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continuati dn-in-part of copFndLng U. S. Application Ser. No. 858,354, filed
April 30, 1986, and PCT Application Seg. No, U S. 87/00987, filed April 30,
1987, ¥t-he contents of .whi ch-appi cations are hereby incorporated by

refergnce into this apgldceaddEmrriimEsomen rREazuve ot e EEOrND
el ect gochem | um nescerETERBS cal noi eti es which include the netal rhenium

The rheni um cont EhABngpphdriaddlemui®ta ctonhinedbpraxdép-paatedf di scl osed in
this application offer several advanta%gg over tris-2,2'-bipyridine

r ut herfGRBEE139 aHelSk cREPA A CESHIT EEE 0 ¥DosEIB § 37 4 usEiipdaddai s idens.
These advant ages_i ncl ude:, 1) em ssion quantumefficiencies ([err]) which
are 986, and PCT Application Ser. No. U.S. 87/00987, filed
aApril 30, 1987, the contents of which applications ave
hereby incorporated by reference into this application.

The invention relates to electrochemilﬁminescent
chemical moieties which include the metal rhenium. The
rhaniquCQntaining chemiéal moieties and complexes thereof
disclosed in this application offer several adéantages over
trig=-2,2"'-bipyridine ruthenium (II} and'related complexes
proposed for use in assay systems. These advantages
inelude: (1) emission guantum efficiencies (éz) which are
generally more favorable than those noted for
triSEZQZ“Qbipyzidine ruthenium (II) derivatives; (2) the
ability te select the properties of the metal-to-ligand
charge-transfer (MLCT) excited state within a wider range of
values than are available for tris-2,2'-bipyridine ruthenium
(TI) éeri&atives;zénd {35 simplified and more economical
methods of synthesis because both bipyridyl and'n@nbipy:idyl
derivatives can be used to céﬁjuéatef;n analyte of interest
- to the complex.

Background of The Invention

Several publications are referenced in this
application by Arabic numerals within parentheses. Full
citations for these references are found at the end of the
sp@cificati@n immediately precedihg the elaims. The

disclosures of these publications
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generally nore favorable than those noted for tris-2,2' -bipyridine
ruthenium (11) derivatives; (2) the ability to select the properties of the
netal -to-ligand charge-transfer (M.CT) excited state within a w der range
of yalues than are available for tris-2,2" -bipyridine ruthenium(Il)
derivatives; and (3) sinplified and nore econom cal nethods of synthesis

because WLARAHRIC! Sulo Pt OTRERNTL Ly Sl ALY SR SRR RealRsd 0
et oA AU hERLEOBR BB BECHEIRBAT SRLE BRBMRERRDT B Y ohi
at the a%dez%aiﬁ,

There is a continuous and expanding need for
rapid, highly specific methods of detecti@g and quantifying
chemical, biechemical, and bioclegical substances. Of
particular value are methods for measuring small quantitiés
of gharmaceutiealé, metabolites, microorganisms and other
materials of diagnostic value. Examples of such materials
include narcotics and poisons, drugs administered for
ﬁherapeutic_purpeses, hormones, péthogenic microerganisas
and viruses, antibodies, metabolites, enzymes and nucleic
acids.

The presence of these materials can often be
determined by binding methods which expleit the high degree
of spe@ificitﬁ which characterizes many biochemical and
biclogical systems. Freguently used methods are based on,
for example, antigen-antibody systems, nucleic acid
hybfidizati@n technigues, and protein-ligand systems. In

- these methods, the existefice of a ébmpl@x of diagnostic
value is typically indicated by the presence or absence of
an cbservable "label”™ which has been attached to one or more
of the complexing materials. The specific labeling method
chosen often dictates the usefulness and versatility of a
particular system for detecting a matérial of interest. A
preferred label should be inexpensive, safe, and capable of

‘being attached efficiently to a wide variety of chemical,

Replaced
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¥n imediately preceding the clains. The di scl BEAfRB83%
publications are incorporated by 2 reference into this application in
order to nore fully describe the state of the art to which this invention
pertdns. There is a continuous and expandi ng need for rapid, highly
speci fic nmethods of detecting and uantifying chem cal, biochem cal, and
bi ol ogi cal substances. O particular value are nmethods for neasuring snal
quant | Biieshemical, and biological materials without changlng t&e

s peWiQ 8984303

important binding characteristics of those materials. The
label sheuld give a highly characteristic signal, and should
be rarely, and preferably never, found in nature. The label
should be stable and detectable imn aguecus systems cver
periods of time ranging up to months. Detection cf the
;ab@l should be rapid, sensitive, and reproducible without
the need for expeﬁsivg,-specialized facilities or perscnnel.
Quantification of the label should be_xelativgly independent
of variables such as temperature and the composition of the
mixture to be assayed. Most advantageous are labels which
can be ﬁsed in homogeneous systems, li.e., systems in which
separaticon of the complexed and uncomplexed labeled material
is not necessary. This is possible if the detectability of
the label is modulated when the labeled material is
incorporated intoc a specific complex.

A wide variety of labels have been developed, each
with'@azticular é&vamtaéés and disadvantages. For example,
radicactive labels are guite versatile, and can be detected

a P

at very low concentrations. However, they are expensive,

hazardeus, and their use requires sophisticated equipment
and trained personnel. PFurthermore, the sensitivity of
radioactive labels is iimited by the fact that the
detectable svent can, in its essential nature, oecur only
cncé per radicactive atom in the labeled material.
Moreover, radioactive labels cannot be used in homogeneous

methods. Thus, there is wide interest in rnonradigcactive

eet Has Besn Rzﬁaced
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of pharmaceuticals, netabolites, mcroorganisms and other naterials of

di agnostic val ue. Exanples of such materials include narcotics and poi sons,

drugs adm ni stered for therapeutic pyr poses, hor nones, pat hogeni c _

m creorgani sms and viruses, antibodies, nmetabolites, enzynmes and nucleic
presence of these materials can often be determ ned by binding

ﬁgiggdsTagpﬁﬁawqﬂﬁﬂﬁsqrﬂﬁ?ﬂ%ﬁﬁd@@%@@uéﬁssﬁéﬁQMW§h%ﬁ\Hﬁcﬁlcharacterizes
many "bi ocheni cal .and bi ol ogical,K systens. Frequently used nethods are based
on, for %??ﬁ&ﬁ??hﬁﬁQQﬁﬁﬁ%ﬁni%ﬁ%@'%%%?%ﬁﬂ?@muém§|@Qﬂ%ﬂ#&gﬁnﬁalzatlon
ISR e A RAR LR o D PR AR A DN i L
a conpl e t .
Among the useful nonradicactive labeling materials are
organometallic compounds. Eecause of the rarity of some
metals in biological systems, methods which specifically
assay the metal component of the crganometallic compounds
can be successfully exploited. For example, Cais, U.S.
Patent No. 4,205,952 (1980) discloses the use of
immunochemically active materials labels with certain
crganometallic compounds for use in.quantitating_specific
antigens. Any general method of detecting the chosen metals
can be used with these labels, inciuding emissien,
absorption and flunorescence spectroscopy, atemic abscrption,
and neutron activation. The methods cften suffer from lack
of s&ngitivity, can seldom be adapted to a homogeneocus
system, and as with atomic absorption, sometimes entail
destruction of ﬁ?g sample. |
| Cf particular interest are labels which can be
made to luminesce threugh photochemical, chemical, and
electrochemical means. "Photoluminescence® is the process
whereby a material is induced to luminesce when it absorbs
electremagnetic radiation. Fluoréscence and phosphorescence
are types of ph@tgluminescénce. *Cheniluninescent®
processes entall the creation of the luminescent species by

a chemical transfer of energy. "Electrochemiluminescence"”




v qﬁwggthlcally i ndi cated by the presence or absenc®@GI/USSSHBET vabl e
l'a which has been attached to one or nore of the conplexing materials.
The specific |abeling method chosen often dictates the useful ness and
versatility of a particular systemfor detecting a material of interest. A
preferred | abel should be inexpensﬁVe, safe, and capabl e of being attached
efficiently to a wide variety of chem cal, 3 bi ochem cal, and bi ol ogi cal

gi E[%%%%%i’%‘g%t SRANGINY dhandPpihinbsbbadi Bgeeiasact eristics of those
- electreochemically.

These luminescent systems are of increasing
importance. For example, Mandle, U.5. Patent No. 4,372,745
(1983}, discloses the use of chemiluminescent labéls in
immuncchemical applications. In the disclosed systems, the
labels are excited intc a luminescent state by chemical
means such as by reaction of the label with HZOZ and an
oxalate. 1In these systems, 3202 oxidatively converts the
oxalate into a high energy derivative, which then excites
the label. This system will, in principle, work with aﬁy
luminescent material that is stable in the oxidizing
conditions of the assay and can bé excited by the high
energy oxalate derivative. Unfortunately, this very
versatility is the source of a major limitaticn of the
technique: typical biclogical fluids containing the anglyte
of interest also contain a large number of potentially
1uminéscent substé%ces tﬁat can cause high backround levels

of luminescence.

had a

-

Another example of the immuncchemical use of
chemiluminescence which suffers from the same disadvantages
in Oberhardt et al., U.S. Patent No. 4,280,815 {(1981), who
discleose the in situ electrochemical generation of an-
oxidant (e.g., Hzozb in elose proximity to an immunoreactant
labeled with a chemiluminescent species. The
electrogenerated oxidant diffuses to the chemiluminescent

species and chemically oxides it, resulting in the net .

N



e s apa PCT{US88/03947
| abel should give a highly characteristic signal, and should be rarely, and
preferably never, found in nature. The | abel should be stable and
detect abl e i n aqueous systens over periods of time ranging up to nonths.
Det.ection of the | abel should be raprd, sensitive, and reproducible w thout
the need for expensive, specialized faC|I|t|es or personnel. Quantification
of theshaboisessht bie 68 Bbrychiebogependenititf efddebeenérsbads
temnperature and the conposition of the m xture to be assayed. Most
advant agddanitar e el sxidachonanthe vheediiluniogsneo uspeysbendmitse. |
systenms in which separation of the conplexed and unconpl exed | abel ed
mat eri al phovaat. neResseyrasfhi fhesspbyechl dnverntimmategibbési tyeof the
| abel is nodul ated when the | abeled nmaterial is

- direct transfer of electrons from a source of

It

electrochemical energy to a chemiluminescent species which
is capable of repeatedly emitting photons.

The present invention is concerned with
electrochemiluminescent labels. Suitable labels comprise
electrechemiluminescent compounds, including organic
compounds and organometallic c@mpeunés.
Elecﬁr@chemiluminéscent methods of &atezmininglthe presence
of labeled material are preferred cover cther methods f£or
many reascns. They are highly diagnostic of the presence of
& partieular label, sensitive, ﬁenhazard@us, inexpensive,
and can be used in a wide variety of applications. Orgamnic
compounds which are suitable electrochemical labels include,
for example, rubrene and 9,10-diphenyl anthraceme. Many
organcmetallic compounds are suitable electrochemical
labels, but of particular use are Ru-containing and
Os-containing compounds. - - -

Ru-containing and Os-containing organometallic
. compounds have been discussed in the literature. Cais .
discloses that any metal element or combination of metal
elements, including noble metals from group VIII such as Ru,
would be suitable components of oxganometallic labels
det@ctabl@'by at@mic.abs@xpti@n metheds. {Cais, col. 11,

line 20}. However, ruthenium is not a preferred metal in




orafed into a specific conplex. A wide variety of gg ave been
devel oped, each with particul ar advant ages and disadvantages. For exanpl e,
radi oactive labels are quite versatile, and can be detected at very |ow
concentrations. However, they are expensive, hazardous, and their use
requi res sophisticated equi pment and7trai ned personnel Furthernore, the

sensitivit f di t | abel I d,

det SCCRA S SERECBaAs PR SOelddrALAY BT ioHeRs ?Laﬁ-%;;%?%%st her

radi oactive at hel,ed t I
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n
onradl 08CldyCaisciosed, and the preferred method of detection,

atomie absorptien, entails destruction of the sample.

Weber, U.S. Patent No. 4,293,310 (1981), discloses
the use of Ru-containing and Os-containing complexes as
electrochemical labels for analytes in immuncassays. The
disclosed complexes are linked to amino groups on the
analytes through a iinkaqa. Weber also suggests the
pessibility of forming carboxylate esters between the labels
and hydroxy groups on other analytes. |

The presence of the labeled materials can be
determined acecording to Weber, with an apparatus and method
which cemprises a quencher and an electrochemical fiow cell
with light means. The photoelectrochemically active label
upon photoexcitation transfers an electron to a guencher
molecule; the oxidized molecule is subsequently reduced wgth
an electron from én electrede afﬂth@ flow cell which is held
at suitable §@teﬁtial. This electron is measured as
photocurrent. The amount of freé~labeled analyte in the
system is dgtérmined by the photocurrent signal. This
method is the reverse of electrochemiluminescent detection
of luminescent materials.

In subseguent repcrts, Weber et al. discuss the
problems associated with the use of this method to detect
Ru-centaining labels (1). In Table 2 of Weber et al. (1),

the extrapolated detection limit for
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4 | abels. These include nol ecul es observabl e by spectrophotonetric, spin
resonance, and | um nescence techni ques, as well as enzynes which produce
such nol ecul es. Anmong the useful norg adi oactive |abeling materials are
organonetal | i ¢ conpounds. Because of the rarity of sone netals in

bi ol ogi cal systens, nethods which specifically assay, the netal conponent of
t he or ganesdst (dilbye abyyiponntisenima beT s udeedsiiuld 2 X0 s Bl /1, Ferdgxanpl e,
Cais,: U S. Patent No. 4,205,952 (1980) discloses the use of

i mmunocheoptdimal marnditinnesi als anbabdpatiimg diltati the actual use of

these labels would entail measurements in the presence of
complex mixtures, Weber et al. tested for potential
intezfereﬁts in their system. Table 3 of Weber et al. lists
dimethylalkyl amines, EDTA, N-methylmorphecline,
N,N'-dimethylpiperazine, hydroxide, oxalate, ascorbate, uric
acid, and serum as interferents which would presumably raise
the practical detection limit substantially above 1.1 x
1@51@ moles/L. These studies were performed with a simple
Ru-containing compound. No studies were reported in Weber
or Weber et al. regarding the limits of detection of complex
substances labelled with Ruac@@tﬁgning labels, or on whether
the thiourea linkage between the labeled material and label
is stable under conditions of the assay.

The_particulaz labels with which the present
invention is concerned are electrochemiluminescent. They
can ‘often be exgitaé to a luminescent state without their
oxidation or reductien by exposing the compounds to
electromagnetic radiation or to.a chemical energy scurce
such as that created by typical @xalateeﬁzoz gystems. In
addition, luminescence of these compounds can be induced by
electrochemical metheds which do entail their oxidation and
reduction.

Extensive work has_baen reported on methods for
d@t@cting.Ru(Z,Z’shigyzidine)32+ using photoluminescent,

chemiluminescent and electrochemiluminescent means {2,3).

"l
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general method of detecting the chosen nmetals can be used with these
| abel s, i ncludi ng em ssion, absorption and fl uorescence spectroscopy, atonmc
absontion, and neutron activation. The nethods often suffer fromlack of
sensitivity, can seldom be adaptgd to a honopgeneous system and as with
atom c absorption, sonetines entail destruction of the sanple. O
parti‘cphpé woER' @8honkeraded) LhaY Wit herdmes tRehiluneneddecruigh
phot ochem cal, chemi cal, and el ectrochem cal neans. "Photol um nescence” is
the preanedse ihesellyon ﬁaewqmlem ieditoeibn of uharscaldhegeneraked bs
el ectromagnetic radiation. Fluores%Fnce and phosphorescence

or electrogenerated Rg(bpy) (where "bpy" represents a

bipyridyl ligand) with strong reductants produced as
intermediates in the oxidation of oxalate ions or other
organic acids. Luminescence alsc can be achieved in organic

solvent-E_ O solutien by the reaction of electrogenerated, or

2
chemically generated Ru(bpy)3l+ with streng oxidants
generated during reduction of peroxydisulfate. A third
mechanism for preoduction of electrechemiluminescence from
Ru(bpy332+ involves the oscillation of an electrode
potential between a potential sufficiently negative to
preduce Ru(bpy)gl% and sufficiently positive to produce
Ruﬁbpy)33¢u These three methods are called, respectively,
“oxidative reduction,” "reductive oxidation,”™ and "the

3t/+ regenerative system.”

Ru (bpy) 4
The oxidative-reduction methed can be performed in
water} and produces an intense, efficient, stable

luminescence, which is relatively insensitive to the

- o -

presence of oxygen or impurities. This luminescence from
Ru(bpy)BZ# depends upon the presence of oxalate or othex
erganic acids such as pyruvate, lactate, malonate, tartrate
and citrate, and means of oxidatively preducing Ru(bpy)QB*
species. This oxidation can be performed chemically by such
streng oxidants as PRO, or a CE(IV) salt. It can be
performed electrochemically by a sufficiently positive

potential applied either cecntinuously or intermittently.

—
————— .
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are types of photolum nescence. "Chem |um nescent" processes entail the
creation of the |um nescent species by a chem cal transfer of energy.
"El eotrochem | um nescence” 5 entail ggthe creation of the | um nescent

species electrochem cally. These |um nescent systens are of increasing
i nportance. For exanple, Mandle, U S. Patent No. 4,372,745 (1983),
di scl oses Swbtabdeoklensrobies foicdhe |elrdirochenigadchsidesion of

appli.cations. In thg disclosed systens, the . )
Ru@bpy)3 are, for example, Pt, pyrolytic graphite, and
glassy carbon. Although the oxalate or qth@z erganic acid
is consumed during chemiluminescence, a strong, constant
chemiluminescence for many hours can be achieved by the
presence of an excess of the consumed material in the
reaction chamber.

The reductive-oxidaticn methed can be performed in
partially agqueocus sclutions containing an organic co-sclvent
such as, for example, acetonitrile. This luminescence
depends upon the prasence.@f percxydisulfate and a means of
reductively producing Ru(bpy)31+ species. The reduction can
be performed chemically by strong reductants such as, for
example, magnesium or other metals. It can be performed
electrechemically by a sufficiently negative potential
applied either continucusly ér intermittently. A suitable
electrode for the electrochemical reduction of Ru(bpy}32¢

is, for examplaf a polished glassy-carben electrode. As
wiéh the oxidative-reduction method, centinuocus, intense
luminescence can be achieved for many hours by inclusion of

excess reagents, 0r by continuous addition ¢f the consumed

reagents to the reaction mixture.
The Ru{bpy)33+j+ regenerative system can be
performed in organic sclvents such as acetonitrile or in
partially aqueous systems, by pulsing an electrode potential
between a potential sufficiently negative te reduce .

Ruibpy?BZ* and a potential sufficiently positive to oxidize




Iab%@ggm%ci ted into a | umi nescent state by chemi cal PEIYIS88/63%43s by
reaction of the label with Herr]derr] and an oxalate. In these systens,
Herr]Jerr] oxidatively converts the oxalate into a high energy
derivative, which then excites the label. This systemw I, in principle,
work with any |lum nescent material that is stable in the oxidizing
conditions of the assay and can be excited by the high energy oxal ate

der i Vatﬂﬁ’&pgw%ﬁt URAGGL ¥abllll 160l St |4ddhi 8 $85A0MRES VRS ﬁ e or

limtation™ 3he techni que: typi cal bi ol ogi cal f1ui ds ontarning the
anal yt gt dilit £5 £SEo! éﬁaﬁ%ﬂéﬁ}' B P ¥IGRTREHe! thi?ﬁ %Et@ﬂml doleWm nescent

substances that can cause '|gh background | evel s of nescence.
not consume chemical reagents and can proceed, in principle,
for an unlimited duration.

These three methods of producing luminescent
Ru-centaining compounds have in common the repetgtive
oxidation-reduction or ;educti@ne@xidaticn of the
Ru-containing compound. The luminescence of szolutions
containing these compeounds is therefore highly dependent cn
the electric potential of the applied energy source, and is
therefore highly diagnostic of the presence of the
Ru=containing compound.

Mandle cites Curtis et al. (4) as a possible label
in chemiluminescent applications. Curtis et al. reports
only unpublished observations that Ru complexes can be
induced to emit light when chemically excited by an
@xalate/ﬁzo

2
nor Curtis recognized the exceptional utility of ruthenium

system (Cuxtis et algf p. 350). Neither Mandle

and osmium complexes in chemiluminescent applications or the
) vtility of @lectrochgmiluminesce;; systems.

Sprintschnik, G;, et al. (5}, have described
complexes of tris (2,2'-bipyridine)ruthenium(Il) esterified
with occtadecanol or dehydrocholestercl, and have created
monclayer f£ilms of these surfactant complexes. The .

complexes were photoluminescent. But when the £ilms were

exposed to water, and then toc light, the Ru-complexes failed

"
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Anothe?w%§%%$#%fof t he i munochem cal - use of cheniluninescencelmhigh
suffers fromthe sane di sadvantages in Cberhardt et al., U S. Patent No.
4,280, 815 (1981), who disclose the in situ electrochem cal generation of an
oxi dant (e.g.,Herr](ferr]) in close projpmty to an immunoreactant |abel ed
with a chenmi | um nescent species. The el ectrogenerated oxidant diffuses to

6 tranof it HIPRAEE S TRERLE: THELE IS RO DIEER Lh phPRghvibivALe et
cf ester groups in the presence of light.
As described in parent applications

Ser. Nos. 858,354 and PCT 87/00%87, a variety of analytes of
interest and chemical substances that bind te aﬁalytgshef
interest may bé.conveniently attached to Ru-centaining or
Os-containing labels through amide or amine linkages. The
labeled materials may then be detected by any of a wide
variety of means, but by far the most efficient, reliable,
and sensitive means are photoluminescent, chemiluminescent,

- and electrochemiluminescent means. Electrochemiluminescent
labels, including Ru-containing and Os-containing labels are

particularly versatile and advantageous.

Summary of The Inventicn

The invention is in a chemiecal moiety having the

formula

- tre (2 0y 0 wd wthy @ wh g ey
(¥,

2 3 4 5

wherein P is a polydentate ligand of Re; L*, L¢, L, L°, L,

and LG are ligands of Re, each of which may be the same as,
or different from, each other ligand; B is a substance which

is a ligand of Re or is conjugated tc one or more of P, Ll,




OXWiD189/048pN oxi dation, the chem | um nescent speci es eRCTSUSE]/DINE
contrast, the subject invention requires the direct transfer of electrons
froma source of electrochem cal energy to a chem | um nescent species which
I s capabl e of repeatedly emtting photons. The present invention is
concerned with el ectrochen | um neddent |abels. Suitable |abels conprise

el ectr cheg Iun1nescent conpounds, includi ng organi c conpounds and

or ganggt a,i ¢, %0 urw 1E 96! { QOAEMLLURLRES eelln iU Uls e gleLer M Ni Ng

t he presence of |abeled material are pref over ot her ds for many

reasophanTlgy swch BHM Y ol agpog] i £, 0hnEhg RECRRICr o¥f &h PRiddgetar | abel,
sensitive, nonhazar dOUS I nexpensi ve,

t is an integer equal to or greater tham 1; u is an integer

12, 13, 14, 15, 1§,

equal tc or greater than 1; and ¥, L
and B are of such composition and number that the chemical

moiety can be induced to emit electromagnetic radiation and
the total number of bonds to Re provided by the ligands of

Re eguals the co@rdiﬁaﬁien number of Re.

Particularly preferred embodiments of this

chemical moiety comprise

14

wherein X and X' and Y and !’ may be the same or different,

] ]
X and X' may be &(CHZHSWZ, cng, CHBO, 6 5, ci, COZCH3, CN,

or NQZ’ and ¥ and ¥' may be either B or 633, provideé that

if X and X' and ¥ and ¥' are the same and X is CO CHS, Y is

2
not H and further pfgviéed that if X and X' and ¥ and ¥’ are
the same, X and Y are not H; and R is an anion.

A first major advantage of the
electrochemiluminescent chem;eal moieties containing the

metal rhenium is in the ease of preparation of those

"



¢ i
and can be used in a wide variety of applications. O ganic conpounds which
are suitable el ectrochem cal |abels include, for exanple, rubrene and
9, 10-di phenyl ant hracene. Many organ@netal | ic conmpounds are suitable
el ecta¥ ochem cal | abels, but of particular use are Ru-containing and

Gs-cont ai nj ng, conpo Gs-conptai ning organonetal lic
conpoun&@xﬁ% %ggngﬁggc@§?¥§#%;i Rﬂ%?@yﬁh?§”HV§§ggF§scanaf aPy
met al © el ement r i nat i of, net eI ements. including noble metals frong
oroup v et 18 e "Rnfliege g sk %%%%%%t%n%f 18, fhRoratamate |

Iabelsr%ﬁ éﬁr e Eytﬁ&g§1§©§?§$r té%p%§§lﬁé%§1ég i S anaiytll i ne 20).

However , eni un'i s
interest.

