture was stirred and heated at
reflux for 3 hours, cooled to ambient temperature, and
filtered. The yvellow solid material was washed with DI water
(20.0 g), filtered and oven dried to yield (13) (22.0 g; 22%
vield).

Step 4: Preparation of (14)

A 1 L three neck round bottom flask equipped with a
mechanical stirrer and dropping funnel was charged with (13)
(20.6 g; 0.05 mole) and dimethylformamide (300.0 g). The
ensuing mixture was cooled to 20°C using an ice bath, and HCI1
(55.0 g; concentrated) was slowly added dropwise, keeping
the temperature at or below 20°C. With continued cooling, an
aqueous solution of sodium nitrite (24.0 g; 16.6%) was added

dropwise over a period of one hour, keeping the temperature
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Synthesis of AD4 CH QOHn p Jn OHBr STEP A\ \ |
weDkR/B1W20 O (10) 11 (12) STEP C O Il OH (~paT@stdo3fo15857

HO~JCJINZ SOJIJnON / STEP S\ STEP E\ (

/| OOAD-4 (14 O1 wheren =15 Step 1: Preparation

tOfOJ:( :5@10% Bo% .t bbea oeelpletdnd bat o fddmmic iemli ped cooled
th mechani cal stirrer and thernmoneter was char ged

mwtmez-warwmwgmsiarﬁcamtw i amal 75 oyes o, "@hﬁoq:%cyllng

boEB A TR (0 e 0 IR 07 grop 1 e g (50

(odizmef)hywdoratmisdecd 3k mmtuﬁmeanérmutet@enra(ture Mésl3 0°c

h
wag %%e&%tacrg%oéé% S taice g e s ERER cooled to

anffild; fgndﬂ&“fkiﬂé%éﬁg Tﬂécgﬁiﬁéf%d dbeid was re-
resu |ng mxture was cool ed to anmbi ent tenperature

slandriRid wattgr Dagvater (200.0 g), filtered and oven dried to

yield (14) (14.0 g; 71% yield; mp 301-303°C) . Structure and

purity (> 90%) were confirmed using Bc NMR.

Step 5: Preparation of AD-4

A 1 L three neck round bottom flask equipped with a
mechanical stirrer and dropping funnel was charged with (14)
(25.0 g; 0.063 mole) dimethylformamide (690 g.) and triethyl
amine (7.65 g; 0.075 mole). The ensuing stirred mixture was
heated to 40°C and acryloyl chloride (6.3 g; 0.07 mole) was
added dropwise over 0.5 hour. The resulting mixture was
maintained at 40°C for 3 hours, cooled to 20°C in an ice
bath, and DI water (500.0 g) was added. The precipitate was
filtered from t?e filtrate using a Buchner funnel and the
solid was washed three times with DI water (500.0g each
aliguot) to yield a AD-4 (35.0 g). Structure and purity (>

95%) were confirmed using *3C NMR.
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allowed to air dry and recrystallized in isopropyl
weabkoevoisigyi el ding 70 g. of (11)). - 29 WD PCT/US2003/015857

2004/ 011512 PCT/ US2003/ 015857 Step 2: Preparation of

(12) A1 L three neck round bottom fl ask equi pped wth
PrepareabbohCcat syyhthesiandfcandbBnser was charged with

11 (70.0g; 5 0.24 nole), NBS (53.0 g; 0.3 nole) and

di met hyl f ormam de (500.0 g). The epsuing stirred J

ol

m xture was heated to about 55C f 3 hours, cool ed
Yer!” (500.0 g) was
racted with
extract was then
(_509.—9—3—»
SI Ngsfep Pt a

was oven d |ed (75 g; 88%y| eI . Step 3: Preparatio
of (13) 15 °A 500 niL three neck round bottom flask
equi pped wi(tdy a nechanical sti@ser and condenser wagyg)
charged with 12 (73.0 g; 0.2 nole), sodium carbonate
(14.4 g; 0.13 nole), 2- am nothiophenol (27.5 g; O. ZZJ

to anbi ent tenperature and DI wat
()]

nol e) and di met hyl formam de (300.0 g). The ensuidy@p ¢
m xture was stirred and heated at 20 ref lux for 3
hours, co o anbient tenperature, and filtered.
The vyel I*ﬁm 17X material was m@5hed with DI water
(200@,nf|Qtered and oven dglied to yield (13) (Ziﬁ)

g; 22 ylgld). 25 Step 4. F@ ration of (14) Al NH
$Ui pped w=th—a

2

where n = 7

The preparation of AD-5 (where n = 7) essentially
follows the description of the preparation for AD-4 (where n
= 1) above with the exception that Step A was replaced by
the following:

