/

; le3eZ7. .1 423@67TZ7m “‘amc. 1,.,.(. -1 USE CF 4" OF 5'-HYDROXY
AND 4' - OR 5" ALKCMY ELECTRON TRANSFER AGENTS | P_J9 3 .
COVPQCSI Tl ONS. ELENE AND ANALYTI CAL METHODS Thi s |ﬁvéhﬁ éﬁm
relates to conpositions, anal’y ical elenents, test kits and net hods which

utilize certain 4' -hydroX$ and al koxy-substituted anilides as el ectron
transfer agents. In particular, such comgounds are useful to inprove

sensitivity i t | LigR own to
perform a quaa@@iﬁxﬁ%{ﬁ@%ﬁ% i M%s»%@.?i? "s@ﬂe Ui A8t

contacting that n s capable of yielding a
det ect abl e product in pmﬁmsrﬁhOGnthhheemaaéentbabbmpogﬁtibﬁsanalyte in the
| i quid. ty ful agsa es_enz G reactjons wherein

t he analyte uggn%gégg c? wth FheXSBE %bﬁ?a?ggrégghﬂ§§,wﬁéﬁbts with oxygen
in the presenseibiza sartabhedénbydeokg-panduatkbygregbntpeapaidde in

Do bet by piorEadLr ALl gnefl bl AARLYLE: a0eflsTet 61 BALELBLONE 15 Then

produced by the reaction rogen er oxi propor |on
concentratlonSBthﬁ@mﬁﬁaﬂgﬁeaFﬁ vaefu tOIanrgvePéeaﬁlﬂagetvslgeneraIIy

used in such aggaysichn Qhaealaﬁﬁggg1camggﬁgagdase is reacted in 25 the
presence ?; hydr ogen per oxid been added to the systemto neasure

the amour® of " a parti cufFfr 18n¥PyLekDBHA| §PcBEEEERMad graRbikative or
griglycgrldeSquulitaaEvd_?ﬁ50%§5566ﬁ|?9ndqgé66§|gﬁqkhﬂaﬁ? @@ﬂt@@tfﬁ

etected as a eqgifi inding.ligands in ecifi g assays
wherei n the Egb%X|gé§§l§swﬁ§8d aSOSgaB g&?ﬂb?@ F&REF! tguﬁﬁpﬁgi% nati ons
can be carriedielding sotieteonabileypaodiuygti tal paspaysion doaghestic test
devi ces. The o S a olorimetric,
chen1Iun1nesc§%§8§#§§gE?gH ggségﬁtgﬁglgéé %g %ggmgﬁﬁgkﬁomnég?gﬁ%Pe

gener ati A@ r edfenseful assayl@thészbeeﬁnpymatDQSryadenonstwheedlnhat

certain phenotseaaga8ptt) nésofiaBoh€abECHith ERDABEE-LREIREQAUCtiOn of 2
colarinetric S|gnal usi ng peroxidase as a reagent Ignal generation. 5

There are al sb®28%RESt ﬁﬁ?%?stybﬁg 6¥Y9ﬁﬁ1h@sE@ﬂtPB?sﬁﬁﬁﬁn@ﬁe@rlc assays

whi ch producesﬁ,ﬂtelﬂ‘LéSéﬂﬂyﬁé tbgﬂst:oaﬁca h?&ﬁbéeﬁfpéi‘@xﬂﬂésfﬂce of the
anal yte of interest assays, are nown as.chem | um nescent assays

and are descrPb°* 7b?ne§%nﬁ?%c ﬁﬁr?ﬁl@% %F4t9§9a§36Y5ﬁd pBibl i cations not ed
t her ei n. 2Var i delseat alnhe | praducesi andhehepobducsdchy ashei pdaphese! ofar e

d d d f h
o so Us ne, optteadh BERBRENE%D BrBbOEHERA e croey Sehee Rt R TRE 8Ly s o
has been 4' - hykie cxyatetanihi tiee mmsthllgud@scheedXLQaﬁs-ﬁs4,828,983.

Al though 4" - hydf Oxyaeet aobd i ge shoys, & kabl e behavior in many anal ytica
systens, there 20 is a need for urt%er nprovenent For exanpl e, high

concentrations of 4 -hykt cX5RREBIEFFIYHe APHRXHHLRICES coraepdnbtngly hi gh
signal geser aih®rprdsemedli df ydidge st bidiide ointbie oMW Negds to be

i ncreased.
to the system to measure the amount of a particular

analyte. Analytes such as glucose, triglycerides, uric
acid, cholesterol and creatine kinase can be so
detected as well as specific binding ligands in

30 specific binding assays wherein the peroxidase is used
as a detectable label. Such determinations can be
carried out in solution, dry analytical assays or
diagnostic test devices. The signals produced in such
assays can be a colorimetric, chemiluminescent or

35 fluorescent signal using well known signal generating

Ry

*G00002*

reagents.



These probl ens have been solved with a 25 conposition for providing a
colorimetric or chem |l uninescent signal having a pH of from5 and,
conprising: a) a colorinetric or chem | um nescent signal gener t?ngbréagent
whi ch provides a signal in 30 response to the catalytic activity of .

per oxi dase, the signal generating reagent being a

2, 3-di hydro- 1, 9- pht hal azi nedi one derivative, a tetrazoliumsalt, 35 a

di azoni umsalt, or %enﬂw gdazq! Erehb{;ngh@ﬁbh@@%alt%ecceh%e and b) an
el ectron transfer agent e conposition characterized wherein 5 the

el ectron tran§?éFaé§eﬁheﬂaéSs@ﬁﬂc?ﬂ#élpﬁf cgnRrbe. Nsed- kP RHDANRE @R@

structure (IlproQuBtidnChrRR éologlﬁggribrﬂibﬂéﬁ Gshnb bekoR1@aBS /s

~C-Rz\ [/ R30 R4 1 or structure g N ~~
a reagent in sSlgna g atlon

5 There are also several major types of
luminescent or luminometric assays which produce an
emission of light as a result of the presence of the
analyte of interest. These assays are also known as
chemiluminescent assays and are described, for example,

10 in US-A-4,729,950 and publications noted therein.
Various aromatic amines and phenols, such as p-
iodophenol, are considered useful for enhancing the
production of light in such assays (see also US-A-
4,598,044).

15 One preferred enhancer of colorimetric assays
has been 4'-hydroxyacetanilide, which is described in
US-A-4,828,983.

Although 4'-hydroxyacetanilide shows
remarkable behavior in many analytical systems, there

20 1is a need for further improvement. For example, high
concentrations of 4'-hydroxyacetanilide do not produce
correspondingly high signal generation. In addition,
the stability of the compound needs to be increased.

These problems have been solved with a

25 composition for providing a colorimetric or
chemiluminescent signal having a pH of from 5 to 10,
and comprising:

a) a colorimetric or chemiluminescent
signal generating reagent which provides a signal in

30 response to the catalytic activity of peroxidase, the
signal generating reagent being

a 2,3-dihydro-1,4-phthalazinedione
derivative,
a tetrazolium salt,

35 a diazonium salt, or



/\ 4\ ROR3 vVJR-. I.w _4_wherein Rl is hydrogen, alkyl ,of 1 to 4
carbon atons, hydroxyal kyl of 1 to 9 carbon. atons, al koxyal kyl of &Jt.o4?
carbon atons, am noal kyl of 1 to 4 carbon atons, hal ogenated al kyl of 1 to
4 carbon atons, 5 R2 is hydrogen, alkyl of 1 to 4 carbon atons, .
hydroxyal kyl of 1 to 4 carbon atons, al koxyal kyl of 1 to 4 carbon atons,
aminoal kyl of 1 to 4 carbon atons, hal ogémated al kyl of 1 to 4 carbon
atoms, or alkenyl of 2 to 5 qarbhanqatene. o+0tR3arg1hrdnagenencdl kyl of 1
to 4 carbon atons, and RQ and R5 are independently hydrogen or an el ectron
wi t hdr awi ng gP¥6p RABM ng a Hammett signa val ue of at |east 0.01, 15
provided that in structyye (hh edkckeast reRasFerR4dqand RS is an el ectron
wi t hdrawi ng group having a Hamrett sigma,value of at l.east 0.01., Further,

an aqueous conposition mhichtggESBWPQEéHlPB §%ﬁﬁa8FeFF6ﬁp5w §TFF conpri ses
a peroxi dase 2feorlpetaxindazanisdbel adespeniabi ctlruature mMal)ecul e, and is
characterized as having an el ectron transfer agent as defined above. This
invention also provides a diagnostic test kit for the determ nation of an
anal yte as the 25 result of the catalyﬁig_ ck2vity of peroxidase, the kit
conprising, in individual packaging: i) tithe conposition described above,
and ii) peroxidase or a peroxi dase-| abeleg
test device for the detection of peroxi or an analyte catalytically

rel ated to peroxi dase conprises an abselg carrier material, and contains
a colorimetric or chem | umi nescent 8ignall gertrating reagent, 21
"7 .3 M ~t. ~~l... -5 the test devioa®characterized as further
conprising an electron transfer agent having structure (1), (I1), (Ill) or
(1'V) as described abovestfAnethee embhpdi nent of this inventionis a

N

specific binding nolecule. 30 A

0
|

rl-N-C-R?
r? Iill"l'i!
oR?
structure (III):
rRlo

10
or structure (IV):



/5 method for producing a detectable signal in response to perOX|d§s§Lhu R
conprising: A reacting a' peroxidase in the presence of a) the signal "~
generating reagent descri bed above, 10 b) an el ectron transfer agent having
structure (1), (1), (1Il1) or (1V) as described above, and c) an oxi.dant,
to produce a detectable colorinetric or 15 chem | um nescent signal, and B.
deternmining the resulting colorinetric oft-cheniluni nescent signal as a

measure of pe,rr%@meal/i@ Eagcerbl rgdu{ggl aopay d@ra therdisl effipat i on of a

specific bindin rlses A npl'exi ng a speci fi¢ binding

ligand with (g“c‘é?b\f%#kﬁélp f} 9 ot Qf’h'é?‘?f? gaaﬁmnqo EFJd?QﬁSéa%}b\é]cl@f cl bi ndi ng

conpl e>r<], B. Itabed létgrkbcb’te §tp@@sh S idndriduding cofmpl exo W t&b@o&gr%rﬁgse whi C]t’l

is either at ed wi e 25_recept r is conjugated with a specific

bi ndi ng ol e&l tho%"ﬁ’%tn ‘itl ]ts]b’é]cﬂﬁ c]al'i“g ‘fe‘iﬁﬁ%% e t her the specific

]E)l ndi tn% | bgand or the ree e.m diydrogeat t ezrlthel{)anatlt hr!go uma:mnimﬁx?tdm?,e[)l ?I 3
romthe per e actin r.OX abel e

Wfﬂf:ﬁre ng ”EPA 4 cartib aedih 18 30 ael oL g‘ﬁ :

conplex with orlne ric or e | UM s cent” ating
reagent descridhel cidve, doms, elmigigaikyl aaﬁﬂertcagfbmam rsg:csmsuct ure

b i
(I) (II) (Iﬂall)ocfgna(%e\é %Xfé:ﬁllﬁ%?o ce a%lﬂn g.%ﬁeajb}% I&I’I rTEjEI’IC IOI’

chenllunlnesé%ﬁ#’éi@mﬁboﬁﬂﬁﬁqmsdeternln|ng t he resultlng signal as a

measure Hoof the speci fa¥ joi nfidyddpand. al'mﬁ_ REseEnts I NVEMHAn provi des
all of the known advantages associated with the use of various colorinetric

or chen1|un1ﬁ5§@5ht55§%ays utilizing peroxidase in the reaction schene.
However, by using 10 t e noiedk®elact rl%éﬁ@f&@‘r&rlyaqgfﬂfoq&f idechby

Shructures (Duedblon At P I ASRAS LLS SEELANS:
for the chemdfumitndseerit OJ.B)Iassays descri bed herein, wherein the emtted
light sighal renmains a&ar%vci%g %%tati rlg,,er%%ir%tfu(}re a(II)qn%q__r %ears'tOdonoéc tinme.
of R4 and RS is an electron withdrawing group having a
Hammett sigma value of at least 0.01.
Further, an aqueous composition which is
buffered to a pH of from 5 to 10 comprises a peroxidase
20 or peroxidase-labeled specific binding molecule, and is
characterized as having an electron transfer agent as
defined above.
This invention also provides a diagnostic
test kit for the determination of an analyte as the
25 result of the catalytic activity of peroxidase, the kit
comprising, in individual packaging:
i) the composition described above, and
ii) peroxidase or a peroxidase-labeled
specific binding molecule.
30 A test device for the detection of peroxidase
or an analyte catalytically related to peroxidase
comprises an absorbent carrier material, and contains a
colorimetric or chemiluminescent signal generating
reagent,



FIGURE 1 is a graphical representation of chem | um nescent signal ?thhmedmw
using a conposition of 20 this invention and a Control conposition; "ag": ‘"
described in Exanple 4 below. FIGURE 2 is a graphical representation of
chem | um nescent signal obtained using a conposition of this invention and
a Control conposition at various 25 concentrations of horseradish

peroxi dase, as described in Exanple 4 bePow. FIGURE 3 is a gr aphi cal

representative of chem ¢ ngi Hes€eabv5E@nNaha phteé Peged Nagssayshyer sus the
concentration of enz

irre IabeJe as descri bgd in Exanﬁl es 30 g-? gel OW.
FIGURE 4 is aYPROHFEAY PRpPEREhTARi DhaBFreheA? Pl RREERAL SEFYREPEBbt ai ned
in assay for thyrotdisti¢uiayiog hovhoas ddSthibad aleseeli bed in Exanple 8

bel ow. vvcl. 1-7~~ %$3§H§F gmggd?mg§@pgkc€%%$lgﬁﬁgéﬁgégofgggal ver sus

Chl anydi a trachomati s anti gen concentration a . i hcubati on
time as déscridehiod nfERappbéudinel avwdeteFt&RE siggad gnaphseensel 60 of dye

signal versu Aydia LsAachPapLLis antigen concentration after 2 mnutes
of incubatioﬁpé?%e as desc@?gegyéa Exanple 9 below. FIGURE 7 is a graphica

pl ot of dye signal®40 vEP3GELTH| anparexidashobat FReaRreHRACRoAEent rati on

after 3 mnutes of incufptionthén®igsate§genébeding EXagehe QebelovedF! GURE
8 is a graphical glot of the change in dye signal versus concentration of

el ectron tramfeyeas agent for the assays described in Exanple 10 bel ow

The preseot invention can beapratétcednt oradyast aggent Bayiagal ytica

met hod designed to generate | or] ric chem lLum nescent. signal in

response to t?ﬁf%ﬁ%@%ﬂcé?éf.ZIﬁgfoi#g§£e9rsgiK)a%ia@%sgﬁﬁ §€ ?R9Sg0e t he

detection of amdorgani c or inorganic peroxide (such as hydrogen peroxide)

or peroxidase (inits féFe fgﬁngx#j%mt_he detection of a non-imunol ogi cal
ydr

anal yte ot her than peroxidase or ogen peroxide. In particular, the
invention is useful in the ptackredues 25debpectihplebfalPRgnNasEagsOHhi ch

generat e18 COlMUhIBlR]fesCOEM sLphRESCENG or fluorescent signal. The assay
can be qualitative or quantitatjve or both, anpd be used to detect a

bi ol ogi cal or cherBcal SRERIBHEENtHRE FRSULRLRHFYtRYiPQtEhTedtis | quids,

30 i ncl udi ng dHemI \hiimesd@ht bs Degl cas 4 | hédsuraest epdtokddasé pods,
envi ronnent al effluent, chenic%{ ﬁgoc ssing |iquids tnd ot her speci nmens
readi |y apparent to ond*sETFEF PIPEAT 13538%r bYen~Per oxi de (or anot her

per oxi de) canie3%e el et i ol ch epdcific bindig ohigdmd ackonprosest he  J ~j
~l ~ oy ,.,..0 gali i On. b egd, 1 ana! ich are
capabl e %? produciAh'g h%‘%%%%rg‘?%(i%e‘%&fﬁla% ql)fsjr?éﬁqegagg?yte w%?’?i%?pat es in
one or nore rRERAAtENS PR eH ip ofeie et ey ok ogand Jed ofexre 2 nSpeel bresence of
suitable 5 sirgnaliAeNedmiidlg, reagents and a peroxidase. Such analytes are

consi dered herein _as " nahytes catanticalhy rel ated to peroxi dase".
B. abeling the specific binding comﬁﬁex with a

peroxidase which is either conjugated with the
25 receptor, or is conjugated with a specific binding
molecule which is specifically reactive with either the
specific binding ligand or the receptor,
c. after separating uncomplexed materials from
the peroxidase-labeled complex, contacting the
30 peroxidase-labeled complex with: -
a) the colorimetric cr chemiluminescent
signal generating reagent described above,
b) an electron transfer agent having
structure (I), (II), (III) or (IV) as described above,
35 and



In a preferred enbodi nent, the invention is useful for the determ atlonqmﬁ
a specific binding 10 ligand, or its correspondi ng receptor (that g O
substance which specifically binds with the Iligand). Such |igands |nclude,
but are not Iimted to, antibodies and other proteins (including

| i poproteins, blood proteins, enzynes and gl ycoproteins), haptens, 15
drugs, hornones, steroids, toxins, viruges, bacteria, vitamns, saccharides

(i ncluding polysaccharlges)ﬁ nuclelc aci ds, nonprotei naceous bl ood
conponents, or any conponent nther a{s readily under stood by one.skilled
inthe art. 20 A preferred ctt@emﬂqﬂnqqaegiceiﬂteﬂt@hﬁle geamitnaty ieagent is a
2, 3-di hydro- %h%&ﬂﬁ%ﬂh_ Qﬁéﬁﬁflvé&kye (identified herein as "DPD").

t hal azi nedi one derivative that can

Any free or conj u%a
be converted to a®k-25 é%@@letrét}nétﬂéi &hen r@%iérﬁﬂ%rﬁ%ﬁé?clerﬂs rre Q3BHFeand t hen

returns t9 agFoRnXGEJRA Statd Nty tlfl@;ba‘i‘m ssion of light, is useful in the
practice of this inventjon. A considerable nurber, of such comounds are

known in the art, incl fleh@Hasede deVEIHER RF VEdess 3dg Wuadehd 30
Chenilunines&a@@nIdadanﬁayys:dsyanﬁamaaGunﬂenﬂﬁnmSﬁubﬂwvaﬁﬂdns

