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BACRGROUND

Conformal coatings are protective coatings that conform

to the surface of a substrate or article (for example,

dielectric coatings on electronic components and circuit

15 board assemblies). Properly applieg conformal coatings can

increase the working 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, ultravioclet light, and ozone, as

20 well as act as a stress-relieving shock and vibration

absorber.

Various materials such as, for example, polyurethanes,

acrylicgs, epoxies, and silicones are commonly used for

conformal coatings. The selection of a conformal coating

25 material is generally based upon desired pexrformance and

processing requirements for a specific application.

Silicones, for example, are known for high temperature

30

operating capability and can typically be used at operating
temperatures up to about 2002C, 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,



adhesion to many materials. Acrylics, on the other hand, - 1 7 £A§3?007
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mat eri al s @ 208Mdisex and rework, and typically provi de batf/eseaskhesi-on
properties than silicone. Acrylics, however, often suffer fromthe

tenperature limtations nentioned above. 5 Another consideration in the
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conf or mal t%ﬁsé£99uf@tf{ﬁ§£§t£8ﬁé heAHibBeAOakY;E. Mechani smare typically
nost desirabl'e. Proper coverage and uniformty of the conformal coating 15

over fhe assenbhyotserritncaflefatiehfeutthe pedtetitonodbfa tbefassedbly. |t
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Therefore, niher: gonf oL d?ﬂ@tﬁ?Qn”Eh@riﬁﬁei§f5ﬁ£€é£ﬂ§§,deﬁéchhEBrﬁaﬂye or
20 "tracer" to ald in the quality assurance inspection of the assenbly for

proper covecageng Fhawriescenheat acers, wotkraeiolet n(Wahyltoht orwee, coating
materials, but the use of quoregcent %esm#n flugrogo %gers if.linited
because pfmob%B?r%oﬁBE?ib?fi?Q OYEEheY ALEL- with THRSPoRyFeltndft1%1e25 This
resugs i NLPPRE COLOEIHALE ¥e apgpa¥Ebbeedi endeihbthg tRE B@r&OlOor
entrainnment into the resulting coating. SUWARY In view of the foregoing,
we recognim@ch@@ismhge@uige@ by the material. Therefore, conformal
coating materials that reqguire no cure mechanism are
typically most desirable.
Proper coverage and uniformity of the confoxrmal coating
15 over the assembly is critical for effective protection of
the agssembly. It can sometimes be difficult, however, to
determine the integrity and uniformity of the conformal
coating when it is coated on an assembly. Therefore, the
conformal coating material is sometimes doped with a dye or
20 “tracer” to ald in the gquality 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.
25 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 is a
30 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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quoroponq&&?%% risSi 0g- . y@btfgg%;% 8ﬁ¥§$§ﬂ£iyc %@958 to the polynmer and

excl udes fluo ofyners In ich a as nerely been”di ssol ved or bl ended

therein. Dyed flBwiofbyyntnssorod ddpecinyethe opresapt i seveéheiosastoondedl

product of one_or_ nore fluorochem cal %n&tg%acrylate nononers and one or
bH§5

more ol ef i fi¥ed UREITRRP LGRS Fhiierer he2®r Cof erPatt RYAEEHPat e
funct i onal xga/@ééialgi\g Fﬁ@%é‘@&%é‘reﬁ@%m@éa'Pi@éréﬁ&f{;ﬁg}ﬁ’ pokbracryl ates

and net hacryl ates. t has been discovered that when used in a conformal

coati ng t hea abbvercmstymde dcoyedi £ 1 mor@pdl ¢ nenst sis peosahghyly neehdefie

thi ckness, flexibility, and dielectric w thstan requi renents of .the I PC
speci fi catioh Fof Rﬁﬁﬁ%ﬁﬁa?ngc%ﬁffWé S OERRRB ek al P VRAFT o7 9¥A

Per for mance,of #0-&H$Cheoni gidnsbadi o Loapead-horePhi ntgdoBoard
Assenbl i es-" The dyed fluoropol yners of the invention are also highly

resi stant tolikeashhguers bbborlaginretheon nevigucsy| the) réaatioonal dye
DecaUsE, {1 ShE P SEIahETRL Yy 25 DOnded Lo then | porpehentoal, (et ) acr 1 ate
monomers and one or more olefinlc functional dyes
(preferably, one or mecre (meth)acrylate functional dyes).
As used herein, ™ (meth)acrylate” refers to both acrylates
and methacrylates.
15 It has been discovered that when used in a conformal
coating the above-described dyed fluorcopolymers surprisingly
- meet the thickness, flexibility, and dielectric withstand
requirements of the IPC specification for conformal
coatings, IPC-CC-830 “Qualification and Performance of
20 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

25 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

30 have appreciably better adhesion than silicone to many
materials. Furthermore, the dyed fluoropolymers of the

invention do not reguire a cure mechanism.
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hexaf | uor oi sopropyl (neth)acrylate, 2,2,3,3,4,4,4-heptafl uorobutyl
(met-h)acryl ate, 2,2,3,4,4,4-hexafluorobutyl (neth)acrylate,

2,2, { 3-t i WHsuHIEmON 0¥ e ryRAieNG 1, 1-
di hydroperfluorocycl ohexyl methyl (neth)acrylate, 1 25
pent af | uor oet hyiicuyeg i fisudr erstthyd ) prolgiit (rRttderEc rydeRiging versus

time for a series of coating compositions described in

Comparative Examples Cl - C3 and Example 1.

15 ' DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
The dyed fluoropolymers of the invention comprise one
or more fluorochemical (meth)acrylate monomers. Suitable
fluorochemical (meth)acrylate monomers include, for example,
1,1-dihydroperfivorobutyl {(meth)acrylate, 1,1-

20 dihydropentaflucropropyl (meth)acrylate, hexafluoroisopropyvi
{(meth)acrylate, 2,2,3,3,4,4,4-heptafluorocbutyl
(meth)acrylate, 2,2,3,4,4,4-hexafluorobutyl (meth)acrylate,
2,2,3,3-tetrafluoropropyl (meth)acrylate, 1,1-
dihydroperfluorocyclcohexylmethyl (meth)acrylate, 1-

25 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)acrvylate, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafiuorooctyl
{meth)acrylate, N-methyl perfluorococtanesulfonamidoethyl
(meth)acrylate, N-ethyl perfluorochexylsulfonamidoethyl

30 (meth)acrylate, and N-methyl perfluorobutanesulfonamidoethyl
(meth)acrylate.

Preferably the (meth)acrylate is derived from an

alcchol selected from C¥F3CHFCF,CH,0H, HCF,CF.CH,0H,
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al cohol s dgé%g%i%?%%%:h% e orre%grgtc:g%%_%? tlg‘tgfgfz‘%gr;%et yl ene. Preferred

f I uor ochem tcaitra{ hedh) @ickyl ahe. norpatesradef Maardbbykmbcal
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are N-neth perfl uor obut anesul f onam doet hyl acrylate. 10 The ed
f 1 uor opol yneest biiotrdleutawvestl bomamcflodehyhosethabaylata. bePreperabited by

the follow n ener formula; 1. |.-2.X- [C 7?}a- - Cle.H Cco2zD H

COR QRS }Aher%t?ng?%%ts BFroent bof'st]%e_ngﬁﬁ% Olg%%rm?ﬁgtu?ﬁé EBnﬁgﬁnd 15 is
polynmeric (gL.ahcopoL@ferEPEESERE DRPeh ISR &l VALHESHPT averages of the
nunber of each nonomer unit present), Rl is hydrogen or nethyl, R2 is a

strai ght cheenfbnobrlncimedsehbomamnafikgthybneaiviagel to about 4 carbon

atons,.z is an organic _dpLvalent linking group,.Dis_a dye ety (that is,

2 00T a0y 20 commrieriea thTomRnbrESthoe P abh: bevainier” EnfEudh) phosan
that can be represented by the following general formula:

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

15 is polymeric (a and b can represent non-integral values or
averages 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 dbout 4 carbon atoms, Z is an organic
divalent linking group, D is a dye moiety (that is, a moiety

20 comprising a chromophore that absorbs and/or emits light in
the visible region), © is a covalent bond or a divalent
linking group, R¢ is a fluorcaliphatic 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

25 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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. C
15 term na fgra up Such as, I exanple, can

fl uong nat eds syghrasi choryexangke, KCR2s .pressvhi) arerésaidependent|y chosen
| i nking groups that .can be a dival ent al kyl ene (straight chain or branched
chain) copPiVARRYZabie abehinis vaFBbRratome: ThE aFkprefiertan phat Re

optional Iy Gopt &) N, BRG: 055 40LE SBLERAY Y NELELPALOMy weight, more

preferably about 40% to about 78% fluorine by weight. The
terminal portion of the Rf group containe a fully fluorinated

15 terminal group such as, for example, -CF3;, or can be
partially fluorinated such as, for example, HCF;-.

7Z and Q are independently chogen linking groups that
can be adivalent alkylene (straight chain or branched chain)
containing 1 to about 15 carbon atoms. The alkylene can

20 optionally contain one or more catenary heterocatom-
containing groups. As used herein, the term “heterocatom-
containing group” means a group containing a heterocato (for
example, nitrogen, oxygen, or sulfur) that replaces one or
more carbon atoms of the Z or O linking group in a manner

25 such that the hetercatom-containing group is bonded to at
least two carbon atoms of the Z or Q linking group.

The 7 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

30 an ester, acid, acid halide, isocyanate, sulfonyl halide,
sulfonyl ester, or can result from a displacement reaction

petween a nucleophile and leaving group.



contai ning groups. As used herein, the term "heteroatom containing group"
means a group containing a heteroato (for exanple, nitrogen, ok¥ydamJlilér

sul fur) th aces one or nore carbon atonms of the z | i nki_ group
in a rranneg‘;(ééo%g)ﬁgﬁ%t hat the heteroat om containing group &T/%ﬂg{g@"% at

| east two carbon atons of the Z or QIlinking group. The Z or Q linking group

can be a group that results fromthe condensatjon_reaction of a nucleophile
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an ester, a?ci&np@cwci@ééd&rﬁgﬁya(@ﬁa@m,sgkéﬂeuédh@hg@ﬁ; O§U{:ﬂ{,\9mxk ester,
or can result froma displacenent reaction between a nucl eophile and

| eavi ng gr calplyends, lary JaiN200and Wr20B41 €145 12h@CTPS20031 05867 tain,
[I'lustrative exanpl of suitable Z and | i nkin groups include_straight
chain, bran %ae%%?ﬁeﬁe,' ot Y i cOX%k?{}]%ﬂ %Yar%gﬂes?uiﬁanﬁm Eﬁ}iéﬁﬁg't hat
optiongl Iy &RME Nimid®f SXBAPhENi@H, 0Xdrb&¥LmiBYAr 8X¥pohli 8xysul fonyl,

sul foxy, 5 am no, imno, sulfonam do, carboxam do, carbonyl oxy,

ur et haney! efiegthaydwiriie orury tenbdi nat i enceereatl¢horhesrafpk épr

| f onami doal kyl ene). tat] les of suitable Z and Q I nki
S e R
LG kO( OH) k(O G- - (OB KS( D) KA O C - (1) ks03( ) R G &7

- ( CH2) kS( G dea® 0jnalide chg ké@@%\mmg OH2) KO 0) G - ( CH2) kS02-

- SO2NRY’ ( OH2) KO-_ g SQRNRI-GCHR) k) . CHR) KO OH2) kG 0 5h2) K SRIRL

( CH2) K&( 00

~ (CHz) xO (0) C~ ~CH,CH (OR; " ) CH20 (0) C-

- {CH2}xC(0) O~ - (CH2) xSC(0) -

- {CH2} 0O (CH2) xO (0} C- ~(CH2} xS (CHz) 0 (0) C-

- {CHz) S0z (CH )} xO(0) C- ~ (CHz) xS (CHz) xOC (0) -

15 - (CHz2) xSO2NR; " (CH,)x0{0O) C- ~ (CHz) xS02~

-SO2NR;y * {CHz) xO- ~S02NR; " (CHa) x—

- {CH2} O (CHz}xC{0)0O- —CH;}xSO;NR; ' {CH;z)xC (0} O~

- (CH3} xS0O3 (CHz) xC(0) O~ -CONR; " (CHy) xC(O) O-

- {CHz) xS {CH»)xC(0O)O- —CH,CH{ORz " )CH,C (O} O-
20 —-SO;NR; * {CH3) xC(0)O- - (CH;)} 30—

- {CHy)xNRy ' C(O) O~ ~0OC(O)NR1’ {CHz} k-

wherein each k i1is independently an integer of 0 to about 20,
Ry’ is hydrogen, phenyl, or alkyl containing 1 to about 4
carbon atoms, and Ry' is alkyl-containing 1 to about 20

25 carbon atoms. Each structure is non-directional, that is,
- (CH2)}xC(0)O- is equivalent to -0O{0OYC{CH;)«~.