A further important advantage offered by the Re(Il)

complexes versus the analogous Ru({II) complexes is that they

permit, by choice cf one or more substituents on the ligands
bound to Re, tuning of the emission wavelength (i.e., color)

for the Re{I) complexes over most of the visible spectral

T M atheretd I TRT R

region {i.e., 500 nm-800 nm). The origins of this property
lie in the quantum mechanical properties of the complexes.
The quantum efficiencies of these complexes are élso
superior to these of Ru{rI).
" fThe Re complexes are used in a method for

detecting the presence of a chemical meoiety having
formula I. The method broadly comprises: (a) forming a
reagent mixture under suitable conditions containing the
R@e@@ﬁt@ining chemical @oigty;.(b) inducing the moiety teo
emit.electromagneticpradiaticn by exposing the reagent
mixture to chemical energy,’elqugcchgmical energy, or
electromagnetic energy; and (c) detecting the emitte&
electromagnetic radiatiocn and thereby determining the
presence of the chemical moiety.

These methods of this invention include detecting
the chemical moiety where the.moiéty is capable of binding

to & chemical agent, i.e., forming a specific complex with a

chemical agent. -

This Sk




7 Caigo §6a3¢% i s not specifically nentioned, no data are RCERISSSfdsen t he
efficiency of using Ru or Gs in any of the nethods disclosed, and the

preferred nmethod of detection, atom c absorption, entails destruction of
the sanple. Wber, U S. Patent No. 4,293,310 (1981), discloses the use of
Ru-cont ai ni ng and Gs-cont ai ni ng conpleﬁ s as electrochem cal |abels for
anal ytes in i munoassays. The disclosed conpl exes are |inked to am no

groups® on the anal ybehddy PN dodd By VERE pRLEBNEHIBES bRl  es
of interest which bind to a chemical moiety having formula I
are alsc described as are methods of determining the
presence of an analyte of interest wherein the analyte and &
chemical moiety bind competitively to a complementary
material.

The invention is also in a method of detecting in

a predetermined volume of a2 multicomponent, liquid sample
either the presence of or the amount of an analyte of
interest which comprises: (a) contacting a sample with a
reagent cémpxising an electrochemiluminescent chemical
moiety containing & rhenium-containing compound wherein said
cempound is (i) capable of being induced te repeatedly emit
electromagnetic radiation upon exposure to an am@uﬁt'cf
chemical, glecﬁrochemical, or electromagnetic energy from a
suitable source effective to induce the reagent to
repeatedly emit radiatic@ and (ii) capable of combining with
the énalyte ef in%arest; the contact being effected under |
appropriate conditions suchIFhat the analyte and the reagent
combine; (b) exposing the resulting sample to an amount of
chemical, electrochemical, or electrcomagnetic energy from a
suitable source effective to induce the reagent to
repeatedly emit radiaﬁien, the exposure being effected under
suitable conditions so as to induce the reagent to '
r@peat@dly'emit electromagnetic radiation; and (c] detecting

or guantitatively measuring the amount of electromagnetic

—_——

This Sheet Has
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p055|b|I|ty of form ng carboxylate esters between the | abels and hydroxy
groups on ot her analytes. The presence of the | abeled materials can be
determ ned according to Weber, with an apparatus and method whi ch conpri ses
a quencher and an el ectrochemical flow ce# | with |ight neahs. The

phot oel ectrochenically active | abel upon phot oexci-tation transfers an

el ectron rediagiencian emwittmd oand Mohexebyzdatestiog ox suai: iefyieny
redugced with an electron froman electrode of the flow cell which is held
at " sui t abtbeppresensie othithé|amivee i ef nbaterestadnpbeoaampie. The
amount of free |abeled analyte in the systemis determn ned by the

phot ocurrent si gnal Therdinveéntinn 1 aheor inepscoppedisdve @mattiadinfaorscent

det ection , , ] .
detecting in a predetermined volume of a multicomponent,

liguid sample either the presence of or the amount of an
analyte of interest present in the sample which comprises:
{a) contacting the sample with a reagent comprising an
electrochemiluminescent chemical moiety containing a
rhenium-containing cempound wherein said compound is

{i} capable of being induced to repeatedly emit
electromagnetic radiation upon exposure to an amount of
chemical, electrechemical, or electrcmagnetic energy from a
suitable scurce effective to induce the reagent to
repeatedly emit radiation and (ii) capable of competing with
the analyte of interest for binding sites on a complementary
material not normally present in the sample, and with the
complementary material, the contact being effected under
appropriate conéitions!such that the analyte of interest and
thé reagent competitively bind to the ccmglgmentary
material; (b) expesing the_resulting sample to an amount of
electrochemical energy ,from a suitable scurce effected to
induce the reagent to repeatedly emit radiation, the
expcsuﬁe being effective under suitable cenditions so as to
induvee the reagent to repeatedly emit electromagnetic
radiation; and (¢) édetecting or guantitatively measuring the

amount of electromagnetic radiation so emitted and thereby




asmLent naterlals In subsequent reports, Weber ptTH s&ymguwss the

’:?a§SOC|ated with the use of this nethod to detect -cont ai ni ng
| abels (1). In Table 2 of Wber et al. (1), the extrapol ated detection
i m-t for 10 tris(bipyridyl)rutheniun(ll) is 1.1 x 10[err] nol es/L under

optimal conditions. In anticipating that the actual use of these |abels
woul d entail neasurenents in the presenge of conplex m xtures, Wber et al

testequd e PPh§"blkuantifysing the presence of the analyte of
interest in the sample.

The invention alsc is in methods for detecting ané
identifying the.psesence or the amount of a multiplicity of
analytes of interest in a liquid. foed or food homogenate.
This methoed comprises: (a}.im&eﬁsing inte the liguid food

or food homogenate a pertion of a diagnostic reagent holder
suitable for immersing into a liguid or solid suspension and
having immebilized to it a multiplicity o©f reagents, each
reagent being immebilized to the diagnostic reagent holderx
in distinet, identifiable regions and capable of f@rming a
complex with a single analyte.ef interest so as to allow the
formation of immecbilized reagent-analyte of interest
complexes; @b}.removing the diagneostic reagent holder from
the ligquid foed or food homogenate; (e¢) rinsing the
diagnostic reagent helder with a suitable rinsing solution;
{a) immeréing the.pgxtiqn of the diagnostic reagent holder
which containsg tﬁe immebilized zéagenteanalyte ef interest
complexes inte a detection sglutlen which contains at least
one detecticn reagent capable of forming complexes with the
immobilized reagenteanalyté cf interest complexes so0 as to
allow ﬁhe formation of immobilized reagent-analyte of
interest detection reagent complexes; {e} detecting the
presence on the identifiable regions cf the diagnostic
reagent holder to which reagents are immebilized

reagent-analyte of interest- detection reagent complexes,

thereby detecting and identifying the presence or the amount

—_———

"
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interferents in their system Table 3 of Wber et al. lists dinethylalkyl
am nes, EDTA, N nethyl norpholine, N,N -dinethylpiperazine, hydroxide,
oxal ate, ascorbate, uric acid, and serumf@s interferents which would
presunmably raise the practical detection limt substantially above 1.1 x
10[err] nmoles/L. These studies were performed with a sinple Ru-containing
conpound. Nog$t admRd tAy I diappré Landlyedsr ofr itbeesal ial thHedigii® 2684
limts of detection of conplex substances | abelled with Ru-containing
| abel s, or osrWiebldehdutydrdiwl ea | i nkage between the | abel ed material and
| abel is stable under conditions of the assay. The particular |abels with
whi ch the present invention | Deseriptbonaof ThecDrewliagsd uni nescent. They

Fig. 1 is a schematic representatiocn of methods

for preparing the Re-containing moieties of the invention;
| FPig. 2 is a calibration graph showing the effect

of the concentration of a rhenium-containing calibrant upon
the electrochemiluminescernt intemsity of an
osnium-containing intermal standard;

Fig. 3 is a curve showing the effect of an
osmium-containing internal standard upon the
electrochemiluminescence of a rhenium-containing calibrant.

DETAILED DESCRIPTION OF THE INVENTION

New Chemical Moieties Containing Re

The invention is in a chemical moiety having the

formula

1 2 3 4 8, 436
[re (2) (1) (%) (0% 1% 7)1y 1, 8y

{x}.

2 3 4 5

wherein P is a polydentate ligand of Re; Ll,_L s LY, L7, L7,

and LG are ligands of Re, each of which may be the same as,
or different from, each other ligand; B is a substance which
is a ligand of Re or is conjugated to one or mere of P, Ll,
ng LB, L4, LS, ozr Lés m is an integer equal to or greatexr
than 1; each of n, e, p, g, ¥, &nd s is zeroc or an integer;
€ is aﬁ integer equal to er greater than 1; u is an integer

1 2 3 4 5 &

equal to or greater than l1; and 2, L.°, L, L, L, L, L,

This Sheet Has Been Rﬁmﬂ '

M



§89404382excited to a | um nescent state w thout theH?@WWﬂHMMBmﬁDr
redaction by exposing the conpounds to el ectromagnetic radiation or to a
chem cal energy source such as that created by typical oxalate-Herr](err]
systens. In addition, |unminescence of these conpounds can be induced by
el ectrochem cal nethods which do entail their oxidation and reduction.
Ext ensi ve work has been reported on et hods for detecting Ru (2,2
- bi pyt iatided [ @re] offsisoghphoimployiiviesc aitid ohapetughAeSERB! cBRfica)
el ectrochem | um nescent neans (2, 3).

moiety can be induced to emit electromagnetic radiation and

the total number of bonds to Re provided by the ligands of
Re equals the cocrdination number of Re.

This chemical moiety must have at least one
polydentate ligand ¢f Re. If the moiety has more than cne
polydentate ligand, the polydentate ligands may be the same
or different. Pclydentéte ligands include aromatic and
‘aliphatic ligands. Suitable aromatic polydentate ligands
include aromatic heterccyclic ligands. Preferred aromatic
heterceyclic ligands are nitrogen-containing, such as, for
example, bipyridyl, bipyrazyl, terpyridyl, phenanthroyl and
porphyrins.

Suitable polydentate ligands may be unsubstituted,
or substituted by any ef a large number of substituents
knewn to the art. Suitable substituents include, for
example, alkyl, substituted alkyl, aryl, sgbstituted aryl,
aralkyl, substitu%ed axéikyl; carboxylate, carboxaldehyde
carboxamide, cyanc, amino, hydroxy, imino, hydroxycarbonyl,
aminocarbonyl, amidine, guaﬂidi@ﬁ: ureide, maleimide
sulfur-containing groups, phosphorus-containing groups, and
the carboxylate ester of N-hydroxysuccinimide.

Additionally, at least one of Ll, LZ, L3, Lé, LS,

and Lﬁ.may be a polydentate aromatic heterocyclic ligand.
Furthermore, at lgast one of these polydentate aromatic
heterocyclie ligands may contain mitrogen. Suitable

polydentate ligands include, but are not limited to,

—

is Sheet Has Been Replaced
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This work denonstrates that bright orange chem | um nescence can be based on
t he aqueous reaction of chem cally generated or el ectrogenerated
Ru(bpy)[err] (where "bpy" represents a bipyridyl ligand) with strong
reductants produced as internediates in ghe oxidation of oxalate ions or
other organic acids. _ Lum nescence al so can be achieved in organic
soIvent-%@Qﬁ%&@XﬁﬂLh@@ﬂﬁ%%§¥het$§ﬁzgﬂéﬁlofQﬁaﬁﬂﬁﬁﬁﬁﬁﬁﬁeu%m?°§Fh1ﬁ5n1calIy
generated Ru(bpy)[err] with strong oxidants generated during reduction of
per oxydi sireiiduted hiayridvhni shbssitptedubinyragyl, substituted

cl ot 1 od& STTBMAEL « BLVERHCHE 65 BREPARCBEPHL: A PR T4 0 pr oduce
Ru(bpy)[%%E%ﬁ§¥£ﬁ¥”f%ﬁéé@“é&ﬁﬁéi%é&é& %81%@%%‘§%e ligands may be

| substituted with an alkyl, subsgtituted alkyl, azyl,

substituted aryl, aralkyl, substituted aralkyl, carboxylate,

carboxaldehyde, carboxamide, cyano, amine, hydroxy, imino,

hydroxycarbonyl, aminocarbonyl, amidine, guanidinium,

ureide, maleimide, a sulfur-containing gg@up; a

phospherus—-containing group, or the carboxylate ester of

N-hydroxysuccinimide.

In one embodiment of the invention, the chemical
moiety contains twe bidentate ligands, each of which is
bipyridyl, bipyrazyl, terpyridyl, phenaﬁthréyl, substituted
bipyridyl, substituted bipyrazyl, substituted terpyridyl, or
substituted phenanthreyl.

In another embodiment of the invention, the
chemical moiety caﬁta;ns three bidentate ligands, each of
which is bipyridyl, bipyrazyl, terpyridyl, phenanthroyl,
substituted bipyridyl, substituted -bipyrazyl, substituted
terpyridyl, or substituted phenanthroyl. In yet ancther
enbodiment of the invention, two bidentate bipyridyl
ligands, and one substituted bidentate bipyridyl ligand may

be used.



Ru ( >y Les These three nethods are called, respectively..-.Qxi.datjve
redu%&%@%f“‘“zreductive oxi dation," and "the Ru(bpy)[err1#¥ggg Ve
system " The oxidative-reduction nmethod can be performed in water, and
produces an intense, efficient, stable |um nescence, which is relatively

I nsensitive to the presence of oxygen or inpurities. This |um nescence from
Ru(bpy)[err] depends upon the presence2zibf oxal ate or other organic acids

such as pyruvate, thagiays, aﬂ%’t@ﬂ?ﬁ%@ﬁiﬁ&ﬁ_ é@%ﬁétiﬁa ntdg means of

oxi datively producing Ru(bpy)[err] species. This oxida n-can ‘b erformed
cheni calHembyas UabistyoReneRidaN S 1t Add P dde Olifaf@(bYnsalsl 4 |t can be
ve

performed el ectrochemcally by a sufficiently positi
porphyrin or substituted porphyrisn.

'This chemical moiety may have one or more
mcncdentate ligands, a wide variety of which are known to
the art. Suitable monodentate ligands include, for example,
carbon monoxide, cyanides, isocyanides, halides, and

~aliphatie, aromatic, and heterecyclie phosphines, amines,
stilbines, and arsines.

Suitable ligands include a compound having the

structure

s O

—

e
’_//
I
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potential applied either continuously or intermttently. 10 uitagF%
el ectrodes for the el ectrochem cal oxidation of Ru(bpy)[err] are, for
exanmple, Pt, pyrolytic graphite, and glasgy carbon. Al though the oxalate
or other organic acid is consuned during chem | um nescence, a strong,
constant chem | um nescence for many hours can be achieved by the presence
of an excess of the consuned material in the reaction chanber. The
reducti ve-oxi dati on nethod can be perforned in

ey ey (CHa),-COOH

i
fi 1

wherein n is an integer. In & preferred embodiment, n is 2.
Another suitable ligand is & compound having the

gtTuecture

wherein n is an integer. In a preferred embodiment, n is 3.

Another ligand is a compoun@ having the structure

wherein ¥ is a linker arm. In one embodiment, ¥ has the

gtrueture



pagwics 89/84302queous sol utions containing an organic co-sd?g@ﬁﬁygﬂ@ﬂﬁﬁs, for
exanpl e, acetonitrile. This |um nescence depends upon the presence of
peroxydi sul fate and a neans of reductively producing Ru(bpy)[err] species.
The.reduction can be performed chemcally by strong reductants such as, for
exanpl e, nmagnesi um or other netals. 54/t can be performed el ectrochenmically
by a sufficiently negative potential applied either continuously or
intermttently. A suitable electrode for the electrochenical reduction of
Ru(bpy)[err] is, for exanple, a polished gl assy-carbon electrode. As with
t he oxidative- reductionlnﬁaﬁéﬁ ¢ uébBy) int ense | uni nescence can be
achi eved for many hours by |ncIu5|on of excess reagents, or by continuous
addi tion of the consuned

wherein m an n are integers, which may be the same or
different, greater than or egual to 1. In one embodiment of
the invention, m is 3 and n is 2.

Yet another ligand is a compound having the

structure

wherein m an n are integers which may be the same of

different. In one embodiment of the invention, m and n are

both 1,
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reagents to the reaction mxture. The Ru(bpy)[err] regenerative system can
be performed in organic solvents such as acetonitrile or in partially
aqueous systens, by pulsing an el ectrode potential between a potenti al
sufficiently negative to reduce Ru(bpy)[err] and a potential sufficiently
positive to oxidize RU(bpy)[err] A sftiftable electrode for such a
regeneratiye s D i , ‘W‘electrode Thi s system does not

consume chi 288LB88inciple, for an unlinited

dur ati on.

Preferred rhenium-containing moieties of the

invention have the formula

wherein X and X' and Y and ¥' may be the same or different,
]

X and X' may be N(CHZHS)ZD CHB' CHSO, CSHE' cl, CGZCHB, CHN,

or WO, and Y and Y' may be either H or CHS,'pz@viged that

if X and X' and ¥ and ¥' are the same and X is CO,CH,, ¥ is

anct HE and further provided that if X and X' and ¥ and ¥’ are

the same, X and Y are not B; ahd R is an anion. Compounds

1

which may advantageously be used are those wherein X and ¥
are as identified in Table 1 below. The methed of

preparation, yield and AICKBCN) are also indicated.

T



et hods of producing | unminescent Ru-containinquﬂﬁ%%W%%whave
in common the repetitive oxidation-reduction or reduction-oxidation of the
Ru- cont ai ni ng conpound. The | um nescence of solutions containing these
conpounds is therefore highly dependent &n the electric potential of the
applied energy source, and is therefore highly diagnostic of the presence
of the Ru-containing conpound. Mandle cites Curtis et al. (4) as a possible
| abel “in chemi |l umi nescent applications. Curtis et al. reports only
unpubl i shed observations that Ru conpl exes can be induced to emt [|ight
when chem cally excited by an oxalate/Herr](Jerr] system (Curtis et al.,

p. 350). Neither Mndle

Th es ! .

ZTable 1
X ¥ Method Yield(®) A (cugem)®®

Ntczﬁs)z B acid 58 509 nm
CHB CHB silver 33 526
CHE H silver 80 526

H H acid S¢ 567

C§ 1 silver 74 569

Ph H acid 25 579

clL B silver 24 603
C@ZCHg B silver 1§ 625

cN H |

NO, H acid 56 675
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nor Curtis recognized the exceptional utility of rutheniumand osm um

conpl exes in chem | um nescent applications or the utility of

el ectrochem | um nescent systens. Sprintschnik, G, et al. (5), have

descri bed conpl exes of tris (2,2 -bi ﬁgri dine) ruthenium (l11) esterified
wi t h octadecanol or dehydrochol esterol, and have created nonol ayer filns of
these surfactant c8ppicéxescoftia: clatp evos peoeidbdt dhutheeSodliowiBy when
the f4l né i\;\/leire exposed to water, and then to light, the Ru-conplexes failed
12 able.

Spectroscopic Characterization

CH O Water
Emission m:ssss%n Air
Ox t {zm} {degassed) saturated

A (EE), 528 0.1102 80 530 4923 711
_ (Gl 3398

B (), 565  ©.0907 180 845 86 = 656
(dg) 1500

C (o), 584 0.0135 71 590 93 66
{dg) 155

D° (Me) 2 582  ©0.0352 109 575 142 140
{dg) 282

E (0], 602 0.0566 184 590 143 140
: {dg) 351

5‘3 (), 636  0.0064 31 625 25 23
{Eg) 36

G (COoMe), 660 0.0122 6l 640 74 40

= {dg} 75

dg - degassed, or quantum yield, fluorescence
i - Excitation at 355
- X, gas laser excitation 337
sampounds were found to be stable after heating at 65° for 15
mmtes in mx sequencing buffer (0.1M Tris-HCl buffered at pH 7.5, 0.1M

MgCl,, 0.5M NaCl) diluted 8 times with dejonized water. Other compounds
were not tested but are expected to behave similarly.

i8]

T
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to EW@ﬁ@W@@@%esce. This was attributed to photdhydrolys?gﬂifsggggaggroups
in the presence of light. As described in parent applications Sere Nos.
858, 354 and PCT 87/00987, a variety of analytes of interest and chem cal
subst.ances that bind to analytes of interest nay be conveniently attached
to Ru-containing or os-containing |abél’s through anide or amne |inkages.
The | abel ed materials may then be detected by any of a wde variety of
means, but by far the Suittabdfd icompaundelefibtbe andeséient haverddizss are
phot ol um nescent, chem | um nescent, and el ectrochem | um nescent neans.

El ect r ochenEblicwingestt¥ivatiaiz® i ncl udi ng Ru-cont ai ni ng and Os-cont ai ni ng
| abel s are particularly versatile and advant ageous.

= | T =+

wherein n is an integer, preferably 2 or 3, m is 1, 2 or 3,
preferably 1, W is CHO, COOCH, NHZ er Br, and R is an anion.
The bipyridyl group may be unsubstituted or substituted as

described abeve.




WO 89/04302 : : : o _ :
Sunmary of The Tnvention The invention is in a chenical noi et PCHAVS3g)0353
formula [err] wherein P is a polydentate |igand of Re;
L[err],L[err],L[err],L[err],L[err], and L[err] are |ligands of Re, each of
which*may be the sane as, or different §gom each other ligand; Bis a
substance which is a ligand of Re or is conjugated to one or nore of P,
Ll err] 1 3 L[err], L[err], L[err], L[err],or L[err] ; mis an integer
equal "to or greater One compound may be -

+1

wherein R is an anion and n is preferably 2 or 3

TS




t han W,@MW% n, oo p, q, r, and s is zero or an integer?qmwm%eger
equal to or greater than 1; u is an integer equal to or greater than 1; and
P, L[err], L[err], L[err], L[err], L[err], L[err], and B are of such
conposition and nunber that the chem cal noiety can be induced to emt

el ectromagnetic radiation and the toggl nunber of bonds to Re provided by
the ligands of Re equals the coordination nunber of Re. Particularly
preferted enbodi neArStérr: isompsund geay g ety conprise [err] wherein x and
X and Y and Y may be the sane or different, X and X may be

N(CH err]H err])[err],CHerr], CH[err]OC[err]H[err],CIqurr]Cl-l[err],Cl\l, or
NJ err], and Y and Y may be either Hor CHerr], provided that

& £ \yCH,CH,CO0H -
oc\ f/NI\ ﬁﬂ cio,

where 1 is 2 or 3. —_—

i
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if Xand X and Y and Y are the sanme and X is CQerr]%[er?%f’Wéﬁsr%? H
and further provided that if X and X and Y and Y' are the sane, X and Y
are not H and Ris an anion. A first nmjor advantage of the
el ect rocheni | uni nescent cheni cal noi et &s containing the metal rheniumis
in the ease of preparation of those noieties. Both bipyridyl and

nonbi pyri dyl deri vaﬁggﬁgg‘aggﬁggg%%#g& ?he synthesis of the noieties and

inthe ultimate function of thos §in conj ugating an anal yte of
i nterest.
- .o .+l
B
oc N@‘ 2 (CHp) 0, .
-
oc ' R
L o
]
where n may be 2 or 3. _ e

e
I

. Thi

i



Yo Refessoport ant advantage offered by the Re(l) conpl PCAYUSES/838%7t he
analogoUs Ru (I1) conplexes is that they permt, by choice of one or nore
substituents on the |ligands bound to Re, tuning of the em ssion wavel ength
(i.e-, color) for the Re(l) conpl exes over nost of the visible spectral
region (i.e., 500 nm800 nm. The origiins of this property lie in the
gquant um nechani cal properties of the conpl exes. The quantum effi ci encies of
t hesé conpl exes Ao SO SHReHhNE mAytBese of Ru(ll). The Re conplexes are
used in a method for detecting the presence of a chem cal noiety having
formula I. The nethod broadly conprises: (a) form ng a reagent m xture
under suitable conditions containing the

where n may be 2 or 3. -
Sheet Has Been Ref
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Re-contai ning chem cal noiety; (b) inducing the noiety to emt

el ectromagnetic radiation by exposing the reagent m xture to chem cal
energy, electrochem cal energy, or el eciyonagnetic energy; and (c)
detecting the emtted el ectromagnetic radiation and thereby determining the
presence of the chem cal noiety. These nmethods of this invention include

detecting the cheni cabhgRectnierRifls ity @hyrise Capabhtosithondig?y. to a
chenj cal agent, i.e., formng a specific conplex with a chem cal agent.

matter having the structure

X=-(¥),~2

wherein X represents one or more neclectides which may be
the same or different, one or more amine acids which may be
the same or different, an antibody, an analyte of interest
or an analogue of an analyte of interest, Y represents a
linker group attaching te Z, n represents an integer, and 2
represents the compound provided by this invention. X may
be, e.g., theephylline, digoxigenin, or a peptide derived

from RhCG.




15 WP fY88%0r det ernmining the presence of anal ytes of i REEIYSEBARAL L bi nd
to a chemcal noiety having fornmula X are al so descri bed as are nethods of
determ ning the presence of an anal yte_of interest wherein the anal yte and
a chem cal noiety bind conpetitively £ a conplementary material. The
invention is also in a nethod of detecting in a predeterm ned volune of a
mul ti conponent, |iquid sanple either the presence of or the anmount of an
anal yt e of i nt er dsksaupxovidedrbyethe dnpvestdan iify & composition afr eagent
conprising an _el ectrochem | um nescent chem cal noiety containing a

r heni u FafAVHR S JHpD LSBT WRERERN sai d

XECH%CHaCOENHE(CHZ)ﬁENHaCOE(CHz)m@Z
whér@ins

X represents cne or more nucleotides which may be the

same or different;

Z represents an electrochemiluminescent chemical

moiety;
n represents an integer greater than or egual to 1; and
m represents an integer greater than or egual to 1.