Spri nger - VerI ag, Berli n 1987 es ,204-207. Such co unds are generally
known as "1 ui® %SI tht?gfggtwelsr{:cqrﬂ:dea Sifthrart ”Qélml des,
napht hal ene- pe%o(mmrsteonyi |tmeamedadt3dahraaaimne 35 However, by us1ng

ant hr acepe- 2% n%%r?g Cccrao%l Q&J%) at?e;rlz R tsfi]defm%

-9_
phenat hrene- 5 dica A97¢ “aci uorene dl é’ di car boxyl ic acid
hydr azi des, ts@mz:@[cg:ma ](pIényI(eIriél ZIcﬁIdarmyﬂli\B adile Iﬂﬁtﬁaarzﬁl (2GS
coronene- 1, 2di,¢ar Rexwl;irg vaci d hydrazi des, and others readily 5 apparent to
one skilled in the art. In particular, the DPD is defined by the structure
(V) zl oz2/ 'NH\ | Myepyezg Ohgh@rgsent) nventipn dempnsyrates

l ?ﬂe}oendent | )ét'&lﬂib?&@.@letll(éﬂ @é'pe@glaﬂlltyodf%ﬁcﬂnl@%rﬁ%xﬁfl&mﬁ%@be&?: mét hyl, 3

et hy sSopropy sec- penty n exy al ke o] car bon
atoms [ S 38bevRerRPCribsRodeAL shmTeaty e chitted 13

2- (N, N-di i sopﬁgnaﬂamemthmalt aZdON,slﬁdjmtsdbmeyxlsamyan)o\n rayll,onger

2- (N, N-dii sog rlu,gl am n?ﬁsw nyl 15 and 2-hexenyl], hydroxy, alkoxy of 1 to 6

carbon atons sucﬁl as dxy, et hoxy, isopropoxy, t-butoxy and hexoxy),
carboxy, ami no [incl udFAGUREI Ao isulesuirephddali riepalelegintat ignk@foyl , such as

met hyl am no, cﬁéﬂihﬁ%ﬂ%sc@%d‘él%‘a& %%%Hln%d %%?h%mad%o%%s%Ql%%%@m do),

di nmet hyl am no, di ethylam no and~di | sobutyl am no conj ugat ed am noal kenyl

(for exafl ethis éiéf’?ﬁédoﬂeﬁéﬂr) aoFO&#irﬁéaPW‘PPlsﬁ@Il@@ung"sséﬁl%’ﬁ t

am noaryl, sughrasmpieNaNpdigwt hyl am no) phenyl, p- (N, Ndi et hyl am no) phenyl

and 5-am no-2,3-di hydr gi 4 2§ pht hal azi gedi n-8-¥l %al s%.kno as

luninyl)]. At |east onbI§PRB1%add 229F&PHACAS FEREFSERRGTLINsO™ ut ed ani no,

as defined abbem).,lummnjesgahedsdigna@abbdaayhe(ii nslmc_ti g cempsisiitibad o f

anmi noal kenyl . d e Roar as.p 30
gﬁ%h@??& E@él ét Ewa% @ ﬁ\éo(s?ﬂ dn $tPvatloul

di met hyl am no pﬁe m no)p
5ami no- 23- dcﬁ9§¢atIanlpnshaﬁahpﬁéér@ﬁlshypFrOAsda§§d ashdescribed

in Example 4 below.

FIGURE 3 is a graphical representative of
chemiluminescent signal obtained in assays versus the
concentration of enzyme label, as described in Examples

30 5-7 below. .

FIGURE 4 is a graphical representation of
chemiluminescent signal obtained in assay for thyroid
stimulating hormone (TSH), as described in Example 8
below.



.o~ L=1T.. wJtn. -10herein, "conjugated am noal kenyl" refers to a
monoval ent group capable of electron resonance fromthe am no gropip Hhroqg%
the al kenyl group to the aromatic ring of the phthal azi nedi one where*
substituted, 5 and includes for exanple, a dial kylam novinyl group [such as
2- (N, N-di i sopropyl am no)vinyl, 2-(N, Ndiisobutyl am no)vinyl and

2- (N, Ndi i sopentyl am no)vinyl], and di al kylmam nobut adi enyl groups, such as

(ML i ety art no) - 1. puidbensla) e ol sdieEnetl vel vyealghghacent {uo,
t hree adjacenVegﬁ@§p§hl@WY§@ﬁ ﬁé@ﬂhgﬂ@ﬁﬁ§)a@§ﬁ96@ F@W§ﬁnF6@§ﬂP@r to forma

fused ring systre@rCantaindicRy o¥NE nehLpARABnakamet a¢ WeReSibadchnlS fused
rings can be substituted with one or nore hydroxy, am no (substituted or

unsubst i t ut edE¥@"8¢Ec % b&d°¥bove) or al koxy of 1 to 4 carbon atoms (such as

met hoxy, e hoxy and i sopiGuegy). iEr ef efraphy cadueh oftusdd dyiengd gavad
am nes,

substituted W th _one Q sec ndary or terti
hydr oxy or alkoxfugsc%gé Cﬁ@ﬁt§E5W§ma%é r@g ACat gnﬁgeFuF%ﬁéB conpounds
i nclude, but aftemof mimuted bd, ihcuwbadlion sdmemasoldescribed in

N- (4am nobuty hy I nol hem succinimde, N(6 25
am nohexyl ) - ngﬁw-ﬁ%s§lbﬁgﬁ§rl N-et hyli sol um nol and

7d|nethylanlnonaphthaleﬁéGﬂRE-dleérbogyﬁpﬁl@@ddpﬁpﬁr@ii@ye Isdginagdl
(5-am no- 3- @b@%@%ot%1$9§kﬂgl%%b%%%h%%?% %%le%ﬁl%%h@%htra ion .

(6-am no- 2, 3-di hydrol, 4 | azi nedi one) are preferred, and lumnol is 30
nost preferreéftthérmB§@$@ﬁ @Wa§§§§b@ﬁlBPDté@#péﬁn@§s§ﬁéq%%é¥Hbed in the
Gunder mann angximcapr @ pehbiwcati on noted above, and include substituted or
unsubstituted phthalic acid hydrazides, %Fhr%ceqe 20% thar$9§Y|'Q 35 acid
hydr azi des, phenat hr ene *dCURFbSxyEi @ greghicaliplot phe cpange gn -y,
~. . -11hydrazd@esslbhaareaesﬁSZCdneahb@myhbm aelélbmdmanldeansfer
cor oncne it 27 BPEREnaRs Fheata ARy e s Asb oo in ERe B S0, PPASHYat ed by the
foll owi ng structures: 5T@eHpkek2nH Hn@ectﬁomocan/be pragthiceNHtd \ ~ NH
advantage in any analytical method designed to generate
a colorimetric or chemiluminescent signal in response
to the presence of a peroxidase. Such assays can
20 involve the detection of an organic or inorganic
peroxide (such as hydrogen peroxide) or peroxidase (in
its free form), or the detection of a non-immunological
analyte other than peroxidase or hydrogen peroxide. 1In
particular, the invention is useful in the practice of
25 specific binding assays which generate a colorimetric,
chemiluminescent or fluorescent signal.
The assay can be qualitative or quantitative
or both, and be used to detect a biological or chemical
substance (that is, an analyte) in aqueous liquids,
30 including human or animal biological fluids, waste o
fluids, foods, environmental effluent, chemical
processing liquids and other specimens readily apparent
to one skilled in the art.
Hydrogen peroxide (or another peroxide) can

35 be determined with this invention. In addition, the



/[ o0/ / NH/ [/ ~nil and NH\ \ ~ ~H Qther useful signal generating
reagents include inidazole or triarylmethane | euco dyes, such a 4 hoge
described in US-A-4,089, 747 and references noted therein, EP-A- 122'641
Japanese Patent Publication 15 No. 58(1983)-045557 and US- A-4, 670, 385. The
triarylimdazole | euco dyes described in the Bruschi patent are preferred

for generating a t; Lo, ,rs, T8~ .. -12colorinetric
signal in the m@@ﬁtf@noéaﬁhbé b£'¥§nﬁboﬁet§k‘ﬁbnéeh'ﬁ91§|¥§§ gﬁﬂeraaékx have
the structure (VI): wherel n Ro, are

i ndependent |y %%P%Pb%n?ﬁ BrQQBﬁbnguEhdfﬁ%?n PerﬁéégeonﬁhéF %ﬁeﬁ??s an Q -

or ~ hydroxysmiw@éegaafyhga@@@ oh @@et@rlﬁoﬁarp@acamﬂg wRikRe aromatic
ring, and the oth roups bei ng,aryl groups chosen such that_the
i dazol'e oxi dETGHCHOREIEPAPT BORPTHAR tReLRaHBESTRNER ot - 9611804200 my as

10 neasure@ bysrgmilngméfaﬂnﬁgryeaganﬂ§taﬂdsaapdabﬁlaakenelsebnctrode
usi ng a carbon ?a ed el ectrode. %k & % ﬁ.?otent;,al ?Eﬁsurenents can be
made accordlng %%%%eﬁf?oﬁ%?s BETP olhERT Raf St eBHAr Y0ESR (see for exanple,
Sawyer et al, cakpkytihealhy Ebbstedctenpstoyidsser. Shen1~ , John VVIey &
Sons, New York, 1974). Afn“éeﬁ %P&PS d&%&aﬂné’ﬁto“%ﬂ@eﬂﬁgﬁé’ gyess "aryl

is meant to |nclude aronati c rocar Foups slic eny napht hyl or
anthryl, tol yIUS@@;ﬂPJ,/lfcaﬁdtlmh@qat%{mswt—u@@doﬁr@nap«i:@l@;@ulpsndirh@ nunber of

20 car bon1gt ONB; & &K@ Sok 01 ¢ Hechpkak M&iﬁ%r&éé e PHEr ekl as those
in the substituents. At |east one groups has an ortho

or electron do%%ﬁ$%@P%%b%?%?%eﬁ?e%hﬁhcé%lﬁnbb?%%o%&tQ gre) L jerd) n i's
alkyl of 1to ﬁaﬁarb_@@a@a§”§n&§@@@ aﬁu@eafwlno@lﬁahwéd tsppropyl, ~- butyl,
hexyl , chl or onet [ _nmeth XY thylg or a djal am no, wherein aIkyI is
aeust def | e 0 dl et 20, SUREY (PARTELRS! (T BLUBIeS | LT Ry eI aFe:
blood proteins, enzymes and glycoproteins), haptens,
15 drugs, hormones, steroids, toxins, viruses, bacteria,
vitamins, saccharides (including polysaccharides),
lipids, nucleic acids, nonproteinaceous blood
components, or any component thereof as readily
understood by one skilled in the art.
20 A preferred chemiluminescent signal
generating reagent is a 2,3-dihydro-1, 4-
phthalazinedione derivative (identified herein as
"DPD"). Any free or conjugated 2,3-dihydro-1,4-
phthalazinedione derivative that can be converted to an
25 excited state in a chemiluminescent reaction and then
returns to a non-excited state with the emission of
light, is useful in the practice of this invention. A
considerable number of such compounds are known in the
art, including those described in US-A-4,598,044 and
30 Chemiluminescence in Organic Chemistry, Gundermann and
McCapra, Springer-Verlag, Berlin, 1987, pages 204-207.
Such compounds are generally known as "luminol type
hydrazides” and include phthalic hydrazides,
naphthalene-1,2-dicarboxylic acid hydrazides,
35 anthracene-2,3-dicarboxylic acid hydrazides,



30 2-(4-hydroxy-3, 5-di met hoxyphenyl ) - A, 5-bi s(4nmet hoxyphe
-13 2-(3, 5-di brono- 4- hydr oxyphenyl ) - 4, 5di phenyl i m dazol e,
3- ( 3- brono- 5- et hoxy- 4- hydr oxyphenyl ) - 4, 5- bi s(4net hoxyph
4, 5-bis (4-dinethylam nophenyl) -2- (9hydroxyphenyl)im
4, 5- bi s(4-di met hyl am nophenyl ) - 2- (4- hydr oxy- 3 net hoxyphe
2- (4- hydr oxyphenyl) -4, 5-bis (410 nethﬂkyphenyl)lnldaz

nyl )i mzdazbf!e 200y

enyl )i m dazole, 5
dazol e,
nyI)|n1dazoIe and
ol e. The di azoni um

and tetrazol] RS AARElly It NS A Ge0f bl ) uent | AN diigo be

t hose capabl e*of reacting i'n

ase arfd an oxidant to

produce a chr dﬁm@mrb@}mlammm iﬁlcet'aﬂmdes%,gmqal I9y rari Jaeganianssal t of

a conpound hayi B9 & 3R 1UR TRAE 8lyarRarilddul aldnedesri-ul, i azoni um sal ts
include, but are not limted to, those having the following structure

(VI1): RO Ri odicargoxwig Reth@yiézdidesro andOthers #ReREY are

i ndependeng | yalpp@men,tdwair@ (ssuqneaﬁ ﬁhltcrfeo,aﬂtr onmo or i

odo) al kyl of 1 to

12 carbon atons (such a net t opyl ~- but butyl
n-butyl, pentyl, 25 oct as%’rﬁﬁ’r& nd—’hd?o (R/I) q‘ﬁﬁlrnc?a/(p)ya € al koxy of 1

to 6 carbon asmmmdhumdleﬂ xret hoxy, et hoxy, pentoxy, iso

propoxy, ~- but oxy

and hexoxy), aryloxy of 6 to 10 carbon atons in the aromatic ring,

i ncl udi ng aryl oxy substituted with al kox
(such as phenoxy, naphthoxy, tolylox¥y_an
carbon atons (such as 2 3JI.~1_ a~~
~-net hyl phenyl, m et hoxyphenyl, ~cyapg
1 to 12 carbon atonms (such as acetyf, yl, benzoyl
substituted or unsubstituted carbanoyl 5gzér @ulfannyl (s
sul fanmoyl, N, Ndi met hyl car banoyl and N, N-di et hyl sul f anoyl
R10, R1l and Rhe raie iZldepende® |, hydr %"é“,ld@é%ﬁderﬁﬂ

N, N-di eth IsulfanDyI ni'tro or met hoxy. 10 In dition

al kyl as d
i trophenoxy
phéflyl , napht
md eretho

efined 30 above

), aryl of 6 to 10
hyl ,

xyphenyl) acyl of
and butyryl), and
uch as carbanoyl ,

). Preferably, R9

P1¥ydrogen,

any two of these

radical s B adilk¥dneipdsitq c§n§a(¥r?°t%é‘trqn]?g EFh@s Meshtogaterl 4
represent a 61sb®rb@>yflew&_ettﬁiiyf1q8%@fpm&tylc dddeleié&Sﬂ)EMal}dlﬁ{ledldm Dot h

het erocyclic or. ¢ rbo fused aromatic .rin Such r
carbon, 15 nlg E%Vbéﬁ

i ngs can incl ude

FS UG aft stS 'hé‘ APt uct ur e.

Preferably, 61sb®uiﬁxnﬂnbe%euiQa«tkuauﬁndpymaminﬁwsheqﬂqaﬁe-ﬂunned inthis
manner. 10t e, Salh 19tied A0GNRnyE, RPAEIEN:E APeryr A AR whi ch

does not inhibit "or

15 and 2-hexenyl], hydroxy, alkoxy of 1 to 6 carbon atoms

(such as methoxy, ethoxy, isopropoxy, t-butoxy and

hexoxy), carboxy, amino [including amino substituted

with alkyl or alkanoyl, such as methylamino,

ethylamino, amido (for example, acetamido and

20 hexanamido), dimethylamino, diethylamino and

diisobutylamino], conjugated aminocalkenyl (for example,

as defined below) or aminoaryl [including substituted

aminoaryl, such as p- (N,N-dimethylamino)phenyl, p-(N,N-

diethylamino)phenyl and 5-amino-2,3-dihydro-1, 4-

25 phthalazinedion—-8-yl (also known as luminyl)]. -

At least one of 2zl and Z2 is amino (including

substituted amino, as defined above), conjugated

aminoalkenyl (including substituted aminoalkenyl as

described above) or aminoaryl [such as p-(N,N-

30 dimethylamino)phenyl, p-(N,N-diethylamino)phenyl and 5-

amino-2,3-dihydro-1, 4-phthalazinedion-8-yl].

As used



20 substrate for peroxidases, such as halide (for exanple, chloride,
brom de and fluoride), tetrafluoroborate, nitrate, perchlorate, % 3 JUL &
~t ol uenesul fonate and others readily apparent to one skilled in the art ; %%
Representative useful diazoniumsalts include, but are not Iimted to, .

-di et hyl - 4net hoxynet ani | am de di azoni um salt (known as Fast Red-1TR
salt), 4-chloro-2-nethyl benzendi azehdum salt (known as Fast Red TR salt),

diazotizg%r% gpth J%ﬁgge%hg%r %%hkggﬁégﬁg%%%rgst Fagt Red RC salt) and

di azoti z it ro- Rox Known ‘as Fast Red B).
Tet r azol imgmoyallied tage omirg @eipebd &l of iedeiiron tresovagari €nesy tihen cont ai ns

one or tyR;3% Tg%ru%zcalne:or gh0EncIBNRERLLY Wkl REYkrSUbsbhbuent s at |

rn~.r~ i -~ 5vari ous 05|t|ons Tetrazollumsalts aV|ng t wo
tetrazolélﬁﬂh@§ che @@tﬁéﬁ#@dnﬁélﬁPﬁvﬁﬁér§ BtpASnyLPSEtEEEMmi th a
tetragol end RGdiMdRACE RS ekhapie, aaddaalkgqamhh@ﬂanqﬁ geulpi phenyl nucl eus.

5 Ma ful di d tet i d bed f
oxarp! e THCHS#AS 2908 872 L5ePoR Y34 88 Y I0R A 47802517 and A, 892, 833
and JapangseoBultlyileatinon vB3408and0Q-((pulb-i shed April 19, 1988). 10 A_secpnd
Cr't'ca'd&qg%%%%Qpl%%lk%ﬁvﬁ'gﬁﬁ*p %ﬁ'ﬁ'gﬁkgﬁgRQEBBh%? gk ngﬁ's Invention is

an el ectron trans ruct N-Cl-R2 Rs \
~ Ra OR3g(ionps) RuUN @€ R> (N, W-élethyiamlGR3 153¢bptﬁdRE@—RSYﬂ A ~-Cl-RzZ\

I R3yR4 23, En; ALternatlv%Qy, any adjacent two, adjacent
three or all of zl, 22, 23 and 24 (that is,
combinations of two or three adjacent groups, or all
four groups) can be taken together to form a fused ring
system containing one or more aromatic rings. Such

15 fused rings can be substituted with one or more
hydroxy, amino (substituted or unsubstituted as
described above) or alkoxy of 1 to 4 carbon atoms (such
as methoxy, ethoxy and isopropoxy). Preferably, such
fused rings are substituted with one or more primary,

20 secondary or tertiary amines, hydroxy or alkoxy as
described above.