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

30 heteroatoms. More preferably Z is -CyH.,-, wherein n is 1 to
about 15. |

Preferably QO is a covalent bond or divalent linking

group represented by one of the following formulas:



- (CH2) kSO2( CH2) kKC(0) 0O- - CONRL' (CH2) kC(0)0- -(CH2)kS(CH2)kC(0) (,?7 7

-CH2CH( OR2' ) CH2C(0) O 20 -SO02NR1L' (CH2)kKkC(O O -(CH2)r, O- -(CHZ)kN‘:%{"@O)O

- OC( O) NR1w((Hidykismwherei n each k is independently an i ntpegars2af309sss® about

20, R1' is hydrogen, phenyl, or alkyl containing 1 to about 4 carbon

atons, and, R2' is alkyl-containing 1 to about 20 25 carbon atons. Each

structure is non-directional, that is, - (CH2) kC (Qi 0- is equivalent to
I

-0(0)C(CH2) k-. Preferably Z is a dival ent al kyl ene (
chain) containing 1 to about 15 carbon atonms, the a

rai ght or branched
yl ene optionally

contai ning one or nore catenary 30 heterdajbys— NoreS$referably Z is

-CnH2n-, wherein nis 1 to about 15. Preferably|Q i1
divalent linking group represented by one of the fo

a coval ent bond or
owing formulas: - 7 1

!A
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wherein n is an integer of 1 to about 15 (preferably 1 to
is hydrogen or a straight chain or branched 5 chain alkyl

about 4) and R3
containing 1 to

about 6 carbon .atons. Preparation of .the fluaqr.o i cal th)acryl ates and
f1 uor _ocopdﬁﬁfr’r’eer"gl 5L Mt HE th g:r? aarbeo%gﬁn%mxf%‘%%)% ajan are

descri bed, R eyamle® ry 1 sUn$darBalen Desa s2r8@3n8lenbAR Breghthneteal .) and
2,841,573 (Ahl brecht et 10 al.), which are incorporated herein by reference

in tHeir aowtin ethkylPradefsiniing theayped Yl Jorapsianre oo -

the invention

Preparation of the fluorochemical (meth)acrylates and

fluorocopolymers useful in the invention are known in the

art and are described, for example, in U.8. Pat. Nos.

2,803,615 (Ahlbrecht et al.) and 2,841,573 (Ahlbrecht et

10 al.), which are incorporated herein 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

15 (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

20 fluoroalkyl group has 12 or fewer carbon atomg (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

25 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



further conprise (nmeth)acrylic acid. Incorporating a small anount
(preferably less than 2 weight percent) of 15 (nmeth)acrylic intd7thd 2007

f I uor opol yner iqprqves t he adhesion of the coating to polar substrates such
as, for exatPPWHOIRE netallic surfaces of printed circui YCHBRGEY 5B ef er red

dyed fluoropolynmers of the invention conprise (neth)acrylate/ (nmeth)acrylic
acid copol yners wherein the 20 fluoroal kyl group has 12 or fewer carbon
atons (prefétabryrelvoertenér fthePravenibpby, comprdyed ohkuoropolgners of the

i nvention I [LSe one_or.nor rocarhbo nmers ui t abl e
hydrocarbonﬁ%%g%ﬁgggy?%g ugg?cgé?nggaﬁ%ggf ?#ﬁt §2E3F§f¥§a§§ cont ai ni ng 2
to about 20feasbbonatogboapdik%i aypablBr efereadtihydwocar bopueneomeridd ncl ude
butyl methacrylate and lauryl methacrylate, The_dyed fl uoropolyners of the
i nventi on cbApfPLe %n@ovéﬂeﬁﬁrboﬁﬁeﬁﬂﬁﬁérfGH@PPSﬁaﬁdé9§§9ﬂPp§ferably, t he

dyed -8 1 WO 2Q0 1 8 Luor I rs of
t he inéenti%%Ség%%%ggétOneE%réﬁgré§é§nggﬁég§§%?§?g}?u§§tF%ﬁaﬁn§%%§¥%$ﬁe

(neth)acryl ehe (Hheba) hoprglageofipnisicapabbecab pfachiengye thpalpuwehdophil e
to forma coval ent bond either through addition or. 5 displacenent. In the
dyed fl uor opdrynele EiupkempROBRE| BA, fotRe tPRetlpdc et erPdNEELonaThg oup

of the dye I i i 0 dyed
fIuoropolyHggggT%gﬁg%égglywﬁ%go%g%ygégggggggtﬁgﬁg?gr%gﬁggﬁggtrﬁgistant to
| eachi ng antlebtbong ngndwhilobmisganwhdleant.agenoweadyedeloveal Vigeds i n whi ch

t he d%§s are fixed through adsorption or chani cal entrgpnent”
( Met h)&cr yI BEEVREREL #BnY lﬂgeEhéo ¥P§t 2pSsieHPry tefough adsorption or

mechanical entrapment.

(Meth)acrylate functional dyes consist basically of
three components: a dye moiety, a bridging or linking group,
and the (meth)acrylate functional group. The dye can be

15 fluorescent or non-fluorescent.

Fluorescent dye useful in the present invention

- include, for example, dyes from the coumarin, naphthalic
acid derivatives, perylene, benzanthrcocne, benzothloxanthone,
diketopyvrrolopyrrole, rhodamine, cationic methine, and

20 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, anthraguinone,

25 benzodifurnanone, indigoid, quinophthalone, and sulfur
classes of dyes.

Representative examples of (methj)acrylate functional
dyes that are useful in the dyed fluoropolymers of the

invention include:

] o NH
R e

0

o
/
r

30



three conponents: a dye noiety, a bridging or linking group, and tje,,,

(met h) acr
non-f | uor
for exanp
peryl ene,
cationic

fl uoresce
Christie,
useful In
ant hr aqui
cl asses o
that are

JNFi 2 O

PCT/ US200

10

i5

20

yl ate functional group. The dye can be 15 fluorescent or

s si1kluor escent dye useful in the present ippwaii@misssy ncl ude,
| e, dyes fromthe coumarin,- naphthalic acid derivatives,

enzant hr one, benzot hi oxant hone, di ketopyrrol opyrrole, rhodam ne,

b
t hi,ne, and 20 onet hi ne dye cl asses. ;A.descrinpti of
%‘d%e%o aarr%)(?l‘f?thel?sf synt hesi s can benfo"unld,tcf o % arﬁ) e, in RM
Rev. Prog. Coloration 23, 1 - 18 (1993). Non-fluorescent dyes
the present invention include, for_exanple, those fromthe azo,
none, 25 benzodifurnanone, indigoid *~djjiaopht hal one, and sul fur
f dyes. Representative exanples of [(meth)acryl atg functional dyes

useful in te edh f | yor opol yners of th n i ncl ude: QON
00 P ; %’HY&l?JAN 700 5 8115

3/ 0158 to alout 15n:1t /1[mo Nno 1/ 1
@ hbout 15 n = 1 to about 5~gPreferably, the
e d onal dyes are

n =1 to about 15 n =1 to about 15

Preferably, the (meth)acrylate functional dyes are
fluorescent. Preferred fluorescent (meth)acrylate
functional dyes are those that are relatively more soluble
in solvents such as, for example, acetone and
hydrofluorcethers and the monomer mixture. Preferred

fluorescent (meth)acrylate functional dyes include:

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

Q

n =717

The (meth)acrylate functional dyes can generally be
prepared using methods known in the art. For example, first
a chromogen 1s prepared. Typically, the chromogen is a
cyeclic, 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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fluorescent. Preferred fluorescent (nmeth)acrylate functional dyes are_those
that are relatively nore soluble in solvents such as, for exah%?éﬁ“ﬁ t one
or escent

and 10 hydr, et hers and the nonomer m xture. Preferred  fluoresc
(et h) acrylvg{)é%%ﬁl@wonal dyes include: 0 01 \ ~ O / FCRURPOLMYSHRT 5
(nmore preferably n 4 11 0~0o0os \l I, ") 1 On =715 The
(meth)acryl ate functional dyes can generally be prepared using nethods
known in tHrare-4-Fordeosapl @I FqyEiong er opdgenr fapedpar Bde Typi cal |y,

the chronoggn i cyel i.c rpfﬁgi  vatj ont ai nj
appropriate c%n}?o Ibh%ar%sb% og%(?:cﬁ?%cge t he %%%%ﬂéﬁ/dga%es{%%e e e%nnﬁs)}é%lgﬁxléb
spectra chafaciterdreil iosed Aliperdet iwet e a chneehedabty- fanvatl ahd ki dye

chronmogen such as, for exanple, l-amno-2- - 10 _1 7 JAN 2007 WO _,
2004/ 01151 2¥SCTHRISRTT 319 1°8! 570 Frnp- AR hyeFBRY ah? hF o uF AereseaRdbed

pur chagsed. m% :9%95 can,be; ]ggjf:]t ] £ag8at PE EPALE ydr oxy-
functia%nal i(ze @% eri vat]ﬁ%he. CE]e y%f%;%y%ﬁj%ctlo%a}??é‘g% iﬁygﬁdeﬁgative
can then besuctanss orfired dtamdies cdry espos. hige bt { omt g beg yhatelfanatidénal dye
by nethods known in the art, _such as, for exanp esterification using

acrylic aciW% HEQY I MG d& W??%%%%%f@“?%‘?%%i BRIBEi AgtRet hyl
acrylate.
Dye loading in the dyed fluoropolymers of the invention

10 generally varies depending upon the final application of the
coating. Typically, however, the dyed fluoropolymers of the
invention contain between about 0.001 and 3.0 weight percent
of {meth)acrylate functional dye based upon the total
polymeric content of the composition (preferably between

15 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 functiocnal dye(s) (and optionally with

20 (meth)acrylic acid and/or other hydrocarbon monomers) in any
conventional solvent, including both fluorinated and non-
fluorinated sclvents. Typically, the dye is dissolved into
the melted fluorochemical monomers oxr, if used, the
hydrocarbon monomers before the solvent is added.