In one émb@diﬁ@nt of the inventicn, % is
big(2,2'~bipyridine) {[4-{butan-1-al}
~4* methyl-2,2'bipyridiine] rhemiwm.

In yet another embodiment of the invention, the
thymidine nucleectide is a 3° terminal nuclectide aﬁtached to

the nucleotide seguence

TCACCAATAAACOGCAAACACCATCCOGTCCTGCCAG

TMBSMMHﬁmBanRTimmd

AR
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conpound is (i) capable of being induced to repeatedly emt el ectronmagnetic
radi ati on upon exposure to an anmount of chem cal, electrochem cal, or

el ectromagnetic energy froma suitabl eysource effective to i nduce the
reagent to repeatedly emt radiation and (ii) capable of conbining with the
anal'yte of interest, the cont act being af fected under appropriate

condi tions such thaf;the m o@ a%]% @ﬁﬁé?ectcﬁo Eﬁ,ﬁ,t@y W ng the

resulting sanple to AN a rochem ca
eIedTronagHétg@rﬁggh&é froma suitable source effective to |nduce t he
reagent to repeatedly emt radiation, the exposure being effected under
suitable conditions so as to induce the reagent to repeatedly emt

el ectromagnetic radi ation; and (c) detecting

(r-v-23 " (R)

’
wherein T represents theophylline, ¥ represents a linker
group attaching to Z, Z represents bis-(2,2'-bipyridine)
[4-methyl-2,2 ' -bipyridine-~4*-yl] (I} and R represents
an anien.

Iin one embodiment of the invention, ¥ is attached
te the aarb@n at position 8 ¢£ T. In another embodiment of

the inventien, Y has the structure

tCHZNmQCOﬁNHEQCHZPn

¢
wherein m and n represent an integer, which may be the same
or different, greater than or equal to 1. Ia another
embodiment of the invention, m is 3 and n is 4. In another
embodiment of the invention, m and n are both 3.

In yet another embcdiment of the invention, Y has

the structure

CH3

@CH ) *Cﬁ{gﬁ ) ECOENEECH 3
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or qUWDSPMEBER| y neasuring the amount of el ectromagnetic PCT{US$RA47i on
so emtted and thereby detecting or quantifying the presence of the anal yte
of interest in the sanple. The invention is also in a conpetitive nethod
for detecting in a predetermned volume of a nulticonponent, |iquid sanple
either the presence of or the amobunt o035 an anal yte of interest present in
the sanple which conprises: (a) contacting the sanple with a reagent

compri 81 pgete @l 6f! 1OCheHk! PRS2 68Rh tC AR edBY Sluh FANLALDI B Bue

same or different, greater than or equal toc 1. In one

embodiment of the invention, m is 1, n is 1, and r is 4.
In yet another embodiment of the invention, Y is
attached teo the nitrogen at position 7 of T. In one

embodiment of the invention, Y has the structure

(cu,)

[ 4
wherein n is an integer greater than or equal te 1. In
still another embodiment of the invention, n is 4.

Also included in the invention is a composition of

matter having the structure

’
wherein X represents one or more amino acids which may be
the éame or différgnt; c@mprisiﬁg at least cne amino acid

) which is cysteine or methicginei and _Z is bis
{2,2'-bipyridine) maleimidchgxagaic acig,
ﬂemethylez,z”bf@yri&ineﬁ4”ebutylamide rhenium attached by

the carbon at position 3 or 4 of the maleimide to a sulfur

substituent of cysteine or methionine.
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rheni um cont ai ni ng conpound wherein said conmpound is (i) capable of being
I nduced to repeatedly emt electromagnetic radiati on upon exposure to an

anount of chem cal, el eotrochem cal, or elg tromagnetic energy froma

sui tabl e source effective to induce the re éent to repeatedly emt

radi ation and (ii) capable of conpeting with the analyte of interest for

binding sites on o SUMEIRIALY £ ShbabenBle BRETILLAVISIPHol N AdCo,

sanplze, and with the conplenentary materfal, the co

under appggpel Bl v dlianss WRd N6 bOCagRALKEE 6 %%na“d the

reagent conpetitively bi'nd to the conplenmentary nateri ( exposi ng the
resul tingepapilcall QadeldPuRicldfae) eeds OcRaRbeal, 2BREER VR A sulidAdy e

source effected to
fliuorescent components, or additicnal luminescent
rutheniumﬁcoétaining or osmiumﬂc@ntaiﬁing cénters.

It is also within the scope of this invention for
the labeled substance (B} to be labeled by more than one,
e.g., two, three, four, or more electrochenmiluminescent
centers,

Suitable substances (B) include many biolo§ica1
substances, for example, whole cells, viruses, subcellular
particles, proteins, lipoproteins, glycoproteins, peptides,
nucleic acids, polysaccharides, lipopolysaccharides,
pharmacological agents, tranguilizers, barbiturates,
alkaloids, sterxoids, vitamins, amino acids, and sugars.
Whole cell may be animal, plant, or bacterial, and may be
viable or dead. Examples include plant pathogens such as
fungi and nematodes. Within this application, the term
"gubcellular particles” means subceliular organelles,

- membrane particles as from-disrupted cells, fragments cof
cell walls, ribosomes, multienzyme complexes, ané other
particles whith can be derived from living Oﬁganigms. Also,
within this application, "nueleic acids" means chromosomal
DNA, plasmid DNA, viral DNA, and recombinant DNA derived
from multiple scurces. Nucleic acids alsc include RMAs, for

example, messénger RNAs, ribosomal RNAs and transfer RNAs.

)
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I nduce the reagent to repeatedly emt radiation, the exposure being
effective under suitable conditions so as to induce the reagent to
repeatedly emt el ectromagnetic radiation; and (c) detecting or
guantitatively nmeasuring the anmount 34f el ectromagnetic radi ation so emtted
and t hereby 1 7 detecting or quantifying the presence of the anal yte of

i nt er espoit Hrbbe 153 ifie IUNe | NEENdPAn31 80 éﬁz?[ﬁ,ege,? Red% deyredet ecting and
identifying the presence or the anount of a nultiplicity Of
proteins, receptor proteins, and structural proteins such as
viral ccat proteins. Preferred polypeptides are enzymes and
serum~derived antibodies. Particularly preferred
polypeptides are monoclonal antibodies. Hormones include,
for example, insulin and T4 thyroid hormone.
ﬁharma@@lcgical agents include, for example, cardiac
glycosides. It is alsc within the scope of this invention
to include synthetic substances which chemically resemble
biclogical materials, such as synthetic peptides, synthetic
nucleic acids, and synthetic membranes, vesicles, and
liposomes. The foregoing is not intended to be a
comprehensive list of the biclogical substances suitable for
use in this invention, but is meant only te illustrate the
wide scope of the invention.
It is within the scope of this inventien to
include labeled nonbiological substances, including
_p@lymgric materials. Tﬁege substances may be in the form of
soluble polymeric molecules, ox any of the large variety of
- known macrogscopic forms such as;“fcxﬁéxamgleg beads, or

' centainers such as test tubes, bottles, assay wells, or the

like. ®
Bioclogical and nonbioclogical substances (8) way be

conjugated to a ligand of Re where such conjugation is by
way of amide or amine linkages. The linkages may be |

‘ogriented so that material (B} is bonded directly either to

P

This Sheet Has Been Rﬁﬂmﬂ

TR



anal ytvégﬁ?f@@%erest in a liquid food or food honpgenate. %ﬁ@”ﬁ%ﬁoﬁ?

conprises: (a) imersing into the Iiquid food or food honbgenate a portion
of a diagnostic reagent hol der suitablgsfor imMmersing into a liquid or
solid suspension and having immobilized to it a nultiplicity of reagents,
each reagent being inmobilized to the diagnostic reagent hol der in

di stinct, identifiable regions and capable of formng a conplex with a

si ngl e arkleyteagionnl corstosthes nigrageny athaelioramidenlibikageobi theed
reagent -anal yte of interest conplexes; (b) renoving the diagnostic reagent
hol der f@&ﬁmiﬁ&li@@i@tiégdmsyngéoé 3 natlf g®) ¥t nbsngndeestbednostic
reagent holder with a suitable rinsing solution; (d)  _inmersing the
portion & thhke RBgnbRRE cRpBYgEAL fRSRAL, countericns will serve to

neutralize the charge of preparations of the chemical

moiety. Suitable cations include, for example, K*, NH4+,

2+ mn?*, ana ca?*.

“ .+ +  _+
guanidinium, Agv, Li , Na , X , Mg
Suitable anions include, for example, halides, CH ,

carbonate, 50425, hexafluorophosphate, and

tetrafluorcborate.

Advantages of ReeCcntaining Moieties

A major advantage of the electrochemiluminescent
chemical moieties containing the metal xhenium is in the
ease of preparation of those moieties. Both bipyridyl and
nonbipyridyl derivatives can be used in the synthesis of the
moieties and in the ultimate function of those moieties in
conjugating an analyte of interest.

The rhenium moieties can be synthesized in
two-step pr@ces%es in!contgast to the osmium and ruthenium
complexes which require 3, 4 or 5 s?egse Fig. 1 describes,

- schematically, the twe prééessfgteps employed tec prepare the
rhenium containing moieties of the invention.

wWith reference to Fig. 1, the starting material
for the preparation of the luminescent Re(l) complexes is
R&iCG?SCle The synthesis of the desired Re(l) species

invelves twe steps. In the first step, substitution ef CO

by chelating Z,Zstipyridipe ligand produces the facial




89984362t he i nmobi | i zed reagent -anal yte of interest REGIFPISSRA
etection solution which contains at |east one detection reagent capable of
orm ng conpl exes with the inmobilized reagent-analyte of interest
onpl exes so as to allow the formation of imobilized reagent-anal yte of
interest detection reagent conplexes; (e3? detecting the presence on the
i dentifiable regions of the diagnostic reagent holder to which reagents are

i obi Fi Zesbsiengepacanab Reqcoh onter estis deld 1 9615629281 -BOBP 24T,
‘thereby detecti.ng and i denti fyBng the presence or the anount

ll-ganﬁ P 8, g e § b@y 7 Clszy 14 (COZCH3) bpy E4 (NOZ) pry 7 M%Zb'py 7

thbpyg tCH3O)2bpy, Meébpy, or (NEtZ)pryg
The conversion of face(LWRe€COBS to the
| corresponding fac- (L) Re (CO) (Etpy){RK {where R is CFchS ’
PFSE, c1@4 ) is accomplished by either an acid method or a
silver method.

The acid method is useful for bipyridyl ligands
that are insensitive, i.e., stable, to stroangly acidic
media. It involves the production and isslation ef the
intermediate Re{I) triflate species followed by conversion
to the 4-pyridyl ethane derivative.

The silver method is used for compléxes containin
bipyridyl ligands susceptible to decomposition in highly
acidic environments, e.g., L g'(CHgahszy or tCGOCH3)2bpy.
In this method, a soluble silver trifluoromethane sulfonate
salt is reacted with the faee(L)Re«CO)BCl species to form
the face(L)Re(CQ{;(Q3sc§ ) moiety and insoluble AgCl. After
removal of the AgCl precipitate by filtration, the solution

) is reacted in situ with 4spyrid§£’ethane to proeduce the
desired product.

Ancther important advantage offered by the Re(I)
complexes described herein versus the analagc@s Ru(II)
complexes relates to their ability to permit tuning of the

emission wavelength (i.e., coler) for the Re(I) complexes

over most of the visible spectral region (i.e.,

umu T
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of a multiplicity of analytes of interest in the liquid food or food
honogenate. Description of The Drawings Fig. 1 is a schematic
representation of nethods for preparing.the Re-containing noieties of the
invention; Fig. 2 is a calibration gragﬁ showi ng the effect of the
concentration of a rheniun}containing calibrant upon the

I nt ey nal
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preocess for the complexes.

A guantum mechanical analysis of the luminescence
process for Ru(Il} complexes indicates that (1} with few
exceptions, the observation c¢f room temperature luminescence
in £luid solution requires coordination of 3 chelating
ligands of the bipyridyl or phenanthroyl type toc the Ru{II}:
(2) guantum states existing at energies near the emissive
state limit the luminescence intensity available from Ru(II}
complexes; (3} substitution of groups on the chelating
bipyridyl or phenanthroyl ligands results in only limited
changes in the emission ensrgies of the Ru{lI} complexes;
and (4]} the luminescence efficiency generally decreases as
the maximum emission wavelength increases for the Ru{II)
complexes. These factors limit the usable wavelength range
to 580 nm to 750 am at room tempexatgxe in £luid scliutien.

A similar analysis of ﬁhe emission process for
rhenium complexes indicates that (1) emission in room

- temperature fluid solution xéﬁuirés that enly one
coordinating bipyridyl or phenanthroyl ligand be present at
the Re{I} center. Although 3 CO ligands are also required,
there is considerable leeway in the choice of the £inal
monodentate coordinating ligand (e.g., Cl, pyridine, CHBCN,
etc.). The emission wavelength maximum is controcllied by the

identity of this monodentate ligand and the substitution




930 i eties Containing Re The invention is in & CHAEA®4hi ety

havi ng the formula [err] wherein Pis a polydentate |ligand of Re; L[err],

L[err],

L[err], L[efr], L[err], and L[grr] are ligands of Re, each of whi ch

- may be the sane as, or different from each other ligand; B is a substance
which is a ligand of Re or is conjugated to one or nore of P, L[err],

Llerr],

greatér
I nt eger
t han 1;

L[err], L[err], L[err], or L[err]; mis an integer equal to or

148802 S8°0R! cheaieifhy ooty Q9L Sl SREDR0RR e L 1 o

P0s PLebdiS Lh phke b tHeLWilded [Sidde &fC8kisskbl ],
wavelengths available for these complexes versus the Ru(II)
species.

There are no guantum states with energies near the
emissive state that can inhibit emission in the Re(I)
complexes. In contrast, in the Ru{lIl) complexes, the
emission efficiency generally falls as the wavelength of the
emission maximum increases.

Thus, the usable wavelength range of emission for
the Re(l) complexes is approximately 500 nm~-800 ﬁm. The
slight increase in the red respenSe for the Re(I) versus
Ru{lI) complexes is due primarily to the somewhat increased
broadness cf the Re({l) emission spectra versus the Ru(II)
emission spectra. |

The Re{I) complexes thus have an increased range
of accessible em%ssi@ﬁ yavelengths as compared with the
Ru({II) compounds. The unigue structure of the Re (I}
complexes also permits greater ﬁ;ex ibility and ease in
selecting the desired maximum emission wavelength by
structural modification of the complex than is possible with
the Ru{Il) complexes. The greater range of available
emission wavelengths for Re({l) versus Ru({IIl} allows ocne to
measure emission from one Re(l) complex in a soclution of
several lﬁminescing Re(I) species with minimal interfereﬁce

frem and errsr due to the competing Re{l) luminescers.

"
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and B are of such conposition and nunber that the chem cal noiety can be {§
i nduced to emt electromagnetic radiation and the total nunmber of bonds to §
Re provided by the |igands of Re equal sathe coordinati on nunber of Re. Thi s
chem eal noiety nmust have at | east one polydentate Iigand of Re. If the i
noi ety has nore than one polydentate ligand, the polydentate |igands nmay beg
the same or difi09ndvedOhYEBYLALRshE0NRAT DG LIt @I MSTELSeaNd al i phat i c

| i gands. Suitabte oryaentate 11 S THcl
heterocyclic |igangise lﬂréﬁeﬁ,eﬁdmr Q!!Bbl @nhwmglgg &é@éﬁﬂﬁniﬁ@
ni trogen-contai ni ng, such as, for

the presence of a chemical moiety having fermula I. The

method comprises: ({(a) forming a reagent mixture under
suitable conditions containing the Re-containing chemical
moiety: (b) inducing the moiety to emit electromagnetic

radiation by exposing the reagent mixture to chemical,

electroechemical, or electromagnetic energy; and (c) ' @

@ét@cting the emitted electromagnetic radiation and thereby
determining the presence of the chemical moiety.

Suitable conditions fgr forming the reagent
mixture will be known to those skille& in the art and will
depend on the type of reagent mixture invelved. For
example, suitable conditions for an agueocus reagent mixture
may include appropriate concentrations of chemical meoiety
and other reagents such as cxidants, pE, salt concenﬁration
and the like. For a solid sample, suitable cgnditicns for
forming a reagent mixture may include addition of a |
conducting liguid.

- The methods of this i@vention include methods of
detecting the chemical moiety wherein the moiety is capable
of binding to a chemical agent, i.e., forming a specifiec
complex with the chemical agent. Suitable agents include,
but are not limited to, whole cells, viruses, subeellular
particles, nucleic acids, polysaccharides, proteins,

glyceproteins, lipocproteins, lipopolysaccharides, lipids,

AT
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exanﬂ%% glpyrldyl bi pyrazyl, terpyridyl, phenanthroyl and p&?ﬁﬁ@rlns

Sui tabl e polydentate ligands may be unsubstituted, or substituted by any of
a large nunber of substituents known to the art. Suitable substituents
include, for exanple, alkyl, substitutéd8 alkyl, aryl, substituted aryl,
aral kyl, substituted aral kyl, carboxyl ate, carboxal dehyde carboxani de,

cyano, aFuR@y REHXY, péé’%i@esl‘y PXY AL PRABY R @ﬁé%carﬂ%&'énesam di ne,

guani di‘um urelde mal'ei'm de sul fur-contal ning group

phosphorpﬁaQQQEQME éﬂ Sndef ﬁﬁiggéf%at%d§3
hal 15, e err)

N- hydr oxysucci ni m Add I ona | 'east one of

Llerr] ,aﬁkal@hdsJJSﬁéﬁoiﬂéiL%££éﬁl£§¥ Eﬂiﬁ@pabiﬁ%ﬂt%%§é¥é”ﬁﬁfc

het er ocyclic |igand.
n@nh;@l@glcal poelymers. In one embodiment cf the invention,
the chemical agent may be immcbilized on the surface of an
assay vessel. In another embodiment, the chemical agent may
be a serum-derived antibody or a menoclonal antibcdye of
particular interest are antibody-antigen pairs of materials.
This binding method may be used to determine the presence of
labeled antigens, such as, for example, digoxin or digitoxin
in complex mixtures such as blecod, urine, or synthetic
reaction mixtures by first gxpésing the mixture to
immobilized antibedies specific for the antigen of interest,
and then measuring the amount of labeled material bound to
the immobilized antibodies.

The invention also includes methods for
determining the presence of analytes of interest which bind
to a-chemical mofety having the ﬁ@ﬁmmla I. The method
comprises: (a) forming a reagent mixture under suitable

" ceonditions containing the Ré-comtaining chemical moiety;
(b} inducing the moiety to emit electromagnetic radiation by
exposing the reagent mixture to chemical, electrechemical,
or @léctr@magnetic energy; and {(c) detecting thé emitted
electromagnetic radiation and thereby determining the
presence of the analyte of interest. .
Also provided are methods cf determining the

presence of an analyte of interest wherein the analyte and a

Th:s Sheet Has Been R gﬁ

A




FOLJUDSBUSYE!

Furthernore, at |east one of these polydentate aromatic heterocyclic

| i gands may contain nitrogen. Suitable polydentate |igands include, but
are not limted to, 20 bi pyri dyl, bipn&pzyl, terpyridyl, phenanthroyl,
porphyrin, substituted bipyridyl, substituted bipyrazyl, substituted
terpyridyl, substituted phenanthroyl or a substituted porphyrin. These

Subst !t Ut o SRtERaLe RISt ed MR BRI
Carboxylate’complementary material. By "complementary materiagl® is
meant any substance capable of forming complexes with both
an analyte of interest and a labeled analyte of interest or
a labeled analcgue of an analyte of interest. The method
comprises: (a) contacting the complementary material, the
Re-containing chemical moiety, and the analyte under
suitable conditions so as to form a reagent mixture:

{b) inducing the chemical moiety to emit electromagnetic
radiation by exposing the reagent mixture to chemical,
electrochemical , or electromagnetic energy; and

{c) detecting the emitted'electrsmagnetic radiation and
thereby determining the analyte of interest.

The phrase, "inducing to emit electromagnetic
radiation,” refers to creating an excited state of moiety
which luminesces at wavelengths between 200 nanometers {(nm}
and %00 nancmeters (nm) at ambient temperatures. ﬁaziatians
in the chemicdl structure of the ligands can change the
value of the energy input regquired to create the luminescent
- excited state. Similarly, the wa;elength of the emitted

electromagnetic radiation is dependent upon the nature and
environment of the rhenium-containing material.

Generally, photoluminescence excitation and
emisgion occur with electromagnetic radiation of between
“about 200 nanocmeters and abeut 900 n@n@metersQin.wavglength.

Likewise, chemiluminescent and electrochemiluminescent




' é LU
?carbcﬁg%%w%, car boxam de, cyano, am no, hydroxy, im no, thng’;}ﬁéﬁrlbonyl
am nocar bonyl , am di ne, guanidinium ureide, nmaleimde, a sulfur-contalnlng
group, a phosphorus-containing group, or the carboxyl ate ester of

N- hydr.oxysucci ni mi de. I n one enbodi #8nt of the invention, the chem cal

noi ety contains two bidentate |igands, each of which is bipyridyl,

o1 pyr o LR EREH, p¥ereRdF BT Va4 téf%fi? Ot IR Hhpapitt oot
erbodi eplagheiBE BRYGR! baTuotie BUAN Ao DlEe £ODLLDS ggggngng dont ate

| i gands,” eac razy erp ri hroyl
nancmeters in wavelength. The p@tentlal at which the

reduction or oxidation of the chemical moiety occurs depends
upon its exact chemical structure as well as factors such as
the pH of the solution and the nature of the electrode used.
It is well known how to determine the optimal emission and
excitation wavelengths in a photoluminescent system and the
cptimal potential and emission wavelength of an
@lectrachémiluminescent and chemiluminescent system.

There are many methods for guantifying the amount
of luminescent species present. The rate of energy input
inte the system can provide a measure of the luminescent
species. Suitable measurements incliude, for example,
measurements of electric current wheh the luminescent
gspecies is generated electrochemically, the rate of
reductant or oxidant utilization when the luminescent
species is g%nerétéd chémically or the absorption of
ei@atrgmagnetic energy in ph@telumineseent techniques. 1In

~ addition, the luminescent s§eci§§’caﬂ’be detected by
measuring the emitted electromagnetic radiation. Aall of
these measurements can be made either as continuous,
rate-based measurements, or as cumulative methods which add
the signal cver a long pericd of time. Rate-based
measurements may be carried out with photomultiplier tubes,

photodicdes or phototransistors to produce electric currents
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substitd?g%&%lpy%idyl, subtituted -bipyrazyl, substituted terpyr@éylﬁior

substituted phenanthroyl. |In yet another enbodi nent of the invention, two
bi dent at e bi pyridyl |igands, and one.substit4ag ed bi dentate bipyridyl |igand
may be used. 21 In still another enbodi nent of the invention, the

chem cal noiety contains a tetradentate |ligand such as a porphyrin or

substi t ut edpP@pBRY bRa1TRisS nfllf tiide NEY S Ne "BXcDAXE 018 ot Pitfensity,
or by using charge couple devices. Examples of cumulative
methods are the integration of rate-based data, and the use
of photographic £ilm to provide cumulative data directly.

All of these luminescencéebased méthods entéil
repeated luminescence by the rhenium-containing compound.
The repetitive ﬁatuxe of the detectable event distinguishes
these labels from radicactive isctopes or bound
chemiluminescent moclecules such as lumincl. The latter
labels produce a detectable event only once per molecule (oxr
atom) of label, thereby limiting their detectability.

In tha_chemical moieties useful in these methods,
bielegical and nonbiolegical substances B may be
incorperated into the moieties by coordination directly to
Re oy by attachment to a ligand of.Re. Attachment may be
through covalent bonding, or by electrestatic or hydrogen
bending. Mény diverse means of effecting covalent bonding
of substances B to ligands of Re are available. The
attaching limkage may be, for example, an amide or amine

- bend, an ester or thicester, an ether or thicether, or any
of many other linkages known to the art. The type of '
linkage will be determined by the substituents cf the ligand
and the suitable chemical groups available for binding with

the ligand en the substance that is toc be labeled.

I
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nodentate |igands, a wde variety of which are known to the art. Suitable

nodentate |igands include, for exanple, carbon nonoxi de, cyanides,

socyani des, halides, and aliphatic, & omatic, and heterocyclic phosphi nes,
stil bines, and arsines. Suitable |ligands include a conpound having

m ness

he structure [err] 22 [err]

The analyte of interest and the chemical moiety
may be any pair of substances which are capable ef binding
together in a specific mamner. Such substances include, for
example, whole cells, viruses, subcellular particles,
nucleic acids, polysaccharides, proteins, glycepr@teins,
lipoproteins, lipopolysaccharides, lipids, fatty acids,
peptides, cellular metabolites, hormones, pharmacelcgical
agents, tranquilizers, barbiturates, alkalocids, stercids,
vitaming, amino acids, sugags, and nonbleological polymers.
Of particular interest are antibody-antigen pairs. One
enbodiment of the invention pr@ﬁidas the use of labheled
antibodies to determine ﬁhe presence cf cell surface
antigens, or te label particular cells for detection by cell
sorting methods. Antigens immobilized by, for example,
attachment te immeobilized, unlabeled antibodies can be
detected by labeled antibodies in a method commonly known as
a "sandwich®™ methed.

