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In particular, the disclosure relates to methods of treating a polymer surface for better
attachment of antimicrobial agents onto the surface, and for the attachment of dyes to
the surface. The dyes will change from a first color or appearance to a second color or
appearance when they are swabbed with a disinfecting fluid, such as isopropyl alcohol
(IPA) or a solution of water and IPA, especially a solution of 70% water/30% IPA.
[0003] Polymers are used in many medical devices in the health care industry.
These polymers are used to make devices for therapeutic and for diagnostic purposes.
For example, connectors for kidney dialysis, such as peritoneal dialysis and hemo-
dialysis may be made of polymers. Dialysate fluid containers, access ports, pigtail
connectors, spikes, and so forth, are all made from plastics or elastomers. Therapeutic
devices such as catheters, drug vial spikes, vascular access devices such as luer access
devices, prosthetics, and infusion pumps, are made from polymers. Medical fluid
access devices are commonly used in association with medical fluid containers and
medical fluid flow systems that are connected to patients or other subjects undergoing

diagnostic, therapeutic or other medical procedures. Other diagnostic devices made
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designed for use with connecting apparatus employing standard male luers. Such an
access device is commonly referred to as a “luer access device” or “luer-activated
device,” or “LAD.” LADS of various forms or designs are illustrated in U.S. Patents
Nos. 6,682,509, 6,669,681, 6,039,302, 5,782,816, 5,730,418, 5,360,413, and
5,242,432, and U.S. Patent Application Publications Nos. 2003/0208165 and
2003/0141477, all of which are hereby incorporated by reference herein.

[0006] Before an access device is actually used to introduce or withdraw
liquid from a container or a medical fluid flow system or other structure or system,
good medical practice dictates that the access site and surrounding area be contacted,

usually by wiping or swabbing, with a disinfectant or sterilizing agent such as
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[0009] Another embodiment is a method of coating a surface. The method
includes steps of cleaning a porous surface of a medical device made from a polymer,
treating the surface with a strong acid to provide a plurality of functional groups on the
surface, reacting the functional groups with a linking agent to form attachment sites,
the linking agent selected from the group consisting of poly(N-succinimidyl acrylate)
(PNSA) and polymers with an aldehyde functional group, and attaching a
solvatochromic dye, an antimicrobial agent, or an alkyl-amino containing compound
selected from the group consisting of peptides, proteins, Factor VIII or other anti-
clotting Factor, polysaccharides, polymyxins, hyaluronic acid, heparin, chitosan,

condroitin sulfate, and derivatives of each of these, to the attachment sites.
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compound selected from the group consisting of peptides, proteins, Factor VIII or
other anti-clotting Factor, polysaccharides, polymyxins, hyaluronic acid, heparin,
chitosan, and derivatives of each of these, to the attachment sites.

[0013] Another embodiment is a dye. The dye includes a compound having a

structure:
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[0015] Another embodiment is a process for making a dye. The process
includes steps of reacting a t-butyl-oxycarbonyl (BOC) amino aliphatic alcohol with a
sulfonyl halide to yield a BOC-amino-aliphatic-sulfonate, reacting the BOC-amino-
aliphatic-sulfonate with 4-picoline to form a pyridinium sulfonate, and reacting the
pyridinium sulfonate with a substituted salicylaldehyde compound to form a
compound with a merocyanine dye functionality, wherein the merocyanine dye has the

general structure of
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INDICATOR

[0020] The synthesis of a solvatochromic dye that has been found useful as an
antiseptic indicator is herein described. The synthesis was carried out in five distinct
steps. A first step reacts 6-t-butyloxycarbonyl-amino-1-hexanol (also known as 6-
(BOC-amino)-1-hexanol), compound (1) below, from Sigma Aldrich, St. Louis. MO,
U.S.A., with p-toluenesulfonyl chloride, compound (2) below, to yield 6-(BOC-

amino)hexyl-p-toluenesulfonate, compound (3) below.

I
BOC-NH-(CH,)¢-OH  + Cl—TOCH3
@
Compounds (1) and (2) 2 o

0
BOC-NH- (CH3)6—0—:S:—<;>—CH3
o}

Compound (3)
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For the third step,
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[0022] For the third step, 1-(6-BOC-amino)hexyl-4-methylpyridinium was
condensed with 3,5-dicholoro-salicylaldehyde, compound 6, in the presence of
piperidine, resulting in the formation of 4,6-dichloro-2-[2-(6-BOC-amino)hexyl-4-

pyridinio)vinyl]phenolate, compound 7 below.

HO al

OHC

(6) Cl

@ /== Q Cl
BOC-NH-(CH,), —NQ_\;

@

Compound 6

Compound 7 cl



Conmpound 6 Conpound 7[0023] The fourth step then
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acetate, which was conbined with the filtrate. The
filtrate was concentrated to an oil by rotary
werapor#pi on at 300C, yielding about 75 g, andP@EES2008/070410
diluted in 75 m chloroform This was purified by
flash col um chromat ography (silica gel) enploying a
nobi | e phase sol ution of hexane ethyl acetate (5:4

through 1:1). at ed ac were conbin@
and concentrated t t e oudy
6- (BOCami no) hexyf - p- toluenesulfonate 6/59 (o)

conpound 3 above The structure was verified with
and the mass spectrum (ESI+) peé® of 394.2 mz [ MW
i s Campdmidant with the sodiumsalt adduct. [0026]
55.63 g. of compound 3 was diluted in 400 m isopropyl
al cohol and 15.4 g. 4-picoline, conpound 4 was added
while stirring in an argon purge. The reaction
solution was heated to reflux and continued for 2 1
hours reaction tinme. The solution was then

7764 g, TREarKECR ESoRESR GENEI D IATEEERS 1 7
m chl orof orm and purified by flash col unn photo 8
(sili [@9 %]eﬁ)f-@ﬁﬂvwa%nﬁl ¥pingrloherane ntt s adw %?&0 amino)-

f Hé dg?n]']%\ Jﬂﬁb(l cRJ%a%‘«)E 43 r&ﬁlé %}IM&%bﬁfetVﬁlt&f asb;‘/g J7), was

Cl

ctions weré co concentrat ed
dlﬁﬁo&reyl ievd@Panhthlorofadm 300 Ge id])ﬁlﬂl] cobil fo sttt S& im@s iee bath

FGmeeT vh o el a2 81 P t'“§§l¥eesoluuon stined

flail agc%thS’mﬁ’itltels EOT e BRI chloride, compound 2, 36.28 ., was added
1) - 4- et hyl - pyri di ni um nonot osyl at e, conpoun (5

t@hbe sdooon améthe\nasctwnrfﬁsmwasebmomd &omctheace bah |agthtcb9!tmually

th f
¥ e ik bont 4 fRuvas fs lmrkrisds® TheSHEho RS e SRncSuaied o o
&édr! bl@ltlfyoiell@wf eV bm ﬂﬁ)%ﬁr?%waﬁdr@t%n angoecoht has izeotroped with 2
floatlng crystals ol uenesul foni c acid forned,

mﬁu@wab\eméaqtleﬁweﬁn 90 mil| ehlerofasm. toThield o) sematselidygeoduct. The

C cti odu Wilst gk&h n 3 Sli!l%néf £ Il 1RR tur% o(ffetl‘}q ac«gr1 tate and hexane,
g fops WRdn o "REVE? eetnyiie

mater e organlc
whiok eatidedt e ;i@e;clplwlnahyofea/ afoliyimme HCI SQQGavlﬁleh awasl efboved by

f?-llpfléggli lr él% &lf lg:(r)vc\:/algflz Iwas )Hnesl:c? qut% ?? %éqSuSengal r?rflseg %?E%gutd755 ml ethyl
acetate, which was combined with the filtrate. The filtrate was concentrated to an oil
by rotary evaporation at 30°C, yielding about 75 g, and was diluted in 75 ml
chloroform. This was purified by flash column chromatography (silica gel) employing
a mobile phase solution of hexane: ethyl acetate (5:1 through 1:1). Isolated fractions
were then combined and concentrated to yield a white, cloudy oil product, 6-(BOC-
amino)hexyl-p-toluenesulfonate, 56.59 g., compound 3 above. The structure was
verified with NMR and the mass spectrum (ESI+) peak of 394.2 m/z [M+Na]*
consistent with the sodium salt adduct.

[0026] 55.63 g. of compound 3 was diluted in 400 ml isopropyl alcohol and
15.4 g. 4-picoline, compound 4 was added while stirring in an argon purge. The

reaction solution was heated to reflux and continued for 21 hours reaction time. The

solution was then concentrated to a clear, slightly amber-colored oil, 77.64 g. The



was verified by NVR (nucl ear nmagnetic resonance), and
had a nmass spectrum (ESI+) with mz 293.2 [M+, which
WO g0000n®pst ent with the pyridiniumportion of PEEUS2008/070410
nonot osyl ate salt that is conmpound 5. [0028] Conpound
5, 46.60 g., was then diluted in 500 ml ethanol and

cl*@d@oﬂlﬂprdliu@ﬂbhﬁ tHef d@gedad dBdm] ERbicPyed aky pdi@fickBb@flash column

5-di chol orosal i cyl al dehyde, conmpound 6. The reaction

Iﬁmtqarmxy (widisa lgel egtrloYing pehlausfornirneshasiol (2Q: h@hrengheﬂ 13 mobile
pghoapé tsori Hesle ghaan.pu rfgl%‘?lafo‘ f tf?actl[)gsa%vtelren Vifd 1%1 (’)nclent?ated by

I on was COI’]CGI’] e sem

Ibyaryet@byatﬁﬁaps(l)‘ml on at 300C. This was then d| ssol ved
in 200 et hanol and distilled water_was add

dr op- [\QP%E Ther First a3t vast 3 rc}qahg/eﬂsm@# OV r g H‘éHCh was relatively
% é’” %E th eset?’g\}akda '(ﬁjﬁwl gédél?%?ﬂ%f bP§. I’![§10g—am1no)—

onerate parti cl e was co Iecte sol
}teagzr)ylsmathlyl pﬁddlmu&em@tdswm i conifoand aife Nl eecondf teerwas a

sfirrin a fine o ge/red precipitate
Rﬁfﬁg@aﬂ Wet @laarbyﬁﬁﬁx SEETRPL ViR h ehewhich (5 E%nbér wygified as
f'bllB@/?dItVMzats th%@g iffhs0 hﬁ%hidr&@n%&ﬁ%poh%ﬂhf@ﬁ@a%@l finutes, clear

turned an ol i ve-green color. The solid dri ed
aeqotarlplss flastirgooystle rob @rfatusmesulfnd@racai fﬂr@lhd,v\ahlghl werel regnoved

R LT CR TR RN L

QLARgek 56 aRd ekd PiohAicBlay@Sw 0tk cbRnRyted ibyt oy @Paporation at
The filter cake was rinsed with four sequential washes

YrCa80@ dearoslightly: yvellgivxaikipéclding do58i 9.1 edcamapamd 5. The structure

\%sh\aé?l? ed by]ﬁ]\/@? ug]fgf &qgéétlfc\’}@ssoi]gﬁ%gdan%tha%oonﬁ%?st Sé)%ctrum (ESI+)

pressure

wiih 3m/20 2982 aMgfar whiehir Bl eos@dd pithdihet pyddinjaad npdrifon of the
The structure was verifjed by NVMR and thenmass spectrum
rp@gtqulafﬁ: salpthaigsomppwid]- + was consistent with

o0 PR Ry P it SN Y e B ap e sy 150 m
ﬂlﬁelﬁﬁn@wax)addednfpﬂuwdd By W6 tgh§ n-diclsdabyvaeylahledyde, tompound 6.

ﬂﬂxture of 100 Bf triflu roaceilc ac:ldgd )
SASHUY SRVEHGVER B ST UL ovRits SRR LNdTn FORIBYSTS, argon

PUrkd T BGeAteab@YHE e@ﬁ'l?ﬁtr MUl futiof \tv%r cdhcentPRAY & a 8418 purple semi-

reacti on was co e and the sol uti on was
wbd dontotaay @danomataancfhte’é)rc alithe mas dheor dissobvead. in T4 ol gthanol and

chlgtﬁle%Zv%gt%rr “RS adcygd cprop—wme with rapid stirring. After stirring overnight, the
solid, which included both fine and agglomerated particles, was collected. The solid
was recrystallized a second time in the same manner. After stirring for 2 hours, a fine
orange/red precipitate was collected by filtration. When the filter cake was rinsed with
250 ml distilled water, it immediately turned an olive-green color. The solid was dried
overnight at room temperature under a high vacuum. The solid was then recrystallized
a third time in the same manner. After stirring for two hours, a fine orange/red
precipitate was collected by filtration. The filter cake was rinsed with four sequential
washes of 250 ml of a 7:1 mixture of distilled water:ethanol. The solid product was
dried at 80°C at a pressure of about 1 mm Hg for 39 hours, yielding a 36.37 g. of a
dark purple solid product, compound 7. The structure was verified by NMR and the
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successive 100 m aliquots of chloroform followed by
three successive 150 m aliquots of ethyl acetate,

W@ R@bai4rg7 a bright yellow solid product. This PeDUSZNS/070410
was then taken up in 150 m ethyl acetate, vigorously
shaken, and the fine yellow solid product collected by

hhdstspadthu@(ESTRe Y2 bt €55 2 pUEHYES 2 EIMSREnMvItH 4t d18 Bl oro-2-[2-((6-
successive 25 nml neasures of ethyl acetate, and was
BOCeaminp)hspyct-pyridinigpesyiphsneipteabout 1 mm Hg for four

hour s;, e | t s 10,73 q..,0f .a bright yello
sol | 408%%] dlu({: ’ g 4(?f6c_o ngﬁﬁ% ?ovyé%_trgq dlssol3vec91n a ¥3'm%%re of 100 ml
&f( G RBTdAethe X3l - Ardpytl o110 ) avid ik |iphdinal @l@ion was continuously
di-(trifluoroacetate) salt, conmpound 8. The structure

WEL VR TP FPIRRFTAIVR: andicf He> haYs. dhseEFion (as|commigly and the
K - + . r .
S\%ﬁ%‘cﬁgﬁ%& Jo%etrtra%qo %%ﬁai‘; dnMel cblored odl. ‘é"ﬁ?e[ c%lg%gﬁ %ﬁ?éped with 3

e cationic nDIety (0] conmpoun
quecdsiet , 100. B diquowasf thierofdims.s édlioecdi by 2b@e ducodssive 150 ml

T oS b R S B, TP e
thlenlypin Bl d8y1Mceldkd, Q/ﬁ%}é&?sm fek¥RSInEheDfAd gﬁg)w solid product

causing the solution to cone dark purple.
adlecred dry Wétsationen Thooliker cakealyoutris@ witli Ithrestsuegdssige 25 ml

d . Acryl oyl lorid d. 9
RO st oo S5 e bk sfC R b EruF AT RS abum He for
SuPRouk, SEhd RshlnFas 00.98 io06F LMt Fe PO kSl Podakomb-dldhloro-2-[2-

m nutes, causing the solution to becone clear and
((¢-gmincphyar4ipyridoliovinyNphestolate gt (Etfuosersietarey nsalty rempound 8.