25 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 hydrofluorcethers

30 (HFEs) are used. As used herein, the term
“hydrofluorocarbon” means compounds consisting only of the
elements carbon, hydrogen and fluorine, the term

shydrochlorofluorocarbon” means compounds consisting only of

- 11 -



acrylate. Dye loading in the dyed fluoropolynmers of the invention 10
general |y varies depending upon the final application of the cbAtiANGN

Typi cal | ywhosrMeisizt he dyed fl uoropol yners of the i nveptiosoeoakgE7n
bet ween about 0.001 and 3.0 weight percent of (meth)acrylate functional dye

based upon the total polyneric content of the conposition (preferably

Deteen 15 a00ine 01 Bgn2nd NEAGBLGRET SENLYindNEndVEth SLUOEODBLYTEr S of

the invention can -prepare ree radi cal tion polynerization of
t he fl uortdedensxmal “](l_wérhihuoyd:atleenﬁnmﬂems eombothds thethyactyiate

functional dotlo ly.with 2 crylic |d and/ or ot her
hydr ocar bo?@%%‘%%neé%?r?ﬂg%ny E%%%ﬂtl%?l I‘gtéoi?/%?} ?‘ﬁc?E FhgoBoe i

fl uori nat %@ngr@oEiregl der tRatgghsol M@&ﬁﬁeTgmc%éynet he dye is dissol ved
into the nelted fluorochem cal nononers or, if used, the hydrocarbon

monongrs bef Orex\fqerabll%PéYSPébi agded, fgxﬁofé%ﬁ%ﬁé’ﬁ{uéwgfhgééegrso' vents are

used.” More pre non- ozone depl eti ng, and fast drying
partial | y filxeiteat ed (mat bermbhanhpérdt ostoatleshs wOtNeshs suchoas, for
exanpl e, hydrochl or of L uorocarbons (HCFCs), hydrofl uorocar bonsﬁ:%HFCs) and
hydr of | uor dekereraydnet %FFE%‘?aEP%n%S%HChA%Sus%ﬂr heFFTR et hel1@

“hydrof | uoalogafpg@ ﬁr&?ﬂ@&i‘é‘géh&%?ﬁéf@ o0l i, 0f m\?enﬂs&eg&é car bon,

hydrogen and fluori ne, e term "hydro or of | uor ocar bo nmeans comnpounds
consi sti ngtwond yadbiv-1iduid atJ%Q@B?teﬂ&&ﬁ@ﬂﬂ@léﬁd@%ﬁbﬁé%&@ﬁ%?

the el ements carbon, rogen, fluorine and chl or and_ the term
"hydFdf | uo?%%T‘Pi%‘Pmen@%ﬂgeEbﬂ%oﬁ%@lsC?ﬁa}Pec%?ﬁafi@“”ﬁi%}?%%n Foar byeRralPiGor i ne,

and at | eaglapPe1 €LPELLRXY¥ECMrhat is, hydrofluoroethers which do not
exhibit a flash point when tested in a closed cup flash
point test performed according to ASTM D 56-87) are
preferred. Particularly preferred hydrofluorcethers are
15 perfluorcalkyl alkyl ethers and more preferably, the
hydrofluorocethers correspond to the following general

formula:
(R—O) X_R, £

wherein x 15 1 or 2, R is an alkyl group having from 1 to

20 about 4 carbon atoms, and R’y ig a fluorcaliphatic group.

R’f preferably comprises between about 2 to about 9
carbon atoms. When x is 1, R'¢ is preferably selected from
the group consisting of a linear or branched perfluorocalkyl
group, perfluorocycloalkyl group-containing perfluoroalkyl

25 groups, perfluorocycloalkyl groups, linear or branched
perfluoroalkyl groups having one or more catenary atoms,
perfluorocycloalkyl-group-containing perfluoroalkyl groups
having one or more catenary heteroatoms, and
perfluorocycloalkyl groups having one or more catenary

30 hetercatoms. When x is 2, R’f is preferably selected from

the group consisting of linear or branched perfluorocalkylene

- 12 -



and are free of chlorine, bromne and iodine. 5 Mst preferably, one or nore
hydr of | uoroet hers or m xtures of one or nore hydrofl uoroet her s Wi ¢4 Bbe or
more ot her_hydrof| uorocarbons such as, for exanple, CF3CH2CF2CH3 are used.
FNdroquord@?ﬁ@F@’ﬁ%éful inthis invention are typicall yPFTHS?E34188 b ent
tenperature and pressure, are 10 non-ozone depleting and can be

non-fl ammabl e. Non-fl ammabl e hydrofl uoroethers (that is, hydrofluoroethers
whi ch do narouwphi hherflddasty pbbatknwheprvustedniainistesed cup flash point

f or med ' ASTM D 56- 87 f . Particularl
ot of ofr e 1B G PELTS® o 6o 182 por T4 by e Ry CAFkpY BRRGPEORHA o o

preferably,1 idesr hydrnofd wen ot her 51 €6F & £5PPNené Ogt BepE 0hhovwhadcgenst-al
formula: (R O)x-Rf wherein xis 1 or 2, Ris an alkyl group having from1

to 20 aboutoZe cariRRREN orEonande R fluerecys lerbay! pliaeie-grotipinRey
preferably cor rdéﬁ%@%%a‘é‘@ﬁ%@%&&%%&f%ﬁo%e9or01§6?8”?§E8”5r Wien x is 1,

Rf is preferably se eg consistihg of a Fihgar or

branched peaiddetosodky) a@d aver £ Desfdaipe DeyTkphéky | ggoapp- BaRi AgnobAe or
perfluoroal kyl 25 groups, perfluorocycloal kyl groups, l|inear or branched
per f | uor oal 18 e FPRRRANHECHPRIFRS nore catenary at ons,

perfluorocycloaLﬁ%é%éE%ﬁﬁgggﬁ%aé%%éﬁq@@r&f;@?§€+§¥+0958Eﬂérﬁhﬁﬁkegb?@e or

nore catenary het uor oc groups having one or
nor e cat enafyr 3fsdeleritad ohpvehiomm Xinsh2de R FCiFBOpHef enabl§,oeed,€dt ed from
the group consistin i near or branched perfluoroal kylene - 12 1 7 JAN

f ol
2007 100 20FRCE1TE B 603F B15BB1CE iatins. Car i iior aO-daFk )

group- cont @k N9 cFy,005Hs, C3F,0CH;, CF30C2F40C,Hs, C3F,0CF (CF3) CF,0CH;,
| (CF3) 2CFOCH;, CaFs0C,FOC;F40C;Hs, and CqFsO (CFz)30CH; .
Typically an initiator is used to initiate
polymerization. A wide range of molecules (for example,

15 monoperoxycarbonates and peroxydicarbonates,
perisononanoate, tert-amyl and tert-butylperesters, tert-
amyl and tert-butyl perketal, bisperoxides, diazo compounds,
and others) can be used as free radical sources for the
initiation of polymerization.

20 g The dyed fluoropolymers of the invention can be used in
coating compositions. Coating compositioné comprising the
dyved flucropolymers of the invention can further comprise a
solvent. Any solvent in which the dyed fluoropolymer
dissolves to a suitable degree, which does not deleteriously

25 affect the substrate, and which does not leave a harmful
residue can be used. It is preferable, however, to use the
same solvent that was used in the polymerization reaction.
Therefore, preferences for coating sclvents are the same as
the preferences stated for polymerization solvents.

30 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 -



perfl uoroal kyl ene groups, perfluorocycloal kyl ene groups, |ineap g #yanched
per fl uoroal kyl ene groups having one or nore catenary atons, ‘

per f | uor ogws b@@abhiagiz gr oup- cont ai ni ng 5 perfl uoroal kyl ener(goszpss/digssing one
or nore catenary heteroatons, and perfluorocycl oal kyl ene groups havi ng one
or nore catenary heteroatons. Representative exanples of hydrofl uoroethers

sui tabl e u I .4 QVeRt hen_J nc n- 9 2 9 10
CF3CF(CF3)%§%?I§E?ﬁ%F% %%3?@#2%{5%@,E%%§§7c§ﬁg,Q%EBEP?&%§§4Q§%%§£@55
C5F110C2 H5q et BRTOCHon CEBO CRP4OT2HE, aBEYEREL{ GR3) CFROCKAy of CER)AGEOCHS,
CAF90C2F40C2F40C2H5, and CAF9Q( CF )SgC}B . Typicall ipitiator is used to
initiate p%??ﬁ%?gﬁaﬁ?%gbeAPﬁFB redngt OFSHEE CUEEQI%FgEYeEXnﬁ? ectign

nonoper oxy§ar bpaas ssvand (Per oxydi eankgnat es,r,oRe) SQRgpPapoate, tert-anyl and
tert-butyl peresters, tert- anyl and tert-butyl perketal, bisperoxides; diazo

conpofinds, coandnitdiere} ehnthe Lbedrapolymerr adi the soating for the
initiation_ of gol%nnrizqtion 20. The d%ﬁd fluoro olygers oi.tﬁg i nvention
can be useBPTR°StHEI hg tonpGST i BRsCOtBatT bogoﬁ%ﬁs £i 8RR &BfpFPsfng the
dyed fluorgpebyr®ers &F 4LPeibnyenting 839 LW{LHBIeCABRAESRNOwnSOhVERE. Any
solvent in which the dyed quoroEonner di ssolves to a suitable degree,

whi ch doesanbt sefeh e2er | boks| gxamslaf f etushhegsudsppang, sndawhingh aoés not

| eave a ha ul  residue can_be used. It is pteferable,.however,.to use the
sane solveﬁfgWTﬁﬁa%b%gUse i%gYﬁ%éﬁ%?yﬁ%rﬁgﬁt%%ﬁe?gé8Pi6ﬁ.¥ﬁ%ﬁeFE?ore,

pr ef gpencesoh9bs LOBEh NEosObIEAlSs BF 8t herSapeiase thR Breherepegscstated for
pol yneri zation_solvents. 30 Typically, the coating conposition conprises up

to about BOrveryhtnPereehRd dyedhanrioropsl yreritpdef erably up to about 35
wei ght percent;I@ogéspggégrag%¥39?5é§ PROML B8 VELONL BSLSEDIL1odle ¢

resulting coatings are gener
the invention meet the thickness and dielectric withstand

requirements of IPC-CC-830 and can be used as conformal
15 coatings for electronic components and circuit beoard
assemblies. Conformal coatings comprising the dyed
fluoropolymers of the invention are chemically stable and
more thermally stable than many common conformal coating
materials. They are therefore well suited for high
20 temperature applications where silicone conformal coatings
have traditionally been used, and at least some coating
compositions of the invention appear to have better adhesion
properties than silicone.
Circuit board components and assemblies can be coated
25 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
30 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 -



13 i 7 JAN 2007 WD 2004/011512 PCTJUS2003/ 015557 than about 3 mls (0.08
nmm thick, but the desired thickness depends upon the specifid7ap 1i¢ati on.