In one ‘embodiment of the invention, B is a
nuclectide or a polynuclectide. In another embodiment, B is
a serum—derived antibody or-a momeocldnal antibody.

in competitive binding assays, B may be the same
substance as the analyte of interest or an analogue of the
analyéeg and capable of participating in the formation of a

specific complex with a complementary material. Such
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wherein n is an integer. In a preferred enbodinment, nis 2. Another
suitable ligand is a conpound having the structure [err] wherein a is an

i nt eger.

In a preferred enbodinent, . n 48 3. Another ligand is a conpound

having the structure [err] wherein x is a linker arm In one enbodi nent,
has the structure [err] -

%

analytes and complementary materials include whole cells,
viruses, subcellular particles, nucleic acids,
polysaccharides, proteins, , glycoproteins, lipoproteins,
lipopolysaccharides, lipids, fatty acids, peptides, cellular
metabelites, hormones, pharmacclocgical agents,
tranguilizers, barbiturates, alkalecids, steroids, vitamins,
amino acids, sugars, and nonbiclogical polymers. Examples
of such analytes and complementary materials include
insulin, digoxin, digitoxin, T4 thyroid hormone, a fungus or
nematode, a serum-derived antibody or a monoclonal antibody,
& DNA fragment or an RNA fragment. Of particular interest
are antibody-antigen based methods. These methods are
analogous to the well known radio immuncassay known to the
art can, in principle, be used te advantage by employing
moieties labeled acecording to the.gresent invention in place
of radicactively labeled compounds.

The invention further is in hetersgeneous and
homogeneous binding methods which utilize the chemicai
moieties provided herein. 1In hetercgeneous binding methods,
the bound labeled substance mast be physically separated
from the unbound labeled substance before measurement of the
presence of label. This is frequently accomplished in
antibody-antigen systems by immobilizing one component, the
antibody for example, by attachment to an inscluble matrix

such as a filter or to the surface of beads or reaction

This Sheet Has Been Rzﬁsced
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ivher B IVUIIR are integers, which may be the same or dif?@??”??%%ﬁﬁher
than or equal to 1. In one enbodinent of the invention, mis 3 and n is 2.
Yet another ligand is a conpound having the structure [err] wherein man n
are integers which nay be the sane of*Hifferent. In one enbodinent of the
i nvention, mand n are both 1. 24

w

vessels such as test tubes. The antigen-containing soluticn
is poured through the filter or into the reaction vessel,
and then washed away from the filter or sides of the
reaction vessel. Only antigen specifically bound to
antibody will remain to be determined.
| In homogenecus metheds, by contrast, the bound and
unbound labeled material are present in the same reaction
mixture when the presence of label is measured. This is
possible when binding modifies the properties of the signal
detectable from the label. There are many ways that
luminescent labels can be used in homogenecus systgms, For
exarple, binding of the analyte to the chemical moiety can
directly influence the signal detectable frem the label.
Additiecnally, a luminesc@nce_quenchéf may be positioned on
an antibody sc that binding of a labeled antigen te the
'antib@dy could result in suppression of the lumingscence of
the label by the luminescence guencher on the antibody.
Many.hommgane@uszﬁethod; for luminescent labels are known to
the art, and some of the are zevxéweé in B@guslask; and Li,

“Homogeneous ImMmMuNoassays,”® g lled Biochemistry and

Biotechnology, 7:401-414 (1982).

In cne embodiment of the invention, the analyte is
fixed to an inscluble matrix. Such a methed may be
performed as a sandwich assay, i.e., the chemical moiety
becomes bound te the immobilized analyte and unbound mciety.
is washed away from the matrix. In anocther embodiment a

- chemical agent tc which the moiety is capable of binding is

T
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Preferred Rheni um Containing Mieties Preferred rheni um contai ning noieties
of the invention have the fornula [err] wherein X and X and Y and Y' may
be the sane or different, X and X may be

N(CH err]H err])[err], CH[err] CHerr]O (eff]Herr],d,Cderr]CHerr], CN or
NJ efr], and Y and Y may be ei ther H or @Efrr] prOV|ded that if X and X
and Y and Yfixesd tie amrmsmitubde snatréxr pod £he]) Ehenicabmoietyl beitdea
provided that if X and X and Y and Y are_the sane X and Y are not H; and
Ris an ani GRMBEHATSuRE WW%%%%V%Féée@@sF’?@?@%M@ﬁ%oseﬁ“&ﬁerel n
X and Y are as identified in Table 1 bel ow. The nethod of preparatlon

yield and [ EPFPAGHSREqINBafer il Mmpydpiapele fixed to an insoluble

matrix. In both the heterogenecus and h@m@ggnecus
competitive methods of the invention the complementary
material may be a monoclonal antibody and the insoluble
matrix may the surface of an assay vessel.

The methods of the invention may be éerﬁermed by
exposing the reagent mixture to chemical, electrochemical,
cr electromagnetic energy, or the reagent mixture may be
exposed to a combination of chemical, electrochemical, or
electromagnetic emexrgy.

The chemical moiety may be oxidized by exposure to
an energy source. One such source is a chemical oxidizing
agent. Examples of such oxidizing agents include Ce({IV)

gsalts or PbO The chemical moiety may be reduced by

¢
exposure toc an energy scurce. One such energy socurce may be
a chemical re@ucing agent. An example of a smitable-
rééucing agent is magnesium. The methods of the invention
include inducing the chemical moieties to emit
electromagnetic radiation more than once.

The reagent mixture may comprise oxalate,
pyruvate, lactate, malonate, citgaté, tartrate,
peroxydisulfate. Furthermore, the chemical moiety may be
reduced by exposure to an energy source and the reagent

mixtur@.may comprise peroxydisulfate. Moreover, the

chemical moiety may be oxidized by exposure toc an enexgy

- e
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: el X y Method Yield(% [err](CH err]CNJ[err]

" N(Cerr]Herr])[err] H acid 58 509 nm CH err]
CH err] silver 33 526 Ch[eyr] _ H silver
80 . 526 H H aci d 90 567
CH err] _ H silver. 74 569 Ph
203 soattd and’the reagerdt/hiGtture may comprise oxallate, silver

pyruvate, lactate, malonate, citrate, or tartrate.

Methods of detecting the chemical moiety are
provided wherein the reagent mixture is continucusly exposed
to an electrode whose potential oscillates between a
potential sufficient to effect the reduction of said
chemical moiety and a potential gufficient tc effect the
oxidation of the chemical meoiety.

‘The chemical moiety may be oxidized by exposure to
an electrode whose potential oscillates above and below a
potential sufficient to oxidize the chemical moiety, the
reagent mixture comprising oxalate, pyruvate, lactate,
malonate, citgate, tartrate, peroxydisulfate. Meoreover, the
chemical moiety may be oxidized by exposure tc an energy
source and the reagent mixture may comprisée oxalate,
pyruvate, lactate, malonate, citrate, or tartrate.

The chemical moiety may alsc be reduced by
exposure to an electrode whose potential oscillates above
and below a potential sufficient to reduce it, the reagent
mixture comprising peroxydisulfate. “Such reagent mixture
may.additi@nally comprise acetonitrile. PFurthermore, the
chemical moiety may be reduced by exposure toc an electrode
whose potential is constant and sufficient to reduce it, the
reagent mixture comprising peroxydisulfate. Such reagent
mixture may alsc comprise acetenitrile.

When the chemical moiety is exposed to

electrochemical or chemical energy, the emitted

Sheet Has Been laced
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CJerr]CH err] H silver 18 625 CN

H NJ err] H aci d 56 675 26
Spectroscopi c data are provided |ntrm§%ollomnng tabl e. Spectroscopic
Characterization CH err] CN Wat er Em ssion

Em ssi on Ai r Conpound max(rm or ot
(rm ‘ “angnéfgé”§géﬁ%ticn may be continuocusly detected.

Such electromagnetic radiation may be detected visually or
with a photodicde. Furthermore, when the chemical moiety is
exposed to electrochemical or chemical energy, the emitted
radiation may be detected cumulatively, e.g., with a
ph@t@graph;c £ilm.,

The invention includes systems for detecting or
the presence or measuring the guantity of a
rhenium-containing chemical moiety having formula I. The
system comprises: (a) a reagent mixture comprising the
rhenium=containing chemical moiety; (b) means for inducing
the chemical moiety to emit electromagnetic radiation; and
{(c) means for detecting the emitted electromagnetic
radiation,

The inventicn also includes systems for detecting
the presence of or measuring the quantity of an analyte of
interest which binds te a chemical moiety of formula I. The
sysﬁem comprises: (a)’ the rhenium-containing chemical
moiety; tb} 2 means for contacting the chemical moiety with

- the analyte of interest td formr a reagent mixture; (c¢) a
means for inducing the chemical moiety to emit
electromagnetic radiation; and (d) a means f£or detecting the
emitted electromagnetic radiation.

A particularly unigque and useful class of
homogenecus binding assays is provided by the present
invention. As described hereinbefore, these labels can be

measured electrochemically by means of exposing a sclution

jaced
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(NEt)[err] 528 0.1102 80 530 4923
711 (dg)3398 B (Me)[err] 565 0.0907 190 545
806 656 (dg) 1500 C (CCH ergg)[err] 584 0. 0195 71
590 . 93 66 (d )155 Dlerr]~ (Me)[err] 582 0. 0352
1109 575 140 (dg)282 E (Oferr]

1602 @ H56fe laB8led subsﬁan@o of intered® to an éﬂécéﬁ@)ﬂéSl Ehgvrr]
(A)[err] 636 0. 0064 31 625

(dg) 36 Xabeled ¢€XEtantdbwhdeh ist@esert GhR2the gﬁlutl,on bht &&&cb
40

74
cannot gain access to the surface of the electrode will not

be detected. This can occur, for example, if the labeled

substance is bound directly or indirectly to the surface of
: the reaction vessel into which the electrode is placed, or

if the label is embedded deep into the interior of the

; gspecific complex, such-as within an antigen-~antibody
complex, or if the electrode itself were coated with a layer
through which labeled material could pass but complexed

labeled métgrial could not pass. In addition, it should be

e TP - g o«

possible te coat the surface of an electrode with
antibodies, so that only labeled antigen bound teo the

immobilized antibeodies can obtain access to the electrode

P,

@ aws - -

and thereby be determined. This particular homogeneocus
method may be most effective if the reguired electrede
potential is applied in shert puises.
It is within the scope of the present invention to

use a combination of means for determining the presence of

- labeled compounds. For example,.it may be desirable to
measure the total amount of labeled substance by a means
which does not distinguish between bound and unbound labeled
gsubstance such as photoluminescence or chemiluminescence,
and to determine the amount of bound labeled substance by a
means which does distinguish between bound ané unbound
labeled suﬁstance, such as electrochemiluminescence, for

example. Such a combination of methods could be performed

T
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(dg)75 dg - degassed or quantumyield,flourescence lifetine in n sec. 1 -
Excitation at 355 2 - N err] gas |aser excitation 337 3 - These conpounds
were to be stable after heating at 65[err] for 15 mnutes in 10X sequenci ng
buffer (0.1M Tris-HCL buffer at pH 7.5 8 1M MyCl [err], 0.5M Nad) diluted 8
tinmes with deionized water. O her conpounds 27 Suitable conpounds of the
i nvent i onchathet el daomp g, sandictime provide a richer source of

) information about the sample than could any method when used
individually. It is also within the scope of this invention
te determine the presence of two or more differently labeled
compounds within the same reaction mixture. This is
Qossibl@ either if the labels emit electromagnetic radiation
of differing wavelengths or if the labels can be induced to
emit electromagnetic radiation by exposure to energy of

different values or scurce.

Assay Methods

The inventiun also is in improved methods of
detecting in a predetermined veolume of & multicomponent,
liguid sample an analyte of interest present in the sample
at a concentration below about lﬁag molar which comprises:

{a) contacting a2 sample with a reagent comprising an
electrochemilunminescent chemical moiety containing a
théniumac@ntaining organic compound wherein said reagent is
iiﬁ'capable of being induced to repeatedly emit
electromagnetic radiation upon exposure to an amount of
chemical, electrochemical,-or electromagnetic energy from a
suitable source effective to induce the reagent to
repeatedly emit radiation and (ii) capable of combining with
the analyte of interest, the contact being effected under
appropriate conﬁitions.such that the analyte and the reagent
combine; (b) exposing the resulting sample to an amount of

chemical, electr@chgm;cal, or electromagnetic energy from a

suitable source effective to induce the reagent to

"l




i @‘4tm§m; nis an integer, preferably 2 or 3, mis 1 PCIfiJSEB/E3547
i preférablly 1, Wis CHO, COOH, NHerr] or Br, and Ris an anion. The

I bi pyridyl group may be unsubstituted or substituted as descri bed above.

1 28 gne conmpound may be [err] wherein Ris an anion anad n is preferably 2
& Or .
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| repeatedly emit radiation, the exposure being effected under
; suitable conditions so as to i@duce the reagent to
repeatedly emit electromagnetic radiation; énd {c) detecting
electromagnetic radiation so emitted and thereby detecting
the presence of the analyte of interest in the sample.

The term *molar” means the ccncént;atign of an
analyte in solution in moles per liter or the amcunt of
) ' particulate matter present in a liquid sample in parxticles

23 partielés per

or units per liter. For example, 1 x 10
liter may be expressed as 1 molar.
The methods may be performed as h@tezcégne@us

assays, i.e., assays in which unbound labeled reagent is

T e O

separated from bound labeled reagent prior to exposure of
the bound labeled reagent to electrochemical energy, and
homogeneous assays, i.e., assays in which unbound labeled
reagent and bound labeled rgaganﬁ are expocsed to
-electrochemical energy Fogethera In the homogeneous agsays
of the pxeseﬁt invention the electromagnetic radiation
emitted by the bound labeled teggentﬁis distinguishable from
the electromagnetic radiation emitted by the unbound labeled
reagent, either as an increase or as a decrease in the
amount of electromagnetic radiation emitted by the bound
labeled reagent in comparison to the unbound labeled
reagent, or as electromagnetic radiatiocn of a different
wavglength@

Accordingly, in one embodiment cf the invention
any reagent which is nuﬁ\gg@%éfﬁg‘with the analyte of

This Sheet
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29 AanHE?V?gﬁpound may be [err] where nis 2 or 3,
may be [err] where n nmay be 2 or 3.

56
interest is separated from the sample, which had been
contacted with the reagent, prior to exposure of the sample
to electrochemical energy. In aﬁothgf embodiment of the
invention, prior to contacting the sample with the reagent,
the sample is treated sc as to immobilize the analyte of
interest.

Means for immobilizing analytes ef interest are
well known within the art and include contacting the sample
with a polystyrene, nitrecellulose or nyleon surface, or a
surface cocated with whole cells, subcelliular particles,
viruses, prions, viroids, lipids, fatty acids, nucleic
acids, polysaccharides, proteins, lipcproteins,
lipopelysaccharides, glycoproteins, peptides, esllular
metabolites, hormones, pharmacological agents,
tranguilizers, barbiturates, alkaloids, stercids, vitamins,
amino acids, sugars, nonbioclogical pelymers, synthetic
organic molecules, organcmetallic molecules or imorganic
m@lgeales. -The~§na1yta of interest may be any of these
substances, or the analyte of interest may be a whole cell,
subcellular particle, virus, prien, ¥irecid, nucleiec acid,
"proetein, lipoprotein, lipopolysaccharide, glycoprotein,
peptide, hormone, pharmacological agent, nonbiclogical
polymer, synthetic organic molecule, crganometallic mclecule
‘er an iﬁ@rg&nic molecule present in the sample at the

12

concentration below about 10 ~“ melar. The analyte of

interest may be a whole cell, subcellular particle, virus,

[
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Pmpound may be [err] where n may be 2 or 3. © 43 IHece’

conpounds may conprise a conposition of matter having the structure

57

prion, vireid or nucleic acid present in the sample at a
concentraticn below about 10~ %9 molar.

The reagent which is contacted with the sample is
a Re-containing electrcchemiluminesc@nt chemical moiety
conjugated to a whole éell, subcellular particle, virus,

prioen, vizreid, lipid, fatty acid, nucleic aeid,

polysaccharide, protein, lipoprotein, Lipcpolysaccharide,

glycoprotéin, pegtide,'cellular metabolite, hormone,
pharmacological agent, tranguilizer, barbiturate, alkalecid,
stercid, vitamin, aminc acid, sugar, nonbioclegical polymer,
synthetic organic molecule, organometallic molecule,
inorganic molecule, biotin, avidin or streptavidin. In one
embodiment of the invention the agent is an
electrochemiluminescent moiety conjugated to an antibody,
antigen, nucleic acid, hapten, ligand or enzyme, or biotin
avidin or streptavidin.

The sample may be derived from a sclid, emulsion,
suspension, liquid or gés. Furthermore, the sample may be
derived from water, food, bload, serum, urine, feces,
tissue, saliva, oils, czgan;e séivgats or air. Moreover,
the sample may comprise acetonitrile, dimethylsulfoxide,
dimethyl formamide, n-methylpyrrolidone or tert-butyl
alcohel. The sample may comprise a reducing agent or an
oxidizing agent.

The invention is alse in improved competitive
methods for detecting in a predetermined volume of a

multicomponent, ligquid sample an analyte of interest present

N
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[err] wherein X represents one or nore necl eotides which nmay be the sane or
different, one or nore am no acids which may be the sane or different, an
antibody, an analyte of interest or an analggue of an analyte of interest,
Y represents a |inker group attaching to Z, n represents an integer, and Z

[SPTEsents Y0e AR £ SoS R LILEC BICHBD, el 0% 558

¢ which comprises: (a)} contacting a sample with-a reagent
comprising an electrochemiluminescent chemical moiety
c@nﬁaining a rhenium-containing organic compound wherein
said reagent is (i) capable of being induced to repeatedly
emit electromagnetic radiation upen exposure to an amount of
chemical, electrochemical, or electromagnetic energy from a
suitable source effective to induce the reagent to
repeatedly emit radiation and (ii} capable of competing wit
the analyte of interest for binding sites on a complementary
material not normally present in the sample, and with the
complementary material, the contact being effected under
appropriate conditicns such that the analyte of interest and
the reagent competitively bind to the complementary
material; (b) exposing the resulting sample tec an amount of
chemical, electrochemical, or electromagnetiec energy from a
suitable source effected to induce the reagent toc repeatedly
emit radiation, the_exposuxe being effected underxr suitable
conditicns sé as tg-induce the reagent to repeatedly emit
electromagnetic radiatign; %E@ {c) detecting electromagnetic
radiation so emitted and thereby detecting the presence of

the analyte of intexest in the sample.

Sheet Has Been Rep
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# Al so provided by the invention is a conposition of matter having the

#structure [err] wherein: X represents one or nore nucl ectides which may be
'the same or different; Z represents an ectrochem | um nescent chenica

moi ety; n represents an integer greater than or equal to 1; and m
represents an integer greater than or equal to 1. In one enbodi nent of the
invention, Z is bis(2,2"-bipyridine) [4-(butan-1-al)

-4" met hyl -2, 2" bi pyridiine] rheni ugXAMPLES

Intreduction

Materials and Methods

Ligands

; 2,2'-bipyridine (BPY} (Aldrich) was used without
further purification. 4,4'-dimethyl-2,2'-bipyridine
iMeszy} {(Reilly Tar Chemicals) was sublimed (90-100°C,
1@33 torr) prior to use. 4,4'-diphenyl-2,2°'<hipyridine
(?hszyB {aAldrich) was recrystallized once from
benzene/petrcleém ether prior to use. 4-ethyl pyridine
{Etpy) (Al@ﬁigh} was used without further purification.

3 Other pyridyl and bipyridyl ligands used included:

4,4'-bis (N,N-~diethylamine)-2,2"-bipyridine
{(NEtZBpryj (Maeker, G., and Case, F.H., J. Amer.
Chem. Soc. 80:2745 (13938));

4,4'~(dimethoxy)- 2,2'-bipyridine [(CH,~0),bpy]

(Wenkert, D., Woodwaxd, R.B., J. Org. Chem. 48:283

’ o {1983} );

$,4',5,5'-tetramethyl-2,2'-bipyridine (Me4bpy)
{(Elliet, M.C., Freitag, R.A., Blaney, D.D.,
J. Amer, Chem. Soc. 107:4647 (1585);

4,4'-8ichloro-2,2"'-bipyridine (Clszyj {(Wenkext,

B., Woodward, R.B. {19%983), supra);




In yet anot h&r énbodi ment of the invention, the thymi dine nucleg??resi&:wgg4
3" term nal nuclootide attached to the nucleotlde sequence
TCACCAATAAACOGCAACACCATCCOGTCCTGCCAG 34 Also_provided is a conp05|t|on
of matter having the structure [err] wherein T @@presents theophylllne Y
represents a |inker group attachlng to Z, Z represents
bis-(2,2' -bipyridine)
4,4'-bis{carbomethoxy}-2,2'-bipyridine
((COZCHgbszy) {(Maeker, G., and Case, F.H. (1958),

supra) ;

4,4'~dinitro-2,2"~bipyridine ((NOZ)Gpry) (Maeker,
G., and Case, F.H. (1958), supra):

Solvents
Methylene chloride (CHZCLZE, petroleum ether,
diethyl ether {anhydrous), and methanol_were all Chempure
grade from Curtin Matheson Scientific (Fl@fence, New York}
-and.were used as received. Acetone {A.C.S. Reagent Grade)
and acetonitrile (Omni-Solv] from EM Scientific (Cherry
Hill, New Jersey) were used without further puriﬁication.
Benzene was A.C.S. Reagent Grade from Fisher Scientific
{Springfield, New Jezéey) and was used as received. Toluene
{Baker Analyzed Reagent, HPLC grade} from J;T. Baker
. Chemicals q?hillipéburg, New Jersey) was used without
further purification. Tetgahydgaﬁutan frem J.T. Baker
- Chemicals was dried byvdiséillaticn frem sodium/benzophenone
under argon atmosphere immediately priocr to use. Anhydrous.
ethanol (200 proof) was obtained from the Warner~Graham Co.
(Cockeyesville, Maryland]. Zeﬁethcxyethanoi (Alérich HPLC
grade) was used as :eceived. Pyridine (Aldrich Gold Label)
was obtained in the anhydrous form and stored in
SureeSgalR (Aldrich) bottlies until used. Dimethylformamide

(DMF) was A.C.S. Reagent Grade {DMF) and was used as

"’”"iﬁfﬁf il
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%{4-ﬁ§pﬂ%v@g@%'-bipyridine-4'-y|] (I') and R represents ankZﬁﬁo§§&W%%g%e
Eenbodinent of the invention, Y is attached to the carbon at position 8 of
¢ I n anot her enbodi nent of the inve%%ion, Y has the structure [err]
iwhergin mand n represent an integer,” which may be the same or different,
Ugreater than or equal to 1. In another enbodi nent of the invention,

| and is 4. | th mbodi,ment .of the Jj ' d . .
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system.

Chromatography

Neutral absorption alumina (Fisher) was used as
received. Ottawa sand and glass wool for chromatography

were cbtained frem Aldrich. Sephadex LE-20 was purchased

from Pharmacia and was activated for use by suspending in

stirréd methancl for 12 hours immediately prior te use.

- 8P~Sephadex C-25 (Sigma, St. Louis, Missouri) was activated

by stirring in boiling water for 2 hrs. immediately priox

te use.

Other Reagenis

Sodium metal, benzophenone (Gold Label),
trifluoromethane sulfonic acid (HQBSCFB, i.e., triflic
acid), and silver triflucromethane sulfonate (AgCF3503,
i.e.; silver triflate) were all used as received from
Aldrich. Trifiucoromethane sulfonic anhydride {(CFBSOZ)ZO)

{alfa-Ventron, Danvers, MassachuSetts) was used as obtained.

- Ammonium hexafluorophosphate (Nﬁéﬁﬁﬁ) (Alédrich) was used

without further purification. NaCl and NaClO4 were both
2.C.8. reagent grade from Fisher Scientific and were used as
received. Peqﬁacarbenzl rhenium (I) chloride, (ccasgeCL,
was purchased from Pressure Chemical Co. {Pittsburgh,
Pennsylvania). Anhydrous sodium sulfate and indicating

D:ieriteR {CasoO,, anhydrous) were obtained from Aldrich.

THBQwuHuBumRTTEﬁ
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35 mherern n{ n, and r represent an integer, which may be the sgne J

di fferent, greater than or equal to 1. In one enbodi nent of the invention,
mis 1, nis 1, and r is 4. In yet another enbodi nment of the invention, Y

is attached to the nitrogen at positioné2 of T. |In one enbodinment of the
i nvention, Y has the structure [err] wherein n is an integer greater than
or equal to 1. In still another enbodi nent of the invention, nis 4.

. Argon gas from Robert's Oxygen Co. {(Rockville, Maryland) was
éried by passage through a column (3 inch i.d4. % 12 inch
height) of indiecating Drierite™ prior to use,

1,3-dimethyl-4,5~dianinouracil (DADMU} from
Aldrich was recrystallized from methanol/petreleum ether
under argen prior toc use. Anhydrous LiC104 and
isonicotineyl chloride hydrechloride were used as received
from Aldrich. A.C,S. Reagent grade NaOH from Fisher was
used without further purification. Iscpropanol (Chempure

brand} from Curtin Matheson Scientific was used as received.