Representative useful DPD compounds include,
but are not limited to, luminol, isocluminol, N-(4-
aminobutyl)-N-ethylisoluminol hemisuccinimide, N-(6-

2f aminohexyl)-N-ethylisoluminol, N-ethylisoluminol and 7-
dimethylaminonaphthalene-1,2-dicarboxylic acid
hydrazide. Luminol (5-amino-2,3-dihydro-1,4-
phthalazinedione) and isoluminol (6-amino-2,3-dihydro-
1,4-phthalazinedione) are preferred, and luminol is

30 most preferred.

Other useful classes of DPD compounds are
described in the Gundermann and McCapra publication
noted above, and include substituted or unsubstituted
phthalic acid hydrazides, anthracene-2,3-dicarboxylic

35 acid hydrazides, phenathrene dicarboxylic acid



or (I1V) oR-NGCR2/ \ 4\ / ROR3 wherein RL is hydrogen or alkyl of 1 to
4 carbon 5 atoms (such as nethyl, ethyl, isopropyl, hydroxynet TR
am nonet hyl and net hoxynethyl). Preferably, Rl is hydrogen. In trdc%ure
(ry, (rr), (rrr) and (1V), R2is hydrogen alkyl of 1 to 4 carbon atons
(such as 10 nethyl, ethyl, isopropyl, -butyl and isobutyl), al koxyal kyl

of 1 to 9 carbon atons (such as nethoxynéﬁhyl and net hoxyet hyl ),

hydr oxyal kyl @Jydlfatzqa@scarfmm (ﬁi&ma%damrmm@mdrmdré@wet hyl,
2- hydroxyethyl "and 2,3 15 dih drox progyh%gfanlnoalk% car bon

at oms (such afeRFClGmdt Hyllper Leneidetd h?’ddfacﬁ’aﬂﬁsnobutyl
met hyl anmi nonetany co%o?@riwm)d—@rﬂdmﬂdinmdacﬁ-camyrmgde)s, halagaldg/| of 1

to 4 carbon atons (s h as r ononet chl or oet hyl ,

1, 1- di chl or orr%?’ﬁ))?l ;l(ii] %Irrai%cerﬂo "ﬁé}%ﬁol YO c it urroaes‘[ hyl and

3chl oropropyl), or alkenyl of 2 to 5 carbon 2 5 (such as et henyl,
1-propenyl, isopropenyl and 2Zbutenyl). Prefe y, R2 is hydrogen, nethyl

or 25 ethenyl S hydrogen or al kyl of 8 4 carbon atons (such as

met hyl , ethyl, , ~,-butyl, nbutyh;and |so-utyl) Preferably, R3 is
hydrogen or ne

A orNan el ectron mnthdr

si gnma val ue of at k5t O$Ql and preferabl eas
val ues are cal cul at'éd Mg accordance 5 with standarg procedures descri bed,
for exanple in Steric [fffects in O ganic Chenlstr', John Wley & Sons,

I nc. 1956 pp. 570-574°and Progress in Phy.~~s3~ @& g~an,' ¢c,~ .~m s rv,
Vol . 2, ersci ence Publishers, 1964, pp. 333-339. Representative 10
eIectron mnthdramjng gr oups having positive Hamrett sigma val ues include
cyano, carboxy, nitro, halo (fJuoro, brono, chloro or i0do), trihal onethyl
(for exanple, trifluoronethyl jor trichlorghet} y car bonyl , carbanoyl,
sul fonyl, sul famyl, esters, &

inthe art. Pre e

or bronp) and ( 0
W t hdr awi ng gr oths; nost pr

@ e~hahg; (such as chloro
| orefd red kel ectron
) or e er of R4 and R5.
20 In the foregoing structure|fl), at lea

- {0
@@ R4 #hd R5 nmust be an
el ectron withdrawi ng group asodefi ned abowe Or egoiong structures (I1),

(rrr)y and (1V), at least one of R4 and R5 can be an el ectron w thdraw ng
group, but this is not 25 required. Most preferably, R4 is an el ectron

wi t hdrawi ng group. Representative el ectron transfer agents having structure
(1) include: 3" -c 9- 4' - hydr oxyacetani | i de, -30

3',5"-dichloro-4 gxyacetani lide, 3'-flugro-4’-hydrgoxyacetanilide,

3,5 -difluoro ] yacetanilide, 3'-bpehDy4 ydro yacet ani | i de,
3',5"-di brono- 4 acetanilide, 35 3

qap havi ng a Hamet t
tyy0. 3. Hamett sigma

arent to one skilled

oh ~wig hdr awi ng
andlc ano are

| and

10
Other useful signal generating reagents
include imidazole or triarylmethane leuco dyes, such as
those described in US-A-4,089,747 and references noted
therein, EP-A-0 122 641, Japanese Patent Publication
15 No. 58(1983)-045557 and US-A-4,670, 385.
The triarylimidazole leuco dyes described in

the Bruschi patent are preferred for generating a



..,; 3 ,loll. 2rv. -183",5"-dicyano-4'- hydroxyacetanlllde
N-nethyl N-(3-chloro-4 hydroxyphenyl)acetan1de
N- ( 3- chl or 0- 4- hydr oxyphenyl ) met hacryl am de, 5
N- ( 3- chl or o- 4- mret hoxyphenyl ) acet am de,
N- ( 3- chl or 0- 4- hydr oxyphenyl ) - 2chl or oacet am de,
N- ( 3- chl or 0- 4- hydr oxyphenyl ) -2, 2 dlchzoroacetan1de 10

N-(3-chlo | o2t ; am e,
N- ( 3- ChIoFglgrE¥%%8§¥g%§%$a? %“h§§fb§§g£%?é%?g§? i%€.invention.

N- ( 3- chl oSg<h- HWF@XWnﬂeWaﬂQYn@@W&(H’@et%ﬁ%urﬁndwl ):

N- ( 3- chl or 0- 4- hydr oxyphenyl ) - 2 ankaoace% am de. Representative electron
transfer agents of structure ( | ude 20

N- ( 5- hydr oxy- 1- napht hyl ) acet am de, [—

N- ( 5- hydr oxy- 6-f | uor o- 1- napht hyl ) aeet api de,
N-(5-hydroxy-6-ch|oro-l-naphthyl)égg?ﬁﬂ:de,

N- (5- hydr oxy- 6- cyano- 1- napht hyl ) acet g de,

N- net hyl - N- ( 5- hydr oxy- 1- napht hyl ) acet am de, 25

N- et hyl d(yya | .or.@ p | de, -

N- ( 5- nethox%§fq% ﬁ %?gtgh‘éﬂ% E%@%ﬁ@ﬂ&@ﬁ%ﬂﬁ*%n organic

N- ( 5- et h@¥PuE- @hllcéir @hﬁin@phtllﬁfyals)ia@@teamfdéihem is an o~ or p-

N- (5- hydr 9§>Arlax§;%ﬁh5tste&iltm%dcQ'&&O%%h%mo%e,u&%\h@ AR acapht hyl ) -2, 2
di chl or oacét am dr oxy- 6-chl or o- 1- nhapht hyl )-2, 2 dlchloroacetan1de
N- ( 5- hydr &Ry ERen aFRIMAFHF- 212923§n9rt€ﬁl@Féﬁ%bﬁ%ﬁﬂ(ﬁ?ouP5~Q?”ng L~

aryl groups chosen such that the imidazole oxidation

[

(%]

L 0y
L [

-

potential is within the range of from -70 to +100 mV as

10 measured by cyclic voltammetry against a standard
calomel electrode using a carbon based electrode.
Oxidation potential measurements can be made according
to conventional electrochemical techniques (see for
example, Sawyer et al, Experimental Flectrochemistry

15 for Chemists, John Wiley & Sons, New York, 1974).

As used in the definition of the leuco dyes,
"aryl” is meant to include aromatic hydrocarbon groups
such as phenyl, naphthyl or anthryl, tolyl, xylyl and
other substituted aromatic groups. The number of

20 carbon atoms refers to the total nuclear carbon atoms
as well as those in the substituents. At least one of
the RS, R7 and R8 groups has an ortho or para electron
donating substituent such as an alkyoxy (-OR') wherein
R’ is alkyl of 1 to 8 carbon atoms (such as methyl,

25 ethyl, isopropyl, f-butyl, hexyl, chloromethyl or
methoxymethyl), or a dialkylamino wherein alkyl is as
just defined.

Particularly useful triarylimidazole leuco
dyes are:

30 2- (4-hydroxy-3, 5-dimethoxyphenyl) -4, 5-bis (4-
methoxyphenyl) imidazole,



L1~1.:~\! . -19N(5-hydroxy-6-chloro-1-naphthyl)-2,2,2

trichl oroacetam de, N-(5-hydroxy-1-naphthyl)-2 hydroxyacetam de, 5

N ( 5- hydr oxy- 6- chl or o- 1- napht hyl ) - 2 hydr oxyacet ani de, 2
N- ( 5- hydr oxy- 1- napht hyl ) - 2 met hoxyacet ani de, VoL e
N- ( 5- hydr oxy- 6- chl or o- 1- napht hyl )-2 10 nethoxyacetan1de

N- (5- hydr oxy- 1- napht hyl ) - 2- ani noacet ani dé-3and

N- ( 5- hydr oxy- 6- chl ope<3; Baambbyhb 2- npﬁﬁ@ﬁ?ﬁhéﬁydgr4l5-Representative

el ectron transfer aﬁ ts a Hiructure I T 1 ) include N

6- hydr oxy- 2- naphPR§ Yylﬂ& £3

N ( 6- hydr oxy- 5-f | uoBe{2-bhaphbh§thactkdaptdehydroxyphenyl) -4, 5-bis (4~

N- ( 6- hydr oxy- 7- - 2- am de, 20 N (6-hydroxy-5, 7-difluoro-2
naphthyl)acetaﬂ%%ﬂgﬁgfﬁ%82$8;@¥§%ggg%foro-2-naphthyI)acetanide,

N- ( 6- hydr o®y- 5, 7- di ¢hbobbs2haghnayhy haeinepdeny2b-2- (4-

N- ( 6- hydr oxy- 7 C m de,

N- ( 6- hydr oxy- 5h2a989¥%%%ﬁ bsBMLﬁgfgggetam

N- ( 6- hydr oxy- 5- cyant« 2= haﬁﬁﬂngnwaé Ybﬁmaéophenyl) 2- (4-hydroxy-3-

N- (6- hydr oxy- Smt Hb&yphen m&pmlaakéﬁéetaﬂade
N- et hyl - N- ( 6- hydr oxy or o- 2na ) acet am de,

N—nethyl-N—(6-hydroé?-g?EHPBPEYEhﬁgﬁ%hyF)30@%5&1ae
10 methoxyphenyl)imidazole.

The diazonium and tetrazolium salts useful
in the practice of this invention must be those
capable of reacting in the presence of peroxidase and
an oxidant to produce a chromophore. A diazonium

15 salt is generally an organic salt of a compound
having a diazonium radical.

Particularly useful diazonium salts
include, but are not limited to, those having the
following structure (VII):

R9

Z +
=4
Ead

R11

R12

20
wherein R9, Rlo, R11l and R12 are independently

hydrogen, halo (such as chloro, bromo or iodo), alkyl
of 1 to 12 carbon atoms (such as methyl, ethyl,
isopropyl, t-butyl, sec-butyl, n-butyl, pentyl,

25 octyl, isononyl and dodecyl), nitro, cyano, alkoxy of
1 to 6 carbon atoms (such as methoxy, ethoxy,
pentoxy, isopropoxy, t-butoxy and hexoxy), aryloxy of
6 to 10 carbon atoms in the aromatic ring, including
aryloxy substituted with alkoxy and alkyl as defined

30 above (such as phenoxy, naphthoxy, tolyloxy and p-

nitrophenoxy), aryl of 6 to 10 carbon atoms (such as



?. ~ (I(;~_ a" ~" ~~ -20N-net hyl - N- (6- hydr oxy-5, 7-di chl oro-2 A i 9N
napht hyl ) acet am de, N-(6-net hoxy-2-napht hyl ) acet am de, 23 JuL 202
N- ( 6- met hoxy- 5- chl or o- 2- napht hyl ) acet am de, 5 N-(6-nethoxy-5, 7-di chl oro-2
napht hyl ) acet am de, N-(6-hydroxy-2-naphthyl)-2-chl oroacet am de, )

N- ( 6- hydr oxy- 7-chl or o- 2- napht hyl ) - 2chl or oacet am de, 10

N- ( 6- hydr oxy- 2- napht hyl ) -2, 2 di chl oroktet ani de,

N-(6- hydr ogedyehl aaphZngaphpbietnhgidnhdhkichhoeeacaiphieds.l, p-

N- ( 6- hydr ox -2-nﬁght yl%-215 h grox cetinlde, 1 to 12

N- (6- hydr okY280BRFBY . SPHBRRRYPPEIRBERYL) acerHh 88, 1 to

N ( 6- hydr oxgrBenaphbhyl )(s2canagoacet g, deroghdn2Q, benzoyl and

N- ( 6- hydr oxy: =dic rQ-2- | )-lam ide. ntative
conpounds égtgfzagfu?ég(gﬁ%sﬁggpﬁgé:%ﬁ-?ggﬁggggké-fgngsggﬁbﬁigcetanide, 25
N- ( 4- hyddr oxy- udliropyll-(sapht byl rackenapyde, sulfamoyl, N,N-

\-met hyl- Nad fe BHO A 8X ¥ an6hh oAl RARALEKEhGE LT FAHBY 1) .

N- (4- met hoxy- 1- napht hyl acgéﬁnlgg .

N- ( 4- hydr oR§efenaphyny Ry ? 2R&Ry oRGAcangnidé, agg independently

N-(4- hydr oxyd3o§Bhor fethRaphthiblo2Chl, Aradeehdisde famoyl, nitro

N- (4- hydr ox -1-napﬁthy|)-2,2d|chloroacetanlde,
N—(4-hydro?%-@gEﬁpﬁVo-l-naphthyI)-235 met hoxyacet am de, r~?f;~~
i~lf~0i, : .,",. -2hNa@diRY¥dnoXxuny- ehbobE- thagpht-hwliralamafoacet ani de,

N (4- hydr oxy=3-chl oro-1: napht hyl ) - 2am,noacet am de, , and 5

N (4 hydr 0By I3CFPhoPBSTERaR: Al FREaTANBASIPTHE RBEERpFBPEEPST ef ect ron

transfer agentepsedenthhowe- 4'o- hpdmexpacetafiuksiede ardhwesed celrdatyr on transfer

agents cangbe. BLepaned AeRg! Bokk HEQULSAQND 13! 8L LAgLIRYNY S as 10
" fused aromatic rings. Such rings can include carbon,

15 nitrogen, oxygen or sulfur atoms in the ring
structure. Preferably, 6- to 10-membered carbocyclic
ring systems are formed in this manner.

In the salt noted above, X~ represents any
suitable anion which does not inhibit or act as a

20 substrate for peroxidases, such as halide (for
example, chloride, bromide and fluoride),
tetrafluoroborate, nitrate, perchlorate, p-
toluenesulfonate and others readily apparent to one
skilled in the art.

25 Representative useful diazonium salts
include, but are not limited to, N',N'-diethyl-4-
methoxymetanilamide diazonium salt (known as Fast
Red~ITR salt), 4-chloro-2-methylbenzendiazonium salt
(known as Fast Red TR salt), diazotized 2-methoxy-5-

30 chloroaniline (known as Fast Red RC salt) and
diazotized 5-nitro-2-amino-l-methoxybenzene (known as
Fast Red B).

Tetrazolium salts are organic salts in
which the organic portion contains one or two

35 tetrazole rings, generally with aryl substituents at



In general, the hal ogenated conpounds of Structures (I)-(1V) are pr epar ed
by hal ogenation of the known precursor anilide (for exanple, Xdr oxyhﬁ or
al koxyacetanilide, or an anilide of naphthalene) with a 15 kno WL 23
hal ogenating agent such as sulfuryl chloride, sulfuryl brom de, or the free
hal ogen in the presence of acid. Wiere the desired precursor is not

avai l abl e, an appropriately substituted-pgienol or naphthol can be nitrated
by mi | d ni € ratyan I8l it dN0Mehd CClueso (18 0 Cxa g Wi Nitric acid
in a solvent suc gl acial acetic aci dg fol | owed ydro enatr on,
typically overt%ﬂraﬁﬁﬂtﬁn%?nﬁl%ﬁtﬁﬁtﬁplﬁ?%tk‘e Ft?lFfeV’s%‘? Yl Am Ch em

Soc. .4~, 1093uch¥i/ w1tTrh&aaﬁréﬁt&a¢§1é h@fhgicﬂﬂtaé% cﬁﬂrtt@é(atmﬂ@adby
condensat i on th the desr red 25 agg{pﬂbéﬁt&a ent such as an anhydride (for

exanpl e, acetit afRHHGHRS AT 8P cL&R%- as acrylic acid
chl ori de, 50 produce thmmlu@kﬁfuﬁwiaﬂmmydmlmﬁﬁmhmmes are al so
described by Challis cft alél\% d m ﬁ des _731-857,
I nt er sci ences SO U %FqEﬁ$¢ 1555 e*? Rhe s e [ starting
mat eri al s do rﬁ)t90ﬂ,r83’92ty L!ﬁ-e\ﬁ‘daeTt?reSEb,qms-rA-e‘le&%&t%bﬁ and h&r awi ng gr oups,
the resulting @rah 4 die3§aarh(peJ S0 entd vs f&?”@ﬁ % g(escri bed above.