. e y +
HRPGHER SALULIA0L U RN Dk B s o 5,
Al 183 af [M-AH TEtharohsidedt wiltbihk & adhias soiedy sNedrhpaimagnt
of acrél oyl chloride_, about 0.24 nm, was added to the
r eacti08#0s BtigitAredichnd-Of he seasuthesndisedVest imt208 mhtefy dimethyl

égﬁrrl;rhﬁg,ey;gmcﬁg\%st addid 283 IVl &%,@—rdp—gelffzﬂut}pnﬂf—n{é?ﬁylphenol,

ori
9.2 A0Teythbiyl 7141 61 BIMIRI 0 oM RidtRyl{hineovaslthem didhdophside fersolution

di ni ozf\éi I % henol_at e. H{IOO:’J%S ?'grrpou%g 10 was_treated . .
i ltoros % SR JRERPHIBRI e BEn eGP R AP IC. While stirring
RIIRAME hrgo Iphlegre. tA&YHFEMIoride, koRbBYd €LiRGR RInASEET7 11 in 25
the product with rapid stirring, causing a '
niheldorplionpl was vddedalrspwist ital thegofusiomovbag keped pff @out 15 minutes,
suEern%tani Wwas . .
cauSing the solution™to become clear and light brown in color. After complete
addition, the reaction solution was evaluated by thin layer chromatography (TLC)
using silica gel Fas4 plates and a chloroform:methanol 2:1 mobile phase. A small
amount of acryloyl chloride, about 0.24 ml, was added to the reaction solution and the
solution reevaluated later by TLC. The result is believed to be product 10, the chloride
salt of 1-acryloyl-4,6-dichloro-2-[2-(1-acrylamidohexyl-4-pyridinio)vinyl]phenolate.
[0031] Compound 10 was treated with 15 ml ammonium hydroxide to form the
final product. After treatment, 2 L ethyl ether was added to the product with rapid
stirring, causing a dark-purple, viscous solid to form. Dark-purple supernatant was

decanted from the viscous solid, which was then taken up in 1 L ethyl ether, from

which a clear and colorless supernatant was decanted. The solid was mostly dissolved
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decanted fromthe viscous solid, which was then taken
up in 1 L ethyl ether, fromwhich a clear and
w@odonk#ss super nat ant was decanted. The sol i dP@EES2008/070410
nostly dissolvedin 100 mM ethanol and 1 L ethyl ether
was added to it wth rapid stirring. After about 30

il 109t ABethahop ﬁ@&\@il%ﬁlgyétﬁéﬁvéﬁsoédd@d ve s witd [9ed edriRY. After about
filtration, and the filter cake was rinsed w th ethyl

i manutes) g bygygnisthpwplersolid ipsdeHediedyby {ilatiom Efmslrthéa ﬁb@t caje was
1"?1%%5 SWl%h %ﬁ%l ucﬂ W\A@fcheg}dﬁ‘lfd %ﬁﬁérf llngﬁj ]\_/Q uufrﬁ ?or ab f ngrs. The

phy  usi ng

Erbi@t of BrineMpilidifasioby mad &(ﬂulﬁh&ﬁﬁarﬁﬂbgthplqnusmgsauﬁt ethrough 1:1
fractions were then conbi ned and concentrated to _yield
dlgrefarganethann eneileophge agltionhileolyiad ffaﬁtéwwgmfaewcmbmed

‘ﬁdg??ncg{tﬁ%d tocﬁkldegkaijovmﬁra{n étc[)l%}écpﬁ])rei a@ﬂls%ése&lleﬁf_r\]%%ed with

vacuum over ni ght, yie | ng a yellow solid
ahyliethenpsolidcted by fddation, hbd dm:d mﬁda‘rﬁngiamtduumwdvemlghﬂ, yeding a

et hyl eth s slo a | d s | DG.
Yalobrsolg: AL Waay}sgﬂ@}ﬁ 1&3@*; e;sliwtna %ﬂ%g L of ethyl ether
W&l 6% tyesidey wilt fahRE étﬁ’ﬁn%n%ﬂé@go Hinged il g{r% precipitate was
successi ve portions of 0 nL ethyl ether? was

alieetdd by ddtratory hnd, ses umsesl ithi tglot sucwsellvd ipagfiohs @8 510Q mL ethyl

Shrad vieise D HRR S &Py FRERRS) DR 2 eereenish-
YEASH/ @na%wahﬁcﬁﬁl1+)rm1s&uaa@é<o%)g§>ban& Wit Kt veBiSed by NMR and

consi stent wth conpound 11 Thi s product,
the wayespecdim (ROH) ez dgalsoff 418 [ brwaé caetistontewith ggmpogind 11,

bel i gﬁpﬁg@t ﬂﬁg g&?&u%h%%ve@gre &18 nottae @f&oéﬂgcﬂﬂg%? %{Jm?f It is

nol e orndti on cau

lféyléf/@pfh@btlﬁs ivat duaed ktackEnd eﬁ&\merlﬂgibﬁﬁﬁiMcu[@hﬁ QUi @s formation
and portions thereof. The product was therefore nmade

e lanxceaélfiéla/érqpbgblay@er&etﬂw.heweep@é@swm@efmlﬁwétpomons
ound 1

HEiEof. DO HTBAR: AASbferireAhaRAaicRO rdlie s 49GRERM0LT W

NaOH [oeausmgpmuw prasdbat mbde basksby dssaningf0os m o aargound 11

pur.p or stirri or Q mnutes, the

@;’40 le%‘ﬁ&\%%l toowﬁléﬁtwaatae@eeﬂgo lao};l Mﬁ@ﬁaﬁ“ﬁwgé‘@e product to

cﬁ%@et é?ldafo%ralﬁaﬂg’ binghe dd1bss Mﬁ& srti@ﬁlhgc‘ £2! 1088idufes 2Be blution was
met hanol and re-concentrated was t hen azeot r Oped

qomcetrmaeeei Uty svaperaionqi 69 §1 @fa Gk pdlids hITbrsovasrrndlssmx@d in 20
qnagi%rr%dcéﬁct:en\{vafcédt I}F Wab e%yasiggtlrolpleczi thn\ée successive aliquots

of 25 ml chloroform. The resultant product was then recrystallized by dissolving in 5
ml methanol and adding 100 ml ethyl ether dropwise, while stirring. After about 30
minutes, a fine dark, purple colored solid product precipitated out of solution. This
was collected by filtration, washed with ethyl ether, and dried under high vacuum for
11 hours. The result, 0.81 g. of a fine, dark brownish purple solid, was obtained.
Other bases may also be used, including at least the hydroxyl compounds of alkali
metals, alkaline earths, and ammonium, i.e., potassium hydroxide, calcium hydroxide,
ammonium hydroxide, and virtually any other strong hydroxide basic compound.
[0034] The result, 4,6-dichloro-2-[2-(1-acrylamidohexyl-4-pyridinio)vinyl]-

phenolate, was dissolved in radical polymerizable acrylated resin, discussed elsewhere
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m et hanol and adding 100 m ethyl ether dropw se,

while stirring. After about 30 m nutes, a fine dark,
w@owoploetoendl ored solid product precipitated outPOF/US2008/070410
solution. This was collected by filtration, washed

with ethyl ether, and dried under high vacuumfor 1 1

1|ﬂQHfs Sppil&ioh eﬁ%ohcer@raﬁ@n@rangiﬁl o&rdrh 081% ER0 BT PR k&I was then
@ﬁle solid, was obtained. Other bases may al so,be

by Ui lrmlm@naﬁtf 32esSD nnhat @gsgs mlngcf@m&& dsmpfio 1.8 J/cm”,

’P%e? 5 Sllt unﬁ]g %yélva%cgr%ln{ur:] rgalr}‘rirl]p b dJlsrthlgB is co 81] Wh%n 'wiped with
1bd;dbpyilad%holaﬂd: Mt ﬁlﬁ&mpjnlﬂ AMd fneh eétuﬁteﬂ@m bhl)éd:l’omtlaﬂer drying.
basi c conpoun [0034] The result,

4, 6- diOPTloWaile he. @Po%?c (g PAIRLQB h Esx PECWaty rif o nFlsywithal many

I salv I z

e BPENA T, il 850 Va0 hAdh S PLITRELZAMRca. For
iapphdec asthﬂemodlum hodoeiter wad osed toaspiavy of sdmt&:hl@fntoodye other

0.5% Th re3|n s then cured by UV i radlatlon of
bases may kg ber usgd gtheaﬁ%g}en@l@?sgnﬁblegst ﬁ% Mangvalert ofjegpiuch as

potdsdfinf 65 b’écﬁufﬂ’aQDﬁal%ﬁ’d YAREOGHEPH Gal&hlﬂ%ﬁ"ﬂnﬁﬁhe@lum hydroxide, are
bl ui sh-purplish color. Wien w ped wth I sopr opyl

asc opobpriathenfli wWonkt Wp}hedlt pk helicepddthah dre metaimpertang agpect of

bl ue c | o ter dr 0035 V%ll t he above

BetBe (Bt i PRt I Dardeohy Bt Ol RRR rather than the
pﬂi’@élﬂérc@dtioﬁnﬁldnﬁé/seb@seﬂag% tRabhe mmsxoﬂld dg@oHlyze Ca(OH),,
engﬁgroducts achi eved. For |nstance le so

xiagé soiEasthy sengcially hates svade avitigh ahk@h apdpikalinpearth metals.
ot her[O?g@leﬁhmt Llﬁg lpoqlnﬁs%d aflﬁr aw]c%l %a{ﬂ%o urth %lvaﬂ)chromlc

| east nDnova ones, suc assi
&0ty M beleval @ ddaackastsnphtas ﬂw;bcﬁhumrbbthe m&g&eﬁe bhmveen the
hydr oxi de, are al so. appropriate and work we | t

IH’@PP@%‘H“& Pk thFH’émﬁﬁ}eéth)réiﬁ%glbslbé%% b‘?’?ﬂ fﬁﬂm gt e‘wuwﬂon
(qu q H eﬂ Sit ef&e%r QFII Pﬂmﬁg_ %J&‘ﬁ CHl)ta adL%yﬁgsaffect the
rathe an the particu ar cation gnd ase use
M@tbchf‘difﬂl@ﬁpu%@—bf i d@H) ZThe SafdDie Df tlmﬂl@-i)lﬁ],ecdﬂm é{nhchloro 2-
orth, es ially. b ses de with the alkali

[fér aanqnﬂgheggf f‘WYﬁQ{né Pyinyf] atW?li‘?B?,Hnde( ng SBBYYH celqyv> and is
IMHoRAA 181 GithRed! zh)%% Yaftel RBuSQMAEP QlliH %f‘ﬁ&vaﬁ%f‘ el ﬁiﬂubl%acetate
bel'i eved to be due at least in part, to the portion of
touateniohsc h @nbeewee ompeurshdd dicktve is compeurdl 1 hevith a hydrogen

ridj rin ccord ngly, it has been found that
%Btit{lil?%{of Ighegacr group. rngly, | S u

SN

avaV
Compound 12 — '

Cl

[0037] Compound 12 is more easily handled as a salt, which may be the HCI,
HBr, HF, phosphate, sulfate, and many others, so long as the species is not

carboxylated. In order to make this substance, the compound # 8 above is neutralized
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of a hydrogen atom for the acrylam do group does not

adversely affect the solvatochrom c activity of the
waely@®9/0T49e7 st ruct ure of the this nol ecul e, PCT/US2008/070410

4, 6-di chl or o- 2-

[ 2- (6-am nohexyl - 4- pyri di ni 0) vi nyl ] phenol ate conpound

wigh al SHGHRWY Hel/awxadd thviafa1e TR N d8clli SCHES &6ksalRey 8n other
after neutralization and renoval of the

qompfafiblsrasganee saleené.ouph ay ¢lderoformm one sense, conpound

b h d b o
?- gr tedf(])eg\ééc r y Soaglrr@eggorﬁgpo&lézp\gﬁﬁ 4 Iﬁ?ﬂ%%%]%g?@o%%uga :,]ci}l% gtévatm g

sroglecteaswlthdrbandl, ed aiks @itablet andWhiag fbenmhléiedtdsmgl—laethacryloyl
HBr, HF, phosphate, sulfate, and nany others, | ong

chdoridsdn dhretiertorithe Gauveisioniod eomapwrd 8 phpvsr &Ehertsabﬁﬁkfés R1, on

| baye
e
flucwinhe Alodidec l)d dkyll—i@brcdptss Alkgldmemraptd ig@d)ups psyehtas lekleyl mercapto,

organlﬁ Ivent %h as chloroforn1 LOOSS The sane
SRENALNE taﬁorgatﬁ:e ﬁl&g? ygrgl'lﬁsdéu (ﬁ:qlp rogaﬂ |1F19rcaptan are also