Thi cker or Loner...goatings can be prepared if desired, ' <
sel ection ‘%&bﬁﬁﬁigéfvent(s) (for exanple, CAF9OCH3) and/%?ﬂgg%g%%ggﬁration

of the fluoropolyner in the coating conposition. The coating conposition
can be applied to a substrate or _article usinpng any suitable nmeans known in
the art suEPRBEFY fermReaEhpl @S P HishRAglNaeRht 1Y, 28PFafnngheard  Fw

coating. A%@QY@AH@@%%P%@&}FV@P%B% &ﬁré@gé £58:-40,590RBS! th&ﬁrcoat ed

substrate or article can be allowed t alr dry, no curing chanismis

required. Iprdesr beeredheeoverede thadtihe. coati ng conpositions of the

invention neet the thickness and_dielectric t hst and equi renment s of
| PC-CC. 830 and AR bhL SeEtE e Lot SR e P REbTTRGS P EERoLtTaRrLon

conmponent s il Kd redldi PPasdseASSEMBY | €8 1LANEQr 8RE GQ2hiN08,E08RLMS1AY the
dyed fluoropolyners of the invention are chemcally sta [e and nore
thermal |y stbiek thaghhngr commbine onioh neh ebating-ophienlafisvidhey are

t her ef || _suited for high, 20 t t i cat wh il
Cont o mat BT s THORESEPat (ToRal PosbaarE (S ORPE LR A S78alt S cont 1 ng
conposi ti onssffiddechivientson(sPPeaatifg haweghes t eanaghesbBur8aoperti es

than silicone. Grcuit board conponents and assenblies can be coated 25
with the prkbemtusiond i recloobpess t Honwhbch nslue atée t henrkeoredcont et haats and

D eoeiye tNeh g, ALEEL L LA oo LU DORLE BRSOl 8 GEDL Boygont o
conf or mal | yrieoaipeth tfdds dheyhdavpi been £oapletebycassanbt €6n.
| The coating compositiong of the invention can also be
used in many other anti-corrosion, anti-migration, anti-
stiction, and particulate shedding protection applications
i5 such as, for example, flat panel displays, pellicles,

semiconductor chips, wafers, and components,
microelectromechanical systems {(MEMS), fiber optic
components, cellular phone components, medical respiratory

masks, and in any application in which sensitive materials

20 regiire protection from their environment.

EXAMPLES
The invention will be further explained by the following

illustrative examples which are intended to be non-limiting.

25
Glossary Table
Descriptor Description, Formula Availability
and/or Structure
Acryloyl chloride CH,=CHCOC1 Sigma-
Aldrich,
Milwaukee, WI

- 15 -



30 and sol dered. Proper coverage and uniformty of the conforngl?
for effective protection of
14 1 7 JAN 2007 pONDUR0031418451512
coating conpositions of the invention aids in the quality
assurance inspection of the circuit board assenbly for

over the
(et h) acr

PCT/ US2003/ 015857

assenbly is critical
wabtetfoursel i onal

dye of the -

gabing

the assenbly. The

proper coverage of

10

the coatimg—The figrorescent dyed fTUOr opol gmers of the TTentTo @‘Can b
readily Abserved by the human eye using o ﬁxgaﬁb x Pl ac % %
on-line ith an electro-optical device, enja fl'u escent (ne fcry at d
functlonql dye is used, coatipg tt orocoati ng wei ght) can
measur ed {on- |ine using techni queg the dye is excijted by optlcal
radi ati orf and the thickness of [the~oaBing is determned b t he magni t ude
of the enhtted fluorescent radiation. Thieg@ahi rg4conpositijons of the
inventior can al'sgpe, uSed 1n|many other mhtis corrosion, dntr-mggation,
anti- stiiction, and particulatk sheddi pg_p t:ctlon appllcqtgﬁﬂ§?é§a§#&@
for examle, flat panel displays, conductor | BSa7 Y@f ers,
and conpdnents, mcroel ectromechaniea > er optic
conponent(s, cellular phone conponents, %ed;gaﬂ’resp tory masks, and in
any applilcation in which sensitive materials 20 refuire pratection from.
t heir envi ronment ADBXAMPLES The |nvamt|oﬁzmnll be further expl ai¥e@ by t}
following illustrative exanpl# A orptépatangon J
G ossary |Tabl e below
AD~ 4 See
preparation
below
0]
where n =1
AD-5 O\n/4§} See
. preparation
ij O below
O n
0OC
O
where n =
AD-6 See
/Wﬁﬁo preparation
below
‘where n =

as,

25
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Descri pt or

chl orirde CHZ=CHCOC1 Sigma- Aldrich, M Iwaukee, W - "7 JA
2004/ 01151 ‘ 3/ 015557 AD-1 0 See O prepar atlon I
e where n 3”5%§12’89NH2 0 See \ J' j preparation N- be?%&upﬁm?/maaﬂNHz
AD-3 O NH2 See O preparation \ | | [/~ Obel owO OH O where n 5 AD-4 O
See preparation n j11( \ 1C] 11 0 below where n =1 AP 5 L,FYTIAJf\
See AD-7 See
NI, \Il/\ preparation
below
where n =
l1-amino-2-bromo-~4- Aceto

Description,

Formul a Availability and/or Struct ure Acryl oyI

hydroxyanthrogquinone

2
O‘ )
G OH

Chemical Co.,
Lake Success,

Ny
1,4-diamino-2, 3~ O NH, Aceto

dicyano Chemical Co.,
anthracuinone O‘O Lake Success,

NY

H2

5-amino-l-pentanol NH. (CH,) s0H Sigma-2ldrich
2-amino-1-ethanol NH- {CH;) ,0H Sigma-Aldrich
f-amino-1-hexanol NH; (CH, )} ¢OH Sigma-Aldrich

2-aminothiophenol

CL,
NH,

Sigma-Aldrich

conformal coating

BMA Butyl methacrylate Sigma-Aldrich
4-chloronaphthalic 0 Acros
~ anhydride c O S Organics,
Q - Pittsburgh,
0 PA
8-chloro-l-octanol C1l (CH;) sOH Sigma-Aldrich
CYTA Conap™ CE-1170 acrylic cytec,
conformal coating Olean, NY
DMF dimethylformamide; Sigma-Aldrich
(CH3) NC (O} H
DOWS Dow'™ 3-1765 gilicone Dow Corning,

Midland, MI

ethylene carbonate

[

Sigma-Aldrich

7100 (10%), HFE-T7200
(20%), and trans-

HAS HumiSeal™ 1B-31 acrylic Humiseal,
conformal coating Woodside, NY
HFE-7100 3IMT™ NOVEC™ HFE-7100; 3M Company,
CFqOCH;, perfluorobutyl St. Paul, MN
methyl ether
HFE-7200 3M™ NOVEC™ FLUID HFE-7200; 3M Company
CyFs0CHs perfluorcbutyl
ethyl ether
HFE-72DE 3™ NOVEC™ HFE-T72DE (HFE- 3M Company

/\



O~l ,n preparation JI O below S\ I I / Owheren =7 AD-6 0 See -
preparatlon N-' 10 elow O ss Ob kwhere n =1 16 17 JAN 2007 JADI007
2004/ 0115%Wh RET614$2003/ 015857 AD-7 0 See \ N~~10 preparmtigroomiQshel ow S
where n = 5 1-am no-2-bronp-4- o NH2 Aceto hydroxyanthroquinone \ + i Br
Chemi cal Co_, Lake Success, O OH NY 1,4-diamno-2,3- O NH2 Aceto di cyano

ﬁn§?E£E; o i dfaﬂ%ﬁfbetﬂ§[éﬁéWT%d3TT“" —t=pentanot
o'giuhyd?'§§rgﬁ Can be
benzanthrone gu prepared
C]‘O 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-2Aldrich
NBS3 N-bromoguccinimide Sigma-~Aldrich
sodium nitrite NaNO, Sigma-~Aldrich
tetraethyl ammonium (CyHs ) 4 NI Sigma-Aldrich
iodide
triethyl amine N (C5Hs) 3 Sigma-Aldrich

Preparation 1: Synthesis of MeFBSEA

Ethoxylation of MeFBSA with Ethylene Carbonate
5 REACTION:
CyFeSONHCHs + (CH20)2C = O + NaC0; (catalyst) —
C4F¢SO,N (CH3) CH,CH,0H + COp
CHARGES:
A, 100 g MeFBSA (C4FoSO;NHCH3;, MW = 313, 0.32 moles)
10 B. 2.8 g NazCO; (0.026 moles)

D1. 8 g ethylene carbonate (MW = 88) (available from
Sigma-Aldrich, Milwaukee, WI) melted in oven at
502C

D2. 8 g ethyvlene carbonate

15 D3. 8 g ethylene carbonate
D4. 10 g ethylene carbonate (total weight = 34 g, 0.38
moles)
300 ml water
300 ml water
20 G. 300 ml1 3 wt% sulfuric acid
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2-am no-| -ethanol NH2(CH2) 20H Si gma- Al drich 6-am no-| - hexanol I\y-lﬂ CHZ} 60H
Si gma-'Al drich 2-am not hi ophenol SH Sigma- Al drich NH BMA But y1l N"200

nmet hacryl at | -Al.drich 4-chloronaphthalic o Acros a ide C\ 1] o
Or gani cs, Pﬁltotsis iu}?lglﬁi2 o PA 8-chloro-1l-octanol d (CH2) 80%%?{{%&0-3&16%’?%
CYTA ConapTM CE- 1170 acrylic Cytec, conformal coating O ean, NY DWW

di met hyl f or mam de; Singma-Al drich (CH3)2NC(0)H DOWS DowTM 3-1765 silicone
Dow Corni ng, cofifor malOc®Hat WA§eM dl and, M ethyl ene carbonate Q0

Sigma-Aldrich L @ O %ﬁ E@n}gg@% TM 1B- 31 acrylic Hum seal, conformnal
coating Wodside, NY HFE-71 M NOVECTM HFE- 7100; 3M Conpany, CAF9COCHSI

perfluorobutyl Sg. Paghp MN waekhyl ether HFE- 7200 3MI'M NOVECTM FLUI D
HFE- 7200; 3M Congag'é CAF9OC2H5 perfl uorobutyl ethyl ether HFE-72DE 3MIM
NOVECTM HFEF#OBEPPREE- 3M Conpany 7100 (10%, HFE-7200 (20%, and trans- -

17 1 3 JANh2007Charges A and B were placed in a one liter 3-necked
flask with an overhead stirrer, thermocouple, addition
funnel, and reflux c¢ondenser.

2. The batch was heated to 60°C (140°F) at which point the
batch was molten and stirring was begun. The set point
10 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.
15 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
20 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
25 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% degired
product and to contain no amide. Charge E was added.

30 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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WO 2004/ 011512 PCT/ US2003/ 015857 di chl or oet hyl ene (700)) 2-hydrexy .ﬁ@n be
benzant hrone prepared according to US Pat. No. 0 4,036, 859 TZX’&NI; 1
and 2) LMyd-auiydisiet hacryl ate Sigma-Al drich LUPEROX Lugaviseddsii2sisso,
t-butyl Atofina peroctoate (5099 Chem, Philadel phia, PA MAA Methacrylic
acid Sigma-Aldrich NBS N-bronosuccinimde Sigma-Adrich sodiumnitrite

NaNC2 Si grp- Al did £hy, rAet Nhe@nnt A § ot M-l ggBsAldggch i odide
triethyl amne IQ'I%CZI-%C%S S"?%na A?dp%{%h Preparati on rlgés(gﬁ?hes?s of MFBSEA
Et hoxyl ati on ofmiveRBSA aii t&3 B h{l £neF Car toeratwas PIREACTHON t CA89GO2NHCH3 +

CH20) 20 = 0 + Na2Q03 (catalyst) -4 CAFISQEN PCH2OH + 0P CHARGES:
(A. 102) g MFBSAI?%%M' ?\W@eﬁ%,og%ﬁe ﬁ%%@sﬁ 39°B, Wﬁgst%f‘f\% 03

(0.026 nol es) RL3 Srduet hvd epe Tasdbormde £ MV = 88) (available from
Sigma- Al drich, MIwaukee, W) nelted in oven at 502C
5 8. The batch was then washed with water charges H, I, and

J successively at 63°C (145°F).

9. The batch was melted and poured out of the flask into a
bottle and allowed to solidify. 2 small amount of
water on top of the resulting solid was poured off, and

10 the remaining 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

15 667 — 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

20 distilling over.