5 be i

Al ternatively, e ‘amne precursor to the anilide can acylated with
an acyl ating a@lémllt&faﬁtd pﬁfRNinels%t he988y. 3 (I i.~". ~~i ~' -22group at
R2 (for exgnple, trichlofaaeelds & & Oéérﬁ’;?ox?ém{f%ﬁfﬂt?e aphyglside), or

the aromatic ring of the anilide can be al ky|ated, acylated or nitrated at
the R4 or R5 RFOHAINT RS HHSL R 9y W@‘é‘%‘l‘ﬁﬂ%e’s’g t¥ 5 provide the
requi site el edredt M horayd ik HQURS HAPIRdamp b Rost AlctoptéHnat) put
preferred conponent of the signal-providing conposition of this invention
is a low nol ecul ar weight cationic surfactgnt to provide 10 mcelles, or a
cationic polyner to provide a hydrophopiﬁ nyd ronnent for increased
sensitivity, storage stability and kinetic stability. Particularly useful
cationic surfactants and pol ynmers can bexepresented by the structure
(M11): R4 R13-N+R15 X_ R16 15 wherei IS substituted or unsubstituted
al kyl of at l|east 7 carbon atons, and g exahly from10 to 20 carbon atons
(such as~~, -octyl, isononyl, isodec§l”, dpdecy, tetradecyl, hexadecyl,

oct adecyl, eicosyl, 20 2,7,8-trinethyl deogl, 4- ethyl-6-nethyldodecyl,

benzyl and phenethyl), substituted or unsubstituted aryl of 6 to 14 carbon
atonms in the aromati ¢ nuallmus (such as phenyl, naphthyl or anthryl) which
can be substituted with one or nore hydrophobic groups such as linear or 25
branched al kyl of 1 to 10 carbon atons (such s methyl, _ ethyl, isopropyl,
~-butyl, hexyl. octyl, isooctyl, none-orRisguoayl) hal o and ot hers known
to one skilled in the art. Such substi aryl groups include, but are
not limted to xylyl, tolyl, 30 isong yhetyl , di et hyl phenyl and

trichl orophenyl. R13 can al so be subg or unsubstituted al kenyl of 8
to 20 carbon atonms (such as 1-octehy - decenyl and 2-dodecenyl), or a

pol ynmeric noiety (described bel ow). i 1 ~1: 1Ir5 v..| L7 ~ ~t;lilL

15

(III):



-23Preferably, R13 is al kyl or alkenyl of 14 to 16 carbon atons, wth
groups such as 2, 4-di net hyl - 6et hyl decyl, tetradecyl and hexadecyl bei n

nore preferred. 5 In structure (M11), Rl4 can be al kyl or alkenyﬁfh$u 207
defined for R13, substituted or unsubstituted alkyl of 1 to '7 carban atons
(such as nethyl, ethyl, isopropyl, ~-butyl, methoxynethyl, benzyl and
hexyl), substituted or unsubstituted al ket 10 of 2 to 7 carbon atons
(such as a ethenyl, allyl, isopropenyl and n-butenyl), or carbocyclic aryl
of 6 to 10 carbon atonms in the ring system (such as phenyl, tolyl, xylyl,
napht hyl and p- met hoxyph@ky}VY) éne of R14 R15 and R16 can be one of the
nonpol yneri ¢ groups 15 defined above for RJ0. R15 and R16 are independently
substituted or unsubstituted al kyl of 1 to”? carbon atons (such as nethyl,
ethyl, isopropyl, t,-butyl, nethoxynmetiyh,.chenzyl and hexyl), substituted
or unsubstituted al kenyl 20 of 2 to 7 ca bon atonms (such as a ethenyl,

i sopropenyl and allyl), or carbocyclic g of 6 to 10 carbon atons in the

ring system (such as phenyl, tolyl, xy pht hyl and p- met hoxyphenyl ).
Alternatively, any two or three of R14] b and R16 can be taken

pon~at oms~and an oxygen, nitrogen or
ady ammoniumatom a 5- to

together to represent sufficient cas?
anpl es of such groups include, but

sul fur atomto conplete, with the quater

6menber ed heterocyclyl cationic group.

are not limted to di ni um 30 piperi dini pyrrolidiniu

mor phol i ni um %&ﬁﬁ%ﬁgnéun}su§¥?ﬁ?%$ %£¥f3%ﬁ %n# n%%f%?%zolium

benzoxazol Bni uant cmsl Kmmdhzm$|mathf&efetnply 1§apxo§&5,and R16 are

i ndependent |y y a suitable

nonoval ent aC|%§%$?%%ﬁ%%ﬁ%£ |%m%%%méth%£s??%t%g%?oxﬁﬁg%h¥%} for

peroxi dases, iRw¢feiFalputRhois|hndregeno, perchlorate, halide (such as

fluoride, chloride and 5;brondesurd etfpf | yptfpboyate) gﬁafkgﬁph Ret hyl
e

sul fate, hexaf] uorophosphate, nitrate, t ol uenesul fonat e and rs readily
apparent to onkS skYfFeerin HeYhrof Fabodd GRFRPR aFempr éFBFRedS Exanpl es
of useful100np@éwm¢11Ceﬁnylpni§o§£b§yliag#mwtﬁlaaﬁd isobutyl),

hexadecyl tri nmet hyl anmpni um orid decyltrinme | ammoni um chl ori de,
cetyltrinethyl f %fd£ ?%Igoc?ﬁ% %EO%%XEE%EQI??lnethylannonlum

brom de), coccmetmmxyméQMybnammnmﬁmhmxyhthﬁb)1ahY@mbxyatkh¥laﬁnbntun1
chloride, soyajr [ I thylannnnium

brom de, stearyl%rlnetﬁégy&g ?%%?c%% Hf%r %héggg% di met hyl ammoni um
bromi de, 20 d|h&ﬁm&x&&ﬁhﬁlhy?ahh@h@&ﬁ¢bhbh1@@d e3y|pyr|d|n|un1chlor|de and
myristyl diget fkyi a&%;gg&gwm C&hﬂ&b&lfkyi/%@fel Rig ll”c§$:15é'ﬁtb.'£8m£:V| 1) is a

pol yneri ¢ noi et one of _suc %£ %ners can be conventlona
pol yesters, pof %Wd%% anLNREtRY hy | endf R AREhY bol §caPrbBABRERRY Lcel | ul osi ¢

mat eri al s, andzv4nyia@ﬂﬂ@mm@@1hom@th@nﬂmgﬁ@@éynyls gpppri sed of recurring
units of a nononer ving th Sir positive charg materi al s can
be prepared fr HT%%%%% ?%%%fh%gt%? af s@ %é?%%u%bY€On6%%??gg t B%oéedures.
The pol yner caro haveathen cheomges (suchrpsrabkdrometeyh, f boomshathyhg
material s, or Erngg S@%ﬁ * rfaftéfghﬁ £g&epﬁ§farftio§ Particul arly useful

cationic polyners are vin addr t ono- copofl yhiers prepared from 35
ethylenically mwm@mlmem@@t@mlyn%r?z%b¢91ﬂbh@ne¢§hyl|&nﬁt3h) o~~~ -1

chloropropyl), or alkenyl of 2 to 5 carbon atoms

-.}

(such as ethenyl, l-propenyl, isopropenyl and 2-
butenyl). Preferably, RZ2 is hydrogen, methyl or
25 ethenyl.
R3 is hydrogen or alkyl of 1 to 4 carbon
atoms (such as methyl, ethyl, isopropyl, t-butyl, n-
butyl and isobutyl). Preferably, R3 is hydrogen or
methyl.



-25 having the requisite positively charged groups, and one or nore
cononofrer s whi ch provi de hydrophobi c regions characteristic of uyfgpt
crosslinked regions or other suitable properties. 5 RepresentatrVE“chtlohlc
nmononers include, but are not limted to, N cyclohexyl-N, N—dlnethyl Nm &
b2-vi nyl benzyl ) anmoni um chl ori de, N—benzyl N, Ndi net hyl - N-(1n- &

~-Vvi nyl benzyl ) ammoni um chl ori de, 3(2 ﬂydroxypropyl) 1-vinylimdazolium

chloride and 1 10 methydndtRA RHePinddipgdindanilyotyderoddgefdd pnononers
i ncl ude, ﬁt are not, limted to, styrene and Iﬁ{j’S derlvatlves (such as

vi nyl t ol u&He ErPm FLEHARAENG: GTOMP bavind R et A% acid esters
(such as refld acrad ateea.strm)t fowl, rm@mfeyﬂeatamlwtﬂtylleﬁstaw)ﬁ.ate and butyl
met hacryl gf e rossl inkahl e mononer s divin enzene, ethylene

di acryl at "?éd[ EME™H N S yitat ecaiﬁéﬁﬁ%ﬁ%‘hﬁ er% dlbs Czlcr yl ami de)].

O her ﬁsemntmcﬂtwmagcarp&mebe@esmb@ﬁamce: eaampdregarits in

US- A 4, 06014 20 @ US+y $,024,(83%, Hch 1Rt ordal iagRerl 1y have
quat er nary anmoni um or__quat er nary pnosphoni dm groups pendant fromthe

pol ymer b§@l€‘l§onéncand LS5 e bl p '8 57dasindf RERIARSSe- 1000 wei ght percent of

t he et hyl e e Yer vgahl @, mnemiscighdderi ved recurring
units have The remaining recurrin units can be derived froma

wi de vari & hgtlﬁyr)ér%éal Py - U%gét aggt -ed RFEEY %@ﬂ%&vg mononers as noted
in theo patea@mnodemmtfrﬂdedwahgvgrola@@r aseihat pwsmat\neomanmmﬂtyrrer s incl ude,
30 but ar e .not limted,to 0 g & N-trinethyl |Onyl aelr(\)zyl anmmoni um

chl ori de), gml f? F@nénc o] ﬁzé aNON-Sl Pﬁyv N—fﬁi’&
p,-V|nyIbdﬁipbr@nnbnwmwuchhdbmdeor—dpdpmylbauhadeh@thyl (for

ol y(N, N, t h oI tyrene-~-N 35
Ui vl ben g RERE e R ee R O e S P Eomaep ), Py vy sLypent =t %
L L ~ .Carboﬂylz 696@9@§U}neﬁélfoﬂym/Nspﬂﬁﬁ@PH}h-NS@Q¥ﬁ b@ﬁf&lannnnlum
chl origle) otlﬁ@'r‘é[ Iileca)aqlmh%)isbrunN @bﬂ%h%ylsk&h(l@ki &n %wemd&enzyl )ammnl um

chloride] %%ftyr ne-~-1vinylim dazol e- ~- 3- ( gﬁﬁ yeth

Vinyl i m dREBRRGTRENEIFCEEPRANAT Gﬁlﬁéwgnseaapwsaaﬁgr skilled in
the art. Aspbhflerrbedrcaatrlomm)capdl yfehoi.S Chloro and cyano are

pol y[ N-cy I e i met hyl N(n} vi.nyl zvl) ni um chl ori de]j

The si gna%\ %rgoé“yc&fﬁglyggrrpgggf%r t%%ﬁllr?wi‘ﬁé %r%% dn%'ersg)gener ally buffered
to a pH ofhflogm 3 st oosd ps"lenfgra.rnel dormeicheui tdbRE lamick RS wel | known in

t he . For exanpl f a dr hwl nonethane
bora?gi phosphate4 EPSQ#%I§_§e§B§Rg §tghF?P%%n(%§én%%éﬁﬁ%%

Tri s( hydr ORgmethi )a@dnaﬁemnaﬁebandnpﬁéggmp@ arid heramdnged. V\here t he

si gnal geﬁﬁbﬁblﬁg H%%Q%@h b%o%eDPDIﬂn§oEQ%o§h%n%Erh%t@%e&!Oduced is light,
9. wher eds whe a colqglnetrlc signal is

the pHis~ gene ﬁ re

to be gendf Ped(&§F gaédléﬁyé rdpE, 1?GSFePP§ZB¢|@ms%ﬂq R5r <@azoni um sal t,
the pH i sbgeaer éllbxz:tfrmrrw&tharawﬂihegafmpr,\t bet kufifseri swaidtd be readily
appargnt 19 a. SEI |1 eg1 rker Si ngg |4 el | ﬁtm %ow much of any buffer
i s néeded £ 7 ﬁtal °3 2§r8£§FP Y Tﬁg AffoGnt® §1gnal generati ng

r eagent |wlgbdeaahh$ gtrolpast 0. 01 nnDIar with an anount in the range of
from0.1 to 10 nmol re I I fer agent having
structure (1), (I1) Re P% BSLh-'Bq:((%fv%) eﬁgm%ﬁgr gf%%%fr%gser?t%%lstnsean anount 30 of
at | east Oag}n§n§F5PCtWF?h(éh aﬁﬁdnﬂeln the range of from0.05 to 10 muol ar

being preferred. \Wen- %ﬁ@@rothe B?BEB&%&%E%%I\%@H‘&“' c surfactant is present
in an anount which is fromO o0 above its critical mcelle 35

concettration. This3car' BQlPQéBFPy4defl§@ﬁpﬁé{écﬁ&an&lld?r ~~ ~ 2~~7 -27

3'-fluoro-4'~hydroxyacetanilide,

3',5'-difluoro-4"'~hydroxyacetanilide,

3'-bromo-4'~-hydroxyacetanilide,

3',5'-dibromo~4'~-hydroxyacetanilide,
35 3'-cyanc-4'-hydroxyacetanilide,



gi ven surfactant since the "critical mcelle concentration" for many
surfactants is well known, or can be readily determ ned using procedures,_,.,.,
descri bed, for exanple, in Smfa an _ Sci .nce and Technol_ocxv,QSSN@Wbré%l
VCH Publ i shers, New York, Chapter 3, 1988. If a cationic polyner is-
included in the conposition, it is present in an anmount of fromO0.01 to 2~
(by weight ) . This invention also provi88s a peroxi daselO contai ni ng
aqueous conposi tion whi chH~cpniRidis der-exidass ddeddrga fq@g,m or as a | abe
conjugated with a specific binding nolecule (such as an anti body, avidin or
bi otin), and the eIectréhﬂﬁﬁéﬁgfﬁg'6§§WQQﬁ9§ﬂﬁ bed herein. Such a

conposi tion lhyeadxgiphenna )kiddengdieds descri bed for the signal providing
conposition of this inventjion. Besides the conposi.t.io descri bed above,
the present invention a|'kf%ﬂ%&%%ﬁ%?%fﬁ&%?%ﬁyﬁﬁﬁﬂxhhﬂﬁﬁﬁ%ﬁﬁy'6WE¢§H
reagents, ®qui prent and NXX 3-cdtlounot-i4onme thoefyhengrl )earatamiglegut a vari ety
of anal ytical nethods (gescyl el,ow),. ing of kit conponents is
well known in the art. ?ﬁ @%éﬁgg%ghﬁng&gfgggﬁﬁ%%ggﬁp??ées, i ndi vidual |y
packaged: thechilgmalacgitawmidieng 25 conposition descri bed above, and a

per oxi dase or peroxi dasgrl @hehad rpRAChieoRiPRleng 1HRlequl e. By "specific
i .

bi ndi ng nol ecul e” i s meant any bi ol ogi Cal or chem cal conmpound which w ||
specifically BERAIRFORCELABAEStor therefor which will not bind with 30

ot her matiials. Particw-gnlrhusebusld-hghaebedphpeesill)i~c, i, ng species are
peroxidase-lageLeg %roteins Qr, ol i gonucl eotides. Such proteins include

ant i bodi es andFAYPdPAC38E-ERSFE receptors for given specific binding
species are well known. N&t(Bechlorel4-hydroxgfbemgdnets useful in an assay
(such as an o] i;hed bel ow) can be included in the test kit.

Anot her kit cgkg?g%yﬁggﬁghég%éroxidasecontaining conpositions as defined
above, and a 5 separ at eNy (gackaged-4$rwdiroggpbeavilng2reagent. As used

herein, "peroxbeaseyaketAR3ak,t @nfe any peroxidative substance (enzymatic
or otherw se) which catal yzes the oxidation of a substrate, such as | um nol

or a leuco dye, to prodicd3rrElappripPrarexyphenyddr2-M crobial, fungal and
pl ant peroxi dapesoacetpmetier,red wi th horseradi sh peroxi dase bei ng nost

preferred. The anount o eroxi dase_can.vary w del ue to the anpunt of
ot her conponents used ihegﬁ83F8§8§%8ﬁ.eAeﬁiﬁP&| §ﬁé§%€§mﬁﬂ%Etﬁe eadi | y
apparent 15 tetonetskel [(8d)i dinchedart, but a m ni rum anount woul d generally

be at qug} 1 x 10-~ I.y;QEFB&g%gggggéﬁkgﬂ%Hgg?g@%t% &d%onenzynatic

per oxi dative substances nt'ernati onal Unit for enzyme
activity and is defi nedNadSthgdamsunt-fluenzyden2@hidyilyiacgteggdared to

catal yze the conversionNQQSlhghggggu%ecgﬁo§gb§t5§bgt5919%g@ggmﬂgg m nut e
under standard pH and tenperature conditions. An oxidant is needed to

produce the desired si gNal{orRYEREXyr&seKaBo0f ~pePhitivdaseesrdidte el ectron
25 transfer agent of struakdhel1EN) (5-thbroxych-hhpdithyllYacet¥atiidyys usef ul

oxi dants are known, but perborate ion and hydro peroxide are preferred
with the 4 atter being ngsFegggieﬁFégfh¥H5°§&5&ﬁg%gPr8xﬁ&ant used in a given
assay is readnhphappa)ecetbmidee skilled in 30 the art, but a mninmm
anount of 0.1 nmol ar !sNgqggkgkhgxggﬁgnaégghgﬁsa%ggg%?g%nt of a test kit
can include, in individual packaging, a Signh generating reagent as
descri bed herein, and ab-dbemetbaxyranshéprgdslagephthaviagestamicieure (1),
(re), (rrr) or (IV), anfl- (5-hydroxy-1-naphthyl) -2-chloroacetamide,
30 N- (5-hydroxy-1-naphthyl) -2, 2-
dichloroacetamide,
N- (5-hydroxy-6-chloro-1-naphthyl) -2, 2-
dichloroacetamide,
N- (5-hydroxy-l-naphthyl)-2,2,2-
35 trichloroacetamide,