Rehbatsc R aRE p%kﬁb"l%rtﬁﬁl M IEDRARY RBain| SkAly &Erﬁz‘alhlfe%ms@ch as C3
and may be achi eved usi ng net hacryl oyl chlorlde in the

thtapygh flchy, esperidlynéraeid drb, ofre switabdaind Be@b@wp Igttiyeen the amine

SiHEE f P i oG e O B bR B Brigaotecules may
d1448¢ LS, inl tAEHeARTvadRercthik ye B 62 R gohélﬂylbenfsar Gapdeyl, butyl,

groups, such as ethyl nercapto, and non-bending

isoluvirt Ped Keeyd ga@dgrrl@mfpgtherssu 8h taCoar tmi do er @bphaézﬁ It is also

lgealgxrfe?d t%l%t aﬁ%&l&?{ﬁ %Cle érrel r?/ |e§ggﬁl%§ Ei%o?éc%lets @tt t\xﬁfl 8!31%%%&/611 as a
@bpesihedrhiy dG3 1M@bst&ﬁ@orﬁ©ﬂ dtddlequrovd heawydn Ge (plyﬁdme ring and

bet ween the am ne group and theip yridine rin morke
the Penzes Hag bghrawg%tﬁ%riﬁu'ap .beﬁ%stq dutstigeutesCriesl-ardisxatriene,

: SOCEES@% rocth r%ﬂﬂb\ﬂ@l‘i&%ﬁrﬁ @%ubs%glﬁrb n the benzene ring,

pentyl, Tsopentyl, uty I sobutyl, and
a&eﬂlybbvndm]bmytmmar 8. theloomcﬂh df.the phl@ﬁdesoatCR@, R6 may be

al i phati t | so _bel.i ev hat ali tic .speci
plaPe B Prids: b SRIOGRUF L Radour i H5ar POY REREPIS instead
BRSplac&OInVAEL B¢ HoGitbs HKGehNEé léﬁil%rﬁé'sbstt' ik WokGhle Qflateﬂlﬂ%e NO-,

group between the pyridine ring and
alkoxy, such as methoxy, ethoxy, may also yield a solvatochromic dye. Note that a

number of substations on the benzene ring are readily available. For example, several
salicylaldehyde compounds with halogen atoms in the 3, 5 positions are readily
available from manufactures, such as Sigma-Aldrich, St. Louis, Missouri, USA. When
the salicylaldehyde molecule reacts with its aldehyde functionality to the pyridine ring
on structure 5, the 3, 5 positions on the salicylaldehyde molecule become the 4, 6
positions on the phenol/phenolate product formed. Of course, R1 may be amine or
acrylamido, R2 is C4 to C20 aliphatic, R3 is ethene, butadiene, or hexatriene, R4 and
R6 are as discussed above, and R5 may be one of hydrogen and O and R7 may be the
other of hydrogen and O'.
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t he benzene ring by conjugated doubl e bonds of

but adi ene, -C=C-C=C- or hexatriene, -C=C CC C=C-.
woxdwenimabodi ments may i nclude substitutions oPCT/H82008/070410

benzene ring, as shown below in structure 13. Either

or both of the chlorides at R4, R6, may be replaced by

i odige, brom de, or fluoride. The O group in the 1-

position could instead be placed in the 5- position

betmeen the chlorides. It is possiblge that nltRate

- NO2, a|k0Xﬁ such as net hoxy,

a sol vat ochtlom c dyeg.

substations|on the b
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hal ogen atons in the y
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pyridine ring on structure 5, the 3, 5 positions on

t he salicyl al dehyde nol ecul e becone the 4, 6 positions

on t hpopdienoly pbamt abeinpb@aied thodyedintda 6QUEE préferably a

may be am ne or acrylamdo, R2 is C4 to C20 aliphatic,

mempable pprig, et madi erwplied thhganedesndeviri(IaHg) Reusires. LAD

[ o
Bl S RO B R e Ll S RS o
d1840@A¢rs lahd behepplistid3l euchais atGic Parcatae PM AJy e rilohidrild butadiene
coatiggB§greferably a. perneable coatin t hat

be
APENG metayl %‘é&légléﬂ]&é%ﬂt%f’éﬂﬁ%)‘mﬁ BYys POHr_;%t@Pylene (PP),

GHE PR RSVEKR (RO R RIP IRk TREE pERRPERTRLRGE TEVC). moton

epidqsﬂyers&:r llmlllﬂhngpola(ﬂtlyﬁerm t(e&lphﬁlahise) RRNE)., There are many coatings

itri but ne styr.ene BS),. net hyl )
BT ERine ia0Berm b 36 Sae StoIBRG larisk ine Ol echpasist cpbyesters
a(nla%}:rylféychh(éx%ﬁfe' JF aGREAEN WBYicé, @¥akeul ROIKES %%Ol@@ 8s seen in Fig.
(PYU),” polyvinyl chloride (PVC, nylon, and pol yester

i. nbufudapc@s dovig¢ & mclhehe ath@uspgltlhalrlabél)er(CPEle)ctorTh@a@s 14, a rim
firm dh
Rlel a2 R ¥kl ool Bel Shr et e B o«

camreal buiface AIBan anﬁh e163fana ARrisaAhcedaBh Clave abMAS GEh@A so that
access device, is seen in Fi g.
antimicrobial compounds and dyes will attach to surface 16a.

[0040] Other embodiments are described in related application, MEDICAL

FLUID ACCESS DEVICE, Attorney Docket 112713-1206, U.S. Pat. Appl. ,

which is filed on the same day as the present application, and is assigned to the
assignee of the present application, the entire contents of which are hereby
incorporated by reference. Surface 16a is porous or permeable and the polymer from
which the surface is made preferably has an index of refraction from about 1.25 to
about 1.6. The permeable surface is typically opaque and may incorporate a small
amount of dye. The amount of the dye, such as from about 0.1% to about 1%, is
effective in adding a color to the surface, or rendering the surface a translucent with a
tint or hint of color.

[0041] The surface is porous, so that a disinfecting or antiseptic swabbing

solution, such as IPA or a 70% IPA/30% water solution, will permeate the surface.
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1. Luer access device 10 includes a housing 12, male

| uer connector threads 14, a rim 16, and a septum 18.
WORMWA6199T porous and i ncl udes a swab-access JdRET/USIVO8M70410

as a dotted surface 16a. Rim 16 and rimsurface 16a

have been treated so that antim crobial conpounds and

e gismrbdtingt t@Gfod MmAUhfBCONER- anl @RGR]lcréBieEompound, such as

enbodi nents are described in related application,
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dHloRSdG, Filf U@l vdrP thdSersddtil GRdexO rthlfsezﬂﬂﬁ';lh 8 gls&l@ Qo tailor the
surface a translucent with a tint or hint of color.

{voohik THetigutd awra s pordlys dissoctt hppreaandd sharfaec twhether from
or antiseptic swa %ﬁa§é&Lpl such as IPA or a 70%
%%ﬁ&%bbf%ﬁP%Fm§%|%ﬁﬁ aB@Pﬁéate the surface. The
di si nfoeg1]i g, 5adpitts @indial aéi& ZORIRBudAg 22 and a porous surface
anti m crobial conpound, such as chlorhexidine. It the

layraedd. ofThe epicacrd grrvof as parewebdingls Zolutheomfaghbayer 24. The

%z}rglfkhsu%&? Iﬂﬁe 911;1}/ 11?01& 0 echge taHl%uhtrs] %?){he éyé’ fé a%gfltj (5) E] to about

thé porous sur

L.0% l@tmélgﬁte aid iy bBﬁ @ﬂiﬁi&uder s&hﬁtﬁ]&&ﬁ@ﬂﬂts ofi afntlhﬁﬁb&al Sr (blfgodynamlc
dye. If a dye is present, the surface will chang
CHIRAUNGS28. hEhets arecRANGWaY SOARRKEGOBROHNGS PAPUSH Rt chaDurchasmg

r%@l‘lﬁgﬁges Qitfl fkﬁB\%HEOMlZJ 48l c{yﬁls%y bg%ﬁgﬁr@m\;&tﬁﬂltﬂé {VQP I-known

ol utions or swabbi ng conpounds an I PA and
RS e(themayl im&ens'smcbha&i tdpaugion} peses, ar by trldacmgsdurface crazing or

conmon, Faor ex etganol ha a refractive index of
%gnog ﬂé‘?ﬂ{ %lﬁén%)ogtﬂr}(&ar MRASB MG %‘TelﬁtVYIHhtaﬂg{S‘ [PO4g Sizes may be
Iﬁﬂ&&%&lﬁxﬂr&hn@sm\ﬂhicg ebap, \an)ﬂettoﬁﬁa reiNaai sve, i hdepolyethylene
thus allowi ng users to tail
membranes may be purchased from DSM Solutech Eindhoven, The Netherlands.
Pore sizes may vary from 1 um down, preferably 0.2 um down. This small pore size,
and smaller, is sufficient to allow permeability to antimicrobial swabbing solutions,
but large enough to prevent access by many microorganisms, which tend to be larger

than 0.2 pym diameter. Many of these techniques are described in the above-mentioned

related patent applications, all of which were previously incorporated by reference.

IMMOBILIZATION OF DYES AND MICROBIAL AGENTS ON POLYMER

SURFACES

[0043] This section describes the experimental work that was done to prepare
such surfaces for direct attachment of the dye molecules. The substances used to

prepare the surfaces function by reacting the surfaces and adding functional groups
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swabbi ng solution to insure a visually distinct

appear ance change, whether from opaque to transparent
wo@roobrowone col or to another. [0042] Fig. 2 de@i/TsE08070410

medi cal device 20 with housing 22 and a porous surface

| ayer 24. The pores are shown as narrow channels 25 in
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cﬁhée%nﬂﬁﬁiéré/tﬁﬁly of ' @1Bodly ﬁﬁﬁlgoyﬁbstaﬂ&%f ShAROLKo0b2 JHREHRMN. These
This small pore size,"and smaller, is"sufficient to

@in pown greanaeadsl Itw,tcy at deaaintol inhibitabé aovetatibhargiful bacteria or other
| ut but : .
R L N e R LT

shtiepet er. Many of these techniques are described in
t he above-nentioned rel ated patent applications, al
of whilBfWMasriplse iinowgl yta nboyepopiepeidichy of efreyigpecs. to  such

ROt e g PG el T BV R No

®EERsTemdaly. SMird. Noab, mass2doag dwabfcﬁpz&é €éhesethincorporated by
surfaces faor direct attachnent of the dye nol ecul es.

refreencq 8 ttheie eatigveds thouph éfpar\éerﬂf@PseGré%@g iptanidtsi Ratent.  For
ﬁytaﬁ(%aﬁhétt&glﬁ){jﬁmgﬁﬁgﬁg Egmg&%d@ctﬂjeﬁ&nﬁlgr\?ﬁﬂ g%knc or 1hcate side

gr oupst ye to t ace. Exanp es
cchfalmi)/ e waltkondenRer char ﬂtopsrtld:y,easaald idre s0d wad oedyoedrboxylic

dy crlbed ahoye. so, descri bed _above, the dye .
ac?Fan 8 5tBf ai’lg 'éffnéPlF agid.and g Cl1pid e B GRRIM f“ﬁialfho)tgﬂléomum

saus§ Eﬁ?%1so%éqge@.SB§sﬂééergaﬁﬁ&&§ﬁp&ﬁHb,Q%rtglh'%@l—organic materials and
compounds are also known for their resistance to germs and organisms. Antimicrobial
compounds are used in low concentrations, typically about from about 0.1% to 1%
when incorporated into the material itself, e.g., a housing of a luer access device or
other vascular access device. Antimicrobial compounds may also be used on many
other medical devices, such as catheters, dialysis connects, such as those used in
peritoneal dialysis, hemodialysis, or other types of dialysis treatment. They may also
be applied to drug vial spikes, prosthetic devices, stethoscopes, endoscopes and similar
diagnostic and therapeutic devices, and to infusion pumps and associated hardware and
tubing. The use of antimicrobial compounds on these devices, among others, can help
to prevent infection and to lessen the effect of infection.

[0045] Metals, especially heavy metals, and ionic compounds and salts of these

metals, are known to be useful as antimicrobials even in very low concentrations or
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surface, has been swabbed and is nonentarily clean.