Preparation of MeFBSEA (N-methyl-
(perfluorchutanesulfonamido)ethyl acrylate)
REACTION:
25 C4F9SO;N(CH3) CH2CH20B + CHp=CHCO:H + triflic acid (CF3;SO0s3H)
catalyst — C4FySO;N (CH;) CH,CH,0C (=0)CH=CH, + H;0 +
CF31S0O3H
CHARGES :
A. 112 g MeFBSE alcohol (C4F9SO;N(CHs;)CH,CH,O0H, 0.313 moles)
30 B. 0.07 g phenothiazine (available from Sigma-Aldrich,
Milwaukee, WI)
C. 0.11 g methoxyhydroguinone (MEHQ) (available from
Sigma-Aldrich, Milwaukee, WI)
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D2. 8 g ethylene car bonate 15 D3. 8 g ethyl ene carbonate DA4. éﬁg gtz@?rl ene
carbonate (total meight 34 g, 0.38 noles) E. 300 mM water 6

water 20 G_. 300 @6sulfur|c acid - 18 17 JAN 70 1H¥5b@ﬂg4§911512
horT Uso00S M BEENISE 500" vt or s 300 1 water . 908

PROCEDURE: 5 1. Charges A and B were placed in a one Ilter 3-necked flask
wth an ov heaqgﬁ%lrrer rnDcoupIe, addition funnel, and refl ux
condenser. c% %as eated to 60C (140F) at which point the batch
was nolten @and si7r%igoavegibeganidThe.38tmpdeny 10 was increased to 120C
(248F). 3. \Wen the batch reached 120C Charge D1 was renpved, fromthe oven
and transfeéfred t &7 tHRIAHAPEF ORTE GARE | trEﬁéF@EOEEtV%§eFHéﬁoﬁaﬂéda§P§mﬁy
over a period of 10 :{ipLes. %@tg@skgg (g@rbagp db&éideﬂmgﬁs observed. 15
Thirty m nutes efapsed unti € rate of oufgasing was i ced to have

di m nished.c4. G@ogg Rt#ms-then-transferred to the addition funnel and
added over a period of 5 mnutes. After 25 mnutes, the rate of outgasing
had sl owed fand CHY? g@ ¥B8E%H was added over a 5 ninute period. After 30

m nutes, ChargeD4 was renoved fromthe oven, added to the addition funnel,
and added to the batch over a 5 mnute

PROCEDURE :
1. Charges A, B, C, D, E and F were added to a 3-necked
10 flask eguipped with decanter assembly, overhead

stirrer, and a thermocouple under positive nitrogehn

pressure.

e

The flask was warmed to 60°C and the stirring was

begun. The batch wasg stirred at reflux which was

15 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 29°C and 5 ml had

20 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.

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

4, The batch was c¢ooled to 64°C and vacuum was pulled
slowly. More heptane was stripped off until at 5 torrx
no morelliquid was observed to be distilling off.

30 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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period. 5. The set point was reduced to 110C (230F) and allowed 25 to stir
overnight. 6. In the norning, the batch was cooled to 90C (194R)7 J&h#li he
bat ch was wanmpleadisiGas chromat ographic (GC) anal ysis shpyedsiobmorsegerial to
be 96. 1% desired product and to contain no am de- Charge E was added. 30
The batch was stirred for 30 mnutes, allowed to phase split and the upper
water phasg wasryag a;g@ﬂ&@@@hedaSO%IQeJB@dwgtﬁt tRAryasyr gpaat gdnf epeCharge
F at 63C (145F). - 19 1 7 JAN 2007 WD 2004/011512 PCT/ US2003/ 015857 7.
The batch was thebchgizatedlarvedl Chargel Georogn tainmarasuae 83CvhighF),
t hen was phase split, d m decan The f the.water |l ayer was
Locted and fodntrh BA0 RedBiHEWEE 8 80 [ bohE, Bt IR SR CREY A
wat er char ges Hyohre@ndffaastCeR8SHYEAYCBImMEBE{A45khs Re1TBe batchbfwas
nmel ted and poured out of the flask into a bottle and allowed to solidify. A
smal | Sanount of theatertannebpiviot Aeiabsul Thagwssrhl abdstheuprddveE, and 10
the remaining soljd teri j he_ | fou iLgh_ 124 g.,10. The
solid materi al a% %E t d(?% %PSE §%iﬁ%%§2%)500§§158§}2§k8 ?%%Wﬁglgﬁﬁg poi nt
was found to benm&7&-{dB5E). beld2 Fhe gesurédngctiuutd gaderiabz(113 g) was
distilled at 15 667 - 933 Pa (5-7 torr _Hg). 104 g (92% of undistilled
material) disti®fedlat achdadicbapéraddretof 130-137C (266-279F) and a pot
tenperature of 136-152C (277- 306F). Further increase of the. pot
tenperature to

10 Preparation 2: Synthesis of MeFBSEMA

MeFBSEMA (N-methyl-{perfluorobutanesulfonamido)ethyl
methacrylate) was prepared as described in Preparation 1
above, except using methacrylic acid in place of acrylic

acid

- 22 -



170C (338F) resulted in no further material 20 distilling over. Preparation
of McEBSEA (N-nethyl - (perfluorobutanesul fonani do)ethyl acryl atd)/ J KT ON:

25 CAF9S2 20H + CH2=CHCO2H + triflic acid (CF3

CAF9SO2N( C%%Qm =0 CH=CH2 + H20 + CF3S03H CHARGES: §%)S?L(T§/%b%l\iFBSE

al cohol (CAF9SO2N( CH3) CH2CH20H, 0. 313 noles) 30 B. 0.07 g phenot hi azi ne

(avai l able from Signma-Aldrich, MI|waukee, W) C. 0.11 g net hoxyhydroqui none

(MEHQ (available from Signma-Aldrich, MI|waukee, W) - 20 1 7 JAN 2007 WO

2004/011512 PCT/ U82003/015857 D 100 g heptane E. 27.5 g acrylic acid (0.38
: Zianag pesf P Pofet hanesul fonic) acid (avail able

as FC 24 from 3M St Paul MN) 5 G 300 g water H. 300 g water PROCEDURE:

1. Charges A, B, C, D E and F were added to a 3-necked 10 fl ask equi pped

Wi th decanter enbl w, overhead stirrer, and a theespcoupl e under positive

-@ h¢ stirring was

ni trogen pges Z. The flask was warrrepl No 68
begun. The bat ch_¢as stirred at ref | ux whi 2h_wgls 1% itiglly at 96C and
rose to 102C b ‘ hd of the—reaett on. Thor 1l /wat er that shoul d
be

0 STEP A o
ey (2)
STEP B
O O
S S
OH
- O~
o] STEPC 0
@ 3
STEP D
/MO
where n =
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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collected in the decanter was 6.3 nl _ After 15 m nutes refl x
had col |l ected. After 1 hour and 15 mnutes, the reflux tenper&tuh@gmgs 99C
and 5 m bhed@00eHit ected. After 5 hours and 15 m nutes pOBUSBI3b13¥ST
tenperature was 102C and 5.4 ml had collected. A sanple was wi thdrawn from
the batch and GC anal ysis showed no unreacted al cohol, 92.6% desired

product angh 7 &%5kahubl L&k naSndaibe Bateh vescstrhpRRt.aLwSRher i cal |y

to the decanter ‘until at 103C no nore heptane collected In 1t. 4. The batch
was cool edthen 6d€zaad vQca&ﬁCmadehERédfoslémhyurwbr@hhemRKMBreawastr|pped

ff til at | d b dto be.distjlli ff. 30 5.
S/acu321 :I\B.Sg%? K Oéén%jgp&aarrﬁg I??v;'lses o ?‘%éélrg%?c%o gbglg?{:?r a'? 64C for

15 mi nut esycabi-oned 90z phaseraspbht wand éhﬁuéﬁﬁ@fr Fayae1wasnpwagyumgd of f. -
21 1 7 JAN 2007 WD 2004/011512 PCT/ US2003/ 015857 6. This operation was

repeabed wrash t%%m@@eﬂﬂ@ﬁdl@hﬁﬁ vagerpad ¢h ﬁésaaﬂléhéd foltevkdt vsinom

t enperature t e ol rena|mru;water was
pour ed of f& aﬁ%cﬁherpF% ? &Qerga maga%eﬁFega i} 8 Png ﬁéscgﬁ?alﬁ%r into a
jar. The MEMQh&o@flfh@dptnéugtrumaﬁré25zg_(theoretlcal 129 g). GC analysis

showed the material to be 92.64% desired acrylate and 7.36% acrylic acid
M chael adduct. 10 Preparation 2: Synthesis of MFBSEMA M FBSENMA

(N-net hyl - gB fﬁ”°ﬁ9?§£?§§§8hf8?aqb9o)ethyl nmet hacryl ate) was prepared as

described Tn repara above,—except using nmethacrylic acid in place of
acrylipc acid A 5000 mL round bottom flask fitted with a dropping

funnel and immersed in an ice-water cooling bath was charged
with (2) (241.0 g, 0.75 moles) and 3600 g DMF. HCl (600 g,
concentrated) was slowly added dropwise, keeping the
temperature below 15°C. An agueous solution of sodium nitrite

15 (52.5 g, 21%) was added and the reaction mixture was stirred
for two hours, maintaining the temperature below 5°C.
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

20 slowly elevated to 1002C 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

25 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-

30 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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- 22 1 7 JAN 2007 WO 2003/011512 PCT/ US2003/ 015857 Preparation 3:
Synthesis of AD1 OO ClL HZN S 5 STEP A 0- 800 ) ~?) STEP B 0 10 $MERIC / /

O (4) (3) 0‘8@3@/{%%9 0O ~ NN10O 5 wheren =4 AD1 15 §S$RI§§’H’?}|OD£§QW ation

of (2) A1 round bottom fl ask equi pped V\nthaheatln €, stirrer
and dropping funnel was charged with 4- chI oronapht hali ¢ anhydride ((1), 125

g, 0.54 nvoles), 3:-got assi um car bonatge (36 8 0.27 noles), 215 % I_sopr opyl
20 al cohol /™ NS SEPPHEANES ahtl® hedrd 4 ® dbBit¥8ber v2saaffistni ophenol

(73.9 ¢ ”Dl géwgf @ggegeﬂﬁgpﬁtﬁgesgeﬁw@%n 702802 é7uﬂ€®h2991 tﬂ%>%99éé011512

PCT/ US2003/ 01 the tenperature was naintai ned bel ow 80C. The m xture was
t hen heat edvaso @ﬂ?@larﬂﬂhherdsrﬁbtlﬁg howsrenThen nvrkeutkenasilceveddusond5C and

the resulting orange precipitate yas  fecoyered;via,filtration wth,a
5 500 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

10 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

15 mixture over 30 minutes while keeping the temperature at
approximately 40°C. After two hours, additional triethyl
amine (3.0 g) and acrylayl 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

20 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 (vielding 24.7 g; 96% purity of AD~-1. The structure
and purity were confirmed via “3C nuclear magnetic resonance

25 (NMR} analysig.