Jvi.i i.. -29any additional optional conponents as would be readily
understood by one skilled in the art. In some nmethods of this ihgentiongs?
peroxi dase is used in "free forn (non-conjugated) for clinical analysis. 5
In specific binding nmethods, however, the peroxidase is used as a conjugate
with a specific binding Iigand or receptor therefor, or with a specific

bi ndi ng nol ecul e which is reactive wi th™éPfher the | i gand or receptor. The
| igand and receptor are o xaeh iy s-doisindo -assayish tangl Xty 203~ | abel ed

wi th the peroxidase for eventual detection of the conplex or unconpl exed
materials. Th&PhrRPRRIGFPrch conj ugates can be achi eved using a

vari ety of known techni quess-Nadt s sprepttley i+t ng assay formats are 15
useful in the practice of tngs i nvention, and include nucleic acid

hybri di zat i on seﬁﬁﬁa?%%%%béﬁénical assays (such as enzyne i nmunoassays,
sandwi ch aSsays, conpetiN+ (%l a1y Gresfaley oo Traphtinkl TH- assays) and
others well k | ty. Such assays are 20 generally described, for
exanple in Lﬁiﬁggkﬁﬁkéégﬁfmi%§7¥4n745,077, US- A-5,077,198, US-A-5, 085, 986,
Anal .B:ochem 169, pagd¥ €ad5dunuss)l-narhtiyBs41302 (publ i shed Febr uary
25, 1988). Theydmidigth&fcddiaid nvention can be preceded by an anplification
25 process, such as pol ynerase chain reaction (co |y, kKnpwn as PCR) as
described for exanple i MNUSZAWFEY WQEﬁﬁﬂégﬁghzg%ggction which is

gener al | y1 desceidthedncaMinside Sci ence, Wg, pages 1292-3, 1991 to increase
t he anount of targeted 30 nucgleic acid whi n n?ﬂ' usi ng the
conposition of this inve t&%%&dﬁﬂﬁx %Hﬁﬂﬁégﬁgg(% |é§%é§%§ﬁ%%ﬁ'can be

used to detectarmhy of a wide variety of chem cal and biol ogical naterials,
such as am no acids, pepti Raptd.des, - | {4ncl udi ng
enzynes, avidin, wJ Fh]} E:F%{&I%’{}m@l 30 danti borg‘%%{s@g? aznti genic
proteins), cardinareRt@aMideicl udi ng nonosacchari des, pol ysaccharides and
|'i popol ysagchari des), hatdpese (s se Idb@bE NOF A €r JoRasios repi n,
thyroid stimulating hormone, 5 |eutinizing hornmone, thyroxin, follicle
stimul ating hot UIfar %Wr ot H¥tone and growt h hornone), netabolites

(such as gl ucose, | act atre- gdrch pyransat2)namitilgonuatendmdds, nucl ei ¢ aci ds,
vitam ns (such as B12 and piat.i | Nt é cells j isms 10
(i ncluding m croorgani srrr}\g) Péa%%i"%%"g%%ﬁ%r%%ﬁ sz_ﬁ{%ﬁ’ %)lu #%t%ﬁlg&%lhose
abused). Particul arly usef(6-Ispdodsfy </ bf et e Zrendphishpt) agetanhgent i on are
t hose kno in the art . Iﬁ?@ 'S, Fﬁﬁﬁ _3bhe ligand of interest is
15 conpleégd with at Iegit?ﬁ _ ré 'gﬁ%?Zé%ond f@%eptor ei t her

si mul t aneousl! ynaphtihy ) arstismideequence. One of the receptors is

insol ubilized on a suit apl s SARPAELy L SLEHN SSo 2 Ch P EIRF 1 Ph8é€amPBEY TN C,
magnetic or glass particles, film nggb qge,h%iltgﬁ 20 paper and others
known in the art) by ads¥FpRTRYOTEHarehtdbr b Ferknown attachment
procedures, orndghttiapbbdestdmbed g i nsol ubilized through further

conpl exat ,gn or reaction, For exanmple, (the rege d wth a
specific Bsnding nnietyq§fg$ 5%§%§§%SYé%riﬁét?n$£§%?%ﬁf}gg?égﬂgégé wthits
correspondi ng receptor ndi e6yhydooxexanpteibaendray which is insolubilized

on the support 1 assays, the second receptor for the |igand
of interest cxﬁ?éé?%ggé$€§¥%&f > 30 per oxi dase, or is capable of being so

| abel ed t hrough additi orft (6PRYEFPEY D TEY RRC T e2R2PBRRY { 5aERCa81f8hel i ng t he
ligand through an avidi ngbi@thPasOPLex)-a £66ipn of the label is
acconpl i shed using the conposjtion described above.
307 naphthyl)acetamide,
N-methyl-N~ (6-hydroxy~-5-chloro-2-
naphthyl) acetamide,
N-methyl-N- (6~hydroxy-7-chloro-2-

naphthyl) acetamide,



~ 1"t ~~ -31In nore preferred enbodi nents, the ligand of interest is an
antigenic material wth which antibodies are reactive, or a nucl @ % agi dny
wi th which conpl enentary nucl eic acids (such as 5 oligonucl eotides) cah be
hybri di zed. The assays descri bed above can be carried out in solution or in
a dry format. Solution assays generally refer to nmethods carried out in
solution in a suitable container, and i mT44e case of 10 heterogeneous

speci fic binding assays, ysHbt BPL enS€BaRabEBRyLSChNLEERS 0RBA2€0UI pnENt are
then used to separate unbound hmaterials fromthe bound materials. In dry
assays, cheni ca@Pihgpberetrembifdi ng reacti ons can be carried out in a dry
el ement, test strip or 1R-fbbnetBoshegtnapdthlie) peasancaepf the analyte is
detected by adding the stabilized chepi |l um nescent ition of this

i nvention. For exanple, ﬁ'gﬁé@FFPBXBFH%FHSBF8a§fPSHﬁgﬁﬁgiecégﬁwﬁga'out
usi ng a pesoxi dase-| abel kd(6prethorybbpdtdgchhdeotat which is 20 used to
generate a chem 1N ignal. Details regarding such el enents are
wel | known in ?%éﬁgﬁ¥ffgﬁgﬁﬁﬁ%%§'for exanpl e, US-A-3,992, 158,

US- A4, 258, 001, US- A- 4, 299 2§2hy @80 Ay 42 488phBay hhd2 yshhdreaoeB8mides I n the
following exanples, all pefgent@pssyahechYoRel8bhapHph@ss-oLherwi se noted.
The follow ng preparations describe representative procedures for naking
the el ectron t$RHFACLeMPbERds useful in the practice of this 30
inventionyoPrepa_rat~on ¥ ($rh@PdBodyl2tgaphenypd) bpfpom flask (fitted with a
magneti c stirrégg | acial agcetic acid (700 m) was m xed with

4" “hydr oxyacet&HrH HeC3Sd 92t i | 35 the solid was conpletely dissol ved.
The resulting ~E~~ ~. N= (6-RydB@spt Ut clohonas2 €oapkthy d) b2t de2n 10- 15C,
and to it was d S02C 47.9) and the resulting solution was stirred
for 1 hour. vaggéﬁiﬁégg %Eé%éd hen added, and

3' -chl oro-4' - hydr oxyacetN¥mi éthigdcoygt 2t haphithnd) a25 white precipitate (60
g, 98% yiekd).hJH AdoMmBie I nto a 500 n round bottomflask (fitted with
a magnetic stirrer), water (200 mM) was nmxed with

4- am no- 2, 6- di chl or opherdt (pyRy&epxvr Pt t2po g3 -naPkkeyYl) the solid was
conpletely di ssdiveeyaddcanrifssl) ting solution was warned to 70C, and to it

was added acetic anhydride 1 and.the resulting solution was stirred
for 1 hour. Upon coolin ,‘&é%%¥§%%X%T2é“?%htﬁYL%TgF6@ﬁ“9ﬂ98€69§§%etaniIide
15 formed (19.&d), 95~ yield). g~paration C. Into a 500 m round bottom
flask (fitted with a magpetic i rd, 8 X 1 Xt ter: ethano
wescori 884 it h 5-aniﬁg-&§ﬁ%%%¥é%§ %07(igg%fgig%énﬁéﬁ%?ﬁﬁﬁfi? the solid

was conpl et el yanli nsataeamidee sol uti on was warned to boiling and to it was

added acetic anhydride (ﬂé?£Qs@HQa£D€er@éHﬁ&&H@s59%“&{9&¢M@§e$5&059d for 1
hour. Upon cooling, crystals of N-(5-hydroxy-1-napthyl)acetamde 25 (21 g,

84~ yield) for .u¢$éparation D: Into a high pressure reaction vesse
(fitted for shaking), tet+apyeyefskerl{R8Onthyl Nasccambiasd with
6-bronn-22gaphthol. The ﬁ9?£££§§koxy—5~chloro—1—naphthyl)acetamide,
N-methyl-N- (4-hydroxy-3-chloro-1-
naphthyl) acetamide,
N- (4-methoxy-1l-naphthyl) acetamide,
N- (4-hydroxy-1l-naphthyl)-2-chloroacetamide,
30 N- (4-hydroxy-3~-chloro-1l~-naphthyl)-2-
chloroacetamide,
N- (4-hydroxy-1-naphthyl) -2, 2-
dichloroacetamide,
N-(4-hydroxy-5-chloro-1-naphthyl)-2-

35 methoxyacetamide,



30 vessel was then charged with gaseous anmonia (800 psi, 56.2 kg/cn®) ”19
warnmed to 80C for 3 days. The resulting solution was renoved by!redhﬁed‘
pressure and sonme of the solid precipitate 6-am no-2-napthol (10 g) was

pl aced (without further purification) into 35 a 500 m round bottom fl ask).
The solid was |~ ~m ~ ~:; "1 ~ -33conpletely dissolved into a 50:50
m xture of water:ethanol. The resmtT%kfsolution.mas warnmed to boiling and
acetic anhydride (7 g}(maﬁyaédﬁﬁ s5AEhebrd-henapRtngontpruous stirring, the
sol uti on was, # nd crystals of N (6-hydroxy-2naphthyl)acetam de
formed (8 §m1%§a0§ 84§’/ reparation E: Into a 500 m round bottom flask
(fitted with a nagneNr¢4shydrexy 3acbDo56-traphehptl) 10-wat er: et hanol was

conbi ned mg%@ éa galé naphghol (20 g, 125 nmmole) until the solid was
conpl etely |sso Rt S0l'ution was warned to boiling, and to it was
added &cetic anhydr|Ne(éihygyoaﬂd3tﬁéuﬁégulthhghEBV&!ﬁ@ﬂtﬁmédgt|rred for 1

hour. Upon 15 COO"n@hecﬁ¥§ﬁab?e?ér%é&4éb¥9£95M %P§H§E8¥|éééﬁkan‘de (20 g,
79~ yield) formed Exanple 2

1-2 Aq .
_omr ~osf _ti®nd’' ARhAQGEDHS" Ebﬁﬁ@éY@F%ﬁaF6419?OV|dlng a 20 chenllunlnescent

sngnal was prepar ed @ﬁeé@'é@@étrénbﬂféﬁéféﬁ|H?éﬁﬂsM@§npb@pared cont ai ni ng
dlethylenetrlanlnspent%g%gilc aC|d¥é100 ~1.np

tri s(hydr oRyFBRERGT) ERT HahEBy %Vn(ﬁtirﬁb?grmagﬁfé?ls 38 solution 1
was pﬂ@parédlbywﬂtsodlunlsalt (8 ng/10 M, 4 mmol ar) and hydroxyacetanilide

(0.75 ng/10 M , g &gé i“t£§§0h§?§aé#89e§ Eﬁﬁéﬁhﬂﬁg BEOCK sol ution of

hydrogen perOX|de |n
3' -chl oro- 3tnﬂ©tur¢8|Nlthélﬁ)OarelpnéparséobyhbabQGEEﬁthpnoﬁ§o§hE|on of

thls Invenkhewnmg§e9ﬁega£egnPylagdkParh9£§ﬁ%@9'SB pﬁpefbﬂ9se €1 ~. 1 of 2

prol ar solution) to the buffer solution and Solutlon 1 (100 ~.1).
To this mi&thPavaastandeddsol oxien 2niip e39fcﬂ§PhFBab?89?d§lBh a

cheni l1gm nes6RAt he 0BRBRAELAG @@eabl§uchJaé surfir 1 chtBride, . .., -t~
-34invention, _The_ fjnal ﬁoncentratl mg ﬁ as fo $5 | um nol 1 mmol ar ),
hydrogen pErbZPHE! (BIARbHSr)OT 3tRe) F%e a 98?8x§305 ﬁnPFFHEnFTOO ~| ol ar)

and horseradi sbiger oxhdasethé fesiosnl ptecubsédrsesondtcarpasabiien of this

brom de. (0° T3P REGP &t eBe Tuaate CE PR e Pasao i ke RRBRE RNt bRL,
Conposi t i oninatgdebysmiddpostraphonfushing knvent teahnagupsepfped
cont all 0o ZafyBy oKk 3 8B1 BoxypReny| A do ;lﬁt( gR fgxyphenyh) | mi dazol e
euco dye yvi nyl "pyrrol idone osp ate (10
acetlc a01d) followed by hydrogenation, typlca ly over
platinum or paladium to produce the amine (see
J.Am.Chem.Soc. 49, 1093, 1927). The amine is then
acylated, for example, by condensation with the desired
25 acylating agent such as an anhydride (for example,
acetic anhydride) or an acid chloride such as acrylic
acid chloride, to produce the anilide. Suitable
acylation procedures are also described by Challis et
al, The Chemistry of Amides, pp. 731-857, Intersciences
30 Publishing, New York, 1970. If the selected starting
materials do not already provide the requisite electron
withdrawing groups, the resulting anilide can be
conveniently halogenated as described above.
Alternatively, the amine precursor to the anilide can
35 Dbe acylated with an acylating agent that provides the



15 mmol ar, pH 6.8), diethylenetriam nepentaacetic acid (10 Eunolar) ,

hydr ogen peroxi de (10 mmol ar) and 3'-chl oro4' - hydroxyacetanilide U'

. Exanple 4 Assav for Horserad,' sh Pe_roxidase 20 The conp05|t|on dH
Exanmple 1 (400 ~.1) was placed in a commercially available Turner TP 20e
Lum nonmeter to evaluate the chem | um nescent signal in response to the
presence of horseradi sh peroxi dase. The~ddra was col |l ected as 10 second
intervals of t4iggp @rﬂmr(ﬁdﬂ@xaﬂ;ﬂr@| £ TN IRSEREAS d &l @td Véhldghde uni ts.

A Control conposition was sim/larly prepared and tested, fbé t the
3' —chl or o- 4' - RFdrMA&PAG A8 las Grepihe & afati & TR f:tg%t ani | i de.

The resul ting sghamdeimdie seenc sligneal,s ddyamcd ot hmmmmxm tatonsheur e
' Jreasured at, 25C er| d of

plotted on the Y s in ve

twenty minut e% ("OF |‘5‘3r bﬂﬁ)plpﬁs*st&‘mt%é’sé@rﬂ r'?ﬂm'fr%qi (?L" and
the plot for tplx@xjmﬂeruhe)rrecm:lsmbm e eacst x'adf’ .wﬂtthdmvalregargxth hf:gmer

signal i's pro¥yﬂgg$p¥¥§he use of 35 the conposition of this invention. "1

5 u~ ~" ~ -~35Simlar chemilum nescent signals were generated

at various concentrati ods? (CH0arr 5080 anediesines) asmbfgrend f sHe

per oxi dase. T%grﬁélmﬁxsoﬁaa@%adh@l%n ?of/vft@fles LR Rt a0l i Pl Ht1dd
| abeled as 5 "3" while the invention plot is |abeled as "4", The results,

as shown in FIRQleryiagymgidnt C&leﬁ?e“‘coﬁ%’ééfrﬂcr%mbrﬁo RRKEL4] evi dent t hat
3' -chl oroid' hydrepayiasst av ld d@w&ﬁcﬂq;bwmdm@wmdata each

concentration. 1 es 5-.7 Use of ron .Transfer Ag .n s to

Det ect Hydr ogdly ‘%é’r%}ﬁqg’ec ,@%Vollliﬁanﬁpt(s%{f"wcreaﬁecjof o EH Yer oxi de (2

mrol ar) IlunsuﬂrdgbrnﬁﬁhﬂDlﬁyuhnﬁuﬁlnﬁumnrsnnhMiﬂuyansfer agent and

di et hyl enetri am nepent ageetii.c o] 100 fEt aLr) d rE tdiSed ygioxy, éhyl )
o Baint S g ieds Sty

am nonet hane hydrochl ori pr epare
| ndi vi dual t egto hyrle s oiara brei ar&nnet&ﬁnt{ﬂcmm/ t@@rﬁﬂrelcslttmt Ve :

- brono-4' - hydroxyacetanilide 20 (0.15 mol ar), Exanple 6 contained
3 - chl oro-4' hydroxyacetani | ide (0. 15 mfhl ar) and Exanpl e 7 contained
3',5"-dichl or o- 4' - hydr oxyacet ani | i deR C?NTﬁmI a?‘) . At the beginning of the
assay (time "zero"), 25 aliquots ("X 1|s) of commercially available Sigm
X'l horsefgdi sh peroxidase (0 to 100, 0& at t anol es) |n buffer were added to

caoh o5 bl e LSO LG AR £ bl Sl Ll R, yolpn ves
usi ng a Tl TERTE&dHIM N@MMUcemieranmlplgg&ﬂa]?]secﬁrm il egra2@on tine. A
e o520 B L B AL L0 IO AL 00 o, s
dodecyl tetradecyl, hexadecyl, octadecyl, eicosyl,
20 2,7,8-trimethyldecyl, 4-ethyl-6-methyldodecyl, benzyl
and phenethyl), substituted or unsubstituted aryl of 6
to 14 carbon atoms in the aromatic nucleus (such as
phenyl, naphthyl or anthryl) which can be substituted
with one or more hydrophobic groups such as linear or
25 branched alkyl of 1 to 10 carbon atoms (such as methyl,
ethyl, isopropyl, ft-butyl, hexyl. octyl, isooctyl,
nonyt-or isononyl), halo and others known to one
skilled in the art. Such substituted aryl groups
include, but are not limited to xylyl, tolyl,
30 isononylphenyl, dimethylphenyl and trichlorophenyl.
R13 can also be substituted or unsubstituted alkenyl of
8 to 20 carbon atoms (such as l-octenyl, l-decenyl and

2-dodecenyl), or a polymeric moiety (described below).