Synthesis of Model Re{I) Complexes

The general synthetis scheme for lumineécent Re (1)
complexes is illustrated in ?igure-l. The starting material
for the preparation of the luminescent Re({l) complexes was
ReiC@BSClQ The synthesis of the dried Re (I} species
inveleed two steps. In the first step, substitution cf CO
by chelating é,Z”Ebiéyridine ligand produces of the facial
isomer, faca(L)Re{CC)scl. L is aachelating 2,2'=bipyridine
ligand, e.g., bpy., Clzbﬁ;. (éazéﬁ3)ZbPYv (NO,) ,bpy, Me,bpy,
?hszy, (CHBQBpry, Medbpy, or {NEtzwzbgy. The general
synthesis procedure is described below.

To a 250 m]l flask equipped with reflux condenser
and stir bar were added 361.7 mg (1 mmcl) of iCOBSReCl,
i.02 mmol of the desired bipyridyl ligand, e.g., 187 mg
Me,bpy, and 80-100 ml toluene. The solution was argon

bubble degassed for 15 min. and refluxed under an argon

urrrr T
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/Al so included in the invention is a conposition of matter having the
Estructure [err] -wherein X represents one or nmore am no acids which nay be

it he sane or different, conprising at |east one am no acid which is cysteine
for methionine, and Z is bis (2,2 -bfdyridine) maleimn dohexanoic acid,
i4-nmethyl -2, 2' bipyridine-4 -butylam de rhenium attached by the carbon at
§p05|t|Q@@ﬁa@@héréfibheswahng<¥iﬂ335t$$&in§ substihygerhial @Rl cigh@ or

et hi oni ne.

product usually precipitates from solution. After the f£lask
was cooled to room temperature the pracipitgted prcdugt was
collected by suction filtration, washed twice with 15 ml
portions of cold teluene followed by three 15 ml portions of
diethyl ether, and air suction dried for 30 min. Drying was

completed in a vacuum desiccator over CaS0, overnight. If

4
precipitation of the product did not occeur on coeling,
dropwise additicn of diethyl ether to the stirred toluene
solution induced precipitatien. The product cbtained from
this reaction was analytically pure. The yield of product
fa@s(l)R@@CQBB €l was greater than 90% based on initial
QCO)SR@C1G

The conversion of ﬁaCa(LﬁR@(CO)S to the
corresponding ﬁacs(L}Ra(CO)B(Etpy) {R}) {(where R is CFB 3 P
PFSE, Claésn was accomplished by either cf the following
two metheds.

Method I =-- Acid Method.

This method is useful for bipyridyl.ligands that
are insensitive, i.e., stable, ta strongly acidiec media. It
involves the production and isoclation of the intermediate
Re(I}) triflate species fcllowed by conversion to the
4-pyridyl ethane degiv§tivg. The following example

i1llustrates the procedure:
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36 1t is WiAEMEWee scope of the invention for one or nore of ?@Q%&@?&@
of Re to be attached to additional chem cal |abels, such as, for exanple,
radi oactive isotopes, fluorescent conponents, or additional |um nescent

rut heni um contai ning or osmumcontaining ceeters. It is also within the
scope of this I nvention for the Iabeled substance (B) to be | abeled by nore
t han one, two, three, four, nore el ectrochem | um nescent centers.

whole ce fibﬁ‘é*%%%%% 48 1505 ﬁ%&ﬁ%&ﬁﬁ&@@gséeﬁg N poproteinor’ -
gl ycopr ot ei ns—pepttees:
To a 250 ml round bottom flask equipped with stir

bar were added 456 mg (0.75 mmol) of

fac-[ (NEL bgy}Re(COBscl and 30 ml of methylene chloride.

2’ 2
To the stirred suspension were added 1.34 ml (20 times
amount required) of triflucromethane sulfonic acid HOBSGFB,
and 3-5 drops of triflucromethane sulfonic anhydride,
@Cngazyzo. The solid immediately dissolved to give a dark
velleow sclution. The flask was stoppered and the soglution
stirred at a room temperature for 3 hrs., after which time
the product was isoclated by adding 200 ml of anhydrous
diethyl ether dropwise tc the stirred solution. The yellow
preduct, facﬁi{NEtZ)2bpy]Re(CO)3(OBSCF3}, was isclated via
suction filtration. The precipitated product was washed
with six 30 ml pertions of anhydrous diethyl ether to remove
traces of trifluoromethane sulfonic acid and air suction
dried for 30-min. TDrying was completed in the vacuum
desiccator over Ca504 overnight. The yield was 500 mg of

. [ {NEt,) ,bpy] Re (CO} 5 (0 5TF,) “193% based on
[fNEtgﬁzb?Y]Reic0}3c1° The product was sufficiently pure
for use in subseguent reactions. The Re{I}-triflate species
jusﬁ described may be converted toc the corresponding Etpy

complex as shown in Figure 3. The following illustrates the

procedure,
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Enucl 3?@ 83@]4%%2 pol ysacchari des, |ipopol ysacchari des, phar maclbl oglical
tagents, tranquilizers, barbiturates, alkaloids, steroids, vitamns, am no
Haci ds, and sugars. Wiole cell may be ani mal, plant, or bacterial, and may
ibe viable or dead. Exanples include plagg pathogens such as fungi and
1nenatodes VVthln this application, term "subcel lul ar particles" neans

I rent i AR5 T BE RSO R0 s A AR 151

Lparticl es—whi-eh- -Be—det-ved—t-amttwi-Rg—erganrt-siE—ARsoi thin this

0Bl O, TG FALEY pIEERR, FECRI SO ELASLEL G el O

'nC|Ude£g¥§hxfégnﬁenser were added 150 mg. (0.2 mmolh of
fac-[ (NEt,) 21::?1(] Re(cmgmgsc&y and 50 ml ethanol. To this

A g

mixture were added 0.24 ml {10 times the amount reguize&) of
4-pyridyl ethane. The solution was argon bubble degassed
for 15 min., and refluxed under an argon atmosphere with
stirring for 2 hours. After the soluticn cooled to room
temperature, the ethancl was removed by evaporatiocn using a
rotary evaperator (Buchi Model RE-121). The remaining
sample consisted ¢f the crude product |
ﬁacaﬁ{NEtz)szY]Re(CO)S(Etpy)(CFBSOS), déissolved in the
excess 4-pyridyl ethane. The samgle was disseclved in a
minimum velumg.iﬁslﬁ ml) of 1:2 (v/v) CHSCNItclmen@ and
chremategraphed on neutral élumina {adscrption alumina,
Fisher Scientific) using a 30 em x 3 em i.4. caluﬁn.
Elut;@n with 1%2:dv/v) gﬁBCN/t@lugnQ removéd excess
é-pyridyl ethane ligand. The yellow product band,
fa@eﬁqNEtzbszy]Re(CO}B(Etpg}(C? SOSL, was eluted with 1:1

) {v/v) CHSCN/tcLuene. Although some gailing was observed,

| complete separation from a small amount of an unidentified
purple species was achieved. The sclvent fraction

! containing the product was evaporated to dryness on the

rotary évaporat@r.- The residue was dissoclved in 35 ml

methylene chloride and the sélvgﬂt evaporated again using

the rotary evaporator. Pale yellow flakes of

fac-[ (NEt bpy]R@(C@)s(Etpy)(CF3503) were obtained in 50%

U
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exanpl e, messenger RNAs, ribosomal RNAs and transfer RNAs.

Pol ypepti des include, for exanple, enzynes, transport proteins, receptor
proteins, and structural proteins such as yiral ‘coat proteins. Preferred
pol ypepti des are enzynes and serumderived antibodies. Particularly
préferred pol ypepti des are nonocl onal antibodi es. Hornones include, for

exanpl e, ¥Relll MyEdTbn BH0HG NPT RS PhBpoTse!ies) Cab 3¢enYs | nGhyde,
forﬁzxanp e, ca?diac grycosidesknft I's a?gé g??hié t%éngopelﬁﬁ thﬁ%ﬁg

i nventi onpraduct is analytically pure.

‘ B PCT/US88/03947
37

C2963§N5065F3Re

C g N 0
Theory 42.24 4.24 8.50 11.64

Found 42.90 4.51 8.24 11.93

Metha& II -~ Silver Methed

| The silver method is used for complexes containing
bipyridyl ligands susceptible to dee@mp@éition in highly
acidic environments, e.g., L = @CH30)2b§y er ﬁCOOCHs)pry.
In this method a8 scluble silver triflucromethane sulfonate
salt was reacted with the facatL)Re(CO}BCl species to form
the f&cadLBRe&CO)3¢035CF3} meiety and insocluble AgCl. After
removal of the AgCl precipitate by filtrati@g, the sclution
was reacted in situ with 4-pyridyl ethane to produce the
desired produect. No attempts were made to isclate the
intermediate faceiL)Re(CODB(O3SCF3» salts in this procedure.

The fellewing illustrates- the-method:

Preparaticn of ﬁaCEEC12bpYBRa@COB3¢Etpy)(CF3S@3§

Because silver triflucremethane sulfonate,
AgC?BSﬁaa is light sensitive, all operations were performed
in a darkened area under red safelight.
" Tetrahydrofuran (THF) was dried by reflux under an

argon atmosphere over Na/benzophenone for 90 min. The

This Sheet Has Been Rzﬁaced .

LB
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fto ngﬁgde g%nthetic subst ances which chem cally resenblgtb{oloélca
smaterials, such as synthetic peptides, synthetic nucleic acids, and
Hsynthetic nenbranes, vesicles, and |ipgpgsonmes. The foregoing i s not
{intepded to be a conprehensive | ist of the biological substances suitable
Hfor use in this invention, but is neant only to illustrate the w de scope

| of thegblivenid eas Iéameaté@lBytasségmatgbrt *ihw@néd?\%glg”‘g Q?;b ncl ude

1 | abel ed nonbi ol ogi cal substances, including polymeric eria These

| subst apeeasery be in the formof soluble polyneric nolecules, or any of the
i large variety of known macroscopic fornms such as, for exanple, beads, or

containers gwels as digst230hes, xbehd| BoLtansS ELawkl leuippddarith
' gstirbar and reflux condenser were added 500 mg (0.9%4 mmol)
facﬁ€C12bpyPRe€C0)381, 242 mg. ({0.94 mmol) AgCF 3503 and

100 ml of dry THF. The contents of the £lask were argon

bubble degassed for 15 min. and refluxed under argon
atmosphere with stirring for 3 hrs., at which time the
contents of the flask were suction filtered using 2z glass
fritted funnel {(fine porosity) to remove the AgCl
precipitate. The AgCl precipitate was washed three times
with 15 ml portiens of methanol. The CHBOH washings were
combined with the f£iltrate and added to a clean 250 ml round
bottom flask equipped with stirbar. 0.75 g (6.359% mmol) of
4-pyridyl ethane were added, the solution was argon bubble.
dggaésed for 15 min. and refluxed under argon atmosphere for

2 hrs.

After the orange-brown soluticn cooled to room
temperature the methancl and TEF were removed using the
- rotary evaporator. The preoduct sdurry that remained was

purified by either of the following two methods:

Procedure 1

An alumina ceolumn (15 inch height x 2 inch i.d.)

with 1:2 (v/v) CHE_CN/toluene was prepared as described in

3
Method I for the purification of facE[(NEtziszy]Re¢C0]3

{Etpy) (CF 5033. The sample was dissoclved in 10-15 ml of 1:2

3

—
——
—_—
——

i i



like. BioPBYET¥4 and nonbi ol ogi cal substances (B) may be cJﬁFﬁ%ﬁ?@ﬁE?%?a

| i gand of Re where such conjugation is by way of am de or am ne |inkages.
The |inkages may be oriented so that material (B) is bonded directly either
to 38 the carbonyl or to the nitrogen of gthe am de |inkage. These

chem cal noieties may be ionized. If so, it is understood in the art that

i O TTRLo0) CRURARII PRe M |dnd ol dfad® DRLL' Bhb? %1 iful N B Yon
with 1:2 {v/v) CHBCN/toluens remoeved a small yellow band
identified as (CLZbe)Re(CO}BCl, Elution with 1:1 (v/v}
CHSCN/t@luane removed a compact orange-~brown band. This
overlap limits the yield of the reaction to 17% based on
facE(CLszy)R@iCOBBC1. Although the yellow product band
tailed, it separated cleanly from a number of trailing
yellow, purple, and brown bands on the cclumng. No attempt
wag made to isclate or identify these side products.
Isclation of the ﬁaca(ClszyDRetcc)B(Etpy)(CF3303) product
was identical to that.described for

fae-[(NEL bPYIRe(GO}B(Etgy!dCngOS} in Method I. -

22

Procedure 2

An improved yield of complex was obtained through
the use of ion exchange chrémat@gfa9hy as a purification
procedure. A column (2 cm i.4. x 30 cm length) éﬁ
$P-Sephadex C-25 ion éexchange resin was prepared in water.
The slurry cbtained from the product workup was mi#ea with
approximately 10 ml HZQ and acetone was added dropwise until
a homogeneous sclution was observed. SP-Sephadex C-25 resin
.wag added to the crude product slurry solution until the
product was absorbed onto the resin. The acetone was |
removed by evaperaticn using the rotary evaporator. The
resin containing the absorbed reaction products was loaded

onte the column. Elution with B,0 removed 4-pyridyl ethane

and uncharged ﬁac«(Clszy)aé(coﬂgﬁﬁtgy)* cation was eluted

A



=
loi ay.89/88302 abl e cations include, for exanple, Herr], RAIFUSE8/03947 -+

b+ + 2+ 2+ 2+ guanidiniunferr],Ag[err],Li[err], Na[err] ,
"Klerr], Mg[err] , Mierr], and Cd[err]. Suitable anions include, for
idexanpl e, halides, OHerr], carbonate, Sggerr] , hexafl uorophosphate, and
itetrafl uoroborate. Advantages of Re-Containing noieties A major advantage
Hof the electrochem | um nescent chenical noieties containing the netal

| ooy e T JEIT RS 2b 185 RANREY" 0723 Fpch B ASBhof e REPEY | es and
in the uldd naLeaddpstbene Rl LRQSEIBRI SubeS ddh G Ueat i puah anglyte of

I nterest.
product was isolated as the Pﬁﬁs salt by addition cof

saturated agueocus NH4PF6 solution dropwise to the 0§.25M NaCl
solution containing the product. The
ﬁacs(812§py)Reic0)Bﬂztpy)(PF53 precipitate was collected by
suction filtration on a glass fritted f£ilter (medium
porosity). The product was suspended in 10 ml HZQ
containing 1 drop saturated NH4PF6-sclutien, Acetone was
added until the sclid completely dissclved. The complex was
precipitated in pure form by slow evaporation of ﬁh@ acetone
at room temperature on the rotary evaporator. The complex
was ccllected by suction £iltration on the glass fritted
filter (medium poreosity) and washed with 10 ml ice cold th.
The complex was then washed with twe 15 ml portions of

diethyl ether amnd air suction dried for 30 min. Drying was

completed over 63504 in the vacuum desiccator evernight. A

yield of 24% based on ﬁClszbee(CO)BCl wag obtained. The

! small, bright yellow crystals of -
facsiClszy@Re@CO)BKEtpy)(?ng were analytically pure.

CZQHIENBQBClzRePFS
[ N
Theory ’ 32.14 2.02 5.62
Found ’ 32.80 2,12 5.49
TR
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to the osm um and rut heni um conpl exes which require 3, 4 or 5 steps. Fig. 1
descri bes, schematically, the two process steps enployed to prepare the
rheni um contai ning noieties of the invelftion. Wth reference to Fig. 1, the
starting material for the preparation of the lum nescent Re(l) conplexes is
Re(CO[err]d. The synthesis of the desired Re(l) species involves two
steps. In the firstIst gppesadst compilexes @ambyinbagati ng 2, 2' - bi pyridine

| i gand produces the facial . _
electron~releasing substituents such as NEtZ; CH

2eties can be synthesized in two-step procesESI/UFSHEIMI a5t

30, CHB'
etec., react cleanly and are readily purified using Procedure
1. Complexes containing electron-withdrawing substituents
such as Cl eor NO, on the 2,2"'-bipyridine ligand are best
purified using Procedure 2. The electron withdrawing nature
of the 2,2'-bipyridine ligand in such complexes abstracts
electron density fzém the formal Re(I) center. The
resulting increase in partial positive charge at the Re
center results in a greater electrostatiec attraction between
the Re{I) and C1° . The strengthening of the Re-Cl bond that
.ﬁ@sults decreases the effectiveness of Cl as a leaving
greup in the presence of silver cation, Ag¢ or H@BSCFSa
Consequently, attack of these species at other points within
the Re{I)-Cl complex tc generate side products beccmes
competitive with simple C1~ displacement. The charged
products which apparently result are best separated using
ion exchange resins.

A summary cf the fac- (L) Re {CO) , {Etpy) (CFSO,)

- complexes synthesized toaéatéj’as well as yields after
purification and methods of preparation (Acid -- Method I;
Silver -~ Methed II), is shown in Pigure 4. Emission maxima
for the complexes in CEBCS are alsc listed. Emission
spectra were abtainéd using a Perkin-Elmer Mcdel LS§-5
gp@ctraﬁluarimgter;

The emission spectra were not corrected for

variations in detector sensitivity with wavelength and are

laced .

WL



9 iWOBBO4ML._ (L)Re(CO[err]d. L is a chelating 2,2 - BGHES#SMBB; ganda,
.9., bpy, Qflerr]bpy, (COerr]CHerr])[err]bpy, (NJerr])[err]bpy,

" Me[err]bpy, Phlerr]bpy, (CHerr]OJ[err]bpy, MeJ[err]bpy, or
H(NEt{err])[err]bpy The conversionqf fac-(L)Re(CO[err] to the

‘ corresponding face(L)Re(CO[err] (Etpy) (RK (where Ris CF[err]CJerr],
L PF[err], Co[err]) is acconplished by either an acid nethod or a silver

FﬁLQﬁSﬂ.ve b B8 BRokiaHCS Hhgndty %c.d.l‘é'%% ”fcr?ret% Hh%es the
| br oduciuan, g 2ot LA A ﬁégﬁ_ebﬁn?,gﬁ]ei' g2 la I3 d Iy

%follome y conversion

|flate eC|es
et hane é?l Eﬁ

compounds.

Two iuminescent Re{I)~-theophylline species have
also been prepared as model sensor-analyte conjugates. The
preparations are described as below:

EXAMPLE 1

Preparation of thecphylline-8-butyric acid,
3-propylpyridylamide (T8BA3PPA): Compound I

0.163 g (1.2 mmol) of 3-(4 pyridyl)-propylamine
were combined with 0.776 g (1 mmol)} of
dicyclohexylcarbodiimide in 10 ml of anhydrous pyridine.

The resulting solution was allowed to stir overnight.
Precipitated dicyclohexyl urea was filtered off and the
filtrate was concentrated under vacuum. the remaining solid
was dissolved by boiling in 50% aquecus isapr@@an@i. Cn
cocling a small amount of sclid had fallen cut wh;ch was
filtered cff. The filttate was concentrated to y;eld an cil
that slowly sclidified en standing. The solid was dissclved
© in 160 ml 0.1N HCl and again filté&red to remove a small
amount ©f insoluble materials. The pH was then adjusted to
7 with aqueous sodium carbonate. The solutien was cocled on
ice and a crystalline white product was obtained (yield
0.149 g, 39%). The product was characterized by elemental

analysis and prat@n NMR to reveal the following structure:

This Sheet Has Been R E
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The silver nmethod is used for conplexes containing bipyridyl |igands
susceptible to deconposition in highly acidic environnents, e.g., L
=(CH err]O|[err]bpy or (Crii}ﬂerr])[err]bpy In this nethod a sol ubl e
silver trifluoronethane sulfonate salt is’feacted with the
fac-{L)Re(CO[err]C species to formthe fac-(L)Re(COJ[err]((err]SCFerr])
noi ety and i nsol uble Agd . After renoval of the AgC precipitate by
filtration, the solution is reacted in situ with 4-pyridyl ethane to
produce the desired product. Another inportant advantage offered by the
Re(1) conpl exes described herein versus the anal ogous Ru(ll) conpl exes
relates to their ability to permt tuning of the em ssion wavelength i.e.,
color) for the Re(l) conpl exes

if]

EXAMPLE II

Preparation of face(bpyjaeﬁcc)s{TSB&SPPA}@Cloﬂﬁg
Compound I

FacgibpyhaéaceksﬂOSSCFsb was prepared'as described
above using the acid procedure (Method I}.

Intc a 100 ml §6@ndw§ct£§m flask equipped with
stirbar and condenser were added 155 mg (0.27 mmol)
ﬁace@bpyﬁgeic0)3ﬁ0358?33, 129 mg (0.37 mmol) Cempound I, 20

_ ml 8,0 and 20 ml ethanol. The solution was argonm bubble
degassed for 15 min. and refluxed under argon atmosphere for
3 hrs. After cooling to room temperature, the solvent was
evaporated on a yotary evaporator. The dry solid was

dissolved in 10-15 ml of methanol and €.2 g anhydrous Lic104

Sheet Has. Been




i veﬁvqggwMggzthe vi si bl e spectral region (i.e., 40 SngWMP§§U@#%F. The
rigins of this property lie in the quantum mechanical characteristics of
(the |ight em ssion process for the conplexes. A quantum nechanical analysis
Wof the | um nescence process for Ru(l 7B conpl exes indicates that (1) with.
if ew exceptions, the observation of room tenperature |um nescence |ndf:U|d

I sol uti graFeouiaes, Cophdhnghbonioh o3 Ghal atd k1§ 8RS, Of he.bipyridyl or

{ phenant hroyl type toﬂ%%e g%é(%%%; 4 ¢ solu l°§ Vias
transferred to a Sephadex LE-20 column (75 cm height x 2 em

i.d.} for chromatographic purification. The column was

}# @quilibzatgd with methanol. The sample was run at a flow

g rate of between 0.1-0.2 ml/min. Three bands separated. The
ﬁ leading ha@d fluoresced at 567 nm in CHBOH and was the
desired product (Compound II}. It separated cleanly from
the remaining bands. Neo effort was made to identify the
minor products represented by these bands. The product was

isolated by evaporation of CH3QH on the Zotary evaporator.

The complex was dissolved in 8§ ml CHSOH and gravity dripped

inte 130 ml stirring anhydrous diethyl ether. The complex
was precipitated as a light yellow-green powder. It was
eell@@tgd'by suction filtration cn a glass fritted filtex
(medium porosity) and washed with two 15 ml p@rtiqns of
anhydt@us diethyl ether. Aair sucti@n'&rying was avoided.
Prying was completed in the vacuum desiccator over Ca804_

overnight. A 48% yield of Compound II was cbtained based on

facaﬂbpyﬁae{CO)3(OBSCF3}. The complex was analytically

=

- pure. -

» C4,H3,Ng0, oClRe [910.05 gt/mmol]

c H N 0 ¢l
Theary 42,23 3.52 12.32 17.58 3.90
Found . 41.72 4.00 12.58 17.98 3.74

The preduct had the following structure.

—

—
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(2) quanfﬁﬁfgvg?%% exi sting at energies near the em ssive staFgﬁvpﬁg% %hg

| um nescence intensity available fromRu (I1) conplexes; (3) substitution
of groups on the chel ating bipyridyl or phenanthroyl |igands results in
only imted changes in the em ssion enetgies of the Ru (11) conpl exes; and
(4)- the lum nescence efficiency generally decreases as the nmaxi mum em ssi on
wavel ength increases for the Ru-(Il1) conplexes. These factors |imt the
usabl e wavel ength range to 580 nmto 750 nmat roomtenperature in fluid
solution. A simlar analysis of the em ssion process for rheni um conpl exes
indicates that (1) emission in roomtenperature flui-d solution reguires
that only one coordinating bipyridyl or phenanthroyl |igand be pr gsentg at

N,ﬁ

EXAMPLE III

Preparation of 1,3adimethylsﬁaamin9ese
{isonicotinylamide)-uracil: Compound III

Compound III was preparxed by the reaction of
isonicotinyl chloride hydrochloride (INC) with
1,3-dimethyl~4,S-diamino uracil (DADMU) in dry pyridine as

dgscxibed'belowe

-
- >

- DADMU was purified by recrystallization from
methanol under argon atmosphere and dried overnight over
casag in. the vacuum desiccator. The pale yellow cémpcund
was stored under argon.