A 500 mL three neck round bottom eguipped with a
mechanical stirrer, condenser and addition funnel was
charged with 1 (30.0 g; 0.12 mole), DI water (200 g.) NaIl
(1.8 g; 0.12 mole) and agqueous NaOH in ( 19.4 g; 50%). The
stirred mixture was heated to reflux and 8-chloro-l-octanol
(40.1 g, 0.24 mole) was added dropwise over 1.5 hours. The
temperature was maintained for 2 additional hours, then
cooled to ambient temperature, filtered and the resulting

solid (15) was air dried (35.8 g). The stoichiometric
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30 (55.0 g; concentrated) was slowy added dropw se,
keeping the tenperature at or below 20C. Wth
woanidiontsae cool i ng, an aqueous sol ution of so#CEWMS2003/015857
nitrite (24.0 g; 16.6% was added dropw se over a
period of one hour, keeping the tenperature - 30 WO
eRO0A 101512 PAT{ SR04 D4 b8hds dhenr ubelionn5Ehe Upaaceeding
conpletion of the addition, the cooled_ nmxture was
staRT ritt ¥ red lelde t Foriat b Indeets . YFREA AR BndWhEEREND = 7) -
was renoved and replaced with a heating mantle.
Cu(S04)2 (0.3 g) was added to the m xture and a
Prappsital om e8 of Syh3tkeSisast nBPn6 ai ned for 3 hours. The
m xture was then cooled to anbient tenperature and
filtered. The filtered solid was re- slurried with D
wat g (ZOQ)O g), filtered and oven dried
9, 71%yield;, np 304 Q03Cx

CPOWQ were confirmed udiyng Bé\xn":

tion oF—AB4-A=l L thr<i§;?c‘QIib ]

S q ped wit chani cal rray 4 r oppi ng
funnel wa chargedgaﬁFﬁg?l4) (25.0 g; 0.063 nﬁle)

dinqﬁ yl fornmanmide (690 g.) and triethyl 245 anmine (7.65

g; 07075 nole). The ensuing stirred m xture was

heated to 40C and acryloy| chloride (6.3 f; 0.07 nole)

was added dropwi se over 0.5 hour. %hﬁPrBe ulting

m xture was nmaintained at 40C for ours, cooled to

20C in an ice bath, and DI water (500.0 g) was added.

The precipitate was 20 filtered fromthe filtrate
chngr funnel and the solid wag==

(opP0. Og each
ure and purity
Kng 13C NVR=25 - 31 O
STEPC o)
3
STEPD
/\MO
where n =
AD-6

AD-7 was prepared essentially according to the preparation
followed for synthesis of AD-1 with the exception that in
Step C, 2-amino-l-ethanol (0.13 moles) was used instead of
5-amino-l-pentanol. In the synthesis of the acrylate dye,

AD-6, a stoichiometric equivalent of 19 was used.
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Synthesis of AD5 CHOH OLJn 1 OHOJn Br \ (\
weRER/MISSTEP B\ | \ OO0 (10) (15 16) STEPPCrAS2003/015857