-36The results are illustrated in FIG 3 which is a plot of |og
(chem | um nescence signal -5 mnutes) versus |og (horseradlsh pe OX|QQserB£
concentration, attonoles). The plot identified as "1" was for the 5 "Cont’r'ol
assay, the plot identified as "2" was for Exanple 5, the plot identified as
"3" was for Exanple 6, and the plot identified as "4" was for Exanple 7.
Exanpl es 5 and 6 provided a higher cheni-R8mi nescent signal over the five

m nute assay 10 period 3s.d qj%qgﬁqhg 1the Lontal As AkerIagd e147 thowed a
na n

| ower chem | um nescent sig e Control assag but it nst rat ed
| ess vari ati of 6 waghan Iajirﬁ%sé@ﬁé\e RIS |FHER 17 4 He d&ﬂ’lﬁw ssay. 15

Exanpl e 8 Sol ldphy 100t dy L RRASERE dyA_Tanth Hedialiacyil méialg m@rdor mon (' TSH)
Thi's exanpl e dem)nstrat es the practice of this invention for the detection

of TSHin a blp(ﬂedcxﬁrcrﬁ speci men. The assay was carried out using a 20
comercial $y ava| | abl e NVEI@.dr'[EB\Aﬂ%aSWIESI-)I ) m%msa;e ld XKy Iplcat e

washer /i ncubat and che m nes I{]ﬁ | um nescent si gnal
was gener at ed d‘]a :ﬂﬁﬁj}t{l (f ti I on %Q4 i odophenol

sodi um per bor am\mntﬂmmlalkylbmﬁtle thuf"/f e:rax(kpm @tB)mQS(S‘H?h tae Cont r ol
assay, or u5| ol uf !ﬁ_tg oxyaaaianihdde, (0. 15 mol ar),
| umi nol @rﬁeﬁ'}ﬁ J&(}den p roﬁe ?’ZW Aymd ety

di et hyl enet ri etmrrfeplerﬁmdeﬂxcl Jaci Sh sk Tt yhRsd 29 ‘&?ﬁPkFé%Jyt}‘%t’r‘?%ﬁW%om um

brom de (91~ )ofrhaé’otf'ééfb’&{ RS hﬁ J@ Jwretdatenyydrocty oy i de buf fer
(0.05 rmlar pH 8) for the assay of thi

S inventio e pr ot oco%\egescrl bed
in the comer cliSAPPNEFRY pashufaegwkh %t‘é?jr%‘b‘b‘(fé{ CHHH D
speci nen Contalmldkgrk%rZO&mné ih /tHe Oﬁlr@ s'l'ﬁl-ﬂ:msuaﬂdech:t ooleen ekt vveII of

the kit test devjce C T cl onal
ant i bodi es adsd? t’by%%]e' vﬁﬁrét}%]éréerb? pﬁf\lﬁé}w&%% horqg}éérgg?sh
peroxi dase corjtatrel dfanderREDnwmEn dhal one to fasheduer e bynéeel ¢ e3F08PSHE| | to
forma teigary SPIPLEX gx)elflgyb@m on was carried out at 37C for about 30

m nut es. ound” ma erl s vverg washed fromthe test well using the
comercial kit wash sol Ridrend RE§ are mw¢%e%*élb%c$?lb%‘al*a‘%%‘é)°1for

gener ati ng  he,ehanl Hoinescenty 51 gpal_#es7 togRydegomandsidi sesul ting
signal was eval uat ed after 5 mhutes. The resu|ti ng naI S both t he

'
Control and i fv&HRYbn @\Iélﬁiélach%%@’é%ﬂ’%lfoi RUEY br o lPiﬁg 15 i nvention
assay provi de%éﬁPyPV&ﬁdsﬁélﬁylj Vi §ypat i theed Oc\i\ﬁruﬂ'§hbd;teﬂeh'6ecﬂt Aakehgl from

0-5 ~.1.U/mM) I's disti t|0n|S| ort ant for clinical f iation
bet ween azﬂype‘?’t:h‘gr‘b?ﬂaﬂﬂr R N I gg‘é‘f}iﬁsa%f ) ?‘?Qﬁt ﬁ%%séséggal ts are
illustrated inafdGl3yWwhj cor 2@aﬁl@d§ld‘:@.¢]:li§cgaﬁphl chl 6 ptot 50 octarlog(ll aghmsuni t s)
versus | og(TSH concentrati ot tifiedyas "1" is the
Control assay, Bnd'T he' %o%y?%%%tf%ég J}S&nﬂ #)gg:gsayi’o?i this

i nvention. 25 iExphphel 9afl'<HliB m@h@*@@ﬁ@v\k) the practice of the present

i nvention for the deter @p@%fﬁgtp@efytrﬁqpomlérlghgegl Qfogléal r$peci nen
and conpares it Contr assay for the same anal yte usi

0, 0, 4,30
hydroxyac8t5anlflm‘é1ep\ R e %?e%%’F%‘h EPIRGhRY BgeRepPresent sutticie

carbon atoms and an oxygen, nitrogen or sulfur atom to
complete, with the quaternary ammonium atom, a 5- to 6—
membered heterocyclyl cationic group. Examples of such
groups include, but are not limited to pyridinium,

30 piperf&fnium, pyrrolidinium, morpholinium, quinolinium,
pyrimidinium, acridinium, benzothiazolium,
benzoxazolinium and imidazolium.

Preferably, R14, R15 and R16 are
independently methyl or ethyl.



The following materials and conpositions were used in the assays of this
exanpl e. The m croporous nenbrane used in the assays was an uncharged and
uncoat ed nyl on 66 menbrane 35 comrercially avail abl e as LCPRCD%NETMM 20np
menbrane from '7 ~t t ~; i7~) J ~t~~ 4 ~~t~i -38Pall Corporation.- The
menbrane was nounted in each of the three test wells of a commercially
avai | abl e SURECELLTM t est device (Eastna@qudak Conpany). Specinens for
testing were obtained from {enal eubt pialé emdsousl agr eadddeaniocal swabs. Each
speci men was tested using a separate test device. A conventional flexible
extraction tuﬂgrﬁg§ ﬂgYo 2 RSt abnt Pheh R & f?ﬁchonatis or gani sns
in the specinamsroxtmn$u@e havingiay sepanat elirotteédons, 10 on the inside
thereof, drie (1 (h X no er (20 QL1
of a 1.65 nol @%i |%%e %F%i?g ¥ﬁ£$h¥%§%g%$%f%%esgﬁ%§ ?@% %%&Ol@b, and
(2) 2- (N—nﬁrpWMﬂmmg@kham@tSQfl@mr@bGEaUe(10rhﬁba@¢; ®ethyl solution, pH 6)
SOd'U”‘aZ'd%mﬁﬂfa@@'1§e99£fTéro$ﬁ8¥$§Q€Q'aHl@?é@éraﬁCet'C acid (5.4

nmol ar), 5, 5-di net hyl cl ohexanedi one (21, nnDIar) di thiothreitol
(0. 188 nol ar) WWW%\%‘PW%% Ry Pehaney readhhyodPPREANE EBnPAfNed
AM DECKTM pr otSasELéd 20 €8émhrt 170H4Di 86/ mmﬁen@ﬁ@ogs:efetewatl onal) in
2- (N nor phol i no) et hane sul fonjc ac d buff ﬂé%g é sodi um
chloride (50 nmmol ar) , cafefR %h? rPa® Tg %ﬁ?ﬁeilﬁ B?Bb R&di ol (10%
w v) and tbi neswstdcf{inOi%re RExdAdeapltgemeehyiaohoniunoapdsitden
cont ai ned et ha h 0 r), sodiumchloride (0.27
&gﬁg.yygﬁl%néﬁﬁyfﬁ&g %H$ cﬁf ég

nol ar) , thinerosa | éne |an1hetetraacet|c acid (50

mol ar), ENCIld¢nIItBﬁmeGMYbammosuumabramide0(&59@ iown &emnical) and 30
sodi um hydr oxi £ 9= 561 % n RvidenPbhide Conposition 2 contained
hydr ogen perolq%x ?1 /6?n ﬂg%e¥§gm@6 % F%ngﬁr?aﬁlnepentaacetlc acid (10
~tnol ar) and t¢9%%#6§%¢tbﬂl®%m&nlum\Qh%ﬁr56¢ut|on cont ai ned

3-cycl ohexyl anﬂé‘Pﬁ&v@rMé’EH%Yaxﬂm@ﬁQﬁh@n@ﬁ%{rﬂaéC acid buffer (0.05 nolar, pH
, J ~< <~ "% ~ MCO_TM CC-9 cationic surfactant

(0. 75% and trﬁ%%ﬁ%%h?e?%ybﬁ@@onlﬁﬁnﬁgé?f?gﬁ'3 cont ai ned creatine ki nase- MB
F( a/bm))z ant i bgﬁlyr%mgg?eﬁinﬁ@@nyfgl\lxg@r&dnéﬁm bosmedagi sh f5 per oxi ?gsgl(kSL

~. g , casei : oteric surfactant onza
Corp.) <and thi?r;%%ao]é}éft/%b’.“%%f\?‘ﬁmﬁﬂbglﬂhgﬁgoﬁh ffered saline sol ution (pH
7.2). This conpusyletny dimeskylammaniestbwnehidef each test device as a
negati ve e@ntr n nUSi Ng known
procedurege(E&%?ﬁ%%%yﬁgbég?ﬁgﬁg%ﬁgﬁi§83¥ﬁ£+fgﬁﬁ Ee?@?PQEﬁﬁﬁﬁﬁgp using a
standard DENEQhﬂQﬁﬁd%n@n@1Wyr¥$%Yh?ﬂm@&yﬁtbﬁyxyhﬂmm@ﬂ%vﬁaﬂblPzédﬁnnlar pH

8), and (2) tr|s(hydroxyﬁgépglﬁaa1p@ng@p@g@uﬁgo(@ﬁptgrlspy 15 8) contai ning

sodi um chl ori de (0 75, nol ar) as eIutlng buffers
polymeric moiéty, the backbone of such polymers can

be conventional polyesters, polyamides,

25 polyethyleneimines, polycarbonates, cellulosic
materials, and vinyl addition homo- and copolymers
comprised of recurring units of a monomer having the
desired positive charge. These materials can be
prepared from conventional materials using

30 conventional procedures. The polymer can have the
charges incorporated therein from starting materials,
or from chemical reaction after preparation.

Particularly useful cationic polymers are
vinyl addition homo- or copolymers prepared from

35 ethylenically unsaturated polymerizable monomers



A horseradi sh peroxi dase | abeled F(ab')2 anti-chl anydi al | abel ed anti body
fragnment was prepared using known procedures (EPA-0 456 309) (4 ~.g/m of
20 solution, final concentration) was mixed in solution with c8s®if! 23
(0.05% , LONZAI NETM anphoteric surfactant (0.01% Lonza Corp.), and-
thimerosal (0.01% in phosphate buffered gal ine solution (pH 7.2). The
dye-provi di ng conposition used for the 58 assay of this invention was that
of Exanpl e 3. hlavitnhe tGentreajuiasisay pos itiindlar aheeeqedd\grdiupg ,c@mebsi ti on was
prepared and used, that conpositiaqn nt gl ni 4 h ;1;8_)9{ cet.anilide as the
el ectron transfér o&gg}ﬂr.e ﬁsrgs?“aof regrtso%&lzc%éjﬁq%’léjsesgq I'ng %f%%adgati ent

speci men, Conpesiitdnen charaadreaps)t iva faddef aak attes e xanasstliiorkedibe and a
swab cont ai ni | e SREGIH Vﬁﬁi Aased.d nto the tube, rotated 10
seconds, foll g%gg%bq{% %?c@gtaﬁ on of t S tu € for 1 mnute at room 35
tenperatur®. The antigerRepagsantiadi o meishiatich menpemers inqlude, ~ 1 . 1 4
~ el J = put are HYdAN AR dd &y diRhe AN0- e SRl yas-N-ot at ed
again for 10 seconds, and .incubation was again carried out for 1 mnute at

d
room t enper at M, SCRIPOIHIRED 2Y WA Fee T idfy thPehiab Wad 7 ot at ed
again for 10 %isRaonds.N{ @i awed woihyal BdH A6l )i digadiaitirorcHlayr fde, d-nhut es at
room tenperature. The swab ung out by sgueezi the tube, .and renoved
t her ef rom The(ze_}‘tyr%cot’iy&]: Q&Vy\ﬁéégj_rvelq}yglq\ﬁ]r%adwgﬂﬁbw 039%06 et &5, The
resul ti ngl@ol utetdry lconivainy Iipgy redd iraiatne e HIb 1t i geop ol Usssfoch aranden i ggen from
C. trachomati e fro e i ng i t refiltered, and
transferred t?n‘ggiﬁfet,lgg%{&s\é){e oﬁégéc'%%séj%ﬁ’vi%ﬂ%r%p%gg test well).
Fluid was al | eigedviadigred n(suahodgh iy 16 ohusing il m@ndr anes in the test

wel I's. 15 Eachyfi8stsaldne)as ddgn washird s dihd e wesdt 50lddd s (4 drops
per test well &@&%osr%étqiaon 3 (2l drops) was tlkr}gnl addeld to gne of the test

wel |'s of each ¢Sah deyiner o RGrdekake® a Mgt VetdmRToietestPUelt ). The
conposi tipy 2QGoNtANIdHH PAKTE el @y 1atd )- c byl idlk apitd body fragnent
(2 drops) was added to each of the two remaining test wells of each test
devi ce. One of"MMIEF S vicUes 2 SuesH e R At ed SFIPEEMS ve control test
wel |) contai nell abryachte, tatasiiard idind ot yisaee ard dg N'5- anti gen on t he

menbrane. After .incu i.on for tvvud'n' utesOta}t% rQom g enperiat ure t he wash

ba
step was repedlSSdHitR .lsE(fc%yc}féqlpre()\r)i di g Eomost T o P eSSt T o

i ndi vi dual testesdsuibeel divd af¢aaplone,ad womiants da dniels Aaubat i on 30
at roomt er. Ry o t npl (S R T J s eval uated
for dye S?gﬁala%ﬁ t éA' Jr?eérﬁ)ﬁnseﬁmesq}dgglﬂaﬁ%&%% iﬁq%lraﬂgwa(r}gai | ustrated
in FIGS. 5-7. QUategaa iy GIRRN I OF th@qmmmWR%@w EMYEh
concentrati ongeplantThe-ody & el Palynle: Fad@iid] ned fg e 0lpratchart

havi ng val ues _of dye TNyt~ -~ ~ -41d%2qil&ﬁ/?rangl ng fromO (no
density) to 18S@FtgHEN™ dhdid W0 1R s RTEshte for 1, 2 and 3

m nut e i ncubatkit®yd dni dA1BYRED st uraed Ho Iverfracdablel ynonomegach FlI GURE, t he
pl ot for e i,nvention is |abeled.as "1" and the ntr assay plot is

| abel ed aésy" 2.d§r|1£\7e1dg raeﬁb‘lé:rréﬁ’tg tuﬁ%t%st ﬁlgvaesssélf ofgrtoﬁlg%p‘r eglélﬁat i nvention

usi ng 3'-chl orema'inhiydgr eeracetiag hindé sasamhdeeldeatived tfirams faewiggent was

more Sensitiveatqkhe B eeRaendicaiidlh S 4N 3di19a% Al aH1d gen over 10
the three di ffgr ereft I}?r?cuba?ll@gnnt icr?e e?ll ogs. E)garrpr%tg [0 ~p3€ar ative Exanple
monomers as noted in the patents identified above.

Representative cationic polymers include,
30 but are not limited to, poly(N,N,N-trimethyl-N-
vinylbenzylammonium chloride), polyl[styrene-cg-
benzyl-N,N-dimethyl-N-(m- & p-vinylbenzyl)ammonium
chloride-co-divinylbenzenel, poly(N,N,N-trioctyl-N-
vinylbenzylphosphonium chloride), poly[styrene-gco-N-
35 vinylbenzyl-N,N,N-trihexylammonium chloride],



The present exanple is a solution assay for peroxidase, and conp?nes“ghemw
present invention using 15 3'-chloro-4'-hydroxyacetanilide as an el ectr én*-
transfer agent with two Control assays (A and B) using

3' net hyl - 4' - hydr oxyacet ani l i de and 2'-net hyl -4' hydroxyacet ani |l i de,
respectively, as electron transfer agents. 20 The assay for peroxi dase was
carried out as a colorinetric rate ass$@571cuvettes (3 mM) using a Becknman

glt28h5890tr0%899Qﬁ@?@éﬂeAg?LﬂﬁKgﬂyﬁr§ﬁéﬂh%DnNGgmh§hBéﬂgélamwonﬁum |

- (4- hydr oxy- 3- ret hoxyphenyl ) -4, 5-bi s t hoxyphen nji.dazol e | euco dye
(0. 008% was BP%BE?§8¥25p8¥Yé§§E¥FE@Béfg?ﬁ§aﬁpaém§¥kéighp?mno&epectron
transfer agentimadbenclufedmobpasi Ehtoahdant spolyékegreon-tnansf er agent
were then added t?.akiguoﬁs_ 25 U1%-8fd%Q§ Yg ?8Lygion. Adm xtures of the
dye sol ution AnY ThE 8 82Tro t?aﬁsfey age% SOt i ons (10 mmol ar) were 30
t hen prepdredvioybbradazbland ¢himplidel candentharsonsadfilvhe el ectron
transfer agent.j syhLi Bg; LXEUr .St apt Ji-Reea$8gy, 3 M of the
t est concentré Fgﬁggﬁ é?eg#%oﬁg%?gﬁgf%# gggn% i, 5 Br 18 35 mmol ar) were
added to a speatiephet padvBerciigeppdy [KrcyciohexylrNy N7didmethyl=N= | ¢

-42time zero, (Ror gepadi ah1Behoyh fanRont BaKcARbY AN (10 ~. 1, 3 nnolar in 5
nmol ar phosphate butfer H7 COﬂt&lﬂng}0.0l et hyl mercurithigsalicylic

pH ¢ .

acid and 10 mml ar 4' - h§BRoRYERRLARFPV4EI NAaSOPBPEEL IR FRES the 5
cuvette 9a utipfefBibh) isagénthel1¢sblhffegeahange pA alis@rbanecetat 515 nm
was neasured.1 nitial rates_ of absorbgnﬁ? cﬁﬁﬁge fronhgi&o 50 seconds were
cal cul ated as*dAPETEnPPFi 8bsBPHSNCB HAPLS/ BEy. W 8ot the data
provi ded by thheeatf.asBaysegphplieedbasfeasesothchange i n absorbance of dye
si gnal versus ' sf nt ). In the
I GRE, 'the 1 b eR FOaEKbREr Yy TRRFhORAChARR " BoaaRER pobsPReEEN 5/ D
| abel ed "2" ahdis“Brisrpsppanevang. triciseappar bt uskdt the present 15
'nvent'0ﬁfhaSTQEQQB§Hr5$gﬁbEhgi?XmgﬂgﬂéﬁﬁgnkoahaepﬁBQ%thea§§@ys over a
range of electron transftfer agent concentrations. ~f 11"~ ti; Sl
. LSJI; CLAIReefexnzed. AHhggeebhs E68P8si OPBRATAEANFr §PIPR§ aScél orinetric
or chem | um ngspephdstaBakifaxl NfoapBHoebdhkem st 21gft, aRAeCPAPRIsSI NY: 5
a) a colorimetric or_chem | um nescent S|gnal generating reagent which
provi des a si GRBFTRALYeSpBMsé EB Phas cHPEF§RFCWABEPVAL OLPTIBREXFase, the
signal generatiggaleageab bei geneeheetiedsingmt heugbodpegonsisting of: 10 a
2,3 di hydro- 1. 4; POt ol Az nedione der)yatinesade! SLha7gH yp salt. 2

génerally from 5 to 9.