A 100 ml round bottom flask egquipped with stirbar
was deaerated with argon gas and cooled in an ice bath.
Using a syringe, 35 ml dry pyridine were added and the

system deaerated with argon. After 15 min. 1.04 g

e aa



' consi der abl e | eeway in the choice of the final
. ligand (e.g., O, pyridine, CHerr]CN, etc.). The en ssion wavel ength
maxi qumis controlled by the identity of this nonodentate |igand and the
substitution 41 pattern at the ghelating bipyridyl or phenanthrolyl
noi ety. This leads in part to the w der range of em ssion wavel engt hs
{ avai abl% §Hramdilecfohpbaicstionyls chileodq Ihydxpetleside were

gepter. Although 3 COligands are al so requi r e®CIyUS8%/03%47

added in three portions over a 15 min. interval.
Dissolution tec a brown solution occcurred. To this solution
were added 0.98 g (5.76 mmol) DADMU with stirring under the

argon atmosphere. A reflux condenser was attached to the

‘flask and the flask was transferred tc a water bath. The

contents of the flask were refluxed under argon with
stirring for 2.5 hrs. at 80°C. The brown mixture was
allowed to cool slowly to room temperature under argon
overnight. A yellow brown precipitate was collected by
sﬁcti@n £iltration on a glass fritted filter (medium
poresity) . The precipitate was washed with four 15 ml
porticns of cold toluene to remove pyridine and a soluble
brown impurity. The precipitated product was washed with
three 30 mi portions of diethyl ether and dried overnight in

the vacuum desiccator over CaSe The product was then

40
recrystallized from ¢H3cnidiethyl ether under axgon
atmosphere to giéiﬁ O,Ség of the yellow product Compound III

({38% based on initial INC). THe product had the following

structure.

nonodent at e coordi nati ng
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There @ 88/84302int um states with energi es near the emi ssi vePSTAUSES/BITcan
i nhibit emssion in the Re (I) conplexes. 1In contrast, inthe Ru (I1)

conpl exes, the enission efficiency generally falls as the wavel ength of the
em ssi on nmaxi num i ncreases. Thus, the usable wavel ength range of emnission
for  the Re(l) conplexes is apprOX|nater 500 nm 800 nm The slight increase
in the red response for the Re(l) versus Ru (11) conplexes is due primarily
to j he somewhat increased broadness of the Re(l) em ssion spectra versus
the Ru(l11) emssion spectra. The Re(l) conplexes thus have an |ncreased
range of accessible em ssion wavel engths as conpared with the

EXAMPLE IV

Preparation of 8-(4-pyridyl) theophylline: Compeund IV

Compound III was rgaéily_cyciized to the
corresponding theophylline species (Compound IV), by the
following prodedure.

To a 300 ml Ehrlenmeyer £lask containing a stirbar
were added 6.75 g (24 mmol) of Compound III and sufficient
2.5 agueous NaOH (approximately 100 ml) te dissolve
Compound - I1II. The yellow-orange solution was heatéé with
gentle stirring until beiling began. Gentle boiling was
maintained for 30 min. during which time a precipitate began
¢¢ separate. The gsolution was allowed toc coel to room
temperature and the pH was carefully adjusted to between 5

and 6 using 6¥ HClL (ag). During neutralizaticm, the initial

Replaced

il
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- RU?$Q?%@%%%%unds.'The uni que structure of the Re (1) conpl%xes’also permts
li greater flexibility and ease in selecting the desired maxi mum eni ssi on
wavel ength by structural nodification of the conplex than is possible with
4 the Ru(ll) conplexes. The gnaﬂ%ﬂ range of avail abl e em ssion wavel engt hs
: for Re(l) versus Ru(ll) allows one to neasure enission fromone Re(l)
conplex in a solution of several |lumnescing Re(l) species with m ni mal

I nt er {26eAsl datUNAUESIVET hicak CokifigeOdBebitigne @y |uminescers. 42
neutralization approached ccmpletion, reprecigitatian
pecurred. The salution was cooleé on the ice bath for 1 hr.
and the pale yellow solid was collected by suctien
filtration on a glass fritted filter (medium poresity}. The
precipitate was washed with three 20 ml portions of diethyl

ether. The crude product was dried aver CaSld, overnight in

4
a vacuum desiccater. The product was purified by
recrystallization from dimethyl formamide (DMF}. Crystals
were collected by suction filtration as above and washed
twice with 20 ml portions of ice cold isopropanocl, followed
by three 30 ml portions of diethyl ether. Drying was
completed overnight in a vacuum desiccator. The yield was
1.87 g of metallic white crystals cf Compound IV (30% based
enn initial amount of Compound III}j. Compound IV melted at

337.9-339.5°C to a clear orange liquid. Compound IV was

analytically pure.

C,.E. .N_.0,[257.17 g/mole]

. 127117872 - . -
c___ B N o

Theory 56.04 4.28 27.24 12.44

Found - 56.08 4.38 27.17 12.53

The preduct had the following structure.

TR
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| mproved Assays Using Re-Containing Mieties The invention is also in

nmet hods of determ ning the presence of a chem cal noiety having forrmula I.
The net hod conprises: (a) formng a reagent m xture under suitable

condi tions containing the Re-containing chem cal moiety; (b) inducing the
noiety to enmit electromagnetic radiagi on by exposing the reagent mxture to
chem cal, electrochem cal, or electromagnetic energy; and (c) detecting the
emted el ectromagnetic radiation and thereby determ ning the presence of
the chem cal noiety. Suitable conditions for form ng the reagent m xture
will be known to those skilled in the art and will depend on the type of
reagent m xture involved. For

EXAMPLE V

Preparatiocn of Fa3e(bpy)3e{CO}BESE{4spyridylthe@phylline3)é
CEBSOBDs Compound V

Into a 100 ml round bottom flask egquipped with
stirbar were added 150 mg (0.261 mmol) '
faca(bpbee£CO®3(0352F3D, 250 mg (1.04 zmol)

B8~ ({4-pyridyl) -theophylline apd 48 ml of 2-methoxyethancl.
2-methoxyethanol was used as the solvent because

8- (4-pyridyl)-theophylline is inscluble in ethancl and
water. After 15 min. of deaeration with argon, the soluticn
was refluxed for 4 hrs. under argon atmosphere. After
cooling, the solvent was removed by evaporation on a rotary
evap@rét@z. The sclid was extracted with 20 ml methanol and

filtered through a glass woocl plug to remcve insoluble

——

i
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exanpl e, suitable conditions for an aqueous reagent m xture may include
appropriate concentrations of chem cal noiety and other reagents such as
. oxidants, pH, salt concentration and the like. For a solid sanple,
sui table conditions for form ng a #¥eagent mixture may include addition of a
conducting liquid. The nmethods of this invention include nethods of
det ectg.nps L Her €890 C2heBBhlV (i Bidhridle MRt ¥ileraaBakhe of binding to a
chemical agent, 1.e., formng a specific conplex with the chem cal agent.
Sui t aldir e Sraphbiden BUBepHRAGEH THIUG bl @nnWiPkeetehblght kUSES,
subcel lul ar particles, nucleic acids, polysaccharides, proteins,
gl ycopgmt £i @s) hipagr peehanoll a0 ey oo | deBwo| bahds, were

cbserved. The leading band (major product) was Compound V
and was separated from a minor, unidentified impurity band

{elutien rate 0.1-0.2 mi/min.). Concentration of the

fraction containing Compound V to 5 ml methanol volume on
the zotary evaporator followed by reprecipitation in the 100
ml stirred diethyl ether gave Compound V &s a pale
lime-green powder. Compound V was collected by suction
£iltration on a glass fritted filter (medium porosity) and
'dri@d cver CaSQ4 overnight in a vacuum desiccator. Yield =
126 mg (42% based on ﬁacé(b?ykﬁe(COIBQGBSCFsﬁ}. The pzo&uct

was analytically pure.

€.  H, O, F ReS [822.6 g/mole]

26198 3
€ H N o
Theory = 37.50 2.28 11.178 15.37
' Found 38.19 2.53 11.77 ~15.78

- The product had the following fsrmula,
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43 fatty aci ds, peptides, cellular netabolites, hornones, pharnaéylochal
agents, tranquilizers, barbiturates, alkaloids, steroids, vitam.ns, am no

aci ds, sugars, or nonbi ol ogical polyners. In one enbodi nent of the
i nvention, the chem cal agent nay be i molBPl i zed on the surface of an assay
vessel . In another enbodi ment, the chem cal agent nmay be a serumderived

anti body or a nonoclonal antibody. O particular interest are
anti body-antigen pairs of materials. This binding nmethod may be used to
deferm ne the presence of

@cﬁssazﬁ

EXAMPLE VI

Preparation of FacB(bpy}ReﬂCODsESetéspyridyl}éngpienic

acid] C104°HQO= C@mpcmnd Vi

Inte a 250 nl zound bottom £lask eguipped with
- stirbar were added 300 mg fﬁ.SZi} mmol) of

fac=(bPY)ReiGOS3C?3SOB,.?9.2 mg {(0.524 mmol) of
 3-(4-pyridyl)-propionic acid, 70 ml o©f ethanol {(abssclute)
and Selml of water. The mixture was deaerated with argon
for 15 min and then refluxed for 4 hrs under argon
atmgsphere. The sclution was cooled and the sclvent was
stripped. The residue was dissclved in the minimum amount

of water, placed on a SP-25 Sephadex column, washed with

T
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x| abel ed antigens, such as, for exanple, digoxin or digitoxin in conplex
WM xtures such as blood, urine, or synthetic reaction m xtures by first
 exposing the mixture to inmobilized a%%ibodies specific for the antigen of
Jﬂinterest, and then measuring the amount’ of |abeled material bound to the

i i mobiJg.zad a0 i bodi s wThs pYSA! haeiad! Sadcudes Jel Dogs det er i ni ng
|t he pb%ience of ana ytéglof Pntgrest which bind to gﬁ%%en1cg%8%%iety havi ng
i the foudiddn wddCcdEibFeQORREI 283 voliind Ydiutha SagEsh hytyne under
ﬁsuita%{e condi tions cOntai%ing the Re-containing cheﬁ%ca nDFg%é;H(b)

1 | nducigig dilee feEEVapOrLbbt. ¢l enkr eoReeeitds gRdiM I LTady SEPESi Ny the

i reagent mxture to chemcal, electrochem cal

* warmed with the heat gun and 1 ml of concentrated perchloric

acid was added dropwise. Lime-green crystals formed. These
were isclated by suction filtration om a 15 ml medium
porosity fritted funnel, washed with a very small amount of
ice water, and air dried for 30 min. The érystals were

further dried in a vacuum desiccator over Drieritega

C, .H,.0 N ReCl-H_ O [€695.04 g/mol

21717 g 3 e
c H N
Theory 36.29 2.76 6.05

Found 36.19 2.49 5.86

The preduct had the following formula.

€io

|
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or electromagnetic energy; and (c) detecting the emtted el ectromagnetic
radi ati on and thereby determ ning the presence of the analyte of interests.
Al so provided are nmethods of determ ning the presence of an anal yte of
i nterest wherein the analyte and a 42 chem cal noiety having fornula |
bind conpetitively to a conplenentary nmaterial. By "conplenentary material"”
I S nmeant, any substance capabl e of fgxaMPeEcamy exes with both an anal yte
of interest and a | abel ed analyte of "1 nterest or

- Electrochemiluminescence of Variocus Rhenium Compounds

The electrochemistry of varicus rhenium compounds
was measured as 1 mM solutions in 10 ml of nitrogen-purged
acetonitrile with 0.1 M tetrabutylammonium tetrafluorocborate
as a supporting electrolyte. The working electrode was a
platinum disk obtained from Biocanalytical Systems, Inc.,
West Lafayette, Indiana. A platinum wi:e was used as a
counter electrode and a 1.0 mm silver wire served as the
reference electrode. Measurements were made by scanning
from -2.2V to +2.2V {vs SCE) at a scan rate of 100
mV/second. After each electrochemical measurement the
potential difference between a Saturated Calomel Reference
Electrode (SCE) and the silver wire was determined. Thus,
the values reported are corrected to the potential vs SCE.

Electrochemiluminescent (ECL} measurements were
made in agueous soluticns e@nﬁaining 0.1M phosphate-citrate

R xglgo -

buffer (pH 4.2), 25.mM oxalic acid, and 1% Triton
fhe electrode system used consisted of two platinum gauze
{52 gauge} aleeté@ées connected to a Radio Shack tramsister
socket ($#276-548) by a 0.1 inch platinum wire. The
electrodes were mounted on the outside of a 60 ml thick
pliece of céllulase acetate plastic. This plastic was
machined so that a 1/4 inch diameter hole allowed solution
to flow easily between the working and counter-reference

electra&@s. The electrodes were connected to the

p@tentiéstat so that one electrode functioned as a working

e e
_—
_ . I

"l



T a Wed8PME38hal ogue of an analyte of interest. The met hBGTEURERNRT: (o)

1 contacting the conplenentary material, the Re-containing chem cal noiety,
and the anal yte under suitable conditions so as to forma reagent m xture;
(b) .inducing the chem cal noiety to82mt el ectromagnetic radiation by
exposing the reagent m xture to chem cal, electrochemcal, or

el ectromagnetic energy; and (c) detecting the emtted el ectromagnetic

r adi.ail@ctande hiwkbsh deasr milpssy the theaphotamul pielber. tibe) pandse,
"inducing to emt_electromagnetic radiationt," refers to creating an

exci t O edectiodni BegctihpBRC| ani ABeceouata ANE R ferertecen 200

nanoneters (nm and 900 nanoneters (nn)_ at anbient tenperatures. Variations
electrode. Measurements were made by sweeping from 1.3V tc

2.5V (bias potention) at a scan rate of 50 mV/second. The
'ECL neasurements are reported as the signal to noise ratio
(or signal to background ratic) for a given concentraticn of
@@ﬁponnda Background is defined as the luminescent counts
observed with buffer an& ne ECL compecunds added,
Luminescent measurements were the peak light output observed
- during the first or second linear sweep.

Both electrochemiluminescent (ECL) and eyclie
voltammetric measurements ©f each solution were performed
with either a EG&G Model 273 potentiostat or an Oxford

bipotentiostat (Ursar Scientific Instruments). The photon

flux of each ECL measurement was monitored with a Bertheld
luminometer modified so that either a two or three electrode
system could be placed in the ¢.5 ml measuring solutien.
B@th’electrochemiéal ané electrocheniluminescent |

measurements were recorded on a Kipp & Zonen

el 4

Model BD 91 X, ¥, ¥° recorder. _
Flucrescence measurements were made with

50 micromelar sclutions on the desired compound in 3.0 =l of

the previocusly deécribed ECL buffer, or when insoluble in

the bufféf, in acetonitrile., Measurements were made on a

Perkin-Elmer 18-5 Fluorescence Spectrcphotometer. Prescans

cf the solutions' excitation and emission spectra were

performed before the excitation an demission spectra were

e

R taced

" il



S W @ g o aSeSUPY Wed ST S

in the chem cal structure of the |igands can change the value of the energy
I nput required to create the | um nescent gxci ted state. Simlarliy, the
wavel ength of the emtted el ectromagneti C radiation is dependent upon the
nature and environnment of the rheniumcontaining material. Generally,

Fadi at | of SRR bt Eo o RAABHaR P B o A AR [
vayel enoLll o KoWafa SR A LIS SRR LnBR SR AP VL B R e 4°
@@ni@rgely, the excitation spectrum could be recorded while
monitoring the maximum emission wavelength.
Table 2 summarizes the electrochemiluminescence

data of several compounds.

2 ! ® 7 N
Compound Ex Epoa Flucrescence _EC, (S/N)
Re (bgy) (D) 172V =118V (1) 400 mn  2.0x10 M
(4-Etpw) {2) 585 rm {30.0)

] oy g
Re (bpy) (O0) 4 N.D. N.D. (1) 421 me 2.2x10 ‘M
(2) 567 me  (8.2)
Re (4,4°~(C1], 1.79V  N.D. (1) 371 mm  1.16x16° M
~kpy) (O} 5 | | (2) 610 e (71.9)
Re(4,4'~Methyll, 172V N.D. (1) 404 nm  9,15x10™
by} zc@p3q4~a§ﬁgsy‘f ' {2) 556 mm (5.5}
Re (4,4 '~ (Methenyl, 1.74 ¥ N, - (1) 395 m  1.08x10° M
T —bpy) (00} , (4-Epy) (2) 568 mm {5.9)
Re(4,4° [ (EL) NI, 1.63V  (lrze- (1) 414 nm  1x207 M
~bpy) (C0) , (4-Btpy) _ versible {2) 503 rm {2.0)
Re (4,4’ ,5,5'~[Mel, .77V N.D. (1) 393 s 1.00x10 M
~py) (€0} , (4~Etpy) (2) 5300 (2.6)
{1) Excitation; (2) emission.
"
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em?g%gré generally occur with the emtted el ectronmagnet i%qgjdﬁagmsg?? bei ng
bet ween about 200 nanoneters and about 900 nanoneters in wavel ength. The
potential at which the reduction or @xidation of the chem cal noiety occurs
depends upon its exact chem cal structure as well as factors such as the pH
of the solution and the nature of the electrode used. It is well known how

t det ] th ti I ] ' ] [ : t.h
photol un nescent o0 CoacaE i pat B faebbae A" BEWRI Re Tk o) ength
of an &hi#ekhERLTLLUTHRGHC Baia Atk CHERLL LI BPECERbBKRER N sTNEIE are many

met hods for quantifying the anount um nescent, specles present. The

rate ofaedsr ¥ g@@ggli@h@rtmaégggdﬁﬁ@gn provi de a neasure of the
| um nescent

= ‘EXAMPLE VIIT

Use of an Internal Standard
for an ECL Based Assay

Several experiments were performed to investigate
the use of an internal standard for electrochemiluminescence
{ECL). The use of an internal standard for ECL measurements
requires the addition of a second lumophor or "TAG" into the
sample sclution. One TAG is the calibrant or analyte and

the second is the internal standard. Light emission from

This Sheet Has Been Rﬂililced

W




speci es. SurtaBTg*heasurenents include, for exanple, neasureneﬁF?wyﬁmwnauﬁ
el ectric current when the | um nescent species i s generated
el ectrochem cally, the rate of reductant or oxidant utilization when the
| umi nescent species is generated chemically 8 the absorption of
el egtromagneti c energy in photolum nescent techniques. In addition, the
| um nescent gpgaGi t Il : '
el ectromagnetic ra |éa'?|5%%€ ﬂ%l %ﬁ%%ﬁteﬁggg%i agﬁgﬁﬁ%ﬁéﬁs%dgegﬁgﬁ&&as
conti nuous, g wRAp ath WASHFIESRSLIOE 2% @gﬂ@@ﬁg@gﬁé@%ﬂgﬁ&ésﬁdd the
signal over a long period of tinme. Rate-based neasurenments may be carried
out with photBiddddl e Ewbosacohehned aded iFfaaiOWANSISALERgt O Produce
electric currents

Materials and Equipment

The ECL from both the internal standard and the
caiibfant was measured in a "Flo-Thru” housing. The housing
consists of a light-tight enclosure in which fluid ang
electrical connections are made to the electrechemical cell
and the cell is aligned with a head-on pheotomultiplier tube;
The light intensities were measured with a Hémamatsu
photomultiplier (PMT) and an Oriel Model 7070 PMT detection
system. The potentiostat was a Princeton Applied Research
{PAR) Model 173 programmed with a'PAR Model 175 (scanning
between 1.8 and 1.0 V vs. Ag/AgCl at 100 mV/s). The
electrochemical cell was a Bioanalytical Systems cell
modified to accommodate é solution inlet and cutlet port in
the cell bleck. The working electrode material was gold
which was embedded in the block. A stainless steel
faceplate with a window for the PMT to the cell was used as
the counter electrode. -The -seference electrode (Ag/agCl)
was external to the cell bleock and placed down stream.
Fluid flow anéd sample introduction were performed manually
using a peristaltic pump. Light intensity profiles were
recorded on a Xipp & Zonen X-Y-Y recorder., Stock solutions
of the TAGs were prepared by dissolving in the buffer. The
buffer éensiste& of 0.15M phosphate, ¢.10M tripropylamine,

and 0.05% Tween 20 at. pR 7.0.

T



58043 %nal in magnitude to the incident Iight .nteﬁEjszw%%ﬂ%? usi ng

& charge couple devices. Exanples of cunulative methods are the integration
@ of rate-based data, and the use of photographic filmto provide cunulative
} data directly. Al of these |um nescegge-based nethods entail repeated

| um nescence by the rhenium containing conmpound. The repetitive nature of
: the d:trih%@ ;dﬁugguégéjanU|shes these | abels fromradi oactive isotopes
or Bot#HE=t +raeseert nol ecul es such as lumnol. The latter

The ECL of Os(bpy)sz*, OsTAG, was investlgated.

on scanning the poteatial in an anodie directieon, two light
emission prefiles are cbserved. Light emission in the form
of a plateau is observed near the formal potential of

3*/2*(@.8v vs. Ag/AgCl). The seconé emission ocecurs

0s (bpy) 4
more positive at 1.46V with a peaked shape. This second

emission is much more intense and near the tripropylamine

R T ST b by g A A K o s T

B

cxidation. The extrapolated detection limit was 100 pk

{using a Hamamatsu R374 PMT}.

e R e

The ECL of (Me4b§y3Re(433tspyr)ica)B*,ReTag was

investigated. The formal potential for exidation is 1.7V

BNl =it A

vs. Ag/AgCl (measured in acetonitrile by cyelic
voltammetry). The ECL max is shifted positive (1.58V)

relative to 0OsTAG, which reflects the much more positive

T S e e
S R S R e

formal potential for oxidation. This material is of
interest because it emits at 345 nm (water). The ReTAG

emission is well separated in wavelength from that of

é : Osﬁbpy332+ﬁ750 nm} and hence allows for optical separation
using simple filters. The éktgaﬁblaﬁéd detection limit of
ReTAG was 100 pM (Hamamatsu R268 PMT).

Based on the ECL performance in the two proceduxes
described, éhese compounds were used to test the possibility
of using an internal standard for ECL. OCne criterion for an
internal standard (OsTAG) is that it emit light

independently of the calibrant TAG (ReTAG), i.e., the

following queﬁching reaction should nct occcur:
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| abel s produce a detectable event only once per nolecule (or aton) of
| abel, thereby limting their detectability. In the chemcal nvoieties
useful in these nethods, biological and nonbi ol ogi cal substances B may be
i ncorporated into the noieties by coor di 88t i on directly to Re or by
attachnent to a ligand of Re. Attachnent may be through coval ent bondi ng,

or by electrostatic or hgdrogen bonding., Many di verse ngans.af._effecting
coval ent bondingﬂﬁﬂbggﬁgtacés{§%;§H$%ﬁ%ﬂﬂ?ﬁ ~“B¥r h{€Ohyai | abl e. The

atfaching |linkage may be, for exanple, an am de or am ne bond, an ester or
t hi oester, an ether or thioetl2e® or a f y. ot her |inkages known to
the art. The type ofgﬁﬁng a mﬁﬁ1(#?£¥é§§§ﬁgﬁgﬁgﬁ?PYﬁ%(gggstituents of the
| i gand

The fellowing experiment was performed. At

censtant OsTAG concentration (1 micromolar), and varying
' ReTAG concentrations (0 to 100nM), the ECL of OsTAG was
observed using an R268 PMT and LP 700 long pass filter. See
Fig. 2. Within experimental error, no influence upon the
O0sTAG ECL by ReTAG was observed. |
The same experiment was repeated except that the
LP 700 was replaced with a short pass 620 filter to observe
only the ReTAG ECL. The calibration curve for ReTAG is
shown in Pig. 3. A calibration curve for ReTAG without
. C8TAG is also shown in Fig. 3. Again, within experimental
erreor, the adéition of OsTAG had no influence on the ReTAG
ECL. The data indicate that Os(bpy)32+ igs well suited as an

interneal standard with ReTAG as the analyte.
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% anﬁﬁ?ﬁg sul tabl e chem cal groups available for binding wwth the Iigand on
4 the substance that is to be | abel ed. 4 7 The analyte of interest and the

chemi cal noiety nmay be any pair of substggnces which are capabl e of binding

1 together in a specific manner. Such substances include, for exanple, whole

cells, viruses, subeellular particles, nucleic acids, polysaccharides,

proteins, glycoproteins, |ipopr@gxaMes.k |dxpopol ysaccharides, lipids, fatty

aci ds, peptides, cellular netabolites, hornones, pharmnacol ogi cal
sensitivity of Detection of Electrochemiluminescence of

Rhenium Labeled Rabbit Anti-Mouse Immunocglebulin G {IgG)

Antibody

e emeses = o 6 =

The electrochemiluminescence of rabbit anti-mouse
1gG antibody labeled with FaceHbPY)Re(CQﬁ3[3§(4spyzidyl}a
propicnic acidyclcé‘aza {Compound VI) {(rhenium-labeled
rabbit anti-mouse IgG antibody) is measured in a 15 ml
three-neck, round bettom flask containing 10 ml cf a |
solution prepared as described below; a 1.5mm x 10mm
magnetie stir bar; a 1.0 mm diameter silver wire
quasi-reference electrode; a combination 28 gauge platinum

.Wif% counter electrode; and a working electrode consisting
of a 22 gauge platinum wire welded tc a 1 em x 1 em sguare
piece of 0.1 mm thick, highly polished platinum feil. ({The
working platinum foil electrode is shaped inte a 3/16 of an
ineh diameter semi-circle sﬁzx@unding the 28 gauge platiﬁum
wire counter electrode by 3/32 of an inch eguidistantly.)

The silver wire is conmectéd to the EG&G Model 178
electrometer probe of the EG&G Model 173 potentiostat/
galvanostat. The platinﬁm wire counter electrode and the
platinum working electrode are connected to the anode and
cathode respectively of the EG&G Model 173 potentiostat.
The device is grounded.

fh@ electrochemiluminescence emitted from the

rhenium-labeled rabbit anti-mouse IgG antibody sclution is

T
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agents, tranquilizers, barbiturates, alkaloids, steroids, vitamns, am no
aci ds, sugars, and nonbi ol ogi cal polyners. O particular interest are
anti body-antigen pairs. One enbodi nenggof the invention provides the use
of | abel ed antibodies to determ ne the presence of cell surface antigens,
or to label particular cells for detectiaon by cell sorting nethods.