[H~lIn"'"~ \ OH O InOno~Jng\ 4SONHR2 / \

| I/ STEP E\ | /| STEP D SI\ OAD5 O (18 (17
Piré&arabion795 Shathesparafi an-8f AD-5 (where n = 7)

essentially follows the description of the

preparation for AD-4 (where n = 1) above with the

excegptiond4 hat Step A was replaced by t
c 4 hree neck round bott equidapg

/ stirrer, condenser aRg

h 1 (300g+—6-12 nol |
; 0.12 nglrgb&nd aqueo CH

509 . .The stirred"mxture was heated to reflu

8-chfjoro-1-octanol (40.1 g, 0.24 nnle)cgas added
dropWw se over 1.5 hours. The

STEP B
5
O 0
Y, or :
N N 0
eV “oms A
o) STEPC 0
20) 3
STEP D ‘
o}
O NS
o}
L
s
10 where n = 5
AD-6
AD-7 was prepared essentially according to the preparation
followed for synthesis of AD-1 with the exception that in
Step C, 6-amino-l-hexanol (0.13 moles) was used instead of
15 5-amino-l-pentanocl. In the synthesis of the acrylate dye,

AD-6, a stoichiometric equivalent of 20 was used.

Coating and Test Methods
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15 tenperature was mai ntained for 2 additional hours,

then cooled to anbient tenperature, filtered and the
woesuoiinig solid (15) was air dried (35.8 g). PThnAIS2003/015857

stoichionetric - 32 WD 2004/011512 PCT/ US2003/ 015857

equi valent of this material was then used in the

DSpICESLELRY metesps outlined above to ultinmately yield
AD-5 (where n = 7). Preparation 8. Synthesis of AD 6

5 0 Baclcisgbsprates(desorSyep hebow| 1yagoyiggpwith ethanol

0, SNOH SO 0.STEP C /.. [.0 .10 (19).(3 TEP D

uping N;filmw’l%e@héheeﬁ (Syaijahye &5 (%l@&%%?eﬁiﬁef&'

RESFEM | abAY 2660FHEAGuT OrdBenPEEPR At eAteb0l howedalAl bath
synthesis of AD-1 wth the exception that in Step C

oR-BIENG2DE ef anabo©. 3 3nimlieey, wasmoved. i asfeadlowed to air
B LS5 B 9Bk B e UL IESL B PLl e 8OHLR Bnpea
iS80solutions of the fluoropolymer to be tested and
withdrawn at a constant rate of 5.3 in/min (13.46 cm/min).
Each coated substrate was then air dried at ambient
temperature (~ 72°F (~ 22°C)) and visually inspected for a

uniform, blemish-free coating.

Coating Thickness Test Method

Coating thickness was measured with a micrometer at six
points (top 1/3, middle 1/3 and bottom 1/3) on the front and
back of each coated substrate [both]. Average values are

reported below in Table 1.

Flexibility Test Method

Tin coated steel panels (3 inch (7.6 cm) x 5 inch (12.7
cm), 0.0107 inch (0.027 cm) thick) were coated with
solutions of fluoropolymer as described above. The coated
panels were bent 180° over a 0.125 inch (0.32 cm) diameter
mandrel. The coating on each panel was then visually
inspected and evaluated for cracks, crazes, or delaminations
using a 6x magnifying loupe. If any cracks, crazes, or
delaminations were observed, the coating failed this test.

Results are reported below in Table 1. -

Dielectric Withstanding Voltage Test Method
IPC-B-25A test boards (available from T.R.C. Circuits,
Inc., Minneapolis, MN) were coated with solutions of

fluoropolymer as described above. The D pattern on each
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20 33 WO 2004/ 011512 PCT/ US2003/ 015857 Preparation
9: Synthesis of ADD7 OO CO HN- s 0 0 STEP A O
WO 2)04(02)51STEP B OO S N~rChi S O n o STEP C PCT/US2003/015857
(20) (3) STEPD O Nzz N--t--Tno O cccr 10 where n =
5 AD-6 AD 7 was prepared essentially according to
IbbeBprBpacatioboatdl vawedubdechwd hesiah dhoAlRakiwd bias
t he exceptggn that in -am no- | -hexanol (0.13

St C.6
ERBRed) Lhadbl0ed PHEFodd SECPESS AthGHerhiRiahdior RS
miAgrayathesbs of thecde Yoalk® & iniARD f1dshover,

stoi chionetric equivalent of 20 was used. Coating and
sPeskoWerhodsbreghdown, 2@d4/ OOEFLI20PCHIUSZ0 GG S8ET -

RELB: £02L1 00, ML hod Fach ubel 1 ( qesor T bed bel ow

Visual Test for Coating Uniformity

Coating uniformity was qualitatively determined by
placing substrates coated as described above under a black
light (Standard fluorescent desk lamp fitted with two 18
inch (45 cm) GE 15 W blacklights) and inspecting for fish

eyes or other coating defects.