This technique is also effective in binding mcrobia
wao@ansovd t he surface. Exanpl es include chl or PERUS2008£070410

conmpounds and derivatives, such as chl orhexidi ne

gl uconate, and other antim crobial agents bearing

ARdUHeAl Kitke QIRHASes JFX MIPkEBRavR| 1188V HAAC effect and are considered
chl oroxyphenol , triclosan, triclocarban, and their

digodyzanives Th&naletalﬁatlmln@r yilsenmeasldinzisemsopiras celimny gallium,
}ﬁ% §i anéll g}{lfgﬁl %J.Il.h r 1r9cilur%o%(tﬂ§mu§1 30%91311%%{] %?%’mrﬁg%/ a%c% others.
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nlcroorg | SNB eSCFI dISC
;hhrlS)sePadll thisee méta&élé’rp@ﬁﬁslddzﬂe& oliRadynahic ntethgIn8 Heir amdpounds
at, No. 6,776,824, all _of whi are hereby .
arlﬂclBP]ﬁogPBit%‘EFeB)?rer eligqdypamic ybstapges. dleipeip 353 t{xﬂaa@qﬁlpounds

a{nlaq}fns\’\@ 1€ ZGRRIEEL, Gil Ve atdtdel O AilhR, AREEBIorifi® ilver iodide, and
|nstance quat er nary ammoni um conmpounds (frequently

mnn}hot&.amgamaa inribyithd grtwh of dacmh@am)nsasmhmIHacllen@,vmruses or

E8e Sl Giey PR R0RYS R RS OF P Ferdier™ BA, Wggipyiruses. or
fangh, MR Bkker andentRYiohéli Bédaiied ithnp NeFs RQN ictip S@ ds Sarld®Yalts are
al So be Used. Besides organi ¢ conpounds, certain

wwhle thpyriney eastle be flasedido & splpBoasa epasing] whick mnrih¢rope used
& I'l:% gss‘clu?atr A& éigwgg rsn%h %Q% lg&gg&l{sss‘snﬁewéa‘m élme? rh?? hoqlg been
conpoun S are use

concentra

latodtit tof be ah &lﬂQUﬁiveQaﬂt%ﬁbfbble% méen and dompar @\ta(ﬂdblle 17 cnathhpamcle
naterlal itself, e.g., a housing of a_ luer access
Wi Femgonyapiss S%’@s%:SLN eiithesp é\@ggtea@wl%gées AREINER. (Prpfigy Canada,

%enﬁ%ﬁdéolﬁﬁ I‘fﬁl:SCW?ﬁ g R TBX, Oblﬂ?e'ind??g&i Imlc metals and

vi ces, such as ca di al'ysi s con such
mmmxmnmsadamnapﬂhﬁ%ﬂh@ﬁhhﬁeaby@amﬁshenndlaIyS|s or

o A k5 2 Ikt e TR BB s et
180N RSCBRE Sres BAAAS pRRRFiAN¢h®IdThd Rhlorhexidine and its derivatives,
ethanol, benzyl alcohol, lysostaphin, benzoic acid analogs, lysine enzyme and metal
salt, bacitracin, methicillin, cephalosporin, polymyxin, cefachlor, Cefadroxil,
cefamandole nafate, cefazolin, cefime, cefinetazole, cefonioid, cefoperazone,
ceforanide, cefotanme, cefotaxime, cefotetan, cefoxitin, cefpodoxime proxetil,
ceftaxidime, ceftizomxime, ceftrixzone, cefriaxone moxolactam, cefuroxime,
cephalexin, cephalosporin C, cephalosporin C sodium salt, cephalothin, cephalothin
sodium salt, cephapirin, cephradine, cefuroximeaxetil, dihydracephaloghin,
moxalactam, or loracarbef mafate. Microban, “Additive B,” 5-chloro-2-(2.4 dichloro-

phenoxy)phenol is another such material.

Functional Groups
[0047] The following portion discusses a number of processes found to be

effective in providing functional groups for the attachment of the above-mentioned
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di agnostic and therapeutic devices, and to infusion

punps and associ ated hardware and tubi ng. The use of
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others, can help to prevent infection and to | essen

the effect of infection. [0045] Metals, especially
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with 8M HQ1 a458C godfounBourwkd yibldm@ymtﬂéﬁ rNMel Lwetdoﬁita)eﬁ@aiound by
a vascular access device, such as a |uer access
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nano e S| Zzes rom conpani es suc hern
Momvves:mioﬂaigd e$6 3T01r16ﬁlnmles®1nzamhd¢ tiGafiedaninadndRutretsdn after

lids, I|nc.

Co
% ér&ag%lhwsnaﬁf 820 °Pad iR cemaleyedy oo g gpnoggiration was

cfa'lc%ﬁﬁt&hﬁﬁﬁg Wﬂioﬁsof 1LiA046]., GELabedR @Edt?clhsBléh‘ V@ls 83 (2),
fani | ani de and cephal osporins, are wel [ known
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[0049] The NM-1 membrane was then contacted with poly(N-succinimidyl
acrylate) (PNSA) dissolved in dimethylformamide (DMF) by placing the membrane in
a flask with the dissolved PNSA. It is expected that treatments with other polymers
containing aldehyde groups, such as polyacrylaldehyde or polyacrolein, would also be
effective. Triethanolamine was then added to the flask, which was rotary shaken while
under a continuous argon purge for about 6 hours. The treated nylon membrane was
then thoroughly washed with DMF to produce N-succinimidyl carboxylate groups on
the surface of the nylon, forming NM-2. The di(trifluoroacetate) salt of 4,6-dichloro-
2-[2-(6-amino-hexyl-4-pyridinio)-vinyl] phenolate was dissolved in DMF and was

converted by neutralization of the trifluoroacetate counter ions with triethylamine.

19



et hanol , benzyl al cohol, |ysostaphin, benzoic acid
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Cefadroxil, cefanmandol e nafate, cefazolin, cefine,
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W&HB@PHh DMIC ePhe adtdte of ¢igf tiedbidmeaxstd light purple when dry. The

di hydr acephal oghi n, noxal actam or | oracarbef mafate.
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unct i on e fo g portion
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activated carboxy group, an activated am ne group; or

rntoasteithat pdlatahe gherplase positite rekiring dhalgyes arlodggentA maypber of

t be directly attached,..or an i.nter i.ate gro
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menbrane, pore size 0.2 mm 47 mm Watman Cat. No.

difernpaninegads sieaiohawniryes \H-frdn NMO. werl tiatednwith different

BB A TRRSIER, 856 e ) ol e

diffeiehetdslafsl Utheqei-tigulanenia@ Wk dissolled iromethahoel, the membrane was
pol yester, polycarbonate, cellul ose and polyprﬁpylene.

arided i HisrgRioniEk. andr e Tlasls Hag retAtr Bl gyernight.” The resulting
rg bfane 'xx)’a%'t}T{%%wﬁghrﬁ Gth ALOR Q{%ﬂ Qrie@ GRHA Caculil h?éi\ﬁé 1 below

nd wat er. anes were then washed severa
dumesizes tthe Wafeentt wsed cimigee aad bl tresaltingHprophueigs weFlgese results

finally washed in nethanol and.dried under high )
SPE TG At P &4fdao and ampjonium compgynds may be used to provide

attachment sites, including primary amines, ammonium hydroxide, amine (NH,)-
terminated compounds and polymers, morpholine, and an aromatic primary amine.
[0051] The membranes had pores on the order of 0.2 um, resulted in rapid
color changes when swabbed, and returned to the dry color within a minute or two. As
noted, it is believed that the NM-3 membrane had an excess of carboxylate groups on
its surface. Therefore, an antimicrobial agent, chlorhexidine, was applied.
Chlorhexidine was dissolved in methanol, the membrane was added to the reaction
flask, and the flask was rotary shaken overnight. The membrane was thoroughly
washed with acetone and dried under vacuum. It is believed that this membrane, NM-
10, now contained both antimicrobial agent and dye. The membrane was tested. Its
dry color was a moderate purple, turning to a dark purple in isopropyl alcohol (IPA)

and to a moderate orange/red in 70% IPA.
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ST otghd yyBRied w t
car boxy|l nglaég;%ps or
form ng léﬂzylsﬂ e di (jtrifluoroacetate) salt of

FiT

4, b-dl chl or o- (b-am no-hexyl -4-pyridinio)-vin

phenoiN¥d hagan aqut%ﬁl\i)e]dml HethrmER gddedswidlbhiiel PEAT b w11,

neut r-aitha gitioPihe Rivi-8 BAuidn ds Wer Rasaiad.e counter ions
with triethylam ne. The previously-treated nenbrane was

added to the reaction flask and was rotaryshaken

kolycanbapiate sulaeesr esul ting menbrane, NM3, with the salt
of 4

(6- anﬁ%ﬂgé]hgﬁe‘fonﬂ SB{"FS PG SUERSP B 8RS e JREH R Makrofol®
Iﬁﬂj?(faﬂ:ﬁﬁiate\/\ﬁﬁnst toeonst hehaHitR] ¥lewasbedolvhd Rvddobtalkt® from Bayer
surface of the nenbrane was a |1 ght gurgl e when dry

Fipmesdivisinng Begert e dmesiess. perlpl & s Wad bégs wetehcut into
1 (‘?’18% ﬁ)zg‘g rﬁq&&%%e’a&eg&gtht %Bﬁ?g 6?8%9 F Eé\?rccon sﬂlfomc a01d in
e&bﬁlLﬁh@O%B\/&(ﬁMe and the solution were placed in a screw-cap vial and cooled to
about 5°C and rotary shaken for 1 hour. The resulting chlorosulfonated film was
thoroughly washed with ethyl ether to yield membrane PC-1. It is believed that the
amino end groups on the 4,6-dichloro-2-[2-(6-amino-hexyl-4-pyridinio)-vinyl]
phenolate dye would react with the chlorosulfonyl groups which had been attached to
the polycarbonate surface. A solution of the dye was prepared by dissolving 10 mmol
in ethanol and treating with 0.22 mmol triethylamine. The resulting dye solution had a
pH of 9.7. The PC-1 film was then added to a rotary flask containing the dye and was
rotary shaken overnight and then washed thoroughly with methanol to yield film PC-2.
The dry film had a moderately pinkish/purple color. When wetted with 70% IPA, it

turned to a peach color.
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[0050] It is believed that the NM 3 nenbrane had
excess N-succinimdyl carboxylate on its surface. It
w0 200alos99bel i eved that this excess woul d hydr oPQRESZNE070410

protonate the dye at the phenolate position, rendering

the dye colorless. A nunber of NM 3 nmenbranes were

tr eat@ds4y Othefli ilhRr @RhtedMmafe t Qnft aRdrnkZ € bkt &viGArDFEYr-hour
roups and al so to di scover what colors or other
eparionisacid iredtnpensuhad 19 ephor Keangserctvityli f ftap dglieved that the

%ﬁ%ro%uﬁf(?np‘l %%{eéf ? : oIemrrt%g;Orr ZE‘rrz%gﬁ;itlon gro‘ldI %t tha N(lfoﬁlv% Sng)raa more stable

ShitityoveD tigneS b ihe s $uiidt aogisabiior witddhn@at yf Gk idgatddier expenments
different colors. The particul ar am ne was dissolv

ingludled Faiiidie, the e fahByarichmsntiaeed ¢y hedpsadie éﬂms treated
b Bl 8L el ony AL ERlERSNE A, T o i
sd)itu‘tﬁlﬂiylﬂfm i atchammlvél’m,bcbrﬂy tthyebther sasnoead foe shit leeperiment. The

Pl BN T PO GYBRTAE R WORUBAP QT rBomleh slower than

@EUBIH Hﬁﬁn%@ P %ﬁ%arfé@)fwfi’i@h waeda hyhRinaYk gﬁat@& E)@ﬁ)@ﬁr? Nfreatment

sites, including primary am nes, anmoni um hydroxid

dmdeca@m)e surérces Matheme&mnrfybg rdid andcipb¢ yweh &, exPected to add
rphol.in and a tic primary am ne. [0051] The

%gﬁ@ SURLEOBBY tod n?aﬁg order of 0.2 nm resulted

in rapid col or changes when swabbed, and returned to

the dry color within a mnute or two. As noted, it is

Palyestay Surfaeest t he NM-3 nenbrane had an excess of

carb t p t u c ref.o a

ant i g[l)é)é#%]bllgoé sgege%%r?&e%\%?r e!)’l(ll‘g(gl (ﬁbetallwc? a%d liei%ted . g., Millipore

(SN ctliyiendteteptehMas (BES 5 oki®@ehne ) wakt stagiatd, (IalﬂeNmI\Hﬂ% from
was added to the reaction flask, and the flask was

Mitigesg GorRk é?rﬂl%‘il/“e% MhUSArhd hessniemhenga svern b GugHpydiameter,
%@Fﬂj gllltt% 81%@ h%?llglng h@rﬂmﬁp gﬁ%‘le}!& C()lf} l'irﬁ H Tﬁe membranes
| eve at t ,

'S nmenbfane, now coft ai ned
watltuantto Giar el ah sggant alammdddtyleo aTdotutivandrvene amgsacetone in a

tested. It | d
PR ur ) @I oF SERRSB ik GHOT o4 Baf. 03§ benzoy
pmResaale afi %@&@ﬂé %ré ngeg% lRAJIOH#R2] ThEaR) e HafRBtAYS shaken at

Treat nent of Nylo nbr anes
85 C for 4 hours. The resultlng membrane was thoroughly washed several times with

hot water, followed by acetone, and then dried under vacuum to yield membrane PET-
1. Without being bound to any particular theory, it is believed that this treatment
results in substitution of a benzene ring hydrogen in the terephthalate moiety by the
acrylic functionality. The membranes were tested, and treatment by acrylic acid
resulted in weight gains of 50-53 percent. It is also believed that the subsequent
treatment with benzoyl peroxide results in attachment of carboxyl groups to the
polyester or PET surface. At least some of the attachments may be of a polymeric
rather than monomeric nature, i.e., the attachments may be at least short chains with
multiple carboxyl terminations. The terminal amine groups of the 4,6-dichloro-2-[2-
(6-amino-hexyl-4-pyridinio)vinyl]phenolate dye, or of an antimicrobial agent, can then

attach to the carboxyl groups, with the elimination of water.
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*NM 7 had an additional 0.1 m triethylam ne added,

wth a final pHof 11- to 11.5. **The pH of the NM 8
wa@elaien7 was not determ ned. Pol ycarbonat e suPC¢HUSR08/070410
[ 0053] A second series of plastic surfaces was al so
tested. DEl-1D Makrofol (r) polycarbonate filns, 0.005

i nch [obseKA s6lu@idh v It}QScﬁ/egl/é% Ssrep &I & bR W&dthErP‘Em membranes.
Bayer Polyners Division, Fil ms Anericas, Berlin,

y musl, of Tthe di(uiifeoroaetate) Lﬁ@ﬁuwsOdlisOéwdslqdé)r @ of MMTiefogwhich
treat 4 m. Q ol utiagn 0,25
L A P A B, PSR S0 QR D coemons-i-