Preparation 4: Synthesis of AD-2

0 NH, O NH,
LI

oCC
O NH, STEP A O MK,

30 &) ®
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5 was resuspended in DI water (470 g) and then filtered using a Buchner
funnel. The solid was dried and analysis via 13C NWVR confirnéd JAN&07

struct ure ¥9)200@HeP2B: Preparation of (3) 10 A 5000 ni regmaishmbtihoesf | ask
fitted with a dropping funnel and inmersed in an ice-water cooling bath was
charged wth (2) (241.0 g, 0.75 noles) and 3600 g DM. HCl1 (600 g,
concentrated) was slowy added dropwi se, keeping the tenperature bel ow 15C
An aqueous solution of sodiumnitrite 15 2.5 g, 21% was added and the
reaction mxture was stirred for t ours, maintaining the tenperature

bel ow 5C. CuSO»4' SHZO (3.0 g, 0.0 nol es) was added and a m |l d exotherm
occurred. The cooling bath was quﬁaced with a heating mantle, and
nitrogen gas evol ved as the nperatdre was 20 slowy elevated to 1002C and
held for 3 hours. The mi x#ire was cooled to anbient 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% of the 25 theoretical materigh). o Step C
Preparation of ©4) Az000 nL round bottom fl ask fifted wtH a condenser was

A n&i\{l‘S.S G 0.13
ovef |ux
(-155C) fo Y

. : ] 5 ng r’rﬁi er/al
remai ned (via phin!lay& chropmtography (TLC) in & hyi Hgacéff at e) e - 24
1 7 JAN 1007 WO 200% 011512 PCTPUBPO03/ 075857 nixture was cool 8d to 80QC
and 400 g DI water V\fif) added, Kkeeping the tenperature bet wegn 70-809C unti |l
all the water - =2

5

nol es) and

Step A: Preparation of (6)
A 1 liter three neck round bottom flask was charged
with 630 g sulfuric’acid. The solution was stirred and
10 heated to 80°C. 1,4-diamino-2,3-dicyanc anthragquinone
((§?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
15 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.
20 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)
25 A one liter three neck round bottom flask was charged

with 60 g (0.22 moles) of the (6), 320 g 1,2-dichlorobenzene
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was added. The resulting suspension was then filtered using a Buchner
funnel- and the solid nmaterial was resuspended in 5 500 g DI watlet J&hap;

filtered agghnepishipg,a Buchner funnel. The yield of resu rial (4)
was 41 g. Step D 1Préparatl on of AD-1 A one liter three ngét}&gé‘ﬁ?}ﬁﬁoﬁo

flask fitted with 10 an overhead stirrer and droppi ng funnel was charged
with (4) (25 %@g; 0.062 nol es), dinethyl formam de (310.0 g) .and _ triethyl
am ne (8. 150§ 2%.-689mdl0e$p m?llrgsr egu"laﬂlﬁt’;’*rﬁ“ﬂt&?aémlwa@oﬁl} i ed- Lt heated to

40C at whi ¢hoti nB @G0y A elRleride b &Aapg,anfa %mn%%)r was,fdgded drop

wise to the 15 m xture over 30 m nutes while keepin e tenperature at

appr oxi mat seghé@dcalf seri e eoes useddi tﬂliinalbattrqhethm;d hesamemﬂe 8 d@bayt and
acryl oyl cgl hda c2 11% wer e_added. 1 1 ure was stirred for
anot her d fhaht1EoBFed i o220t F‘{S‘ﬁ}“? ? %ﬁfl aPEoY3GE) was
added st 0 2@rhb€2009 @G Mbeltdhe taiheselth ARk mgeaolt@ ad; O”baanfi' bhenat i on
with a Buchner funnel. AD-1 was re-suspended in DI water (700.0 g),
filtered ugomg thrBec loer s.unfBiC drid &thy ldeiced J(byd e lsdiomgp R 4107 Igﬂsw%lpurl ty
of AD-1. Tt@gstructure and purity were confirmed via 13C nucl ear magnetic
resonance (NWMR) analysis. Preparation 4: Synthesis of AD2 ONH ONH2 O

INNH O NH2 STERARUNH wQs30dd)ed Go rdom kefipbANt20Q7 anlD 2004 0dib12
PCT/ US2003/ 015857 STEP B
g methanol was added. The resulting mixture was filtered

10 through a buchner funnel. About 500 g. water and 25 g.
concentrated HC1l was added to the resulting solid. The
mixture was stirred and filtered, and then repeated. The
resulting blue solid (7) was air dried and used in the

following step.

15
Step C: Preparation of AD-2
-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.
20
Preparation 5: Synthesis of AD-3
0 NH,
"
0 OH
25 8
STEP A
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NH2 ONH2 O ON OOHONHONH STEP C Z (7) AD-2 5 Step A Preparation
of (6) A1l liter three neck round bottom flask was charged witH7% @7
sul furic agpaeoddhesigol uti on was stirred and 10 heat ed t pc8@€2003/015857

1, 4-di am no- 2, 3-di cyano ant hraqui none ((5)123.4 g 0.43 noles) was added to
the flask, using a water bath and heating mantle to control the reaction
tenperature at 140gkl50C. Once all of the ant h(gaqumnone was added, the

reaction teer tute s held at 15020for one 1% hqur. The reaction mxture
was then cp 55 g water u ! oI|n to control
t he exot hery herow 50C arky! I ' t enper atl.Pb__/The reaction
m xture was filgered through a assfrlt fumnell .. The resul ¥i ng solid
filtrate was washed wi'th water. [About 500 g 8ddi tional Water was added

and the solid filtered again. The resul ting SQ#H%%%_V‘%? air dried and
used in the folFow ng steps. Step B: Preparation o 5 one liter three
neck round bottom flask was charged with 60 g (0222 3mles) of the (6), 320

g 1, 2-dichl orobenzene - 26 1 7 JAN 7007 WD 20047011512 PCT/ US2003/ 015857
and 26.6 FH® M FEILRrAIGH 7F | &t hanol (both available fromAldrich). A

dean-gstark trap %?% ;ebg%t%@é%;o Y Al GRAN G e 18I Wil RIS ISP Yys he

batch was heat éd
25 g (0.079 moles) of l-amino-2-bromo-4 hydroxy

anthragquinone (8), 54.5 g (0.55 moles) of l-methyl-2-
pyrollidinone, 92 g (0.78 moles) I,6-hexane-diol, 8.8 g
{0.94 moles) phenol, and 12 g (0.086 moles) potassium
10 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 rcoom temperature and
15 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. BC NMR analysis shows the material was
94% pure of (9).

20
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 (2) (0.062 moles) for
25 (4) .
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120C, distilling out a small

anmount of sol vent and water.

batch tenperature was raised to 150C and hel d

et hyl

filtered

acet ae)oehayad no resi dual
t enperature and about 400 g nethanol

10 through a buchner funnel.

regulty ng solid. The

(6).

trat t
conent o Sfall g 40°yh0, 00, 30

fol |l ow ng step: 15 Step C

and used in the

Pr
preparation of. AD-2 the procedure descri bedﬁr eparation 3 (ste
preparation of AD-1) wag,essentially d]

A -
OH STEP D HO

27

follo

The batch was cool
was added. The resurptl ng nm x
About 500 g. water and 25 g.
m xture was stirred

5 Gradua
for three hours. {h

Ty the
QA 2007

%.‘il/Js%(fsﬂ)?gQﬂ
Ure was

ting blue solid (7) was air dried
ration of AD 2 -For 0bhe

n Substituting 7 (0.

cﬂé@ino|es)

(81 STEP
FHI O

10

15

for 4. 20 Preparation 5:] Synthesis of AD-3 IO NHz Br \ I Ol H 2
17 JAN 2007 WR2094/ 011512 PCT/ USZ0 015857 _ N H O NHz
(9 n=5 AP Preparation of (9)

99

STEP A STEPB
o} 0 o}
(10) (11) (12)
STEP CJ
O
‘[J/ \ﬂ/\ OH OH
O ]n O ‘g/] IJ/
s oL dn 0 ]n NH,
—~———— S -
g .g ' O ST STEP D Q S\©
Q , . 5
AD-4 (14) e}

(13

where n = 1

Step 1: Preparation of (11)

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
(35.0 g;

0.07 mole) and dimethylformamide {(300.0 g). The

carbonate 0.4 mole), tetraethylammconium iodide
(18.0 g;
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 alcochol (yielding 70

g. of (11)).
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5 Athree neck 250 m round bottom flask was charged with 25 g (0.079

mol es) of 1-ami no-2-brono-4 hydroxy anthraqui none (8), 54.5 (0 53 JANI18H)
of 1-net hyWOo0BaiP2| | di none, 92 g (0. 78 nol es) 1,6-hexan€TﬂmmMyoﬁw87g
(0.94 nol es) phenol, and 12 g (0.086 nol es) potassium 10 carbonate (al

avai lable from Al drich). The batch was heated to 125C and held for 12
hours. TLC (in ethyl acetate) found no residual starting material. The

reacti on was cooled to 50C.and % met hanol was added. The reacti on was
then cool edt®® F ooPf ERAHBFAPHr & aﬁﬂn)15 filtered with a buchner funnel. 300

g methanol was added tRrethgebfSHLLLAULSOELA ﬁﬂgskhé%%%ﬁé&eﬁléﬂd filtered.

The resulting solid product was dried in an oven at . The vyield was
19.8 g. 13Nl ystsrs«huvxsnﬁheon@eeﬂeralW&\asch@ﬁ%cpuw?etbf 119)7020gsStep B:

eparatio 3, For para he ro dure described in
Prepa?atloﬁ %ﬁ F%%)E)N%é Eégaﬁ éfg g? igﬁﬁ??%} § foll oned,
substituti en@ﬁ§§in%°ét2§réd)mlxtug§ w&s7hé£%ééogg yg%ut
2004/ 01151 PCT/ 82003/015857 reparation 6: Synthesis of AD 4 ~CH

O'L Jn O 3%°C STER AR STERB C@®led WO abicn) SR iredard OF @atnezﬂ—l
(500.0 g) was added. The agueous mixture was extracted with
chloroform (250.0 g). This organic extract was then washed

10 three times with DI water (500.0 g aliguots), chloroform was
removed using a rotary evaporator,-and the resulting yellow

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

Step 3: Preparation of (13)

15 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 dimethyiformamide
(300.0 g). The ensuing mixture was stirred and heated at

20 reflux for 3 hours, cooled to ambient temperature, and
filtered. The yvellow sclid material was washed with DI water
(20.0 g), filtered and oven dried to yield (13) (22.0 g; 22%

vield).

25 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 HCl
30 {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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SPANHZ /+\ | /| STEPESSTEP D S I i 0 AD-4 (14) O (13 where n
Step 1. Preparation of (11) A1 L three neck round bottom fl ask :]1

with a nmeghgnihe irrer and thernoneter was charged w - @X}ééﬁ
benzant hr one ??1 135%%5.0 g; 0.3 nole), ethylene carbonat %Ez@gzt >0
nol e), tetraethylammoniumiodide 10 (18.0 g; 0.07 nole) and

di met hyl f or mam d 300. .. The ensuing mxture .heated at ref | for
15 hou)r/s, é"rjfdorag?ﬁ( ao) alcq)epﬁﬁpeﬁgmé’ FE&%’& é’)%( %%‘eo\%%l&%l é:%‘ea (?Olelg(
tetraet hyl am@nidemiedife L&D Br Qd3Idaml ©lonalhe rnesutd | Nehe B UL €5 Was

cool ed to anbient tenperature and DI water was 15 added (200.0 g% The
preci pi t at akds Wad sy edlansheerinced rmidity aadtbd ety seatieed i hS04) 2

i sopropyl alcahal iel di 70 . : 29 -1 7 JAN 2007 o

2004/ 011513 OP%T/%S%'&%%%%JFO&%F g‘{“%rde’;p‘garaa%‘? it %?mﬂi%%pt%i e A0S neck
round Fot t eras haskn eduiapebmi hairdredtaniciattigtd rved ansh cofsiens eto was
charged with 11 (70.09; 5 0.24 nole), NBS (53.0 g; 0.3 nole) and

di net hyl f ord¥fNisde (SO O apureTia sl 1Ry ed i s fﬁ%&ﬁ%ﬁ%dvm Hedfed ¥9 about
55C for 3 . .ed. t i ent 4 eymerat ur e 500. was
added. TheQ}';&::]ﬁtrjrg'olueg‘;?(r‘)’n\!lf(lt;il urﬁet &‘/{ag;d eg{(]t (rztact'ed 9\?& t hﬁl%%f%}?&m %5?8%1019%{ i's
organi ¢ extyiadtd wdst )t hignd viashed 180 stielel tnipred) W 3108 D) .watteructhd@ @urgl

aliquots), chloroformwas renoved using a rot qgé evaporator, and the
resul ting ﬁ%FP&W'(> 90%) were confirmed using NMR .