Thermal Gravimetric Analysis (TGA)

The thermal decomposition of each conformal coating
material was determined by thermal gravimetric analysis
(TGA) under an inert nitrogen atmospher$ using a 10°C per
minute temperature ramp using a Perkin Elmer
Thermogravimetric Analyzer TGA 7 (Perkin Elmer Instruments,

Norwalk, CT). Results are shown in Figure 1.

Solubility In Acetone

Solubility of the dyes in acetone was determined by
weighing a small amount of dye into a jar and adding small
aliquots of acetone until no undissolved dye remained.

Results are listed below in Table 2.

Solubility In Acrylate Monomer

Solubility of the dyes was determined in wvarious
acrylate monomers using standard fluorescence measurement
techniques (SPEX Fluorolog-3 Spectrophotometer, SPEX
Industries, Edison, NJ). Results are listed below in Table

3.
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using a Kimv peTM sheet (available from Kinberly

Clark, Roswell, GA) and then ultrasonically treated
wonoa/menim bath 5 of HFE-72DE for about 5 m nuPeT/jUS2003/015857

renmoved, and allowed to air dry at ambient

conditions. The substrates were then dipped into

sol utions of the fluoropolyner to be tested and

wi t hdrawn at,_a cqonstant rafe of 5.3 in/mn (13.46
§8ﬂﬁﬁﬁﬁg———Eéﬁﬁﬂgﬁﬁfhgﬁsébgﬁﬂate was then air dried at
anbi @ahpagakgwreaga%@e(g Ci2E (3 309 trbadistald hg 3

inspected for a uniform blem sh-free coating.
copaer AgaThvckivess abdst q@qﬂm@a@omatgnmumwmsml is

asure 1CrQ x 15 .paints (top 1/3,
AR F e F5 KA ot OR TP on CRATISEGHE R et e dried
igaah OOahe&oﬁuBQPtaE%r[Qﬂkhb@uﬁﬁer&%%\ﬁﬂéﬁ¥tﬁH§3solld was

reported below in Table 1. Flexibility Test Method 20

p*f"‘ﬁeéoéfleé BpBePIsasels ecEschée T2 200 i nch
(12.7 cm, 0.0107 inch (0.027 cm thick) were coated
with solutions of fluoropolyner as described above.

Ethpéeaﬂed panel s were bent 180 over a 0.125 inch

ageter _ mandr el at i on each pane
(0.%%, 4, Ao S8R G odPUR AT Ly SO & ot s Lrament
cer. aciqsn_lﬁéazeﬁ,) ehsdehargeal woRS MeSBEREAA @%6.30 g; 0.36
magni fying | oupe. If any cracks, crazes, or

mgéPaMNY nHﬁFBﬁEMﬁer(éool%egve@ Oﬂﬁem@dgﬁl)ngm@ 1(&d 3tbhigs 0.023
m%ﬁé%), EﬁiU| §ha%p8§%eﬁfeg Hl%g pp % OEQAmoles)

ectric I'ng age Tes tho
ahésADbbadeO@&nglabbenfﬂd&sElRtﬁoanfcmmkschdﬁ@é&, LUPEROX
coated wi th sol utions of

yl2%?&80?9&&?F5§7£§Qcﬁ4ﬂgdBQbSQewe?ﬁeaédﬁgttEﬁﬁ ggactor was
tBafhseaB8g MEHZQQéégééél%08§T£9§%903£91§%§l1an§ Batolim of

t est board was Su Jecte to an I ncreasi ng bi as
5 - 10 psig (34 - 68 kPa) and then purging with nitrogen.

The reactor temperature was then elevated and held at 80°C
for about 24 hours. The resulting reaction mixture was
filtered. The resulting filtered solution was used to coat

substrates for testing.

Example 2

The procedure described for Example 1 was followed
for the preparation of Example 2, with the exception that
AD-1 was replaced with AD-2 and the AD-2/polymer charge

was mildly heated in an oven to 80¢°C.