&Bbxchi®on yier,z &h@@@qumahﬂe)s coEpMngapgstit alvaangideool ethd PET-1
about 5C and rotary shaken for 1 hour. The resulting
mEMBiage $(is Pefed Bathts IeATtRESIHINATGHY3P TRisYy sbpkgn oyernight. The

1% Jﬁﬂl% ﬁ‘;elﬂﬂ{raﬁe wi gll %ﬁ?%@ﬁedﬁ@ﬂh méthatdl. PRLL &Y¥&tbrane had a
€ am no end gr S on
ltﬂghﬁi Ochrxgh/ir@ir oIk [ ]Z-l( Belfamfiedl ohdveby tesidiuplycarrlstixyi @)oups maly] protonate

he oI dye d react, with the chl ul f.on

Fé ‘B? P&ﬁetﬁm@“ﬁ - HghEH cobTiehe @aﬂ 9@ mﬂqé?@brane was
St aa8ated Wil Ut S%n s&fiuth NBic RO MBS oRKBRHCELIR¥%rt any remaining
di ssolving 10 mmol in ethanol and treating with 0.22
qatixyt gioepshyd diri paliuhaltr eShé tangbrdye vas | then erashrald wath water,

of 7. The PC- | .filmwas then add

BitaSrd B Tociliihget 1o, DR oGS 1Dy i héhirane. The
Qyerm ¢l o@ﬂ%:/ieﬁerWﬁ@ﬁS%ﬂed twthm@gmhm Vht ndieridnBdcabi@ a light

yield film 2. The dry filmhad a noder at el

Bime solepnglckargsdde a opdor whenwfasted 704l [Hnalane. In further
o} eat '

SIS SRIPIL ferkORE s PUBEe! LS oAEREBRH by e

deisdlutios atued mcha@hta@ee:elo@xtloelhﬁmmemaﬁlbramht y. It is
bel i eved that the chl orosul fonyl noiety is a tenporary

t r ansiOPP Onllisrisetistof these tesbriraranstrate that Fﬁyreéal spbyppies are suitable
P YN HEnd (l)fnﬁ)flvag%r&%ésdg}% &%a?%@'tﬂe@&h%o tH4t ¢ He dyes easily

attachnent of r ‘experiments I nclude
aracly. hg addtiaom itavehef pm“udy:& radttadk mtﬁd furedimant rd@aybaoessand foams

. The |l ms treated for Ion r|o

e H%H RO PP Wi é‘ilBytr‘Eac}’fnSPtet&F %‘ﬁﬁef 19?153%0 %‘B“’Pﬂ%al groups
1%943@1@ bl td»fetﬁgnep C iThe®d h8tuIS ohé’rﬁ&{straﬁtn kiat €difbre€LRRN rings or
was used for this experinent

membranes, such as those cut from a sheet may be used. Other polymeric surfaces
useful in embodiments include thin films, cast films, molded or shaped parts, or even
thin coatings intended for placement on another object, for example, a vascular access
device, such as a luer access device.

[0058] As discussed above, acrylic membranes or coatings may be used, at
least for Reichardt’s dye without treatment. The presence of polyester-like RCOO
groups in acrylic polymers renders them suitable from the start for attachment of
amine-containing dyes or antimicrobials, as well as other dyes. Urethane membranes
or foams may be used as is, or they may be treated to make them even more suitable
for dye or antimicrobial attachment. Polyimides may suitable if they are flame- or
plasma treated, or if foamed polyimides are used. Melamines, maleic anhydride

derivatives, blends and co-polymers may also be useful, as may blends, co-polymers
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color change in the polycarbonate film wth very | ow

porosity, was nuch slower than the color change in
woreobioat¥es, whi ch have a high and regul at ed poPOEUS3008/070410

Treat ment of pol ycarbonate surfaces with nethacrylic

acid or acrylic acid is expected to add car boxyl

AN pRit€ SURSy bOtheemSiterihRCeSiliBoley @8 &fss aehal€%o treatment,

[ 0055] Pol yester surfaces were al so obtained and

hasaverd foamey siliggries iy ke wisHy diok pkanple etregsetsalicene with 5-10 M

*ﬁ&ﬁ)for senglagﬂgurs \P@{I}% éjl%ﬁ ésfa%ﬁl) %%%JRS %lcl-lr%aall\l 91142%16 usecP {8 form

d&ﬁf(ﬁy‘b? oty ﬁ[hcdbﬂdrgtcﬁrp, att@cl&ﬂ@nt@(m:st hick, with por es
havi ng a nom nal dianeter of 1.0 nm The membr anes
were cut into 3 cmx 3 cmsquares and added to a
' ter and acetone in a screw cap bottle.

b D hacrylic acid, followed by 0.090 nmo

of beiv289Y]l Threrdyrs déescitibed rzrbo‘a’;ceRelnhartherdyead‘d;Lédilct}ﬂorbhb[2 (6-
solution. The bott r ak
Yolpgid F%@)@ﬁl@ﬁ@vwﬁaﬁ i ‘r}//vaas‘flat #6 rdaﬁﬁ?ﬂ%ﬁ-féagﬁ?@amo -hexyl-
Eyﬁcﬁﬂ o)\tlhﬁ?ﬁle%ﬂ:aﬁ hgte VGHIGT a ff‘é{)vl oyye dm By W@S &N dyseful

en dried under vacuumto’yield nenbrane PET-

W\talmhtoml dygs tloaimdayt be asgd pathese a@pzhcatlmor?herc tarq many other
b ed t hat hIS at nent res ubstitu
PSRl 8 R, SRYHSBR (s hed Ehefn i el isgments
Y tHeBi1ag ky teversibin 6hdn@p abliot Whed BRaBRADE. ANRShWRAE Without being
tested, and treatnent by acrylic acid resulted in
Reaing e agmpaigedar bgomait pebeliened that thewonjugationebgtegenthe pyridine
. ha t n '
J}&% c{El%l %%9?1%%2%%13 @1{ ﬁ% fﬁ? gé)i(Y'f}{J“d(?lgou& B¥nd R}?lLee 1A%, two, or

thedey st &dcoiits PErTths lsblfvat(behroﬁ(hc h&asty iaaRendf strii&ures. Since these
attachnments may be of a polyneric rather than
TysonH rfeRturpatAiE Prespntein merpsyHing dhret ¥ bl vesk that a number of

tjhgs%s& es t1’9(ﬁ1tld gfs@'lﬂ:sef%chbe g}”lﬁdl@it&'s G8f psggﬂ%lu%g, viqhether incorporated

term natl ons. term nal am ne groups
idfdba doatimlgoax)t-hé aﬁ:lgl-hcs described above, or used as part of a surface treatment.

am no- hex ridj Vi n phenol at e
éﬁcoé’ﬁi‘i FCE? B’i‘l&F Fa é lcgli%% i%fhde&?i‘ € I‘imﬁoraf%é thaf'a hstituted
SRR . gf}%*';ﬂ%no%& Bink tf@nc%ohﬂhﬁﬁ%'a%}nﬁfc d'@ito? hnd %@%rldme or
A solution of the dye was prepared lows for th
BEHimembriag dgnctions as the acceptor. Of course 1n the new structures the
benzene ring is the donor and the pyridine ring is the acceptor. Thus, it is believed that

merocyanine dyes, structure 14 below, with conjugated pyridinium-phenoxide rings

(having resonance with a pyridine-benzene structure)

(14)
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0.25 mmol of the di(trifluoroacetate) salt was

di ssolved in 10 mM of DWF, to which was added 0.51
wonwb/0of9tri et hyl am ne. 0.30 mmol of EEDQ PCT/US2008/070410

(2- et hoxy- 1| et hoxycar bonyl - 1,2 di hydroqui nol i ne)

coupl i ng agent was added. The PET-I nenbrane was added

4r0 alddi ithBBC tEQMhpRal ki@ 1anethyas- (4 yﬁfdkyﬁﬁl@bﬁfhdlmum betaine
overni ght. The resul ting nmenbrane was thorou

anddteaken stherneyaninealye, #hhs@r%hﬁr aw@yﬁ%dbaesom@metame
ggsgﬁéﬁﬁg(r)%lgr golvatoéhro&l Iels %/a%eyﬁalgo ﬁée H%Qie uc SI dé"ntangunfiance of

;trbﬁodslﬁknwﬂdeyesngand f@pl ‘thlcﬁsﬂle 'Ehﬁﬂefcﬁii@e tfRen their normal
menbrane was surface-treated with a 5% sodi um

Pvigrpeaee dightyisidie 6n\96>ﬁwmf SHAYy b Siead i Mg rergeRidy A, will
| .

BERHES i a2 i1 TERIAES: HER, Ry i colon

heficke rand adtat mMNoe thaethd “bh{é)rdz’Ee'BVﬂronmﬂiwdrthe c&'itmgdrrﬁADlhnusing

was .or ange/ red. \Wen tte 70% | PA, e

BeEERemaY by giRred Al AS Yaﬂﬁ’gmga}ﬁ ase%éwg%laplﬁ& alsga?%ﬁuﬂng the

oRhMobemetRalifd mtﬂdapbiair% th® shuhdeh @f the species used for

experinents, it was found that |ncrea5| ng the

atrachingreint dyd. mA. fov thephesndfr wheatdphrarie djge agoprasangad in Table 2
used a nore intense coloration of the nenbrane.

t[eg U57] The results of these tests denpnstrate that

several substrates are suitable for the attachnment of

sol vat ochrom c d or may be treated so that the

dyes 086l y atta%hble Pn &elyptockiomie Dyhe particul ar

materiats—tests tus'ta;t" tanermenbranes %”80 HUdIIb nay be
ol

used, eerha_ps y tegat ment b%gé u s
s me%hﬁes_éﬁﬂesp

Brewgeresol pRSnst e t hat i Rlys ot e, s i ngs YgHow
BrepRthymaldlues o Tfs those cllBlvS rom a $Wdet rmv YsHow
Rhepel redy her pollyrleri ¢ sur fla¥edew ) sef ul| 8%n Pnbod‘]rﬁ@nt S
Cogdlpde thin fill7ws, cast fliteds, nol ded-Sor shapeled/purple
Methylged or _even [t4 n coat i nigednk nt ended 6f20r pl aclexeday on
Raidiaties Dobj ect .| Ynbr exanpl jegreea vascul| &7 access| devblue,
Modhhwisata | uer [#ctess deviloed [ 0058] [AD di scusisetlow
Riseeve , orage 93 | ¢ |HEhbr anes oryetoat i ngs [y be us|gank at
Nile red Unk | Blue/purple 6-7 bright pink

[0062] These and many other solvatochromic and merocyanine dyes many be
used in applications according to this application. Other solvatochromic dyes include,
but are not limited to, pyrene, 4-dicyanmethylene-2-methyl-6-(p-
dimethylaminostyryl)-4H-pyran; 6-propionyl-2-(dimethylamino) naphthalene; 9-
(diethylamino)-5H-benzo[a]phenoxazin-5-one; phenol blue; stilbazolium dyes;
coumarin dyes; ketocyanine dyes, Reichardt's dyes; thymol blue, congo red, methyl
orange, bromocresol green, methyl red, bromocresol purple, bromothymol blue, cresol
red, phenolphthalein, seminaphthofluorescein (SNAFL) dyes, seminaphtharhodafluor
(SNARF) dyes, 8-hydroxypyrene-1,3,6-trisulfonic acid, fluorescein and its derivatives,
oregon green, and a variety of dyes mostly used as laser dyes including rhodamine

dyes, styryl dyes, cyanine dyes, and a large variety of other dyes. Still other
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| east for Reichardt's dye without treatnent. The

presence of polyester- |ike RCOO groups in acrylic
wW@oiogoets7 renders them suitabl e fromthe startPE€DUS2008/070410

attachnment of am ne-containing dyes or antim crobials,

as well as other dyes. Urethane nenbranes or foans may

B/ SBEbAS diySs m@fr iy 1fﬂi¥o bediclamh@Rly1be-PRkeeh 1P

even nore suitab

e for e or antimcrobia
@me&y&mnpsty@arwm@@gu%\p butroionn T fdlmﬁﬁylmléomamfbalene

L R

(@yped WigYjsloliaine ADEW ] bﬁphldﬁ(ﬁf‘tﬂlllle. sk’il‘b‘)aiﬁiijﬂnbdiﬁﬂ fdSumarin dyes;
co- pol ynersand conposites of _any of these naterials.