Antigens | RAAATEIDIBING [ BR @ﬁ@ﬁﬁﬁ§§aa§§§§hﬁgﬂtﬁwygﬁﬁﬁﬁ%$¥z%@?@unﬁﬁﬁeled
2o o sandiie HRIT s yhes R BaRRER oo T on. B s A o
nucl oL | e oo P 99 B0 pbAR1S! IR I AN ea e xoask
$23A gelatin (red) filter. The photomultiplier tube housing
is connected to an Orxriel Model 7070 photomultiplier
detection system.

Electrochemiluminescence is induced by pulsing for
one second intervals, between zero and -2.0 volts cathedic
potential. Electrochemiluminescent measurements are
performed by integrating the resulting
electrochemiluminescent photomultiplier tube signal using an
integrator connected to a Micronta Model 22191 digital
multimeter. The electreochemiluminescent signal is
integrated for 10 seconds during the pulsing and recorded in
millivelts.

A stock sclution of 1.25 x l@s?m rhenium-labeled
rabbit anti-mouse IgG antibedy is prepared from a
concentrated solution (2 mg/ml, 7.5 Re/antibody) of the
iabgl@é antibody by dilution in phosphate-buffered saline
(PBS). An aliquot of this s&lutign {80 microliters) is
added to 10 ml of éim@thylsﬁlﬁ@xide {DMSQC) /deionized,
distilled water (1:1) containing 0.1 M tetrabutylammonium
tetraflugrab@rate'(TBABF4} and 18 mM ammonium persulfate in
the reaction vessel. The £final rhenium-labeled antibedy
concentration is 1 x lﬁggm. Electrechemiluminescence is

measured as described above.



1 I'n @%%%%@%@?ve bi ndi ng assays, B nay be the sane substah%%?%ﬂ?ﬁ?%?%g%alyte
i of interest or an anal ogue of the analyte, and capable of participating in
4 the formation of a specific conplex with a conplenmentary material. Such
i 48 anal ytes and conplenentary materials include whole cells, viruses,
subcel lul ar particles, nucleic acids, polysaccharides, proteins,
gl ycoproteins, | p@@icidl, sélpohohyspaphasededing vpixdobud atty acids,
pepti des, cellular-nmetabolites, hornones, pharnacol ogi cal agents,

" dilutiomns of the rhenium~labeled rabbit anti-mouse IgG

antibody stock solution are made and aliguots (890

micreliters) of these sclutions are added to the same
solution of rhenium-labeled antibody in the reaction vessel
in increments which result in the following concentrations

82‘59

of labeled antibody: 5 x 1079y, 1 x 167%, and 5 x 10”
Electrochemiluminescence measurements are made for each
solution as described. These xesults indicate the
sensitivity of electrochemiluminescent detecticn of labeled
antibeody (1 = XGQQM), and the dependence of the intensity of

electrocheniluminescence cn the concentration of the

rhenium-labeled anti-mouse IgG antibody.




tranqui IWERSHB40Z, i t urates, alkaloids, steroids, vitamns, dnrHESS8(03847
sugars, and nonbi ol ogi cal pol yners. Exanpl es of such anal ytes and
conplementary nmaterials include insulin, digoxin, digitoxin, T4 thyroid
hor npne, a fungus or nematode, a serun}dgéiVed anti body or a nonocl onal
anti body, a DNA fragnment or an RNA fragnent. O particular interest are
anti body-anti gen based nethods. These Ju ds gre anal ogous to the well

known radi o i nmunoassay known to the &H i principle, be used to

. . . I ! . t . / t .
oo e SRRRELRS. B AR ARAIC S AEEOUAL 190, bHE o7 S NI
heterogeneogé 88¢; hamegenenus i adi ng met hods which utilize the chem ca

= e = = = = ==

6M bovine serum

A solution containing 7.8 x 10
albumin (BSA) labeled with FacsﬁbPYBRe&CO)3E39(4apyridylha
propieanic acidlClo4'H20 {Compound VI} (rhenium-labeled BSA)
is prepared from a stock solution ©f rhenium-labeled BSA
(2.5 mg/ml, 6 Re/BSA) by dilution in phosphate-buffered
saline (PBS). 26 microliters of this solution are added to
10 ml of DMSO/deionized, éisﬁilled water (l:1) containing
8.1M TBABF4 and 18mM ammonium persulfate in the reaction
vessel. The final rhenium-labeled BSA concentration is 2 x
lﬂagma Electrochemiluminescence is measured as described in
Example IX.

In an analogous manner, a solution containing 7.8
% lgaﬁm unlabeled BSA is prepared and added to the reaction
vessel to give a final unlabeled BSA céncentration cf 5 =
1@$8Me The electrochemiluminescence of this solution and of
a similar solution without B85A is measured,

SM rabbi; anti-BSA

A solution containing 3.75 x 10~
antibody is prepared from a stock solution of rabbit
‘anti-BSA antibody (6.0 mg/ml} by dilution in PBS, and an
aliquot (26 microliters) is added to the soluticn of
rhenium-labeled 3S2 in the reaction vessel to give a final

rabbit anti-BSA antibody concentration of 1 x 10~ /M.
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”Fﬂévided herein. In heterogeneous binding netﬁ§§QQSFW@¥ﬁFuhd
| abel ed substance nust be physically separated fromthe unbound | abel ed
subst ance before neasurenent of the presence of label. This is frequently

¢ acconplished in antibody-antigen sggtens by inmobilizing one conponent, the
@ -anti body for exanple, by attachment to an insoluble matrix such as a filter
#§ or to the surfacen@febgatscehemtdthlidescerth SSEL $.Lest tubes.

& Thesantigen-containing solution is poure(fb % £%$$%€?n%

l] react ik MOSSME rhenium-labeled BSA antigen and antibody (rabbit

t hrough the r into the

anti~BSA) is measured. The results indicate a reduction in
the electrochemiluminescence of the rhenium-labeled BSA upen
addition of rabkit anti-BSA antibody and demenstrate that a
homogenecus electrochemiluminescent detecticn of antibody toc
BSA may be achieved. Based upcon these results onehskilleé
in the art would know that a homogeneous
electrochemiluninescent immuncassay for detecting other

analytes of interest may be developed.



and t hen W& ¥loay fromthe filter or sides of the reacti on REYLEES/0847Y
antigen specifically bound to antibody will remain to be determned. In
honogeneous net hods, by contrast, the bound and unbound | abel ed nateri al
are present in the sane reaction mnixture n the presence of |abel is

nmeasured. This is possible when binding nodifies the properties of the
signal detectable fromthe |abel. There are many ways that |um nescent
| abel s can be used i n honbgeneous sysgérs gy exanpl e, binding of the

analyte to hem cal noj, can . directly influence the signal detectable

C I t .ectly | [
fron1theIaﬁﬁgiegﬁﬁﬁ??%ﬁﬁl*g?éﬁrpﬁﬁﬁm"y“ £ &fifdhc HEFE G2 883 08PEi oned. on
an ant'bOdyﬂgﬁiégglféqgégﬁgog ﬂ@ﬁ%geh% fﬂﬂé (ghéiiérf%muncgl@bulin G

{(IgG) Antibody and Rhenium-Labeled Rabbit Anti-Mouse

Impunogleobulin G (IgG) Antibedy

= Ee 5 = = G = = = P
< = =

A formalinized suspension of the bacterium

Legicnella micdadei is adjﬁsted to an optical density ({(at

425nm) of 1.00 by dilution with PBS buffer. Approximately 3

® 1@9 cells are added to a conical microcentrifuge tube.
The cells are centrifuged (10 minutes, 10,000 RBM), the
supernatant decanted, and the cells resuspended in a 1:50

dilution of a mouse monoclonal IgG antibody, (1.45 mg/ml)

_specifié_f@r Legionella midadei, in PBS (1 ml). After

incubaticn at rooem temperature for 1 hour, the cells are
centrifuged, the supernatant decanted, the cells resuspended
in PBS buffer and centrifuged again. Following decantation
-of the superhatant, the cells are resuspended im a 1:50
dilution (in PBS) of rabbit anti-mouse IgG antibody labeled
- with FaCEﬁbpy)Re(CO}3[3;i4e§§rid}l)sprcpi@nic aci&}@lo4 HZO
Compound VI, i.e., rhenium-labeled rabbit anti-mouse IgG
antibedy, (2mg/ml, 7.8 Re/aﬁtibody). After incubaticn at
room temperature for 1 hour, the cells are centrifuged, the
supernatant decanted, and the cells resuspended in PBS and
washed twice, with centrifugation, as before. Following the
last wash the cells are resuspended in 200 microliters of

PBS. 100 microliters of the cell suspension are added to

This Sheet Has Been Reﬁaced
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o BANO43BLI d result in suppression of the | uni nescenc& USR], by
& the | um nescence quencher on the antibody. Many honogeneous nethods for

1 | um nescent |abels are known to the art, and some of the are reviewed in

|| Bogusl aski and Li, "Honpgeneous |nmunoassays,"” Applied Biochenistry and

§ Biotechnol ogy, 7:401-414 (1982). |93 one enbodi ment of the invention, the

i analyte is fixed to an insoluble matrix. Such a nethod nay be perforned as
1 a sandwWieéhreaskjon vesselhcoradiniag ih ) 8EcBHES/Beinsized;he

i mobi | | zed_ anal yte and unbound noj ety is washed away fromthe matrix. In
anothéik%%%%%%@eh@tgfcH@ﬁﬂdaWQﬁﬁﬁﬁn#Qgv@n%Hﬁtﬁgaﬁﬁgegﬁdlégcﬁwbble of
binding is

ammonium persulfate and transferred to the reaction vessel.
The electrochemiluminescence is measured for the cell
suspension. Another 100 microliters of the cell suspension
are added to the reaction vessel and
electrochemiluminescence measured. Electrochemiluminescence
is measured for the solution without cells as a control
according to the method described im Example IX. A
heterogeneous electrochemiluminescent immunocassay for
Legionella using rhenium-labeled rabbit anti-mouse IgG

antibody can be successfully carried out.



50 ff@%%&%%&g@ I nsol uble matrix and the chem cal noiety bé@ﬁgﬂggggﬁggzent g

of a biological fluid or reaction m xture. The conplenentary material nmay -
al so be fixed to an insoluble matrix. In both the heterogeneous and

honpgeneous conpetitive nethods of t#& invention the conplenentary material
may be a nonocl onal antibody and the insoluble matrix may the surface of an
assay vessel. The nethods of the ipgyentiongmy be perforned by exposing the

. . B sl Lo, Al L .
reagent mxture to chem cal, el ectFeehefdeht== or el ectromagnetic energy, or

t he reagﬁ%ﬁgﬁﬁ&r@g be

2=[3=-{4-methyl-2,2'-bipyridine-4'-propyll-1,3"'dioxolane

Under an inert atmosphere of aﬁgen, 30 ml of dry
tetrahydrofuran (THF) and 7.65 ml of dry di-iscopropylamine
{54.6 mmol) were added to a 3-neck, 600 ml flask via syringe
with stirring. The solution was cooled to =78°C by
immersing the flask in a mixture of dry ice-isopropanocl in a
low form beaker. 21.6 ml of 2.5M n-butyl lithium (54 mmol)
were slowly added to the fliask. The resulting sclution was
stirzred for 15 min and a solution cf 9.58 g of
4,4'-dimethyl~-2,2'-bipyridine (52 mmol) dissolved in 100 ml
of dry THF was added dropwise by cannula with stirring over
1 hz,

The resulting brown mixture was further stirred at
=78°C for 2 hrs., 10 g of 2-(2-bromeethyl)-1,3-dioxolane
(55 mmol) were added by syringe and the resulting mixture
stirred-at -78°C ﬁarys min. The reaction vessel was then
piaced in an ice bath (10°C) and after 30 min began to
change color. After 1 hg_thewfolgg was dark violet, after
2 hrs the color was blue, after 2.5 hrs the color was green,
and after 3.25 hrs the color was lemon yellow.

. The reaction mixture was quenched with 30 ml of
saturated NaCl followed by 10 ml of water and 30 ml of
ether. The agueocus phase was extracted twice with 300 ml of
ether and the combined ether phases were back—extracted with

100 ml of water and dried over anhydrous sodium sulphate.

This Sheet Has Been Reﬁaced :
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exposed to a conbi nati on of chem cal, electrochem cal, or electromagnetic
energy. The chem cal noiety may be oxidized by exposure to an energy
source. One such source is a chem cgl oxidizing agent. Exanples of such
oxi di zing agents include Ce(lV) salts or Pob(JQerr]. The chem cal noiety may
be reduced by exposure to an energy source. One such energy source may be a
chemical reduci Ty agify Athexerepteioh proedutal)l ehecdagiyle: agant is
magnesi um  The net hods of the invention include inducing the chem cal
noi et separeted orelsdotmiomgiMarak ) o8I0 ot aonivity THIR eeeralhe rmagent
m xture may conprise oxal ate, pyruvate, lactate, malonate, citrate,
tartralvants used were petroleum ether/diethyl ether (1:1) (the

starting material elutes é@mpletely with petroleum
ether/diethyl ether {(2:1)}, followed by thé preduct.
Proton NMR analysis confirmed that the structure

of the isolated reaction product is




peroxydi sul fate. Furthernore, the chem cal noiety may be reduced by
exposure to an energy source and the rea t mxture nmay conprise

per oxydi sul fate. Mreover, the chem cal npiety nay be oxidi zed by exposure
to an energy 51 source and the reagent m xture nmay conpri se oxal ate,
pyruvate, |actate, -nmal onate, C|trq§,4_;igt§i&&ate Met hods of detecting the
chem cal noiety are provi ded wher erFrr=tie ggent m xture i s continuously

exposed t?z%%é%éﬁﬁdﬂ“&%é”?ﬁ§ﬁfEE&Eibﬁl oscill ates between a
of 4-butan-l-al)-4'-methyl-2,2' bipyridine

2 g of

2-13~ ¢4a:§;etny1-;z ,2'=bipyridine-4°-yl)-propyli-1,3
dioxolane were dissclved in 50 ml of 1IN Hecl and heated for 2
hrs at 50°C. The sclution was cocled, adjusted to between
PE 7 and 8 with sodium bicarbonate and extracted twice with
100 ml of chlorcform.

The combined chlorcform phases were washed with a
small amount of water, dried over sodium sulfate, filtered
and rotoevaporated to yield a yellow oil.

The yellow ©il was purified on & silica gel column °
using ethyl acetate/toluene {l:1) as the eluant, the
impurity being eluted with methanol.

Proton NMR analysis { 1°96-2°11 (m,2H); 2°43
{s8,38); 2°46-2°50) (t,28); 2°53-2°80 (M,28); 7°12-7"14
(m,28) s 8°P17"8-2) (br. s,2H); 8°52-8°58 (m,2H); 9°8s
{s,1H]) ] confirmed that the structure of the reaction product

is

il
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potential sufficient to effect the reduction of said chemcal noiety and a
potential sufficient to effect the oxidation of the chem cal nviety. The
chemi cal noiety nay be oxidi zed by exposure to an el ectrode whose potenti al

osci |

| at es above and bel ow a potengg al sufficient to oxidize the chemica

nmoi 8ty,- the reagent m xture conprising oxal ate, pyruvate, |actate,

nmal onate, citrate, tartrate, pereSRBrEul £y

Moreover, the chem ca

noi ety_na be Qdelzed by exposure to an energy source and t he reagent

n1xtur€%

tartr
el ect

Hedg
: J AL ] L€ o :€, or
A 1% 1 . ipyridine= =yl) BRtyric s

rode whose RO Iﬂlé% 45%5uéate m§£?¥gwemgthylag 2'=bipyridine

{2.0 mmol] were dissolved in 10 ml absoclute acetone. 225 mg

cf £inely powdered potassium permanganate (KMnO,; 1.42 mmol)

4’
were added in poertions to the sclution with stirring. The
reaction was followed by thin layer chromatography (silica;
ethyl acetate/tocluene 50:50), which indicated that while the
aldehyde éradualiy disappeared a bipyridine of low Rﬁ was
formed.

After the reaction reached completion, water was
added and the Mnoz was filtered and washed with small
portieons of Na2C03 (ag.}). The acetone was rotoevaporated
and the residue extracted with CHZClZ to remove nenacidic
bipyridines. The agueocus solution was made acidic by
careful addition of 1.0N Hcl to pH 4.8. The sclution became
partially cloudy upon reaching this pH, the suspension
xedieselving at Yower pH. The mixture was extracted five

times with egqual volumes of CH Clz, dried over Na_,Sc, and

2 274
rotoevapeorated to an oil which @fbm@gly solidified in vacuc.
The crude solid was recrystalliieé from chlorcform:petroleum
ether to cbtain white crystals.

'Melting point: 103.5°C-105.5°C; IR: 1704 cw °.
Proton NMR analysis was consistent with the follewing

structure. .

"



T g Y e

and below a potential sufficient to reduce it, the reagent m xt (e vosouoze,
conprising peroxydi sulfate. Such reagent m xture nmay additionally conprise
acetonitrile. Furtherore, the chem cal noiety may be reduced by exposure to
an el ectrode whose potential is constant ¥d sufficient to reduce it, the
reagent m xture conprising peroxydi sulfate. Such reagent m xture may al so
conprise acetonitrile. Wien the chemcal noiety is exposed to

el ecttochem cal or chemcal energy, the enmtted 52

AT liTﬁii
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: ecﬁV@ﬁ%@%@@%c radi ati on may be continuously detected. SggﬁYU&&WmﬂM

I
el ectromagnetic radiation may be detected visually or with a phot odi ode.
tFurt hernmore, when the chemical nmoiety is exposed to el ectrochem cal or
ithem cal energy, the enmitted radiation npgy be detected cunul atively, e.g.,
Vi th "a’ photographic film The invention includes systens for detecting or
It he presence or measuring the quagkhipref & rheni um containing chem ca
goi ety having forMula |. The systemrconprises: (a) a reagent mxture

feonpr i Sivaguiie: 168 e # Nk 2084 36 DixRlne BeEheA s Ll me_s(é&a«g@n;ﬁ%for i nduci ng
it he chem cal noiety to emt electromagnetic Tradiation; and (¢) neans for

idetecti p@ (ihe-medpiopl Bi g6 COAREBRLEC Using Antibodies Specific for

Theophylline

Compound VI covalently bound to theophylliine
{(Conjugate] is diluted to a £final concentration of 150 nM
using 0.1M phosphate buffer, pH 6.0, containing 0.35 M
sodium flueride (PBF Buffer). Monoclonal antibody {clone
number 9-49, ascites lot number-ﬂ@ng,'cat.number 046)
specifie for theophylline is cbtained from Xallestad
Laboratories, Imc. {(Chaska, MN). The monocclonal antibody is
diluted to different concentrations using PBF Buffer
{between 21.9 micrograms of protein/ml tc 700
micregrams/ml) .

Another monoclonal antibody (control MAB) that is
not reactive with theophylline is cobtained from Sigma (St.
Louis, M) and is:diluted to different concentrations between

21,9 micrograms of protein/ml to 700 micrograms/ml using PBF

- Buffer. A standard solution of -theophylline is prepared

i using theophylline cbtained from Aldrich Chemical Co.,

é {(Milwaukee, WL, cat number 26-140-8, M.W. 180.17}.
Theophylline is dissolved in PBF Buffer to give a final
concentration of 75 micromolar and is diluted with PBF
Buffer to 8 micromoclar for use in assays. Prior to making
electrocheniluminescence measurements a solution containing

250 mM oxalic acid and 5% (v/v) Triten=-X 100 (ECLl solution)

This Sheet H
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radi ation (%ﬂ%mﬁﬁgentlon al so includes systens for detecting the s%@@%%@

of or neasuring the quantity of an analyte of interest which blnds to a
chem cal noiety of forrmula I. The system conprises: (a) the
rheni um cont ai ni ng chem cal noiety; (b) a neansygfgor contacting the chem cal
nofety with the analyte of interest td forma reagent m xture; (c) a neans

for induci ngj shaaglemceal HDiRlae e Hhix©hest I ogEatbhehad %&Jg aged (d)

a neans for detecting the emtted el ectromagnetic radiation. A particularly
unique and ugekul & 8evtebolEOMREAIAMSEEE NdhiY 2ESAWE1ES A @4 dad W dihe

present invention. As described hereinbefore, these |abels can be
placement of twe platinum gauze electrodes into the test
tube containing the reaction sclution. The electrodes are
c@nné@ted to a pdtenticstat and the electrochemiliminescence
measurement is made by sweeping an applied potential across
the electrodes from 1.5 to 2.5 velts at a scan rate of 590
mV/sec. The Berthold luminometer used for the measurement
has a high gain, red sensitive photomultiplier tube. The
luminometer cutput to the recorder is adjusted to 1@5
counts/volt. The measurements are recorded on an X-Y-Y°
recorder and the peak height is used as the measurement of
electrochemiluminescence. The electrodes are cleaned
between measurements by rinsing with a buffer at.pH 4.2
containing 0.1 M phosphate, 0.1 citrate, 0.025 M oxalic
acid, and 1% Triton X-100; pulsing the electrodes in this
solution between +2.2 to -2.2 voits for 60 sec; and followed
by =2.2 volts for-10 seconds. Next the electrodes are
removed from this sclution, rinsed im distilled water and
- wiped dry. The experiment-is éarried out as outlined below.
A solution of contrel monoclonal antibodies,
antibodies to theophylline or PBF Buffer is added to a set
of test tubes (Step l). To the tubes, a scluticn of
theocphylline or PBF Buffer is added (Step 2). The solutions
are mixed by briefly shaking the test tubes and allowing

them to react for 25 min at room temperature. - Then a

sclution of Conjugate is added to the tubes (Step 3). The

" This Sheet Has Been Reﬁ
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%ineaﬁﬂggg e gctrochenically by neans of exposing a soluti%%lf Sé of?the
I4 | abel ed substance of interest to an el ectrode. Any | abel ed substance which
Bli's present in the solution but which cannot gain access to the surface of
! the electrode will not be detected!® This can occur, for exanple, if the
li | abel ed substance is bound directly or indirectly to the surface of the
i react i 6astcd¥ORs 358 whiakes and| kePEoBE FoOR keEpexstude tfar (Hhel is

? enbedded deep . into the interior of the specific conplex, such as within an
] antigemigﬂtigégﬁlly, 100 microliters of the ECL solutign is added
to each tube and electrochemiluminescence is measured as
described above.
Experimental Design for Studying the Effect of

Antibody- Re(I)-theophylline conjugate {Conjugate)
Interactions on Electroluminescence

Step I Step 2 - Step 3

100 micreliters 200 microliters 100 microliters
' of: of: ef:
A. Control mono- Buffer Conjugate
clonal antibody
{2.19 micrograms
to 70 micrograms) .
er
B, Anti-theophylline Buffer or Conjugate
antibody . Theophylline

{2.19 micrograms
to 70 micrograms)

oxr

C. PBF Buffer o Buffer Conjugate or
: - Buffer

The experiment shows that a monoclomal antibedy
which specifically recognizes theophylline , when centacted
with theophylline to which a rhenium compound {Compound VI)
is attached, g;g;, Re (I)-theophylline conjugate, will
decrease the.@leetr@chem@luminescence. The decrease in
electrochemiluminescence is proportiocnal to the antibedy

concentration when the conjugate concentration is held

This Sheet Has Been Replaced
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conplex, or if the electrode itself were coated with a |ayer through whi cis
| abel ed material could pass but conp]exed | abel ed material could not pass
In addition, it should be possible to™coat the surface of an el ectrode w
anti bodi es, so that only |abeled antigen bound to the i mobilized"
ant i bodi @gn§8AneRt AiwhedC &GOS Rt Bd®y ¢l €chiedewRieht Bo@PYidie Hiaiar M ned.
This particul ar honobgeneous nethod nay be nost effective if the required
el ect r odgi gRt eAbbahy13idel! iRy Na SEDighPUe€feakl if Whidhin the scope of
the present invenfion to use a conbination of means for deternining the
pr esencee Déctgbehesidomingyisancd Ois cs@en| 8¢ thenhjghesdesirable to neasu
the total anpunt of | abel ed substance by a neans

concentration of antibody.

The data alsc show that when theophylline is
contacted with the anti-theophylline antibedy and then the
conjugate is added to the mixture, the amount of
el@ctr@chemiluminescgnce is greater. This demonstrates that
theophylline cgmpetes'fcr the binding of antibody resulti#g
in a greater amount of conjugate which can generate

electrochemiluminescence.