Example 3
The procedure described for Example 1 was followed
for the preparation of Example 3, with the exception that

AD-1 was replaced with AD-3.
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fromO to 1500 V over 15 seconds and then held for one

m nute at 1500 V. If the board exhibited flashover,
weoepemkevdae or breakdown, the coating failed thPeTS2M03/015857

5 Results are reported below in Table 1. Visual Test

for Coating Uniformty Coating uniformty was
comparabliveec Exampiler ianed by placing substrates coated

as descri bed .above under % black 10 light (Standard

f I uot-e¥RERE tdesk Exzmpis @i OF SR ai%d(lw &9 the
p%cééuy\ébﬁégléyl%mis)fo%n%}daﬁliﬂ%ﬁl' NG ift® hhes réxc%\ﬁ)ecio?lr that

ot her coating defects. Thermal G'avimetric Anal ysi s
thdGajld16iPhe offhébrdl waec ompddied.on of each conf or nal

5 coating material was determ ned by thernal

gravinmetric analysis (TGA) w der an inert nitrogen

atmosphere using a 10C per mnute tenperature ranp

using a Perkin Elmer Thernogravinetric Analyzer TGA 7

(Perkin El nmer Instrunents, ng lRotwal k, CT). Results

are shown in Figure 1. Sol ubi ity In Acetone

Solubility of the dyes in acetone was determ ned by

®ei.gh| ngDgesna| | cammtny Of Fyeibhldta || Biedbdtaddi Ngvisual
smal | 25 aliquots of acetone until no undi ssol ved|dye
remai hed. Resul] F815FBeFFst ed F&PGw i n |Tdbtidskand Test
Solubllity in Acrylghe Mnomer Solubiliity gftgthe dyes
was determ ned| in various| 30 acryl ate|npbnoners usimng

sflandpr A+ lior psdkrieds hreasur @aemsted t ec hni gaesefiSPEX Passed

+ Ay DEV nduc +r|go

Flunrhl nn 2 Chninct r ninhat ~
Edi soh, ‘%72 ‘EeSlﬁ 7 T SFRFSES ow|i n TapPed 3, |.Passed

38 WV 244 Olfody dglg U200 plkedo / wrrpagéeave Passed
Exanples d - C3

Cc4 No dye 0.0468 Passed Passed Passed
10
Table 2
Solubility of dye in acetone
15
Dye Solubility
(g acetone/mg of dye)
AD-1 0.83
AD-4 11.0
AD-5 0.65
AD-6 11.6
AD-7 0.83
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2004/ 011512 PCT/ US2003/ 015857 Conparative Exanple C4
Conpar ative Exanple C4 was prepared according to the
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procedure described for Exanple 1, with the exception
that the addition of AD-1 was omtted. 5 Table 1 Ex.
wOyers@oetieng Flexibility Dielectric Visual ThPCckuss®3/o15857
Test Wthstand Test (mm) Test 1 AD-1 0.0464 Passed
Passed Passed 2 AD-2 0.0474 Passed Passed Passed 3
WABt3 i@. @489 mkeksed Passed Passed C4 No dye 0. 0468
Passed Passed Passed 10 Table 2 Solubility of dye in
acetone 15 Dye Solubility (g acetone/ ng of dye)
AD-10.831 AD 4 Bleli AR AD e 1 AP hO -Ahction
- 38 WD 2004/011512 PCT/ US OO /015857 " Tabl e
PBerykitl Py (69 @ypés o H@dﬁ@lfét@nmhmmer@lw@leﬁdtmcanelate

m%%@%ggbpggggQEhB%§eE%ﬁg¥%%e W%é@hf%ﬁQQfgé% fﬁﬁg¥¥ghal dyes.