10

=15

7
4

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
15 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 dropwige 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
20 filtered from t?e filtrate using a Buchner funnel and the
solid was washed three times with D; water (500.0g each
aliguot) to yield a AD-4 (35.0 g}. Structure and purity (>

95%) were confirmed using C NMR.

25
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material (12) was oven dried (75 g; 88%yield). Step 3: Preparation of (13)
15 A 500 L three neck round bottom flask equi pped with a nechanil alAN 2007
stirrer amdoeuoHderiser was charged with 12 (73.0 g; 0.2 BH/B32003Q@4$0m
carbonate (14.4 g; 0.13 nole), 2- am nothiophenol (27.5 g; 0.22 nole) and
di nret hyl formam de (300.0 g). The ensuing m xture was stirred and heated at
20 ref | ux Hmepadrdiniors, 7 cogymthesisnhmf AR-F enperature, and filtered. The
yellow solid material was washed with DI water,,(20.0 g), filtered a?% oven
4

dried to yield (13) (22.0 g; 22% vyield). Z?Hjtep 4: Preparation %J/ ) Al

a nechanical stirr and
® 0.05 nole) and

xture was cooled to

L three neck round bottom fl ask equi pped w t
Wed with (13) (205

g). The ensui ngh
g; concentrat ¢

droppi ng funnel was cha®
di et hyl f or mam de (300
ice bath, and HC1 30
keeping the teny
aqueous sol ution
a period of one hw
2003/ 011512 PCT/USZOO./015857 at or belqw SC “Upon conpl etion of the
addition, the cooled “"m xture was stirred for an additional 2 hours. The

cooling bath was renpeed and replaced w {{5a heati ng mantl e. CH%ﬁCﬂ)Z (0.3
g) was added to the m xture and a tenperature of 130C 5 was nmi ntained for 3
hours. The m xture was then cooled to anbient tenperature and f%ltered. The

filtered solid was re- slurried with DI water (200.0 g), fil and oven
dried to vyield (14) (14.0 g; 71%yield; np 301-303C). Structureyand purity

(> 90% were conflrneﬂ ng 13C NMR OH

OH
o"oo o" .‘
AD-5
where n = 7
5 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 mlL three neck round bottom egquipped with a
10 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 agueous NaOH in ( 19.4 g; 50%). The
stirred mixture was heated to reflux and 8-chloro-i-octanol
(40.1 g, 0.24 mole) was added dropwise over 1.5 hours. The
15 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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10 Step 5: Preparation of AD-4 A1 L three neck round bottom fl ask equi pped
with a mechanical stirrer and dropping funnel was charged with (37'4%) hé)ﬁ]ﬁ’fo
g; 0.063 r’r%s) "ﬂl'logﬁt lilylformam' de (690 g.) and triethyl 15 am ne ._64_35‘ :
0.075 mol )" CTHE @i ng stirred mixture was heated to 48EVASPUALIFFbyI
chloride (6.3 g; 0.07 nole) was added dropwi se over 0.5 hour. The resulting
m xture was nmintained at 40C for 3 hours, cooled to ,20C in an ice. bath,
and DI wat STEE5D-$g) Oha'sh bt et prati hert esaRdsipothe| FUFEESRiBmM t he
filtrate usidgpa Buchnesa fusnel @@%1@ﬁna§@i&!b_dy¥@§dv‘ﬁﬁh§d(&ﬂé§§ higegywi th
DI water (500.0g each aliquot) to yield a 4 (35.07Qg)y. Structure and
purity (> 95% were confirmed using 13C NMR 25 - 31 1 7 JAN 2002 WO
2004/ 01151 ( 57 Preparatig J: Synthesis of AD-5 OHCH OHn

O n Br — D5 y ) STEPC Ott OOHOH OAn Il O
- Jn gcc STEPE\ | S| STEP D S| AD-5 (18 O

O O
) e
< ) O~
0 STEP A o
' 2

@
“' STEPB
O 0
S S
OH
O+ —— OO
0 STEPC 0
10 19 3
STEPD
0
O NN
SOSAN
s
where n = 1
AD-6
15 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 acrvlate dye,
AD-6, a stoichiometric equivalent of 12 was used.

20
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17 where n = 7 5 The preparation of AD-5 (where n = 7) essentiall fol | ows
the description of the preparation for AD-4 (where n = 1) above \N%tMNtﬂﬁﬁi‘
excepti on whato4Buiep2z A was replaced by the follow ng: A pODURtoos/brses neck
round bottom equi pped with a 10 mechanical stirrer, condenser and addition
funnel was charged with 1 (30.0 g; 0.12 nole), D water (200 g.) Nal (1.8
g; 0.12 nopegpande bomedrssathbsis (of9anB-y; 509 . The stirred m xture was
heated to ref Tux and 8-chloro-I-octanol (40.1 g, 0.24 nole) was added
dropwi se over 1.5 hours. The 15 tenperature was naintained for 2 additional
hours, then cpoled o anbient tenperature, filtered_and ghe resulting

solid (15)g @ dfied (35.8 g). The stp,i,qhio _
2004/011512 PQY/ ¥S2093/ 015557 equi val ent of s Natgrial, was then used in
t he succeedi ng out | i red—above-t o uIt|Iy 3l d AD-5 (where n = 7).
Yesi s of Ep2 0 O STEP Ao (1) (2)

o 10 (igf P3° Srep b 0

Preparation 8:
STEPB 0O o

@ 2)
STEPB
5
0] (8]
S S
OH
N/M;] 0
aW “oms A
0 STEPC o)
-0) 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 €, 6-amino-l-hexanol {0.13 moles) was used instead of
15 S5-amino~1l-pentanol. In the synthesis of the acrylate dye,

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

Coating and Test Methods
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O \ NNOO ~ \ / s wheren =1 AD6 15 AD-7 was prepared essentially
according to the preparation followed for synthesis of AD-1 w th ¥hgy 207

exception ' Step C 2-am no-Il-ethanol (0.13 nol es) JLostead
of 5-am né@‘??%déﬁ%lﬁg%l, in the synthesis of the acrylate 5?/@?85*)%\%81@?@

stoichionetric equivalent of 19 was used. 20 33 1 7 JAN 2007 WO
2004/ 011512 ,PCT/ U82,003/01%%5d7 Preparation 9: Synthesis of AD-7 OO - s 00
C H 2 N 0XRFRYRG Yot STEPB5 OO0 dS*H o STEP C 0 (LO (3) STEP D

0 \ NOO \ \Slgdch substrate {described khelow) was wiped with ethanol

using a Kimwipe™ sheet (available from Kimberly Clark,
Roswell, GA) and then ultrasonically treated in a warm bath

5 of HFE-72DE for about 5 minutes, removed, and allowed to air
dry at ambient conditions. The substrates were then dipped
into solutions 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

10 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
15 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 Fable-1i: - - -~ - - - - -

Flexibility Test Method

20 Tin coated steel panels (3 inch (7.6 c¢m) 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

25 inspected and evaluated for cracks, crazes, or delaminations
using a 6x magnifying loupe. If any cracks, crazes, or
delaminations were obhserved, the ceoating failed this test.

Results are reported below in Table 1. -

30 Dielectric Withstanding vVoltage 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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[/ 10 where n =5 AD6 AD 7 was prepared essentially according t§7tmﬁ42
preparation followed for synthesis of AD1 with the exception that # @iep
C, 6-am novb2tnaxwarset (0. 13 nol es) was used instead of 15¢Grasdonsetssyent anol .
In the synthesis of the acrylate dye, AD-6, a stoichionetric equival ent of
20 was used. Coating and Test Methods - 34 1 7 JAN 2007 WD 2001/011512

PCT/ US2003£8358575A D ps Coladvang Wkt hodbffachedubst sat entdeseihbedibel ow) was

wi ped with _ethanol ug&& a KinmﬁgeTlehget (avai l abl e_from Ki nberly d ark
Roswel |, GBYOBnE FRerr P t Y aS6RY caPl §etrBdP el fintBehalfi Bat RX5°8f HFE- 72DE

for about pinlputgs. 15600Yedrrapdeabbangdek Bl Feadfyaghopabi ent conditions.
The substrates were then dipped into solutions of the fluoropolyner to be

t est ed andspatrkbdenwnr abraakdmghantheateadfing. Baihédi nthi¢3td8tcm min). Each

coated substrate was then ajr_dried at_apgbjent_ 10 tenperature (- 72F (-
22C) )~ and YFsY F?ya¥%sﬁ%%?§%e?g?e Owuﬁ?fgghiebienish-free coating. Coating

Thi ckness Test Method Coating thickness was neasured with a mcroneter at
six 15 points (top 1/3, mddle 1/3 and bottom 1/3) on the front and back
of each codiswaluPestafer | Perting AUnifgemibirues are reported bel ow'in '

Tabl e-1. Fl exibjli Test. Met hod 20 Tin coated. st eel nel s jnch (7.6 cm
x 5 inch (12.7 b%ﬁ#,yn%.%ﬂb’%@‘f%ﬁy(Yf‘%z%uégr#?ﬁ%ﬁfymﬂgge%é{lég th
sol utions giafiHEr oRE YABEeaScE£66HT Hedaabeyepedhgnspat 8der a black
10 light {(Standard fluorescent desk lamp fitted with two 18
inch {45 cm} GE 15 W blacklights) and inspecting for £f£ish

eyes or other coating defects.

Thermal Gravimetric Analysis (TGA)

i5 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,

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

Solubility In Acetone
Sclubility of the dyes in acetone was determined by
welghing a small amount of dye into a jar and adding small
25 aliguots of acetone until no undissolved dye remained.

Regults are listed below in Table 2.

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

3.