Isiteqyapine dyes & Nedmehpbapreantmet NEAM Nén and Nonethet-2-
SN e r

R N e RSN B R P on R P AR fronkef SR AN,
daid-dabbx ydbutalolfynagriodel (13B S windohhar alap oy Ianeﬁegsu Selebrtsoitdbde dyes

ar boxy or other func nal p attach ites
g pay B icg Cyesn| %@fggjurer %e@ta @35%0%2 N-
s%%bt?ttiéﬁqtl 45113@Y@pyr14111164 Qg e gy h%e{lé]c&(@ohexai 5-di-en-1-one, red
acryl anmi do- hexyl - 4- pyrldlnlo)V|ny phenol af'e, and
pyr&otinehiyes, azomgdine@lyasiimdpahgiag ldyes, and mixtures thereof,
4-pyridi ni o)vinyl ] phenolate, are only a few of nmany
exanpl es of useful solvatochrom c dyes that nmay be
used 0063 he&er aRpbdyamiht @YSs inthrlkeebad fre MM Yindtdde’, Merocyanine
sol vat ochrom ¢ dyes that could be used. As noted
BISHVE; 2+ Heoneri Wieh paild teduerpemEies are ange catinplet 9f tao type of
{R?‘y £4cH &%% cr?jéa@l%?n? OV BL ¢ %?J&eﬁ"}{ﬁ% res%HQ d1sc1‘6"s&1{é. Mefocyanine

hou €i ound-t o an articu theory, it is

bk, ﬁit:ﬁdast ﬂlaf.oc&ﬁtﬁn@ GAP UG vithinb thevé@idrt fipley idcdptde chromogen
rlngwand the benzene ring, with the |nterned|ar

atigny i, Grifathp e?s éﬁéusw%n drolew; @ad @Wma@@oeﬁt%rgamc
@fecﬁl@? %Qh&éﬁlgclﬁ}%&ml[%nggﬁ '(Y@"% Mbrk Q?ecﬁﬁc\f\élﬁ/t rn&'é}Bwaﬁﬁle dyes

nce these structur eat ur are present
hmee ochan meclehsemd adldu: mubkehs sepachtedh by aacamjudaerd dfain havmg an
fective as indicators fo

t hese dyes_.woyl d
SHRABHIG Of/\H’SfLiWéer gt %r Saﬁa@ﬁéea ROAtSS & C&@QPY%““%%W ﬁ%ts as an

A&thl a‘%@eﬂ&sﬁi&e%e A2 R Eron Qbcdppsids %@njﬁgitéd e a@ eEHﬁtﬁr@Q@natlng
treat nent. course, nerocyani ne yeS typl cal y have

griophenolkiase hydn@cyl oatheno givap. dAhe mixsodyanmedlyes may be cyclic or

acyclic (e.g., vinylalogous amides of cyclic merocyanine dyes). For example, cyclic
merocyanine dyes generally have the following structure 15, in association with

structure 14 above:

[0064] wherein, n is an integer, including 0. As indicated above by the general

structures 14 and 15, merocyanine dyes typically have a charge separated (i.e.,
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benzene ring. The phenoxide ring functions as the
aromati ¢ donor and the pyridine or pyridiniumring

wo aveniees as the acceptor. OF course, in the PEMUS2008/070410
structures, the benzene ring is the donor and the
pyridine ring is the acceptor. Thus, it is believed

'tZRAdterTRIOT YRBh AR e dNES , ZwpiktE MG rd?esléretlﬁés@%atmohthm both positive
conj ugat ed pyri di ni um phenoxi de rings (havi

n
%és@@atmeecwgeﬁ aad pyer nefingetralp byizie lely shpiged UV et%ommyeaﬁ@g to be
]?mﬁec% ﬁi :tﬁe?f 32 At 1s%é??€e)giy utt tﬁ]l%)zwu%end)n}]ci {Iom Ceotngllbﬁltes s1%mflcantly to

tBe @okerd SateRIraly afe.MEhay6lor $rodubsd bjb)sylch 8iyes thus depends on the
met hyl sti | baxol i um bet ai ne. [0060]
@elleelé%ew%m giffgyrase hatyvesn ébe B@l@ée@d %Eﬁi gateqef the dye. One

f
SRSl Y HANSHAEDSU, 1SEn A0 B SLE Dol e
sknghmhwlaﬁﬁﬂMﬁlﬂnwemommﬁmnpsb@mhlﬁi the 6-7 pH range
roduce a c cha The tabl.e bel Qw
| . st st\Qﬂuﬁf apge- St%%’r 5 rzﬂl}@ glwg?l 14&69&}@%@96&@@ to
@RdrRhl %fate N@kﬁsag pRt gthlﬂﬁancp@ﬁ@ﬁl@al I%rlylarnﬁ)ﬁéﬁr(‘)htrﬁjfutdrhg the first

coating or LAD housing material may be altered, such
Qacslttrystntakﬁitnig oihf:r pagiptes dfysukibipmercepijnise dysytase bl fértigbelow in

h or.mat i on .the method of treating
R PR 195 o5 han R S ATy, HD P ars
shegyl, bicf eVBeesAMPBIuRS 1@t2981§éw\at ochrom c dyes are
presented in Table 2 below. [0061] Table 2
Sol vatochrom ¢ Dyes First state Second Dye PH Col or
state, pH Col or Bronocresol purple 6.8 blue 5.2 yell ow
Br onot hynol blue 7.6 blue 6.0 yell ow Phenol red 6.8
Steldnow18. 2 red Cresol red 7.2 red 8.8 Red/ purple
Methyl red 4.2 pink 6.2 yell ow

Structure 20
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Rei chardt' s Dye Unk green 6-7 dark blue Mrin hydrate

6.8 red 8.0 yell ow D sperse orange 25 5.0 yellow 6.8
W@RR/ONYE red Unk Bl ue/purple 6-7 bright pinkp¢DOS2DP8/070410

These and many ot her sol vatochrom ¢ and nerocyani ne

dyes many be used in applications according to this

application. O her solvatochrom c dyes include, but

are not limted to, pyrene,

ool met hyl ene- 2- net hyl - 6- ( pdi net hyl am nostyryl) -

§¢@%§¥22' 6- propi Qnyl - 2 di met hyl am no) napht hal ene;

9- (diethylam 5% zoRg| phenoxazi n- 5- one; pheno

bl ue; stil bazgli S; couparin dy83 ket ocyani ne

dyes, Reichar ; thynpl bl ue,; congo red, nethyl

or ange, bronoc : e e, br onocr eso

purpl e, bronothymol bl uelN/ cresw phenol pht hal ei n,

sem napht hof | uorescei n ( $NAFL)

sem napht har hodaf | uor ( SNARF) d

8- hydr oxypyrene-1, 3, 6-trisul fonBbs

and its derivatives, oregon green, a

dyes nostly used as |aser dyes includjng rAodam ne

dyes, styryl dyes, cyanine dyes, and a targe variety

of other dyes. Still othersolvatochrom c dyes may

i ncl ude i ndi go,

4- di cyannet hyl ene- 2- met hyl - 6- (pdi et hyl am nostyryl) -

4H pyran (DCM;

6- propi onyl - 2- (di met hyl am no) napht hal ene ( PRODAN);

Sriceirethyl am no) - 5H benzo[ a] phenox-azi n-5-one (Nile

Red); 4- (dicyanovinyl)julolidine (DCW¥]); phenol bl ue;

stil bazol i um dyes; coumarin dyes; ket;Fyanine dyes

N, N- di et hyl - 4- nltroanlllne (N ) and N-nethyl -

nitroaniline (N Nile blu Q thalene-
8-sul fonic ag{d ANS) and dapnxylbut sul f onam de
(DBS) and ot O her suiltabl e dyes
that may be 8¢l osur¥_i ncl ude,
but are not W I Typed-
1, 4- hydropyrldln 4 ylldlne)ethylldene] Et
cycl ohexa- 2 ) one dyes,
azomet hi ne dyes Niindogg | i ne dyes m xtures
t her eof .
Et
Structure 23
Q Et
/
::::: jo N
)
N N
N g
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[0063] O her nerocyani ne dyes include, but are not

limted to, Merocyani ne dyes (e.g., nono-, di-, and
WO eoo9fres99Tyani nes) are one exanple of a type OPCT/US2008/070410

sol vat ochrom ¢ dye that may be enployed in the present
di scl osure. Merocyani ne dyes, such as nerocyani ne 540,
fall within the donor-sinple acceptor chronogen
classification of Giffiths as discussed in "Col our
and Constitution of O ganic Ml ecul es" Academ c Press,
%ﬁﬂ%ﬁgzglg76). More specifically, nmerocyani ne dyes

ave a basic nucleus and aci di ¢ nucl eus ssparated by a
conj ugat ed chai n havi ng an even nunber of \gethi ne
carbons. Such dyes possess a carbonyl group\that acts
as an el ectron acceptor noiety. The el ectrgn acoept or

i S conj ugat ed h as a
hydr oxyl be
cyclic or ot cyclic
mer ocyani yani ne
dyes genera ravet in
associ ation th stru : wherein, n
is an integer, includiRg 0. As indicate¢d abo by the

general structures 14 and 15, nerocyan) ne dygs
typically have a charge separated
(i.e.,"zwitterionic") resonance form Z ET i oni ¢
dyes are those that contain both positive and negative
charges and are net neutral, but highly charged.
Wthout intending to be limted by theory, it is
bel i eved that the zwitterionic formcontributes
ignifi,cantly to the ground state of the dye. The
%%gggegsoduced by such dyes qus depends on the
nmol ecul ar polarity differenceypetween the ground and
excited state of the dye. rticul @ exanple of a
mer ocyani ne dye th afe nore pol ar

structures 14 and [L5. e charge-separated | eft
hand canoni cal 14 ' gL or to the ground
state, whereas the right hand canonicay 15 is a major
contributor to the first_excited state. Still other
exanpl es of suitable ner%%yanine dyes are set forth

bel ow i n

Structure 26
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the follow ng structures 19-29, wherein, "R' is a

group, such as nethyl, alkyl, aryl, phenyl, etc. See
WGER009o1499Es 19- 29 bel ow. Structure 19. Struct uPET/US2008/070410

20Structure 2 1 Structure 22 Structure 23Structure 24

Structure 25 Structure 26Structure 27 Structure 28

Structure 29 [0066] In addition to dyes and

anti m crobi al conpounds, the preparations di scussed

QelgiPoray be used to attach to desired surfaces other

conpounds or substances containing am no al kyl groups.

Exanpl es of these types of conpounds_include

pol y(et hyl ene glycol) (PEG -containyng am\no al kyl

groups, peptides Anetyudi ng antin cyobi al pti gdes,

proteins, Factoy VIII, ' [ as

hepari n, cRH-esan, 7 [ Srivati

cont ai ni ng am ng groups, and

deri vat es cont ai Ni-rgZam no al kyl

of a proteinis albumn, and an exarfy e of peptide is

pol ynyxin. The one thing these conp&\nds ave in

common is an am no al kyl group, such as the am no

| kyl oup di scussed above in the new dye,

%?g¥5F%EIoro-2-[2-(6-an1nohexyl-4-pyridinio)vinyl]phen

ol ate. [0067] Per the discussion above for surface

preparation, the same preparation uged to\attach dyes

and anti m crobi al—¢ a@-no

groups wll be

ondro\tin sul fate
(e exanpl e

treating these gRaups
followed by treatnent with acid at elevate
tenperature, and then

2

Structure 29

[0066] In addition to dyes and antimicrobial compounds, the preparations
discussed herein may be used to attach to desired surfaces other compounds or
substances containing amino alkyl groups. Examples of these types of compounds
include poly(ethylene glycol) (PEG)-containing amino alkyl groups, peptides
including antimicrobial peptides, proteins, Factor VIII, polysaccharides such as
heparin, chitosan, hyaluronic acid derivatives containing amino alkyl groups, and

condroitin sulfate derivates containing amino alkyl groups. One example of a protein
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contacting the surface with
pol y(N-succinimdyl)acrylate (PNSA). It is believed
W b@v/014995 | nduces car boxyl ate groups on the npCDNS2008/070410
surface, suitable for binding to am noal kyl groups.
O her nethods are al so descri bed. For pol ycarbonate
i§ Wi @ Sind tah @R4rh o\ﬂﬁage ¥ 19 Hes My %&ﬁie@hﬁ@'tﬂlé&%&npounds
by mashlng is believe ?o i nduce “chl or osul f onyl
e upsommisis ar amingi alkyl| gropprsush rdithey apynapikiogloky |discussed
The re owe Of th fa e
57 Beg 7S deeth TRMode i mb O eSO Shsl Bhencye
t he S06ACRsr thalkistgsidaeabaks @orssmrﬁaa@bﬁépﬁﬁﬁomt thaghi® Pheparation
of an1noa|ky| group . [0068] Thus, polyneric surfaces
uyp6d de aachrbies ahwalimigiobinlsmpoundseomtyhingtalied mmine gerups will

l%efﬁﬁﬂagl%sfor H‘{e% gadd onal S&BBu\q ! ITh%raIIQIBQ%[ g?%%duﬁg lvﬁfltﬂng}gto the

actors, polysacc arl yrryX| ns, onit Cc acl

Nepadinimidyghedriosainte eongsoi Onaﬂ tezﬂnlnfcplb ef,or anedtm@ thegatgrmes is to
f each of t [0069 It sh uld be undey st ood 't hat
e BeSuEReEn EQO%bWa {PIeEL PGS gf ?%at?f[ kegmstatyre, and then

Rhelans et gmed Wﬁn;%((§¥ﬁ?ke§ﬁﬁin%@ybﬁé {afe WWNSAPEIL is believed that

apparent to those s ed in the ‘ar Such changes and
thisdiifducest icarvoxglate Ilgeoupaden whe hmyddon d@pﬁam,l mgjtableorort hending to
'ri and sco of t present ,subj ect _matter
by EoH T SRR ant P i SlRear SR, EFRRO Sy Bie sutaces
ﬁréﬁﬁhgf it chbRRAFENit hadid SEtlwehabgesasiifl MRdbélical | @ Snduce
be covered by the appended clainms.Wiat is clainedis:

shlorpssmibaraps.cobiekngicassiubicae bindies fetimooallyl eroups. The
G I0e PR PR rBclo by A E8 Y WA RCROLP U boxy)

ace eani n he surface 0

gfeup 08 thepdudfacelinigkide ik ursalsuityble forfattﬁ]ﬂinh@llﬂ af algm@ bS] @Bups.
the surface; attaching a_linking group
f uncti086%) Thysopplymesid sirfaseshph gleseribsd \ﬁ&p&% ﬁlfl%ﬁ]éo Rfeused for

{acl?mgl‘ratr ' Bé}%ﬁieg’f Qt@m%m P’zﬁtoqchﬁﬁm & Rt Ond- @fc‘)ttmg Factors,

unctlona roup or to the l'inking group.
polysaccharides, polymyxins, hyaluronic acid, heparin, chitosan, condroitin sulfate,

and derivatives of each of these.