2. The dyed fluoropolymer of claim 1 represented

by the following general formula:

H R, H
]

X—|[C Cl,—IC %h H

)
"

H CO,ZD H COQR

wherein the sum of a + b is a number such that the compound
is polymeric,

R; is hydrogen or methyl,

Rz is a straight chain or branched chain alkyl containing 1
to about 4 carbon atoms,

Z is or a divalent linking group,

D is a dye moiety,

Q is a covalent bond or an organic divalent linking group,
R is a fluoroaliphatic group that comprises a fully
fluorinated terminal group having 12 carbon atoms or less,
and

X is a hydrogen atom or a group derived from a free radical

initiator.
3. The dyed fluoropolymer of claim 2 wherein

said Z is a divalent alkylene containing 1 to about 15

carbon atoms, the alkylene optionally containing one or more
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AD-1 LMA 816 AD-6 BMA 559 AD-7 BVMA 301 AD 1 BMA
1217 - 39 WD 2004/011512 PCT/ US2003/ 015857 What is
woleo4macsi21. A dyed fl uoropol yner conprising tReT/US2003/015857
reaction product of (a) one or nore fluorochemni cal
(nmeth)acrylate 5 nononers and (b) one or nore
cbrehb)ygc hdtatreaftwmet.i onal dyes. 2. The dyed
fluoropol ynmer of claim1l represented by the follow ng
general formula: HRLHR2 X- [CCa[CCbH 10 H
C2zZD H Q_f erel f + [ :
such thatc%he g#r%pg?ﬁgi tél'lgl po yOQL ri 8: 0%1 c|Sls‘—ja'lhn§ rogeenren1
seidnBt hyl repfeR2nitedabyt ral.Ghi- chéieredm br drched ohager of
la&zkyl cor%t z_aLi ning 1 to about 4 carbon atons, Zis or a
di-9aPEREY iRking group, Dis a dye noiety, Qis a
coval ent bond or an organic divalent |inking group,
20 Rf is a fluoroaliphatic group that conprises a

fully fl&orindbeddvednifdalorgpedymeayiofy claigarborherein
. X h t
Do g FoTserREe e B i o PR B T e

fétkmalapel yner of claim2 wherein

n==0

— C H,, N

Rs

o

~CpHaon— or

wherein n is an integer of 1 to about 4, and
R3 is hydrogen or a straight chain or branched chain ‘alkyl

containing 1 to about 6 carbon atoms.

6. The dyed fluoropolymer of claim 2 wherein

sald Rf has 3 or 4 carbon atoms.

7. The dyed fluoropolymer of claim 1 wherein
sald fluorochemical (meth)acrylate monomers are chosen from
the group consisting of N-methyl
perfluorobutanesulfonamidoethyl acrylate and N-methyl

perfluorobutanesul fonamidoethyl methacrylate.

8. The dyed fluoropolymer of claim 7 wherein at
least 75 percent of the fluorochemical (meth)acrylate
monomers are N-methyl perfluorobutanesulfonamidoethyl

acrylate.
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said Zis a divalent alkylene containing 1 to about 15
carbon atons, the al kyl ene optionally containing one
wonommnes12 40 WO 2004/ 011512 PCT/ US2003/ 01585PCT/US2003/015857
catenary heteroatons. 4. The dyed fl uoropol yner of
claim3 wherein said Zis represented by -CnH2n-,
wher ei n n9i.s arhentg@er fofuoropbliyihadb@fl climind.1 e ther
dyed fl uoropol yner of claim2 wherein said Qis
cpaprdséhfedMBFORE TR ICh&CEE | owi ng general  fornul as:
0O ChH2n NS 10 -CnH2n- or R3 O wherein n is an
integer of 1 to about 4, and R3 is hydrogen or a
strai ght &Rai nThe biyedc Hédocogiol valekylof cdmtiai ¥ myprbrising
t o _about car.bon atons. 15 6. . The dyed fl uosyopol yner
> 18?%?5% Wiréd itnpe§§f°*6‘tRf(n}‘?£§J§‘C5 &ccm at ors.
7. The dyed fl uoropol yner of claim1l wherein 20 said
fluorochem cal (meth)acrylate nononers are chosen from
t he groupléensifei Ayees tNugaopplymer of claim 9 comprising

I f ' hyl
b P RSB R A S BE ey R Ry Her,
whbeedyedaf Hudiapebydiylobroup Mad Wleoel Heiter l@a%lon’/Ztoms .

percent of the fluorochem cal (neth)acrylate nononers
10 are N-net hyl perfluorobutanesul fonam doet hyl

acryl ate. 15 41rnW03¢R8440LL5L RGHYSZR03AAL3837 Further

comprising one or more hydrocarbon monomers.