The amount of buffer would be readily
apparent to a skilled worker since it is well known
how much of any buffer is needed to maintain a
25 desired pH. The amount of signal generating reagent
is generally at least 0.01 mmolar, with an amount in
the range of from 0.1 to 10 mmolar being preferred.
The electron transfer agent having structure (I),
(IT), (III) or (IV) is generally present in an amount
30 of at least 0.01 mmolar, with an amount in the range
of from 0.05 to 10 mmolar being preferred.
When used, the nonpolymeric cationic
surfactant is present in an amount which is from
0.05 to 0.25% above its critical micelle

35 concentration. This can be readily determined for a



an imdazole or triarylnethane | euco 15 dye, and b) an electron transfer
agent, the conposition characterized wherein the el ectron traqﬁﬁernﬁggnv
has structure (1): 0 R~ -N—CI-R2 Rs ~ Ra OR3 20 structure (II)

RLNCO R RO ;,- ~=~M~~3~"EU-__ ~~IEET ~ .. S~
- LJ,.~~~-44structure(III)RIoR/\N-C—RZ\/RBORaor
structure (IV) O R~ NI~ R2 Ra 5 wherefA’RL is hydr ogen, alkyl of 1 to 4

carbon at ons, gh)b@rrpxsyfﬂﬂ@dtdﬁt kil ed oS b-@"rla;tlm mldeaxyal kyl of 1 to 4
carbon atomns, . am noal k ,1lto 4 carbo% ato halo at.ed aIkyI of 1to
4 carbon at om$® nﬁﬁﬁ%f%ﬁ%@&d Sderfany] IGAT H55¢ é&g' %ﬁ
al koxyal kyl ofcah e 4ezariion cmt@mldeyﬂmmj Igtioc@fdu]retso d@s&mnbxmi at ons,
Soal 31 8 b Y el eiletle P AN O O
5 Meyers, VCH Publishers, New York, Chapter 3, 1988.
If a cationic polymer is included in the composition,
it is present in an amount of from 0.01 to 2% (by
weight) .
This invention also provides a peroxidase-
10 containing aqueous composition which’ contains a
peroxidase in free form, or as a label conjugated
with a specific binding molecule (such as an
antibody, avidin or biotin), and the electron
transfer agent described herein. Such a composition
15 can also be buffered as described for the signal-
providing composition of this invention.
Besides the compositions described above,
the present invention also provides a kit of
individually packaged reagents, equipment and
20 instructions useful for carrying out a variety of
analytical methods (described below). The packaging
of kit components is well known in the art.
In one embodiment, a kit comprises,
individually packaged: the signal-providing
25 composition described above, and a peroxidase or
peroxidase-labeled specific binding molecule. By
"specific binding molecule" is meant any biological
or chemical compound which will specifically bind
with a receptor therefor which will not bind with
30 other materials. Particularly useful labeled
specific binding species are peroxidase-labeled
proteins or oligonucleotides. Such proteins include
antibodies and avidin. Suitable receptors for given

specific binding species are well known. Other



15 R3 is hydrogen or alkyl of 1 to 4 carbon atons, and R4 and RS are

i ndependently hydrogen or an el ectron w thdraw ng group having qzhbnnetb 0y
sigma val ue of at least 0.01, 20 provided that in structure (I), Feast”
one of R4 and R5 is an electron wthdraw ng group having a annett si gna
value of at least 0.01. 2. The conposition as clained in claiml mhereln R1
is hydrogen, R2 is hydrogen or nethyl, R$1s AVENDED SHEET-I | ~

7é~'~7d--t; caﬁgéﬂeﬁ@s295§5u§01n45BYQéQ§?n(QﬁcHEEBYE? anQdEHt?nd Rg are
i ndependent |y roge 0. Or cyano, onposition as, clainmed in
claim2 mhere?ﬁ gEQnEFﬁ9W)aﬁaanFhlBFlﬁg §nﬂngghﬁrEe§ﬁlg?5 4. The
conposi tion as clai med Anoahgrokitl aansidciod@ thetherorddpsesing a | ow
nol ecul ar wei atl n| n e 0. tg 0.250 above
its critical %?%% 883#?%%?%§ng g5 88@&88é1£%80é 9?dagcatlonlc

pol ymer. %. Thepeoapeéytpeqkasedlaugedllgeaayabinglaengeatto 4 further

conpri sing peroxi dase O qu&Oﬁégé?ﬁ Iapﬁgg%iéggghfhg Héggtngonggecule

The conposition as claimed In ang ) haV|nR from5 to
9 and wher ei naR¥ePsrgrafagérer aubPaganeagéanzyBagier Par 9F ﬁfﬂaﬁépe | euco dye

to provide a GRiehi BBERLG2850PBk. 0XiddP€oR0FPOS! 188t 28t El akiBH kB any of
clainms 1 to 6 _further conprising an oxidant for the reactlon of peroxi dase

with the S|gnéPmbéﬁéraflﬁglﬁéﬁeeHYe'8t°APHP§§ﬁ83FP€ 2BRFORFE2EBr t he

det er m nato onso§nan. annhytebaaltheuhgamlhnafpnhﬁtcpéabxidasaetarety of

per oxi dase, the %It cgnF La g n_i,ndi vi dual % he aqueous
Cormosi 1 on sSERFaFRed FACAngosreRrdtig ReFE s 828R I bsk! Gaca or

per oxi dase- | abeé€drspdci f Thebamdiing sﬁepeeex1éasA dangwesyi witedy kit for
the determ na h8”t§ftﬁa QHSLXEeo§So£H gHanQBtEhﬁsgétﬁhy£h8 activity of

per oxi dase, rrsrng, in |n
reactlon A useful amount would be readlly apparent

15 to one skilled in the art, but a minimum amount would
generally be at least 1 x 10~7 I.U./ml (or equivalent
amount for nonenzymatic peroxidative substances).
I.U. represents the International Unit for enzyme
activity and is defined as the amount of enzyme

20 activity required to catalyze the conversion of 1
micromole of substrate to product per minute under
standard pH and temperature conditions.

An oxidant is needed to produce the desired
signal in the presence of peroxidase and the electron

25 transfer agent of structure (I), (II), (III) or (IV).
Various useful oxidants are known, but perborate ion
and hydrogen peroxide are preferred with the latter
being most preferred. The amount of oxidant used in
a given assay is readily apparent to one skilled in

30 the art, but a minimum amount of 0.1 mmolar is
generally used.

Another embodiment of a test kit can
include, in individual packaging, a signal generating
reagent as described herein, and an electron transfer

35 agent having structure (I), (II), (III) or (IV), and



a) a signal generating reagent which provides a colorimetric or
chem | um nescent signal in AME VDED SHEET | -~. Rt o f o 23208 2
~ ~7.. i. ~u~._ -46response to the catalytic activity of peroxidase, the
si gnal generating reagent being a 2, 3-di hydro-1|, A-pht hal azi nedi one
derivative, 5 a tetrazoliumsalt, a diazoniun1salt, or an imdazol e or
triaryl nethane | euco dye, and - b) an etr28tron transfer agent, 10 the kit

characteri zed Wﬁ}e%@kﬁttﬂ&%aq| Rpkienallr %%fp%ﬁﬂe@ﬁ%mash%uiw weture (1): 0 R
N I 1 _ R I OR3 structure ( ) - RI-N-Cl _R2 9 \ R OR3 15

structure (TIF?aﬂiéYqupeFSI°°d~b¥ Rnf ﬁkﬁéé efyin the art
some methods of this invention, peroxidase is used in

"free form" (non-conjugated) for clinical analysis.

5 In specific binding methods, however, the peroxidase
is used as a conjugate with a specific binding ligand
or receptor therefor, or with a specific binding
molecule which is reactive with either the ligand or
receptor. The ligand and receptor are complexed in

10 such assays and thereby labeled with the peroxidase
for eventual detection of the complex or uncomplexed
materials. The preparation of such conjugates can be
achieved using a variety of known techniques.

Various specific binding assay formats are

15 useful in the practice of this invention, and include
nucleic acid hybridization assays, immunochemical
assays (such as enzyme immunoassays, sandwich assays,
competitive binding assays, direct binding assays)
and others well known in the art. Such assays are

20 generally described, for example in US-A-4,598,044,
US-A-4,745,077, US-A-5,077,198, US-A-5,085,986,
Anal.Biochem, 169, pages 1-25 (1988), and WO 88/01302
(published February 25, 1988). The method of the
invention can be preceded by an amplification

25 process, such as polymerase chain reaction (commonly
known as PCR) as described for example in US-A-
4,965,188 and ligase chain reaction which is
generally described by Weiss, Science, 254, pages
1292-3, 1991 to increase the amount of targeted

30 nucleic acid which can then be detected—déing the
composition of this invention.

Thus, the method of this invention can be
used to detect any of a wide variety of chemical and
biological materials, such as amino acids, peptides,

35 polypeptides, proteins (including enzymes, avidin,



AVENDED SHEET . . "~ '~ ~dn n~n) .3 ~. ~ ,'J<. -47 or structure (1V):
R-NCR2/'\ 4\ /] ROR3 - _wherein RL is hydrogen, alkyl @f 3 11t 4“)
carbon atons, hydroxyal kyl of 1 to 9 carbon atons, al koxyal kyl of 15 t
carbon atons, am noal kyl of 1 to 4 carbon atons, hal ogenated al kyl of 1 to
4 carbon atons, R2 is hydrogen', alkyl of 1 to 4 carbon atons, al koxyal kyl
of 1 to 4 carbon atons, hydroxyal kyl of-3Pto 4 carbon atoms, am noal kyl of

lto4 Ca”“”hﬁ%fﬁ@dlé@ aahoghkygeRic ] f@télﬁéfboﬁaﬁﬁ@ﬁ§drﬁfe§|keny| of 2
to 5 carbon atons I s hydrogen or a? to 4 carbon atons, and R4

and R5 are |nﬂb@%%@%h@gym%9ﬂ$%ﬁ%%36%d%ﬁ'lBO%Y%%??%ﬁrh??ﬁd?%ﬂnng gr oup

havi ng a Fﬁn“@iéoﬁégﬁﬁa&@hﬁﬁlﬁésﬁI h@ﬁﬁén@sOlsu@hoﬂsdﬁdmhhat in structure
(1), at least one, of , R4 a R5 is, an e] ect gn W t f gwnng group havi ng a
&7 cR the

Harmett si greCVaFiRNoF %?“?%%Efoﬂlﬁi t%bri ALY e
det ect i on 50f DemoxmﬂaSEgOhoﬁmoaealyhgroaialyfothityeretameﬂatmngeroxidase

Lhe test devigec8O0P! | 3hR% A0 803K BERLASaLE oF BRLET hBlmoRg], cONt a1 ni g

a) a colorimetric or nescen genera reagent which
provi des a S|@ﬂaabmhlteSpOaBeht@St@bucasalylactatei&ndypmfuﬁétgkvdase t he

A L A S ¥ ULt AN
salt, a d|azo%1mn@@g|blog;n), intact cells from various organisms
10 (including microorganisms) and drugs (narcotics,
therapeutic and those abused).

Particularly useful specific binding
methods of this invention are those known in the art
as sandwich assays whereby the ligand of interest is

15 complexed with at least a first and second receptor
either simultaneously or in a desired sequence. One
of the receptors is insolubilized on a suitable
support (such as microtiter plate, polymeric,
magnetic or glass barticles, film, membrane, filter

20 paper and others known in the art) by adsorption,
covalent or other known attachment procedures, or is
capable of being insolubilized through further
complexation or reaction. For example, the receptor
can be labeled with a specific binding moiety (for

25 example, biotin) which is reactive with its
corresponding receptor moiety (for example, avidin)
which is insolubilized on the support.

In the sandwich assays, the second receptor
for the ligand of interest can be labeled with

30 peroxidase, or is capable of being so labeiéﬁ through
additional specific binding reactions (such as
labeling the ligand through an avidin-biotin
complex). Detection of the label is accomplished

using the composition described above.

0



an imdazole or triarylnethane |euco dye, and 5 b) an electron transfer
agent, the test device characterized wherein the el ectron transf o agént?g?
has structure (1): O R _NC R2I R\ Ra' OR3 structure (I 1 ) O
RLNC Rz / \ 4\ / ROR3 10 structure (Il1l): RIOR/ \ NCRz \-/ R30
R4 or structure {IV) ORRNCR2/ \ 4\ /| RORB T~ ~. i~

A (~ Ef~~E~__ . ~ ~EET ' ~~ .. . =31- ... 2 ~ ,~.~~_ ~~r7?,

In more prefer;éd embodiments, the ligand
of interest is an antigenic material with which
antibodies are reactive, or a nucleic acid with which
complementary nucleic acids (such as

5 oligonucleotides) can be hybridized.

The assays described above can be carried
out in solution or in a dry format. Solution assays
generally refer to methods carried out in solution in
a suitable container, and in the case of

10 heterogeneous specific binding assays, suitable
separation techniques and equipment are then used to
separate unbound materials from the bound materials.
In dry assays, chemical or specific binding reactions
can be carried out in a dry element, test strip or

15 fibrous sheet and the presence of the analyte is
detected by adding the stabilized chemiluminescent
composition of this invention. For example, a
specific binding reaction can be carried out using a
peroxidase—labeled'specific binding material which is

20 used to generate a chemiluminescent signal. Details
regarding such elements are well known in the art,
including for example, US-A-3,992,158, US-A-
4,258,001, US-A-4,292,272, US-A-4,430,436 and US-A-
4,670,381,

25 In the following examples, all percentages
are by weight, unless otherwise noted.

The following preparations describe
representative procedures for making the electron
transfer compounds useful in the practice of this

30 invention.
Preparation A:
Into a 1 liter round bottom flask (fitted
with a magnetic stirrer), glacial acetic acid (700
ml) was mixed with 4'-hydroxyacetanilide (50 g) until
35 the solid was completely dissolved. The resulting



_49_ wherein Rl is hydrogen, alkyl of 1 to 4 carbon atonms, hydroxyal kyl cf
1 to 4 carbon atons, al koxyalkyl of 1 to 9 carbon atons, aninoa?Kyl“pfq1 to
9 carbon atons, hal ogenated al kyl of 1 to 9 carbon atonms, 5 R2 T¢ Hydroagn,
al kyl of 1 to 4 carbon atons, al koxyal kyl of 1 to 4 carbon atons, -
hydr oxyal kyl of 1 to 4 carbon atons, anté al kyl of 1 to 4 carbon atons,

hal oal kyl of 1 to 4 carbon atons, or alk | of 2 to 5 carbon atons, 10 R3
i s hydrogen orsaldtyiomfwdst@odledrtborbatesen Bidl FUC arnehdSc@r et was

i nd dently h | ect i t hdr awi ' Hamret t

i gma val ve oot oileCle ol P18 S8T: e THA Eh PR ey Tana s 1 s

an el ectron wisthidreed nfogrbupolayi nNgatee Ha2@e tnbi ges viaher added, | east

0.01. Is. An agueoys.ooposifiofbublesed Lo o1 4t ofy {rgm by i@ 39, zand
peroxidase-

conprising:. 20 peroxidase or a se-labeled specific binding
nmol ecul e, &nd vAnite cexeorPritapsf 600 agen?8 t ke k@hposi ti on characteri zed

wherein the aﬁ%§ﬁ55%§i§ﬂ§éfr agent has structure (1): 25 30 :~~1~~:~i ~E~
SHEET J ,: ~~1.. Lt~Ji. -50 0 R~ NC R2 Rs ~ Ra OR3 structure ( I I )
. O RLNC R/ \ \ / Rotemd 390 rlureuad pottram Rpsk (fitted
with a magnetic stirrer), water (200 ml) was mixed
with 4-amino-2, 6-dichlorophenol hydrochloride (20 g)
10 until the solid was completely dissolved. The
resulting solution was warmed to 70°C, and to it was
added acetic anhydride (11 g) and the resulting
solution was stirred for 1 hour. Upon cooling,
crystals of 3',5'-dichloro-4'-hydroxyacetanilide
15 formed (19.6 g, 95% yield).
Preparation C:

Into a 500 ml round bottom flask (fitted
with a magnetic stirrer), a 50:50 mixture of
water:ethanol was combined with 5-amino-l-naphthol

20 (20 g, 125 mmole) until the solid was completely
dissolved. The solution was warmed to boiling and to
it was added acetic anhydride (14 g) and the
resulting solution was stirred for 1 hour. Upon
cooling, crystals of N-(5-hydroxy-l-napthyl)acetamide

25 (21 g, 84% yield) formed.

Preparation D:

Into a high pressure reaction vessel
(fitted for shaking), tetrahydrofuran (200 ml) was
combined with 6-bromo-2-naphthol. The reaction

30 vessel was then charged with gaseous ammonia (800
psi, 56.2 kg/cmz) and warmed to 80°C for 3 days. The
resulting solution was removed by reduced pressure
and some of the solid precipitate 6-amino-2-napthol
(10 g) was placed (without further purification) into

35 a 500 ml round bottom flask). The solid was



\ o~ RZ R3 OR~ 5 or structure (IV): O R~ _NII_ R/ \ 4\ /] ROCRa
wherein Rl is hydrogen, alkyl of 1 to 4 carbon atons, -hydroxyal kyl of 1 to
4 carbon atons, al koxyal kyl of 1 10 to 4 carbon atons, aninoalkyISoUu@ ?QQ4
carbon atons, hal ogenated alkyl of 1 to 4 carbon atons, R2 is hydrogen,
al kyl of 1 to 4 carbon atons, al koxyalkyl of 1 to 4 carbon atons,
hydroxyal kyl of 1 to 4 carbon atons, amd®oal kyl of 1 to 9 carbon atoms, ~~

i| V~ENDED SHERGmplet:diy hal 9@ kydd of ndo 19 0 030 hek@iamor or al kenyl of 2 to
5 carbon atons, R3 is %ydrogen or alk 7 1o ~ carbon: atops, and 5 R4

|, of
and R~ are iﬁ%@%@ﬁ?%%ydr?@%ﬁ%@%@@eﬂ%%%'tw HFEGridup having a
fiammett sigmEoiVaine Hidaicdebstadh@Plrides oyi dpd wdataddeds r ucfuse (1~, at

| east one R4 and R5 is an e ectron wthdraw r having a 10 Hamett
signa value of DRUT cabrCenpyiuous syirmungy” ol K ipash was 2 77 1
CA(L ALY . B . ASibleAland cAshfdl Aadf Abt(AAYdAIYR=- A Ar. A, . AU. Asayr. As. Aa@

naphthyl) acetamide formed (8 g, 63% yield).
Preparation E:
Into a 500 ml round bottom flask (fitted
with a magnetic stirrer), a 50:50 mixture of
10 water:ethanol was combined with 4-amino-l-naphthol
(20 g, 125 mmole) until the solid was completely
dissolved. The solution was warmed to boiling, and
to it was added acetic anhydride (14 g) and the
resulting solution was stirred for 1 hour. Upon
15 cooling, crystals of N-(4-hydroxy-1-
naphthyl) acetamide (20 g, 79% yield) formed.