[0069] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in
the art. Such changes and modifications can be made without departing from the spirit
and scope of the present subject matter and without diminishing its intended
advantages. It is therefore intended that such changes and modifications be covered by

the appended claims.
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2. The method of Claim1l1, further conprising attaching
an effective anount of an antim crobial agent to the
wo eovei4pal group or to the |inking group. 3. HEBUS2008/070410
method of Claim1l, wherein the functional groups on
the surface are provided by reacting the surface with
an acid, washing, and drying. 4. The nethod of O aim
Whatleraghed {she i nking group is provided by
pol y(Nsucci nim dyl acrylate) (PNSA) or a polynmer with
an al dehyg@embyaetdRmngla sOFaEH thedmethb@cimphi@t.of C ai m
1, further conprising masking the polyner surface and
di r ecRrprigingta medisal dewise Saying e peraus mplympy suibicet he
derivat | f . ired |location on the
por oucgéasf%lr?gftggéﬁll?%eq%ﬁ%e &r%g%l?a&giggl’rcg’d aim1, further
conpr préiidhgsasibhilingoft fogctp@n Detdu by kuSatef ace with a
di si nfecting _solution, whereupon_ a color_ or an
appeat@fiag flinkHig Loy Rdbe éwsga&l, grapetnd bl y. 7. The

met ha ta%in%a%i)fg%gchlfoﬂ{ié B?J ofﬁgg}f\jaﬁ{f@%’]t‘% g@l\gﬁtggl%rtﬁgﬁc dye to the

di sinfecting solution to evaporate, er eupon
foottamabgrotiper appefinking @raifp. t he por ous pol yner surface
changes back to the color or the appearance that

exi sted before swabbing. 8 The nethod of Caim?7,

wher e nTi@e ek 8HE 1Al 1Y FRthes Boh ﬁr\}\% SttRhBHA 2R arfount of
coating.9. The method of Caiml, erei n"the porous

qoinyimaerobiat igeoetd the flugdofigl gnow Qab yhredinkizgygmgp.an i ndex
of refraction fromabout 1.25 to about 1.6. 10. The
met hod of Caim1l1, further conprising attaching an

ef f ecl.i viee @pMUALf Ofai@n, dlhkdsin ARIfRRHEAM @biHsG 6O FRE¢BdAre
selected fromthe %roup'consLstin _of heparin,

pevided hy reaghng bis anrtaqeagitioan agig. washings sk draiingi - cl ot ti ng
Factor, polysaccharides, peptides, polynyxins,

hyal uroni ¢ acid, condroitin sulfate, and derivatives

of eakthTied mefhes ef Clalm 1Awketehothe dink h@adrowgis drowdddgepoly(N-
conprising: cleaning a porous surface of a nedical
Yesnpridparaylpte H RN rwmlymer with an aldehyde functional group.

5. The method of Claim 1, further comprising masking the polymer surface
and directing at least the solvatochromic dye or the derivative of the dye, to a desired

location on the porous surface.

6. The method of Claim 1, further comprising swabbing the porous polymer
surface with a disinfecting solution, whereupon a color or an appearance of the surface

changes reversibly.
7. The method of Claim 6, further comprising allowing the disinfecting
solution to evaporate, whereupon the color or the appearance of the porous polymer

surface changes back to the color or the appearance that existed before swabbing.

8. The method of Claim 7, wherein the porous polymer surface is a membrane

or a coating.
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treating the surface with a strong acid to provide a
plurality of functional groups on the surface;

WO e@eni4997 t he functional groups with a |inki ngPEER1008/070410
formattachnment sites, the |inking agent selected from
the group consisting of pol y(N succinimdyl acryl ate)

( PNSA),  and &hydref Slath tihvwabrea! ®e BMﬂﬁs bUR&lel Giddced§ A from
and attaching a sol vat ochromi ¢ dye, an antim crobi al

Bppmer yvinganainiey ofrfragicdimmaibeuid Borpbawd Gel ect ed
fromthe group consisting of peptides, proteins,

Factor VIII or other anti-clotting Factor,

pol ysEyR charhéettsd opOlapinyX futther boraprivigiteachidiodn ehfe@@re alount
chitosan, .and derjvatives of each of these, to the
oftanadipheming sensaining Fomprendyielacind f5em dreagrpnn gonsiyiag of heparin,

0 t f
RO, FaRgPOy e Ly G 00 ARl s,
Eodypyxias, galuredt adid, dohérostir fudibe, hiod derdadeesasfieneh of these.

functional groups. 14. The nmethod of Claim 11, wherein
the sol vatochromatic dye is selected fromthe group

consi gt i Rn&hod of coating a surface, compnsm
4, 6-di chl oro- 2-[ 2- (6- am nohexyl - 4- py¥i di ni 0) - vi nyl ]

phenmleﬂnm@mplordes furkace obs meRsnlodraiagtrhgledyan aipolyngal t s

and derlva i ves nd, mer ocyanine d

dor vVaRHYE Fane i TEIRENSG0 REp iR oM i pnctional
g?r@ﬁ@;l'drﬁthélguﬁgtc@bl lizing the surface by converting
unreacted carboxy attachnent sites to a salt.16. The

met hodagigdhafuncianal grespe pithtaHinking degeietoderm eitashmest sites, the

RIS o RS0 LD E 1 AR P

(PSP asd pbB@erivvith a aﬁiehydtgfuﬁetﬁdilar @supismdi n ami no
attachnment sites, treating pol ycar bonate surface
wi t h ¥RFbiRG aspivaeRhoMmie Fizﬂe naa§m1m§r<i>malsqumoﬁwn dkYlormige

@htAGh SiddCR1ecRAY L &nk 8t fiptidd, bAREN Fact
pofycaggon t e sure aceroqv?n{t éfflﬁ@acrnyﬁllcgor& 3 ﬁ%@ ?n actot
Yadl ar stheudntisclotting Factor, polysaccharides, polymyxins, hyaluromc acid,

heparin, chitosan, and derivatives of each of these, to the attachment sites.

12. The method of Claim 11, wherein the polymer has an index of refraction

from about 1.25 to about 1.6.

13. The method of Claim 11, further comprising treating the surface to induce

amine functional groups.

14. The method of Claim 11, wherein the solvatochromatic dye is selected
from the group consisting of 4,6-dichloro-2-[2-(6-aminohexyl-4-pyridinio)-vinyl]
phenolate and derivatives, Reichardt’s dye, its salts and derivatives, and merocyanine

dyes and their derivatives.

15. The method of Claim 11, further comprising stabilizing the surface by

converting unreacted carboxy attachment sites to a salt.
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in carboxy attachnment sites. 18. A polyneric nedica

devi ce, conprising: a housing of the polyneric nedica
waelewboet9n porous pol yner surface atop the medPCHIUS2008/070410

device; a plurality of attachnent sites on the porous

upper polymer surface; optionally, a plurality of

functional groups attached to the attachnent sites;

and afe | BRShetRBE oPElaiN 11, WhesQh Vi S%%EQEB %€ a %{en?orane ora

derivative of the sol vatochromc dp .

@ntingriaraghihabent onthe uredjcabdevached t o t he attach rrent

sites or to the functional groups, wherein the porous

.CO f| red to. reversi bl hange

I f
P ?oynﬁff ffhé?gegﬁcég)é' Heelk %gr%e‘aﬁalgaapwé% SHitse W strong

Jclik?re%’i[s AGEinS atﬁi@ﬁ&@ﬁtdslﬁé’b ttﬁaﬁngh SbRESBOANI s FRICH i@
The nedi cal device accordihg to Claim 18, wherein

HhéOQdfwlmcldswﬂlmg suonma dklofide mta:hpwlnym M\quagngm

i ndex of .refrac from about. 1. 25 to

FRES R 1L 0589 8vfy8%r%8%aé%F ?ar‘fﬁ W SO, m%aecrf-‘élic acﬂ‘ﬁ%es‘ﬂts
RRhMRy dRRDAPL}AEr surface is a discrete menmbrane

cut froma sheet, a foaned article, athin film a

casting, a nDIdlng, or a coating. 21. The nedica

devi ofy 2508 G AL Goniiepel 1 Lhe

antimcro conprises an effective anount

of azﬁﬂﬁpﬁ@&dﬂ&ﬂkﬂ@heﬂcﬁkdﬁh&hﬁu@[oup consi sting of
chlorhexidine its salts and derivates, an
ant i n RTEBT RAlymgevTapR AP e medigdidsvisPkyl gr oup,

chlorp MP&'?@‘Q% athl%‘éAt%ﬁ@@o%g oFdus Eé}rﬂ%ylné}%gr as;

derivative a quaternary MmN npoun
The nadiooally, dqﬂrmrabtysuﬁ lfiﬁmendcgrmlﬂlattgc}ted t&kei amuadl&nent sites; and
mhereln the h

Si her conpri es an effect
amourit 1EFt e gaosg)§7 Eor%ﬁié( 60hd Blilvaa‘iWe Qiﬁf}}erﬁoLVra%P%mlc
HRMBRLA D a%amlcﬁ'oﬁ%ﬁécﬁﬁ’ﬁou‘f{@,\/dtfé@hecp@w heBdcR@ent sites or to the
functional groups, wherein the porous polymeric surface is configured to reversibly

change from a first appearance to a second appearance when the surface is swabbed

with a disinfecting solution.

19. The medical device according to Claim 18, wherein the polymer surface is

made from a polymer having an index of refraction from about 1.25 to about 1.6.

20. The medical device according to Claim 18, wherein the porous upper

polymer surface is a discrete membrane cut from a sheet, a foamed article, a thin film,

a casting, a molding, or a coating.

21. The medical device according to Claim 18, wherein the antimicrobial
compound comprises an effective amount of a compound selected from the group
consisting of chlorhexidine its salts and derivates, an antimicrobial agent bearing an
aminoalkyl group, chloroxyphenol, triclosan and triclocarban and derivatives, and a

quaternary ammonium compound.
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a medi cal device having a porous surface made from a
polynmer; a plurality of attachnent sites on the
wabacepf the nedi cal device; optionally, a PCT/IS2008/§70410
of functional groups attached to the attachnent sites;
and an antim crobial conpound, attached to the
at t aciurerte fitdi€d devict QutRe abebigink @ elaifl IBURBereWBE Bbiking
the antinicrobial conmpound is configured to be cida
fughergompsisesea effecgvommpumiof anioleesbmgand emapaynd phan
the device. 24. The nedi cal device
%%@naégufcg%??ﬂn m 23, wherein the nedical device is
selected fromthe group consisting of catheters, drug
vi al §pukg§ﬁngp@a@&;aéﬁ@ngggcular access deV|ces | uer
access devi ces, access ports, medication ports,
pi gt ad megignlrvisyice heving p@stdve ishigace raaddEerd @@;@lymer
br onc e S n n
The z{] ?a??y %f' atfcéélg&lgrg ngt?sgc%?] the%ulqﬁe of Lf:lﬁ'elz%ledl@ Sk éf%c% t he

por ol@tﬁanﬁlﬁﬁaq)lmrshﬂyaﬂeuﬂdh@ﬁmagr@qismafhehau tm:gattaéhrheﬁd 8¥es; and
of refraction fromabout 1.25 to about .6 and is

conf i Grangimiergbiahegprrundeyfashedsio thpatis) B@ﬁfﬁa%é onteethe fistional
i f

SHOP 55 SUaDBR ARt M TR BTN, B i

gomﬂusﬁﬁﬂ@bagmnmmmbhem:mmhpfn@msdawsmlvatochron1c dye

or a salt or a derivative thereof in an anount from

about 0.1%to _about 0.5% of the ME|8]t of the porous
sur f atde. ThEzmnediend depige agaordiag fcklabn 261 wherringhe widical gpvice is

Fkateﬁ(ﬂréfﬁrﬁ{e @?&n%fsh%f E%t‘%@n edrrgr% gﬁp c[ﬁﬁtfés l:gtﬁl'e@tgrsotfascular

stoners
a@lce&stdemees, lyzo lagm;asr deoniaes eaccn pputs ahdthcmion guoirty, jgtetl commredtors,
V|n¥ ester. 28. The nedi cal ?FVICE ac ordi.ng to Claim
prgst W?érf‘éidﬁs“ﬂl?‘és SFMSRAIERPES: &F SR i) E‘éu% PYPPS-

car boxy groups, am ne groups, and am de groups.29. The

medi % ﬂ?evﬂl&ﬁcﬁ‘a‘é{%g h&:%rchﬁ%g rrgj;‘zll‘g}l §§ wHQ@anhQB%glgﬁs surface is

surface conprises a discret rane cut fro
mhdsefroma ﬁo@mmmaamlglaohmdexaaftréﬁmctibn from aboma$ 26 ng abaut 1.6 and is
Crgr)llflglllrrf]:g to chan ge a cgfor 09 an appearance when the surface is swabbed with a

disinfecting solution.

26. The medical device according to Claim 23, wherein the porous surface
further comprises a solvatochromic dye or a salt or a derivative thereof in an amount

from about 0.1% to about 0.5% of the weight of the porous surface.

27. The medical device of Claim 23, wherein the polymer is selected from the
group consisting of elastomers, acrylic, COC, nylon, methacrylic, elastomer,

polycarbonate, polyurethane, polyester, and vinyl-ester.