113. The dyed fluoropolymer of claim 12 wherein
15 said hydrocarbon monomers are chosen from the group

consisting of butyl methacrylate and lauryl methacrylate.

14. The dyed fluoropolymer of claim 1 wherein

said {(meth)acrylate functional dye is fluorescent.

20
15. The dyed fluoropolymer of claim 14 wherein
said (meth)acrylate functional dye is represented by the
following general formula:
0]
N MO
Socall
S
25
wherein n 1s an integer from 1 to about 15.
16. The dyed fluoropolymer of claim 15 wherein
said n is 4.
30
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9. The dyed fluoropolynmer of claim1 further

conprising (nmeth)acrylic acid. 10. The dyed
woOhomroopakyner of claim9 conprising 5 |ess thamu®2003/015857

wei ght percent (nmeth)acrylic acid. 11. The dyed

fl uoropolynmer of claim9 conprising fluoroalkyl

(et h) acr yhat efeetlkdc Fiiog opeildmeeP @ fy Mlaim WERgidYrein

said fluoroal kyl group has 12 or fewer carbon atons.
sapd1tmetheagyadateusrassipred Sveclis mepmasatiad by the

n r dr ocar bon nononers 13. The

fggggﬁéﬁgoggggﬁﬁﬁe§ggbﬁgﬁgln112 wherein 15 sa?d

hydr ocar bon nononers are chosen fromthe group

consi sting of butyl nethacrylate and | auryl

met hacrylate. 14. Th or opol ymer of claim1

wherein said (neth)acryl ate A . dye is

fluorescent. 20 15. The dyed mer of claim 14

wherein said (net h)acry dye is
O

represented by the foll gral fornula: 25
wherein n is an integer g about 15. 16. The
dyed fl uoropol ymer of claim 5 wherein said n is 4.
30 - 42 WD 2004/011512 PCT/ US2003/ 015857 17. The
wHeBdinl woiepehydptegrrefaiom 14 tehedbeoint d&i-d
(meth)acrylate functional dye is represented by the
foll owi ng general formula: 11 01/rmOO S
18. A coating composition comprising a dyed

fluoropolymer comprising (a) the reaction product of (i) N-
methyl perfluorobutanesulfonamidoethyl acrylate, (ii) N-
methyl perfluorobutanesulfonamidoethyl methacrylate, (iii)

methacrylic acid, (iv) butyl methacrylate, (v) ‘lauryl

methacrylate, and (vi) wherein n =
4, and (b) a solvent comprising one or more

hydrofluoroethers.

19. A coating composition comprising the dyed

fluoropolymexr of claim 1.

20. The coating composition of claim 19 further

comprising a solvent.

21. The coating composition of claim 20 wherein

said solvent comprises one or more hydrofluoroethers.
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\'I'I ~ 5 Owhherein mis an integer from1 to about

15. 18. A coating conposition conprising a dyed
woOlewoapakymer conprising (a) the reaction pro®#gTiusedos3/ 015857

(i) N 10 nethyl perfluorobutanesul fonam doet hyl

acrylate, (ii) N nethyl

per f | uor obkat.anesuldraniamed ertdndd retdiacihie ateat{nd i )

met hacrylic acid, (iv) butyl nethacrylate, (v) lauryl
cemportign Ofmstlidét viSat e, and (vi) as wherein n = 4,

and (b) a solvent conprising one or nore 15

hydr of | uor oet hers. 19. A coating conposition

conpri si n@3t.he Tiyechrtfilaler ggoloireim of2 cilemeih KA RGrticle
.The coati ng %onp%;i tion <1f claim19 further

TEofpFis g ta PG AES P YThe coating conposition of

claim20 wherein said solvent conprises one or nore

hydr of | uoroethers. 25 - 43 WD 2004/011512

PCT/ US2003/ 015857 22. An article coated with the

coating conposition of claim18. 23. The article of

claim 22 wherein said article 5 is a circuit board

assenbly. - 44
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