Examples 1-2  Aqueous Chemiluminescent Compositions

An aqueoﬁs composition for providing a

20 chemiluminescent signal was prepared as follows:

A buffer solution was prepared, containing
diethylenetriaminepentaacetic acid (100 Mmolar) in
tris (hydroxymethyl)aminomethane buffer (0.1 molar, pH
8).

25 Solution 1 was prepared by mixing luminol,
sodium salt (8 mg/10 ml, 4 mmolar) and 3'-chloro-4'-
hydroxyacetanilide (0.75 mg/10 ml, 0.4 mmolar) in the
buffer solution. Solution 2 contained 9.07 Ml of a 30%
stock solution of hydrogen peroxide in the buffer

30 solution (10 ml).

A composition of this invention was prepared
by adding horseradish peroxidase (1 pul of 2 pmolar
solution) to the buffer solution (199 Ml) and Solution
1 (100 pl). To this mixture was added Solution 2 (100

35 yl) to provide a chemiluminescent composition of this
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concentratlon), make it evident that 3'~chloro-4'-

hydroxyacetanilide provided an improvement at each

concentration.

10

Examples 5-7

A solution (300-"x" Ul) of hydrogen peroxide

(2 mmolar), luminol (1 mmolar) and each electron

15 transfer agent and diethylenetriaminepentaacetic acid
(100 pumolar) in tris(hydroxymethyl)aminomethane

hydrochloride (0.05 molar, pH 8) was prepared and added
to individual test wells of a microtiter plate.

Example 5 contained 3'-bromo-4'~-hydroxyacetanilide

20 (0.15 mmolar), Example 6 contained 3'-chloro-4'-

hydroxyacetanilide (0.15 mmolar), and Example 7

contained 3',5'-dichloro~4'-hydroxyacetanilide (2

mmolar

).
At the beginning of the assay (time "zero"),

25 aliquots ("x" pl) of commercially available Sigma XII

horseradish peroxidase (0 to 100,000 attamoles) in

buffer

were added to each test well of the microtiter

plate so that each final cup volume was 300 pl. After

five minutes, the chemiluminescent signal was
30 determined using a TITERTEK LUMINOSKANTM reader using a

10 second integration time.

A Control assay was similarly carried out

using 4'-hydroxyacetanilide as the electron transfer

agent

(0.15 mmolar).
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%iO%QQ&I(gtE %X%e%%owwf@é(% J@ 1dént1f1ed as "1" was for the
5 Control assay, the plot identified as "2" was for
Example 5, the plot identified as "3" was for Example
6, and the plot identified as "4" was for Example 7.
Examples 5 and 6 provided a higher
chemiluminescent signal over the five minute assay
10 period as opposed to the Control assay. Example 7
showed a lower chemiluminescent signal than the Control
assay, but it demonstrated less variation in

chemiluminescence over time than the Control assay.

15 Example 8 Solution Immunoassay for Thyroid
Stimulat i H (TSH)

This example demonstrates the practice of
this invention for the detection of TSH in a biological
specimen. The assay was carried out using a

20 commercially available AMERLITETM Fast TSH immunoassay
kit, plate washer/incubator and chemiluminescence
reader. The chemiluminescent signal was generated
using a commercial AMERLITETM solution of 4-iodophenol,
sodium perborate and luminol in borate buffer (pH 8.5)

25 for the Control assay, or using a solution of 3'-
chloro-4'-hydroxyacetanilide (0.15 mmolar), luminol (1
mmolar), hydrogen peroxide (2 mmolar),
diethylenetriaminepentaacetic acid (0.1 mmolar) and
cetyltrimethylammonium bromide (0.1%) in

30 tris(hydroxymethyl)aminomethane hydrochloride buffer
(0.05 molar, pH 8) for the assay of this invention.

The protocol described in the commercial
AMERLITETM Fast TSH kit noted above was followed:

1) A specimen containing 0-200 pI.U./ml of

35 TSH was added to a test well of the kit test device
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about 30 minutes
4) Unbound materials were washed from the
test well using the commercial kit wash solution.
10 5) The solution (described above) for
generating the chemiluminescent signal was then added,
and the resulting signal was evaluated after 5 minutes.
The resulting signals for both the Control
and invention were acceptable for calibration, but the
15 invention assay provided improved sensitivity at the
lower TSH levels (that is, from 0-5 pI.U./ml). This
distinction is important for clinical differentiation
between a hyperthyroid and euthyroid status of a
patient. These results are illustrated in FIG. 4 which
20 contains graphical plots of log(light units) versus
log(TSH concentration, puI.U./ml). The plot identified
as "1" is the Control assay, and the plot identified as

"2" is the assay of this invention.

25 Example 9 Immunoassay for Chlamydia trachomatis

This example shows the practice of the
present invention for the determination of
C.trachomatis in a biological specimen and compares it
to a Control assay for the same analyte using 4°'-

30 hydroxyacetanilide as the electron transfer agent.

The following materials and compositions were
used in the assays of this example.

The microporous membrane used in the assays
was an uncharged and uncoated nylon 66 membrane

35 commercially available as LOPRODYNETM membrane from
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A conventional flexible extraction tube was
used to extract antigen from C. trachomatis organisms
in the specimens, the tube having at separate locations

10 on the inside thereof, dried coatings: (1)
tris (hydroxymethyl)aminomethane buffer (20 pl of a 1.65
molar solution, pH 11) with thimerosal preservative
(0.01%), and (2) 2-(N-morpholino)ethane sulfonic acid
(10 mmolar, 50 pl solution, pH 6), sodium azide (1.54

15 molar), ethylenediaminetetraacetic acid (5.4 mmolar),
5,5-dimethyl-1, 3-cyclohexanedione (21.4 mmolar),
dithiothreitol (0.188 molar) and poly{(acrylamide)
(6.35%) .

Composition 1 contained AMIDECKTM™ protease (4

20 mg/ml, 170 units/mg, Genencor, International) in 2-(N-
morpholino)ethane sulfonic acid buffer (10 mmolar, pH
6), sodium chloride (50 mmolar), calcium chloride (5
mmolar), 1,2-propanediol (10% w/v) and thimerosal
(0.01%) .

25 An antigen extraction composition contained
ethanolamine hydrochloride (0.47 molar), sodium
chloride (0.27 molar), thimerosal (30 mmolar),
ethylenediaminetetraacetic acid (50 mmolar), EMCOLTM
CC-36 cationic surfactant (0.45%, Witco Chemical) and

30 sodium hydroxide (0.66 normal, to provide pH 13.5).

Composition 2 contained hydrogen peroxide
(12% in water), diethylenetriaminepentaacetic acid (10
Hmolar) and thimerosal (0.01%).

A wash solution contained 3-cyclohexylamino-

35 2-hydroxy-l-propanesulfonic acid buffer (0.05 molar, pH
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10 labeled antibody fragment was prepared using known
procedures (EPA-0 456 309) including a final
chromatography step using a standard DEAE column and
(1) tris(hydroxymethyl)aminomethane (20 mmolar, pH 8),
and (2) tris(hydroxymethyl)aminomethane (20 mmolar, pH

15 8) containing sodium chloride (0.75 molar) as eluting
buffers.

A horseradish peroxidase labeled F(ab')s
anti-chlamydial labeled antibody fragment was prepared
using known procedures (EPA-0 456 309) (4 pg/ml of

20 solution, final concentration) was mixed in solution
with casein (0.05%), LONZAINETM amphoteric surfactant
(0.01%, Lonza Corp.), and thimerosal (0.01%) in
phosphate buffered saline solution (pH 7.2).

The dye-providing composition used for the

25 assay of this invention was that of Example 3. 1In the
Control assay, a similar dye-providing composition was
prepared and used, that composition containing 4'-
hydroxyacetanilide as the electron transfer agent.

Assay Protocol:

30 In assaying each patient specimen,
Composition 1 (7 drops) was added to the extraction
tube and a swab containing each patient specimen was
placed into the tube, rotated 10 seconds, followed by
incubation of the tube for 1 minute at room

35 temperature. The antigen extraction composition was
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The resulting solution containing extracted
10 lipopolysaccharide antigen from C. trachomatis was
removed from the tube using a pipette, prefiltered, and
transferred to each test well of each test device (4
drops per test well). Fluid was allowed to drain
through the microporous membranes in the test wells.
15 Each test well was then washed with the wash solution
(4 drops per test well).

Composition 3 (2 drops) was then added to one
of the test wells of each test device (considered a
negative control test well). The composition

20 containing enzyme-labeled anti-chlamydial antibody
fragment (2 drops) was added to each of the two
remaining test wells of each test device. One of those
two test wells (considered a positive control test
well) contained dried C. trachomatis lipopolysaccharide

25 antigen on the membrane.

After incubation for two minutes at room
temperature, the wash step was repeated twice. Each
dye-providing composition was added to individual test
devices and after one, two or three minutes incubation

30 at room temperature, the test sample well in each test
device was evaluated for dye signal on the membrane.

The resulting dye signals are illustrated in
FIGS. 5-7. 1In each FIGURE, dye signal is plotted
versus antigen concentration (pg). The dye signal is

35 determined from a color chart having values of dye
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he presence of various concentratlons of antigen over

10 the three different incubation time periods.

Example 10 Comparative Example
The present example is a solution assay for
peroxidase, and compares the present invention using

15 3'-chloro-4'-hydroxyacetanilide as an electron transfer
agent with two Control assays (A and B) using 3'-
methyl-4'-hydroxyacetanilide and 2'-methyl-4'-
hydroxyacetanilide, respectively, as electron transfer
agents. '

20 The assay for peroxidase was carried out as a
colorimetric rate assay in cuvettes (3 ml) using a
Beckman DU-68 spectrophotometer. A stock dye solution
containing 2-(4-hydroxy-3-methoxyphenyl)-4,5-bis (4-
methoxyphenyl) imidazole leuco dye (0.008%) was prepared

25 as described in Example 3, except no electron transfer
agent was included. Specific amounts of electron
transfer agent were then added to aliquots (25 ml) of
the dye solution. Admixtures of the dye solution and
the electron transfer agent solutions (10 mmolar) were

30 then prepared to obtain 5 and 1 mmolar concentrations
of the electron transfer agent in the resulting
admixtures.

To start the assay, 3 ml of the test
concentration of electron transfer agent (1, 5 or 10

35 mmolar) were added to a spectrophotometer cuvette. At
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respectively. It is apparent that the present

15 invention has greater sensitivity compared to the
Control assays over a range of electron transfer agent

concentrations.



10 10 s!10% & ()-g2!s! LOYME ()-g2! X" s! 10%
& ()-g2ppwU3{\ =11 * S&10%& ()- M| S&L0%& ()- Mb! " S&L0%H& () - Mb! ~s&10%g8&'*(5 02
$! ° YF10%hh& ()- ! YF10%h& ()- pURI JKLwi [ M1 S&10% 10 10

10! S&10%& () - MB! * S&10%& () - Mb! * S&109B3& () - MB! s S&10%& () - MBLWHWUBME! | °
1096KX& ()-T2!1" 10%\ & ()-T2!" 10%l.d.& ()-T2!" 10%\a\& ()-T2!z’

10%\ & ()-T2! 19810%& ()- H WUSME!! 109%4& ()-T2!'} 10% 3, 3& ()-T2!"
10941&' ()- T2EBATHOYE ()-T2!}" 1098N& ()-T2!° 10%\&'() T2$%&' 3{Y7|!!s

1096S& () -T2!'s 10985& ()-T2ls 10%a& ()-T2! 94Q%s1 10 10°

109&' ()- T2NWUB+7 10s 109& ($0T2HEC2BSE (35“9?%}518“1% §8"1 lf’éll S

1004 (& () - T2b6130%ne8if }- azlcseﬂlm/&n@eziaeaEgEzgmas m!aplmg JaO‘izﬁQX&f()-/! Y%

0, ! - /R’ /R’ - I x*°
iR e AT T S e
1090NN&' (B-/!17"Y 10%N Nh&' () a/ aoMBriferriy 20%Ehenht lu@dR'eEcehit’ L 109%&' ()-"!L
10%Icdc& () - "ldgg%agé%eratlng reagent which provides a signal in

response to the catalytic activity of peroxidase, the
signal~generating reagent being selected from the group
consisting of: '
10 a 2,3-dihydro-1,4-phthalazinedione
derivative,
a tetrazolium salt,
a diazon;um salt, and
an imidazole or triarylmethane leuco
15 dye, and
b) an electron transfer agent,
the composition characterized wherein

the electron transfer agent has structure (I):

20 structure (II):
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wherein Rl is hydrogen, alkyl of 1 to 4 carbon atoms,
hydroxyalkyl of 1 to 4 carbon atoms, alkoxyalkyl of 1
to 4 carbon atoms,. aminocalkyl of 1 to 4 carbon atoms,
halogenated alkyl of 1 to 4 carbon atoms,

10 RZ is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to 5
carbon atoms,

15 R3 is hydrogen or alkyl of 1 to 4 carbon
atoms, and

R4 and RS are independently hydrogen or an
electron withdrawing group having a Hammett sigma value
of at least 0.01,

20 provided that in structure (I), at least one
of R4 and RS is an electron withdrawing group having a
Hammett sigma value of at least 0.01.

2. The composition as claimed in claim 1

wherein Rl is hydrogen, R2 is hydrogen or methyl, R3 is
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of a cationic polymer.

10 5. The composition as claimed in any of
claims 1 to 4 further comprising peroxidase or a
peroxidase-labeled specific binding molecule.

6. The composition as claimed in any of
claims 1 to 5 having a pH of from 5 to 9 and wherein

15 the signal generating reagent is a triarylimidazole
leuco dye to provide a colorimetric signal.

7. The composition as claimed in any of
claims 1 to 6 further comprising an oxidant for the
reaction of peroxidase with the signal generating

20 reagent.

8. A diagnostic test kit for the
determination of an analyte as the result of the
catalytic activity of peroxidase, the kit comprising,
in individual packaging:

25 i) the aqueous composition as claimed in
any of claims 1 to 7, and

ii) peroxidase or a peroxidase-labeled
specific binding species.

9. A diagnostic test kit for the

30 determination of an analyte as the result of the
catalytic activity of peroxidase, the kit comprising,
in individual packaging:

a) a signal generating reagent which

provides a colorimetric or chemiluminescent signal in
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5 a tetrazolium salt,
a diazonium salt, or
an imidazole or triarylmethane leuco

—dye, and
b)  an electron transfer agent,
10 the kit characterized wherein the

electron transfer agent has structure (I):

structure (II):

15 structure (III):
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wherein Rl is hydrogen, alkyl of 1 to 4 carbon atoms,
hydroxyalkyl of 1 to 4 carbon atoms, alkoxyalkyl of 1
5 to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
halogenated alkyl of 1 to 4 carbon atoms,
RZ is hydrogeri, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,

10 haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to 5
carbon atoms,

R3 is hydrogen or alkyl of 1 to 4 carbon
atoms, and
R? and R® are independently hydrogen or an

15 electron withdrawing group having a Hammett sigma value

of at least 0.01,

provided that in structure (I), at least one
of R4 and RS is an electron withdrawing group having a
Hammett sigma value of at least 0.01.

20 10. A test device for the detection of
peroxidase or an analyte catalytically related to
peroxidase, the test device comprising an absorbent
carrier material, and containing:

a) a colorimetric or chemiluminescent

25 signal generating reagent which provides a signal in
response to the catalytic activity of peroxidase, the
signal generating reagent being

a 2,3-dihydro-1,4-phthalazinedione

derivative,

|
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an imidazole or triarylmethane leuco

dye, and
5 b) an electron transfer agent,
the test device characterized wherein

the electron transfer agent has structure (I):

structure (II):

10
structure (III):

5
R | 1]
OO e
R0
R4

or structure (IV):
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hydroxyalkyl of 1 to 4 carbon atoms, alkoxyalkyl of 1

to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,

halogenated alkyl of 1 to 4 carbon atoms,

5 RZ is hydrogen, alkyl of 1 to 4 carbon atoms,

alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1

to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,

carbon atoms,

haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to 5

10 R3 is hydrogen or alkyl of 1 to 4 carbon

atoms, and

R4 and RS are independently hydrogen or an

electron withdrawing group having a Hammett sigma wvalue

of at least 0.01,
15 provided that at least one of R4

and RS is an

electron withdrawing group having a Hammett sigma value

of at least 0.01.

11. An aqueous composition buffered to a pH

of from 5 to 10, and comprising:
20

binding molecule, and
an electron transfer agent,

peroxidase or a peroxidase-labeled specific

the composition characterized wherein the

electron transfer agent has structure (I):
25

30
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or structure (IV)
I
R'-N-C-R?
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wherein R! is hydrogen, alkyl of 1 to 4 carbon atoms,
hydroxyalkyl of 1 to 4 carbon atoms, alkoxyalkyl of 1
10 to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
halogenated alkyl of 1 to 4 carbon atoms,
RZ is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hyd;oxyalkyl of 1

to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
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haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to §
carbon atoms,

R3 is hydrogen or alkyl of 1 to 4 carbon
atoms, and

RY and RS are independently hydrogen or an
electron withdrawing group having a Hammett sigma value
of at least 0.01,

provided that in structure (I), at least one
RY and RS is an electron withdrawing group having a

Hammett sigma value of at least 0.01.
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