28. The medical device according to Claim 23, wherein the attachment sites

comprise one of carboxy groups, amine groups, and amide groups.
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30. The nedical device according to Claim 23, wherein

the anti m crobial conpound conprises an effective
w@emani499T conmpound sel ected fromthe group coPST/BE81008/070410

of chlorhexidine, its salts and derivates, an

antim crobi al agent bearing an am noal kyl group,

chl orpxyphan&lical ldelict AsdriiANE ChikRecah&aM tAASurface comprises
derivatives, and a quaternary anmmoni um conpound. 31.

aiscraiednerabragRwt donae csediarfgamed gitiglenn f8n filier edsting.He
face | her conprises an effective anmount of an

lnﬁﬁh Sragoéngr an antimcrobial material. 32. A

ned|cal devi ce, conprising: a nmedical device having a

por ous). SThé ﬁfé@lcﬁpdjﬁfldceraQE@r@m?Qb YR, 28 wile ki dhe taliti@ficrobial
attachment sites on the surface of the nedical devi ce;

PHCYAA FPPrises ph gFfastieyamstunt oineampenall sgeaepsont the errag
co%s1tsp 13%%( ch‘??rﬂge 912? ﬂs s%ﬁ% %1%{] &lerflvgte% §1y Ant g{[&%&af ?genﬂ)&lrﬁll% an

roup tctonsi

mbalﬁﬁ%mw thk(b’b@phﬁﬁﬂttﬁf:lo\ﬂﬂ alndCtth@t:zlirBﬁn aid derBladtds, Bl a
Fact or, polysaccharides, polynyxins, hyal uronic acid,
%@ﬁﬁ@ﬁﬁam@HWHFBF9mﬁo@Hifate, chitosan, and derivatives
of each of these, to the attachnment sites. 33. The

medi cal device according to Caim 32, further
conprilsihig medieal tdievniice a@:b'rcﬁh g coton2d, whdrtmche shrfase tﬁlnﬁler

attachnent_sites or nctlonal oups er ei
RPISAY MhEcHe 51;110513 8Hﬁ g? n&@ﬂﬁ ?rgad]rag’ﬂmtlgm@é‘ Hﬁaﬁ?élla

to, or to resist growmh of, mcroorganisns on the
surface of the device. 34. The nedi cal device
accor 3. ny ntedical dévige3Rompusingier corrpri sing a

I toch d t th
o v BE e fich Yy 2k aborhy el SR AR ¢ o5 or

t o t hepilukhlief bONALhBERURSs oBthe siAgccBFdhCRAkdida\deCRe;
according to Caim32, wherein the nedical device is

sel ecQIé@niﬂbbﬁlPﬂW@hfgerlﬁWC@Qﬁ@l%@ngltt@‘fheéé@ Histagieghment giges; and
vi al aﬁlp%féasamﬁé? ”S‘I%&ﬁl?gscomp%%ﬁé‘ SRS tﬂeegﬂo%g%msm%%g of

access I ces
Epg ey, brateing)@attor V111 or other anti-clotting Factor, polysaccharides,
polymyxins, hyaluronic acid, heparin, condroitin sulfate, chitosan, and derivatives of

each of these, to the attachment sites.

33. The medical device according to Claim 32, further comprising an
antimicrobial compound, attached to the attachment sites or to the functional groups,
wherein the antimicrobial compound is configured to be cidal to, or to resist growth of,

microorganisms on the surface of the device.
34. The medical device according to Claim 32, further comprising a
solvatochromic dye or a derivative of the solvatochromic dye attached to the

attachment sites or to the functional groups.

35. The medical device according to Claim 32, wherein the medical device is

selected from the group consisting of catheters, drug vial spikes, connectors, vascular

36



prost heti cs, endoscopes, bronchoscopes, stethoscopes,

and i nfusion punps. 36. A dye, conprising: a conpound
whanbogoa7 st ructure (13) and derivatives ther eBET/US2008/070410

wherein R is acryloyl, nethacryloyl, or hydrogen, R2

is C4to dOalkyl, R3is ethene, R4 and R6 are

REeIGice £ NePht@8s ddvidtardcdess ﬂoﬁg,i B&licAidd pol X1p1§t8% connectors,

thereof, R5 is one of hydrogen or O, and R7 is the

wpstbeticsf endpsropge Mrapghosoopesz ftethprrepey and dvrion PgNPH

Caim36, whereinif R is acryloyl, the derivatives

conpri se anmmoni um hydroxi de, al kali and al kaline earth

sal t s36. anddy’l &dmusrzsnd: hereof , and if R is hydrogen,

the derivatives conprise a hydrobrom de,

hydr ctHIeRAUad harpaastretsis de, phosphate, sulfate, and

m xtupes thereof. 38. The dye according to O ai m 36,

wherein"Rl is hydrogen, R2 is n-hexyl, R4 and R6 are

chloride, R5 is hydrogen, and R7 is O p 39. The dﬁe

according to Claim36, further conprisiny a nedigeaf

access device n whi ch_t e I's present jyr—a<xporous

pol ymer at abofit 0.1 to g

i ndi cat org 40.NA dge _gOnpri si -

structure(ﬁS) and deriva{ives hered?, whe ein/;

acryl oyl, nethacryl oyl, en, hal ogen, ;

al kyl mercapto, or an aromatic nercaptan, R2 is

C O alkyl, R3 is ethene, butadiene, or hexatrieneRsR4

and R6 are brom de, chloride, fluoride, iodide,

al koxy, nitrate, and m xtures thereof, R5 is one of

hydr og@nedkaies tﬁeﬁlgof%hjﬂ%int R¢ isoéé?ﬁ'byﬁ)fmeﬂya%ﬁ&qpoﬂ{%r(%en, R2

i.s C4 to CI10 alkyl, R3 is ethene, R4 and R6 are bromide, chloride, fluoride, iodide,

alanal/, ’ nd hav

and mixtures thereof, RS is one of hydrogen or O, and R7 is the other of hydrogen and
0.

37. The dye according to Claim 36, wherein if R1 is acryloyl, the derivatives
comprise ammonium hydroxide, alkali and alkaline earth salts, and mixtures thereof,
and if R1 is hydrogen, the derivatives comprise a hydrobromide, hydrochloride,

hydrofluoride, phosphate, sulfate, and mixtures thereof.

38. The dye according to Claim 36, wherein R1 is hydrogen, R2 is n-hexyl,
R4 and R6 are chloride, RS is hydrogen, and R7is O'.

39. The dye according to Claim 36, further comprising a medical access
device in which the dye is present in a porous polymer at about 0.1 to about 0.5 % as a

swabbing indicator.

40. A dye, comprising:

a compound having a structure
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41. The dye according to Caim 40, further conprising

a nedi cal access device in which the dye is present on
w@2@ono1937 surface of the device or in a porousPCDEB1008/070410

in about 0.1 %to about 0.5% as a swabbi ng indicator.

42. The dye according to Caim 40, further conprising

a mediigal access device in which the dye is present on

the device, in a porous nenbrane attached to the

device, or as part of a porous surfaceRgf t he deche

43. A process for nmeking a dye, conprisihg: reagfing a

t-butyl - oxycarponyl (BQC o aliphatic aco W th

a sul fonyl halijde to vyi

BOC- ami nor pH-pRatR; i '

BOC- am no- allphatlc sul ith 4-pico form

a pyridinium sul fonate; ' ; '

sul fonate with a substituted salicyl al dehyde conmpound

to forma conmpound with a nerocyani ne dye Re
functionality, wherein the nerocyanine dye has the
general structure ofwherein R = - "fy/-oxycarbonyl, n

= 1, ahd Qérivitivés Fhdre®M Wigsrei hROT isdgeryfolyll O thcryl S4l] ﬂ?drogen
alkoxy, nitrate, and nixtures thereoy and are both in
habegenpalkexy. ohey] Mer@pioh eF 8 Aromméc areantan. £A 6 Cidhe @0 alkyl, R3

iR %[h%ng,oo%ltz{dl ﬁexag—ﬂ%{s PREGRS §6oafre ﬂro%lu 4c%lor§dér hgg{lde, iodide,
conpri’si ng |Sso Vi ng aci 0

he mer ocyani ne
dlosxy, aitedd, tand Abxtuldiahgreot BSSs Ofle of Hydfbgelﬁ Oﬂmeﬁlﬁi R7tifighe other
BOC am no al i phatic al cohol is
G-hyaeoeeah6) - | - hexanol . 46. The process of C ai m 43,
wherein the BOC anmino aliphatic alcohol is a saturated
al i phatic al cohol having from4 to 20 carbon atons,
and havi ndhanlyalacodrdingf tonCtairand @ rfomberommmisi@wd raertica access

OC-am na functional gro on an 03| d.. 47..The
il sV ED HGIY #Pretb PRI PAARS & it igg Of in @ porous
&RliseIEhoh @M% BLabout 0.5% as a swabbing 1ndlcator.

42. The dye according to Claim 40, further comprising a medical access
device in which the dye is present on the device, in a porous membrane attached to the

device, or as part of a porous surface of the device.

43. A process for making a dye, comprising:

reacting a t-butyl-oxycarbonyl (BOC) amino aliphatic alcohol with a sulfonyl
halide to yield a BOC-amino-aliphatic-sulfonate;

reacting the BOC-amino-aliphatic-sulfonate with 4-picoline to form a
pyridinium sulfonate; and

reacting the pyridinium sulfonate with a substituted salicylaldehyde compound
to form a compound with a merocyanine dye functionality, wherein the merocyanine

dye has the general structure of
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group consi sting of p-toluenesul fonyl chloride and
p-tol uenesul fonyl brom de. 48. The process of Claim

wd 30onh®pei n t he pyridi ni um sul fonate conpri seBCT/AUS2008/070410
(6- BOC- am no) hexyl - 4- nmet hyl - pyri di ni um nonot osyl at e.
49. The process of C aim 43, wherein the
sal i cyl al dehyde i ses two hal ogen atons at, 3, 5
positions from ' al dehyde fu } onal
group onpg : ss of aim
43, further co nd fo(r)_rred in

s hydrogen

chloride to forma struéture,
or nethyl:51. The process of Caim
conpri sing hydrol y2| ng the conpound for rred [ n)@ ai m 50

WI t h a%e_sf&rnoﬁg b?% ?r&c%ﬂgnﬁl SI? l t 1 52 Blgginggg)ﬁo 1%6 %hlorlde

ﬂiucﬁlidaSIddCdef @Ikmdil ailtr@tﬁ arRBmixkthes [Dlﬁdi’é‘cﬁ"Seﬁldere Gbeai im rﬁdta positions,
further COITBFI sing m xing the conpound with a plastic
e itenOi i iman AR Par? BRRiM¥but 0. 1% to about 0.5%

by weight. 54. A process for naking a dye, the process
conprising: form ng a BOC-ani no-aliphatic-sul fonate

from 4. prTicaprpcass o6 kbdimedt] fartisuricbopyikinpalissdivjng thaatdrogyanine
4 C% &nno al i phatic-sulfonate with 4-picoline to
YRS l9 f9r i 4¥ls ul f onat e; reacting the pyridinium
sulfonate with a substituted salicylal dehye to forma
phenol ate with a nononerocyani ne functionality; and

di ssotvi ng Thkeprpieenol Qlaamidd, atergoi thetBOE anrma afiphagic alcohol is

(2_ 55, TE{% gr ogess according to Claimb54, further
FraiRg)- ligEBi ng the salt, reacting the nixture
with acryloyl chloride or nethacryloyl chloride, and
hydr olgfzi njgh ' ' ' S '
46. e process of Claim 43, wherein the BOC amino aliphatic alcohol is a
saturated aliphatic alcohol having from 4 to 20 carbon atoms, and having an alcohol

function group on one end and a BOC-amino functional group on an opposite end.

47.  The process of Claim 43, wherein the sulfonyl halide is selected from the

group consisting of p-toluenesulfonyl chloride and p-toluenesulfonyl bromide.

48. The process of Claim 43, wherein the pyridinium sulfonate comprises 1-

(6-BOC-amino)hexyl-4-methyl-pyridinium monotosylate.

49. The process of Claim 43, wherein the salicylaldehyde comprises two
halogen atoms at 3, 5 positions from a position of an aldehyde functional group on the

salicylaldehyde.
50.  The process of Claim 43, further comprising reacting the compound

formed in Claim 43 with acrylol chloride or methacryloyl chloride to form a structure,

wherein R” is hydrogen or methyl:
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the solution in a strong base to forma second salt.
56. The process according to Caimb54, further

W@ pniePnhg m xing the salt with a plastic forptl/as20081070410
in an anount from about 0.1%to about 0.5% by wei ght.

R

4

51. The process of Claim 50, further comprising hydrolyzing the compound

formed in Claim 50 with a strong base to form a salt.

52. The process of Claim 51, further comprising mixing the compound with a

plastic formulation.

53. The process of Claim 51, further comprising mixing the compound with a

plastic formulation in an amount from about 0.1% to about 0.5% by weight.

54. A process for making a dye, the process comprising:
forming a BOC-amino-aliphatic-sulfonate from a primary alcohol and a
sulfonyl halide;
reacting the BOC-amino-aliphatic-sulfonate with 4-picoline to form a pyridium
sulfonate;
reacting the pyridinium sulfonate with a substituted salicylaldehye to form a
phenolate with a monomerocyanine functionality; and

dissolving the phenolate in an acid to form a first salt.
55. The process according to Claim 54, further comprising dissolving the salt,
reacting the mixture with acryloyl chloride or methacryloyl chloride, and hydrolyzing
the solution in a strong base to form a second salt.
56. The process according to Claim 54, further comprising mixing the salt with

a plastic formulation in an amount from about 0.1% to about 0.5% by weight.
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