- 35 -



panel s were bent 180 over a 0.125 inch (0.32 cm dianeter mandrel. The
coating on each panel was then visually 25 inspected and eval uaf pdAR gpi7
cracks, cr -fdel am nations wusing a 6x magnifying | .

cracks, cr gﬁgéﬂwg{rbﬁdel am nati ons were observed, the coating zg?jlcmel?i&?hi S
test. Results are reported belowin Table 1. 30 Dielectric Wthstanding
Vol t age Test Method | PC-B-25A test boards (available fromT.R C. Circuits,
Inc., Mnneapolis, M) were coated with solutions of fluoropolyner as
descri bed abompardihtve Pasthplasobleaci3- 35 1 7 JAN 2067 WO 2004/011512
PCT/ US2003/ 015857 | PC- B- 25A test board was_subjected to an ingreasi ng bias
fromO0 to 1500 \FURATABLRBCBHEAHELHRT ther ﬂzlﬂerrPGﬁBarﬁﬁnHFénat31500 V. | f
the board exhibitediiigs gﬂamép@éﬁ@aﬁﬁaprcaasﬁﬁgowateyhglgoawgsf ai | ed
this test. 5 Results are reported below in Table 17 Visual Test for Coating
Uni forfity Enat i@y Lwi€6FAI t§3was QUEE) t at Comhgrdaaér shnedebywepkadicngd

substrates coated as descrjbed above under a black 10.light t. andar d
f 1 uor escent *ded3k TAMD ??t%g"g\jg Tt WBO1 °Theh %ﬁ% Eﬁf’uélﬁg ﬁ\}g)gllacw‘f’ghts_)
and i nspecthngcé@rihighpaRygaq0sunt Beteg0abi ngadgtegbgecThermal Gavinetric

Anal ysis (TGA) 15 The thermal deconposition of each conformal coating
materi al was determ ned by thermal gravinetric analysis (TGA) under an

i nert nitrogen aiémgphere using a 10C per I mnute tenperature ranp using a
Per ki n El gravinmetric Analyzer TGA 7 (Perkin El mer Instruments, 20

Norwali, CT). Reguéts @repsheWchbrbtgyieallable from Parr Instrument
Co., Moline, IL) was charged with MeFBSEA (146.30 g; 0.36

moles), MeFBSEMA (10.03 g; 0.023 moles), BMA (3.34 g; 0.023
moles), IMA (5.85 g; 0.023 moles), MAA (1.67 g; 0.020 moles)
and AD-1 (0.011 g). Upon dissolution of the charges, LUPEROX

15 {9.24 g) and HFE-7100 (440.80 g) were added. The reactor was
then sealed and degassed four times, by pulling a vacuum of
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

20 filtered. The resulting filtered solution was used to coat

substrates for testing.

Example 2
The procedure described for Example 1 was followed
25 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 802C.

Example 3

30 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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Solubility In Acetone Solubility of the dyes in acetone was deterqinﬁﬁtﬁw
wei ghing a small anount of dye into a jar and adding small 25 aliguo s  of
acet one um® koono1dmdi ssol ved dye remai ned. Results are |RGHestotticss’i n Tabl e
2. Solubility I'n Acrylate Mononer Solubility of the dyes was determ ned in
vari ous 30 acryl ate nononers using standard fl uorescence neasurenent

t echni quescérfihiza tivwerekaneBe Spéct r ophot oneter, SPEX | ndustries, Edison,
NJ). Results are listed belowin_Table 3. - 36 17 JAN 2007 WD 2004/011512
PCT/ US2003/ 015857 P ¥56RpaY &t Femekanpf c¥a e Preparegnpararivedekanphes d - 3
were pr epi&ﬁ&cé’&hf& JesCPIMBACESL! ¥xamaibabl e, ¢onf ohaBnLcCOaEtiHg FRLEri als

(A is 5 S, Cis CYTA, C3 is DOA5). Commercial sanples Wwere dried in an
oven for 8ORC #@¢#1tiwn hofirdD-1heaseswitiead- solid was placed in a pan and
subjeéted to TGA at 2002C. Exanple 1 10 A 600 nL Parr reactor (available
from®Parr Instrument Co., Mline, IL) was charged with McFBSEA (146. 30 g;
0.36 noles), McFBSEMA (10.03 g; 0.023 noles), BMA (3.34 g; 0.023 noles),
LMA (5.85 g; 0.023 noles), MAA (1.67 g; 0.020 noles) and AD-1 (0.011 g).
Upon dissolution of the charges, LUPERE4E5L(9.24 g) and HFE-7100 (440.80 g)
wer e added. The reactor was then seal ed and degassed four tines, by pulling
a vacuumof 5 - 10 psig (34 - 68 kPa) and then purging with nitrogen. The

reactor {BRETATIrepyas | heéb@tfﬂ@tgctl@a&m@i@a B < E1OF 1 @DPYE & Thour s.
e resulting reaction mixture was 20 filtered. The resulting filteres
sol ution Was useld to coat| Thickness Test Withstand Test
(zam) Test
1 AD-1 0.0464 Passed Passed Passed
2 AD-2 0.0474 Passed Passed Passed
3 AD—3‘ 0.0485 Passed Passed Passed
c4 No dyve 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~T7 0.83
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substrates for testing. Exanple 2 The procedure described for Exanple 1 was
followed 25 for the preparation of Exanple 2, with the exceptlomtﬁt i7AD- 1

was repl ac
oven to 802

f ol | owed

Conpar ati ve Exanpl e C4 Conparative EanJeQ@f
procedure described faog

AD- 2/ pol ymer char ge

was m | dl eate |n an

AD-2 and the
e\go\y& 52 3 30 The procedure described for ExBRBIUSZH3QES

for the preparation of Exanple 3, with the exception that AD- i
was replaced with AD-3. - 37 17JAN2007 . WD 2004/ 011512 PCT/ US2003/ 015857

AD-1 was onmitted. 5 Table 1
Thi ckness Test Wt hstand Test

was prepared according to the

ﬁi@i@iﬁr ]of C\t&tﬂ? SXEPPIL ONpbAGhershe addi tion of

ating Flexibility D electric Visual
(mr) Test 1 AD-1 0. 0464 Passed Passed Passed

2 AD-2 0. Q4+4—Passed-Passed—Pagsed—3-AbD-3-6-0489—PassedPassed—Passed—¢A4
No dye 0.d468 PassetdYPassed Paéseécrﬁra?&bwé’n?m‘%ol‘Jbs‘rq]i‘ﬂ%/ﬂoiftﬁdyﬁlg rdgeét one
15 Dye Soliubility (g acetone/ng of dye) 0l of acrylate
monomexr

AD-6 LMA 227

AD-7 LMA 114

AD-1 LMA 816

AD-b6 BMA 559

AD-7 BMA 301

AD-1 BMA 1217
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AD-1 0.83 AD-4 11.0 AD5 0.65 AD-6 11.6 AD- 7 0.83 -

2004/ 011512 PCT/ US2003/ 015857 Table 3 Solubility of dyes in acrylate

nononers Dye Acrylate Mononer Solubility (tg dye/

38 1 7 JAN 2007 WO
mL of acryl atd 7 ddhtliker

AD-6 LMA 227 AD-7 LMA 114 AD-1 LMA 816 AD-6 BVA 559 AD-7 BMA 301 AD- 1
BMVA 1217 39 1 7 JAN 2007 Cdaim1. A coating conposition conprising:
dyed fl uoropol yner conprising the reaction product o r(i) one or nore

fl uor ochem-cal

dye

(a) a

(meth)acrylate nmononmers and (ii) a (neth)acrylate functional
represented by one of the follow ng general fornmulas: ot n ass or o

wherein n is an integer fromlto about 15. and mis an integer fromt to
about 15; and (b) a solvent conprising_one or nore hydrofl uoroethers.
The coating conposition of claim!]l wherSIB¥RE 5i d | uor ocheni cal

(meth)acryl ate nononmers are chosen fromthe group consisting of N nethyl

1. A coaling compozition comprising:

(a) a dyed fluoropolymer comprising the reaction product of (i) one or more
fluorochemical (meth)acrylste monomers and (i) a (meth)acrylate functional dye
represented by one of the following general formulas:

A TR
0 s
<e.
409

or o

wherein n is an integer from 1 to about 15, and m is au integer {rom 1 to about 15; and

(b) a eolvent comprising one or more hydrofluarosthers.

2. The coating composition of claim | wherein said fluorochemical
{meth)acrylate monomers are chosen from the group consisting of N-methyl
perfluorobutanesul fonamidoethyl acrylate-and N-methyl

perfluorobutanesul fonamidoethyl methacrylate.

3. The coating composition of claim 2 wherein at least 75 percent of the

fluorochemical (meth)acrylate monomers are N-methyl perflucrobutanesulfonamidoethy)

acrylate,

4. The coating composition of claim | wherein said dyed flucropolymer

further comprises (meth)acrylic acid.

5. The coating composition of claim 4 wherein said dyed fluoropolymer
comprises less than 2 weight percent (meth)acrylic acid.
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per fl uor obut anesul f onam doet hyl acryl atc and N net hyl

per fl uor obut anesul f onam doet hyl nethacrylata. 3. The coating conposition of
claim2 wherein at |east 75 percent of the fluorochem cal (net h)@cmﬂh@hﬁ
nononers are N-nethyl perfluorobutanesul fonam doethyl acrytate, 4.

coating conposition of claiml| wherein said dyed fluoropol ymer further
conprises (neth)acrylic acid. 5. The coating conposition of claim4 wherein
sai d dyed fluoropolyner conprises less than 2 weight percent (meth)acrylic
acid. - 40 17 JAN 2007 6. The coating conposition of claim5 wherein said
dyed fluoropol ynmer conprises fluoroal kyl (meth)acrylat&l(nmeth)scrylic acid
copol yner, and said Fluoroal kyl group has 12 or fewer carbon atons. 7. The
coating conposition d¢ Thatoatingwpmpesivengictiid povhertio ozid dy¢d/Mugropdlmeher

Crarm 7 wneREmReea e b ey = HRERSR ie B EARERs. R i TR

consi sting @Buﬁ)hgsyﬂz orge e caoatanend | auryl nethacrylate. 9. The coating
conposition of claiml| wherein said (nmeth)acrylato functional dye is
represented by the following general formula: Nr f O Di i S; whereinn

is 4 or 5. 10. The coat ﬁ& - Al Qi i LS4 11.
The coati ng conposi t?ﬁnhﬁ?c%ﬂg?%%a erngqfﬁfsgrgil?l%nr%}ﬁ%lgg?ﬁg*%og?l ¢t onal
dye i s reprRgRétcchpbyed die of aldroWdigcagemnanaonfens mul a: |1 of f'" 41 1 7 JAN
2007 wherein mis 7,

8. The coating composition of claim 7 wherein said hydracarbon

monomers are chosen from the group consisting of butyl methacrylate and lauryl
methscrylste.

9. The coating composition of claim 1 wherein said (meth)zcrylate

functional dye is represented by the following general formula:

whereinnis 4 or 5.

10. The cosating composition of claim 9 wherein said n is 4.

11. The coating composition of claim | wherein said (melh)acrylats

functional dye is representeqd by the following gensral formula:




12. The coating conposition of claim21 wherein said hydrofluoroether is
represented by the follow ng general formula: (RO:-R f wherein x is | or
2, Ris an alkyl group having fromlto about 4 carbon atons, andE%%BNh®7 a
fluoroaliphatic group. 13. A coating conposition conprising a dy

fl uoropol yncr conprising (a) the reaction product of (1) N nethyl

per fl'uor obut aaesul f onam doet hyl acrylate, (ii) N nethyl

per f 1 uor obut anesul f onam doot hyl methacrylate, (iii) methecrylie acid, (iv)
butyl nethacrylate, (v) tauryl nethacrylate. and (vi) wherein n = 4, and
(b) a solvent conprising one or nore hydrofluoroethers. 14. An article
coated with the coating conposition of claim1l or claim13- 15. The article
of clai m 14 witeesieinnisdaid article is a circuit board assenbly. 42

12. The coating composition of claim 1 wherein said hydrofluoroether is

represented by the following general formula:
(R-O):-R's

wherein x iz 1 or 2, R is an alkyl group having from | to about 4 carbon atoms, and R’¢ig
a fluoroaliphatic group.

13. A coating composition comprising a dyed fluoropolymer comprising
(a) the reaction product of (i) N-methyl perfluorcbutanesulfonamidoethy) acrylate, (if) N-
methyl perfluorobulanesulfonamidoesthy! methacrylate, (i) methacrylic acid, (iv) butyl

methacrylate, (v) lzuryl methacrylate, and (vi)

wherein n = 4, and (b) a solvent comprising one or more hydroflusroethers.

14. An articie coated with the coating composition of claim 1 or claim 13.

15. The article of claim 14 wherein said article is a circuit board assembly.
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