-This Sheet Has Been Reﬁaced
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whigah8%8632n0t  di sti ngui sh bet ween bound and unbound | st e (2T nce such
as phot ol um nescence or chem | um nescence, and to determ ne the anount of
bound | abel ed substance by a neans whi ch does di stingui sh between bound and
unbound | abel ed substance, such as el ectrochem | um nescence, for exanple.
Suc¢h a conbi nation of nethods coul d be perforned 54 on the sanme sanpl e,
and thus provide a richer source Y5 i nformati on about the sanple than could
any, met hod when used |nd|V|duaI£§i h& %% al so within the scope of this

[ nvent i on

Assay for Theophylline in Serum Based on & Homogeneous

Electrocheniluminescent Immunoassay

=p = = 1 = =

Based on the results described in Example XV, a
hemogenecus immunoassay for theophylline is developed using
antibody to theophylline and the Re{l]-theophylline
conjugate {(Cenijugate] describeé in Example XV in a
competitive binding format. The materials used are
described in Example XV except the PBF buffer is 0.1M
phosphate buffer, pH €.0, containing 0.1M sodium fluoride.
For this assay, a specific concentration of monoclonal
antibody to theophylline is chosen. The antibody
concentration is 55 micrograms/ml. The conjugate
concentration is adjusted te 173 nM. Theophylliine is added
to hultan serum to give final concentrations of 2.5, 5, 14,
20 and 40 micrograms @f’theophylliné/ml of serum.

| The assay is performed by adding 10 micrcliters of
gserum to 290 microliters of_ anti-theaphylline monoclional
antibody and helding the solution at room temperature for 25
min. Then 100 microliters of conjugate were added te each
tube to give a final conceantration of 38 hM and this
solution is held at room temperature for 15 min. 100
microliters of the ECL solution described in Examplg 34 are
then added to each tube and electrochemiluminescent
properties of the sclutions are measured as previously

described using a sweep mode for 1.5 volts to 2.5 volts at

ﬁiiiiiﬂi‘iin Wil
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to determine the presence of two or nore differently |abel ed conpounds
within the same reaction mxture. This is possible either if the |abels
emt electromagnetic radiation of differing wavel engths or if the |abels
can be induced to enit electronmagnetic rii ati on by exposure to energy of
di.f ferent val ues or source. Assay Methods The invention also is in inproved

met hods of sdetRefddld, | NrRe PEEEERY 85 THERE NG W e Andt MMtdEgoppogent, |iquid

sanpl e an anal yte of interest present in the sanple at a concentration
bel ow abouleghfeerddis®! Be +wbes Nt RENBERER R XV B AGihddb Ry BRIRL e W fh a

reagent conprising an el ectrochem | um nescent chem cal noiety containing a
gerum sample and the amount of electrochemiluminescence that
is emitted by the reaction mixture. This observation
demonstrates that it is possible to develcp an assay for
theophylline.

Based on these results, one skilled in the art
would be able to develop a h@m@geneéus

electrochemiluminescent immunocassay for detecting and

gquantifying an analyte of interest in a biological matrix.



rhéﬁﬁ%ﬁy@ﬁﬁgaining or gani ¢ conpound wherein said reagent |Ef%ﬁ§?ﬂ§2%able of
being induced to repeatedly emt el ectronagnetic radiati on upon exposure to
an amount of chemi cal, electrochem cal, or electromagnetic energy froma
suitabl e source effective to indiice the reagent to repeatedly emt
radi~ati on and (ii) capable of. combining with the analyte of interest, the
contact being effected under appropriate conditions such that the analyte
and the reagent conbi ne; (b) expgggﬂg Ehgyrgsul ting sanple to an anount of
chemical, electrochenical, or electromegnetit energy froma suitable source

EffECthﬁ%éyJﬁdﬁ“@ﬁééﬁﬁylEﬁﬁénintQemolyzed, Lipemic, Icterie and

Normal Serum Samples Based on a Homogeneous
Electrochemiluminescent Immunoassay and Compariscn to a

Fluorescence Polarization Assay

= = en

o e

3 - The concentration of thecphylline in éifferent

types of serum samples is determined using a homogeneous

i electrochemiluminescent immuncassay. The format fox the
b assay is a competitive binding assay using a moncclonal
antibedy specifie for theophylline and the Conjugate

ﬁ described in Example XV. ‘The reagents and methods fox

’ electrochemiluminescence are described in the previous

i example. |

| The fluorescence polarizaticn assay used to
measure the concentration cﬁ.thecphylline in the different
serum samples is carried out using an autocmated TDX
instfument frem ébb@tt iabexat@xies (Nerth Chicag@; IL).
Hemolyzed, lipemic, icteric and normal sera were used in the

o - e

assays and data for the abnormal sera are listed below.

_ Homogeneous Theophylline Assay
Characteristics of Petentially Problematic Serum

Serum Factor Concentration Normal Range
Hemolyzed 12.4 mg/dl hemoglobin 0-3.2 mg/dl
Lipemic ' 4035 mg/dl triglycerides 16-19%0 mg/dl
1%¢ mg/dl cholestercl 120-200
mg/dl
Icteric 10 mg/8l b;*lrubln £-1.5 mg/dl
"l
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= 55 repeat wib gomandz r adi ati on, the exposure being effected undePCIIS8BNIN47

conditions so as to induce the reagent to repeatedly emt electronmagnetic
radi ation; and (c) detecting el ectromagnetic radiation so enmtted and
t her eby detectlng the presence of the analyte of interest in the sanple.

The ferm "nolar" neans the concentrati ont an analyte in solution in noles

per liter or the anmount of particulate matter present in a liquid sanple in
particles or units per liter. For exanple, 1 x 10[err] particles per liter
may be expressed as 1 rbiféferdht amthods ofy thegunfloiimsl axe hatldedgtoeceals
serum samples to give final concentrations Eetwe@n 2.5
micregrams theophylline/ml and 40 micregrams
theophylline/ml. Data are obtained for the homogeneous
electrochemiluminescent immuncassay.

Each serum sample is alsc analyzedéd for the
concentration of theophylline by a ﬁlu@tescgnce polarization
assay. The concentration ¢f theophylline measured by the
homegeneocus electrochemiluminescence immuncassay and the
fluorescence poclarization assay are compared. The data are
plotted as a scattergram. The data points are analyzed by
linear regression and the correlation coefficients are
caleculated. The analysis dexmonstrates an excellent
correlation between the two assays. The cocrrelation
coefficients {r) are high. The slopes of the curves for
normal, hemolyzed, and lipemic serum samples are between 0.8
and 1.2, dem?nstzaﬁing excellent recovery of thecphylline
.fr@m these serum samples.

Although the electrochemiluminescence emitted by
the iecteric serum samples containing theophylline are higher
than for the other serum samples, it is proportionally
higher at each theophylline concentration. The correlation
coefficient is high for the data points comparing
electrochemiluminescence and fluorescence polarization;
however, the slope demonstrates higher recovery for the

theophylline in the icteric serum sample.

TG




aséﬁ@@?%%@@2, assays i n which unbound | abel ed reagent i§%§zygwngﬁﬁfrom
bound | abel ed reagent prior to exposure of the bound | abel ed reagent to

el ectrochem cal energy, and honbgeneous, assays, i.e., assays in which
unbound | abel ed reagent and bound | ab&f%d reagent are exposed to

el ettrochem cal energy together. In the honbgeneous assays of the present
I nvention the el ectromagnetic radiation emtted by the hound | abel ed
reagent is di sti A§5ehA SHen e Bot FRPugRBErPBtEESLe8 &Ff enitted by

t he unbound I@Eeled,rea ent, either as an increase or as a decrease in the

amount SRECRREC L1 BRadRefic HHR®HT FAEHS (RAY bYe { ARtBEBAGE abd ed reagent in
COMDal | 01 0B IO | AP S ITHE en o B8 SACEL LIS L0 201 or

) amounts o¢f the Conjugate to aliguots of the icteric serum.

These data demonstrate that a homogeneocus

electrochemiluminescent immunoassay may be used to measure

the concentration of theophylline present in serum samples

containing abnormal levels of hemoglchin, lipid and

o oo

bilirubin.

A4 homogeneous electrochemiluminescent immunocassay
offers advantages over a fluorescence p@iarizati@n method
because of the versatility of ECL detection, i.e., more
sensitive detection at hi@her concentrations of biolegical
molecules.

A homogenous electrochemiluminescent immunoassay
cffers further advantages over a fluorescence poclarization
methoed because no incident light socurce is reguired;
electrical excitation béing the only requirement for
efficient light-generation. Consequently, no sophisticated
optics are necessary. Since théwmga;urem@nt principle is
purely specific photon emission induced by electrochemical
stimulation, the sensitivity of the systeﬁ is potentially
much gx&éteﬁ than fluorescence polarization ané a wider
dynamic range will be achievable. Also, measurem@nt ef a
much greater variety of analytes is possible with a

hemogeneous electrochemiluminescent immuncassay than is

previded by the fluorescence polarization and a wider

This MMMﬁsBumRTide
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wavel engt h.” Accordingly, in one enbodi nent. of the invention any reagent
which is not conbined with the anal yte of 56 interest is separated from
t he sanpl e, which had been contacted w the reagent, prior to exposure of
the sanple to el ectrochem cal energy. In another enbodi ment of the
I neention, prior to contacting the sanple with the reagent, the sanple is

treated so as to i mobilize the analyte of interest.
dynamic range will be achievable. Also, measurement of a

much greater variety of analytes is possible with a
homogenecus electrochemiluminescent iﬂmmnaassay than is
provided by the fluorescence polarization technique, due to
the selective modulation of electrically-stimulated
chemiluminesence by biomolecular recognition events, e.g.,
antibody-antigen interactions.

Based on these results, one skilled in the art
would know that homogeneous electrochemiluminescent

immunocassays for detecting other analytes of interest in

abnormal sezum'samples may be developed.



%VNE ?é mobi | i zing anal ytes of interest are well krpgayudsghissst he art
aﬁﬁ&f J@%ﬁg contacting the sanple with a polystyrene, nitrocellul ose or

il nylon surface, or a surface coated with whole cells, subcellular particles,

j viruses, prions, viroids, lipids, fatty acids, nucleic acids,

ﬁ pol’ysacchari des, proteins, Iipopi teins, |ipopol ysacchari des,

gl ycoproteins, peptides, cellular netabolites, hornones, pharnacol ogical

agents, tranquilizers, barbitgg&  walialoids, steroids, vitamns, amino
B

4%
i

acids, sugars, nonbi ol ogi cal ‘

_ _ ~syAthet i ¢ organi c nol ecul es,
ﬁé?fﬂ%%%@ 3% AT Shie o8 BR21R BRARR B HehBrEARdags e Whol o
cel I,

£

electrochemiluninescent assay

Using an immunometric assay format, a
heterogeneous assay for thecophylline is developed using a
Compound VI labeled anti-thecphylline antibody and
theephylline BSA immobilized on Biomag magnetic particles.
The antibody concentration is 20 micrograms/ml. The
L magnetic particle concentraticn is 1% solids (wt/vel).
Theophylline is added to a final c@né%ntratian @f 10 and 40

micrograms/ml of serum. The theophylline serum standaxrds

3 are &iluted 1080 fold in PBF Buffer {sodium phosphate
buffer, pH 7.9; 0.1 M sodium flueoride) containing 0.1% BSA.
The assay is performed by the addition of 75
microliters of the diluted serum standards to 75 microliters
cf antibedy c@njggated to Compound VI and incubating the
solution at room tempezatuﬁe-ﬁcr 20 min. Then 50
microliters of the theophylline-BSA-Biomag particles are
added and the suspension is allowed te stand for 5 min. The
particles are separated magnetically and 100 micreliters of
the supernatant are measured for electrochemiluminescence.
Baged on the results,-ene skilled in the art would
be able to develop a heterogenecus electrochemiluminescence
iﬁmunoassaﬁ for other analytes of interest in a bioclogical

matrix.,
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subcel lul ar particle, virus, prion, viroid, nucleic acid, protein,

| i poprotein, |ipopolysaccharide, glycoprotein, peptide, hornone,

phar macol ogi cal agent, nonbi ol ogi cal polYider, synthetic organic nolecul e,
organonetal lic nolecule or an inorganic nol ecule present in the sanple at
the concentration bel ow about 10[err] nolar. The analyte of interest may
be a whole cell, subcellular particle, virus, 57 prion, viroid or

nuﬁleic acid present in the sanpl e afdaEzesnadnt rati on bel ow about 10[err]
nmol*ar .

Labelling DA with an electrochemiluminescent moiety

o= =9 e = c = = &=

The following method has been used to label DNA

with an electrochemiluminescent moiety.

1.0 &

260 of the custom synthesized 38 mer (MBI 38)

TCACCAATAAACCGCAAACACCATCCCGTCCTGCCAGT*

where T%* is thymidine modified at carbon 5 with

<

ECH3CHECOENHS&CH2P7ﬁNH2

are dissolved in 100 microliters of 0.01 M phosphate buffer,
pH 8.7. 100 microliters of a solution cf
Ea@eﬂbpyﬁae(CQ)313aiéﬁbipyriéleapchi@nic aciﬂ36104‘320
{Compound VI) (2.3 mg in 300 microliters of 0.0l M potassium
phosphate buffer, pH 8.7) are added. The contents are

- stirred and allowed to sfand &t room temperature overnight.

100 microliters of a saturated aguecus sclution of

scdium borochydride are added to the mixture to convert the
reversible imine Schiff's base linkage inteo non-reversible
amine linkage. The reacticn is allowed to run at room
temperature for 2 hrs. The solution is then treated
carefully with a few drops of dils acetic acid to guench

excess of sodium berchydride. %The reaction sclution is

This Sheet Has Been.
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' They@esywesgz which is contacted with the sanple is a Re- BOR{US38/3§47

. electrocheni | um nescent chemnical noiety conjugated to a whole cell,
subcel lul ar particle, virus, prion, viroid, lipid, fatty acid, nucleic
aci d, polysaccharide, protein, lipoprotein, |ipopolysaccharide,

gl ycoprotein, peptide, cellular negabolite, hornone, pharnmacol ogical agent,
tranquilizer, barbiturate, alkaloid, steroid, vitamn, am no acid, sugar,
nonpi ol ogi cal  pol yner, synthetic organic nplecule, organonetallic nolecule,

i nor gaademd| tetvea Brét prl Flldratgongdsmani (1% inghefexeAbddi nent of
the invention the agent is an el ectrochem | um nescent noiety conjugated to
an anthnsgtly whkehgéR, pReeReid ibgadedh Mitdn 043 g%n@r%?téﬁ%m;@ﬂéﬁlﬁ'ﬂbi otin
acetate, pH 6.77. The column is eluted with the same buffer
and 2 ml fractions are collected at a flow rate of 20 nl/hr.
DNA eluted in fractions 9 and 10 are well separated from
unreacted rhernium complex. The collected DNA sample
exhibits typical UV absorption and addéitionally shows
fluorescent emission spectrum when excited. The fluorescent
emission shows the presence 6f the rhenium moiety in the DNA
sample. The product travels as single flucrescent bénd on
polyacrylamide gel electrophoresis. The electrophoretic
mobility of the labeléd DNA (MBI 38-Compound VI Conjugate)

is approximately the same as the unlabeled DNA.




avidinv@pa&m%mﬁavidin. The sanple may be derived froma soﬁqmﬂgys %Fgm

suspension, liquid or gas. Furthernore, the sanple may be derived from
water, food, blood, serum urine, feces, tisgsue, saliva, oils, organic
solvents or air. Moreover, the sanple nay“gonprise acetonitrile,

di met hyl sul f oxi de, di met hyl f ormam de, n-nethyl pyrrolidone or tert-butyl
al cohol . The sanple may conprise a reducing agent or an oxidizing agent.
The invention is also in inproved co-n;gjﬁyyfxnethods for detecting in a
predet er mi ned vol une of a mul ti conpérert=——++tui d sanpl e an anal yte of

interest HfS&Plogenerated Chemiluminescent Properties of labeled DNA

The labeled DNA sample from Example XIX, Synthesis
A (MBI 38-Compound I) is used to study its
electrochemiluminescent properties. Varisus concentrations
of labeled DNA are dissolved in 0.3 ml of 0.1 M phosphate
buffer, pH 4;2, céntaining 0.1 M citrate, 25 mM oxalate and
1.0% Triton X-100 and measured on a modified Berthold
luminemeter. The electroluminescent signal is responsive to

variocus DNA concentrations,

_/_.
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SBWQBWQ@@aan e at a concentration bel ow about 10[err]P {%sfgs\’/'\%gﬁ
conprises: (a) contacting a sanple with a reagent conprising an

el ectrochem | um nescent chem cal noiety containing a rheni umcontaining
organi ¢ conpound wherein said reagent is (i) capable of being induced to
repeatedly emt el ectromagnetic radl&tion upon exposure to an anount of
chem cal, electrochemcal, or electronmagnetic energy froma suitable source
effective to i nduce the reagent ;tQ pf R Mfﬁﬂy emt radiation and (ii)

capabl e of conpeting with the agjy =Nt erest for binding sites on a

conpl R AéYzation studies of Compound VI-labeled

ecligonuclectide

R S

The complementary strand to the 38 mer described
in Example XX is synthesized using the ABI mocdel 380 B DNA

synthesizer and is designated MGEN-38.

To determine if the covalent attachment of
Compound I to the ocligonuclectide affected the hybridizaticn
’ properties of the KBI 38 coligonuclectide, th@lfollewing
experiment is devised. Various concentraticns of the target
fragment (MGEN-38) are spotted on a sheet cf Gelman RP nylon
3 membrane, f£ixed and probed with either MBI 38 or MBI
38-Compound VI. Both fragments are treateéd with T4
polynuclectide kinase and gamma 32?&&@?3 and labeled with
32? at the 5! end. .The hybridization sensitivities of DNA
and Compound VIelabelledbDNA are then compared. °
' Cencent%ati@né of MGEN-38 DNA, ranging f£rem 50 ng
down to 0.05 ng, are spctte%’en 2 nylon membrane and allowed
to air dry. Duplicate mgmbranes are set up. The blots are
treated for 2 min each in : 1.5M NaCl-0.5 NaCH to fully
denature the DNA; 1.3M, NaCl-0.5M TRIS to neutralize the

blot, and £inally in 2X 88C. The blot is baked in a vacuum

=

oven at 80°C for 2 hrs.

The hyrbridization probe is prepared as follows: 3

micrograms 6f MBI 38 and MBI 38-Compound I are kimnased with

————————

This Sheet Has Been.Repie
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mat eri o WO WPmal |y present in the sanple, and with the co%%?@r%@g%sr
material, the contact being effected under appropriate conditions such that
the anal yte of interest and the reagent conpetitively bind to the

conpl ementary materials; (b) exposing the resulting sanple to an anount of
chem cal, electrochemcal, or electromagngtic energy froma suitable source
effected to i nduce the reagent to repeatedly emt radiation, the exposure
being ef f eghednitielosuid A falenild! £95 ﬁ@ci‘%c%.&% e qt'éiﬁmé SO

repeatedly emt electromagnetic ra |on et ect

el ect r oMoaekl pedilaf &P féaﬁér%%* Qﬂéo&ﬁ&ﬁ:é@i@?@&%% m& hgg presence of

the anal yte of "interest” I1n the
deternined.

Prehybridization and hybridization solutions are
prepared according to Maniatis (24). Blots are
prehyb:idiéed for 4 hxs. at 33°C with 50 micrograms/ml of
calf thymus DNA. The blots are then placed in hybridization
solution containing the respective probes at 10,000,000 cpm,
and ali@wed to hybridize overnight {12 hrs) at 53°C. The

following day, the blots are washed as focllows:

- twice with 2 X S8C + 0.188DS at 53°C for 15 minutes each

wash
- twice with 0.2X 88C + (.1%5D§ {(same as above)
-~ twice with 0.16% X S8C + 0.188D§ (same as above)

The bl@ts are then air dried and exposed to Xodak
X-cmat £ilwm at -70°C.

Analysis of the X-ray shows that very similar
 hybridization patterns are cbserved between the MBI 38 and
MBI 38-Compound VI probe. In both cases hybridization of
probe to (.5 ng of target is cbserved, and faint traces of
hybridization are obsexrved down to 0.05 ng of target DNA.
No hybridization activity by the probe is detected for the

negative control DNA (phage lambda DNA spotted at 50 ng}.

jaced
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' (BPY) (Aldrich) was used without further purification.
4,4 -dimethyl -2, 2" -bi pyridine (M[err]bpy) (Reilly Tar Chem cals) was
xSUb|IﬁEd (90- 100[err]C 10[ err] torr? prior to use.
4, 4' -«di phenyl - 2, 2' - bi.pyri di ne (Ph[érk? bpy) (Aldrich) was recrystallized
once fron1benzene/petroleun1ether prior to use. 4-ethyl pyridine

. EXAMPLE XXIT

The 38-mer E. coli probe labeleé with

14 " Yiten,) ~co,u

/
\m@ cn,

as described in Example XXI was hybridized with a sample of

ﬂbpy@ Ru

E, coli nucleic acids according to Maniatis {[Maniatis, T.,
Fritsch, E.F. and Sambrook, J., Molecular Clening: A
laboratery manual, p. 150-160, Cold Spring Harbgr'grass,
Cold Spring Haxbor, NY (1982)]. The hybridized complex was
then captured by another solid suppcrt bound probe
complementary to another seguence of E. coli DNA adjacent to
the signal probe. The capture procedure ugsed the same
hybridization conditions as used for the first part of this
protocel. Thé hybridized complex was separated from the -
singlé stranded nﬁéleic éciés by centrifugation and repeated

washings. The isclated eamplex was then heated at 100°C in

=gy

water for S5 min. to dissociate the complex. The labeled
probe now released into solution was transferred into
appropriate cocktail for measurement of
electrochemiliminescent signal. The intensity of the signal
corresponded to the quantity @f the target DNA in a linear
£ashion.

A ‘sample of aminolinked DNA (a 38-mer containing

15 nucleotide consensus segquence from E. czli) was dissclved

taced

|

o —



bi pyri dyl Ilgands used included: 4,4 -bis(N, N—dlethylan1no) 2,2 - blpyrldl
((NEt[err])[err]bpy] (Maeker, G, and Case, F.U., J. Anmer. Chem Soc.

80: 2745 (1958)); 4,4 -(di methoxy)- 2,3";1gbipyridine [(CHerr]-OJerr]bpy]
(Wemkert, D., Wodward, R B., J. Og, Chem 48:283 (1983));

4, 4" |5, 5'-tetranethy| 2, 2' blpyrldlne (Me[err]bpy) (ElIliot, Freitag,

5:2” dIC g)gi |pyF| |ne%%ﬁ%%#é?%%}%gg%%QEZ?%138;)lgﬁog%apﬁ %R B.

(1983), %ggiﬁ%ign of the ocsmium complex

ZEGHZQCHO

ca cnz 9@2)&CLO4)2

GGCH
(M@pryBZOs(GZPCHZ
{2.3 mg in 300 microliters of 0.0l M pectassium phosphate
buffer, pH 8.7) were added. The contents were stirred and

allowed to stand at room temperature overnight.

ﬁvwwhmwhﬁhbhnwﬁﬁ#%ﬁhﬁﬂmvﬂuﬁﬁ*ﬁﬁﬁﬁ%é"ﬁ“ﬁﬁ““?iﬁff%JTﬂEJNQAQ

NPT T8 IRl

100 micrclite:s-@f a saturated agqueous soclution of
sodium borchydride was added toc the mixture to convert the
reversible imine Schiff's base linkage intc non-reversible
amine iinkage. The reaction was allowed to ruh at room
temp@zatuf% for 2 hr. The labeled probe was purified by gel
£iltration chromatography. The labeled DNA probe exhibited
spectroscopie prcpézties consistent with attachment of the
osmium complex.

The probe labeled with csmium complex was
hybridized wit@ a samgle of E. coli nucleic acids aecdrding
t@.Maniatis, géggg, The hybridized complex is then captured
by another sslidqsuppozt ?oua@vgzcge complementary to
another sequence of E. coli DEA adjacent ta.tha signal
pxocbe. The capture procedure uses the same hybridized
conditions as used fer the first part of this protocol. The
hybridized complex is separated from the single stranded
nucleic acids by centrifugation and repeated washings. The
isclated complex is then heated at 100°C in water for 5 min.
to dissociate the complex. The labeled probe now released

inte sclution is transferred inte ap?gcpriate cocktail for

mmeaBumRTme
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| 60 W89MEMMZcar borret hoxy)-2,2' -bipyridine ((CJerr] CH er?ﬂ{[ésrw‘%g?

| (Maeker, G, and Case, F.H (1958), supra); 4,4 -dinitro-2,2"'-bipyridine
((NJerr])-[err]bpy) (Meker, G, and Case, P.H (1958), supra); Solvents

Met hyl ene chloride (CHerr]CJ[err]), petroleum ether, diethyl ether

(anhydrous), and methanol were al | '&Renpure grade from Curtin Matheson

Scientific (Florence, New York)

. measurement of ele@tr@chemiluminascent signal. The

;ntens&ty of the signal corresponds to the guantity of the

targ@t DNA in a llnea* fashion.
The rhenium complex

) = (CH @COZH

(bpy)Re (CO); B/ 205
is fizst c@ﬁverted into an NshydzoxySucéinimida derivative
by dissoclving 3 mg in 60 micrcliters of anhydrous
dimethylformamide and treating it with & solution of
N-hydroxysuccinimide (52 mg) in 200 microliters of anhydzrous
DMF in the presence of 94 mg dicyclohexylcarbodiimide (DCC).
The reacticn is allowed to proceed for 4 hrs at 0°C.
Precipitated dicyclchexylurea is removed by centrifugation
and the supermatant (200 microliters) is added to the
solution of aminoeliﬁkeé DNA {a 38-mer containing 15
nucle@tidé consensus sequence frem E. coli) in .01 M
phosphate buffer pH B.77 (2A 260 in 100 micreliters cf
buffer). The reactgcn is allowed to proceed overnight at
room ﬁemperatuxé. A ccns;dezable amount of sclid appears in
the reaction which is removed by filtration through glass
woel. The filtrate is canc&ntraé;d and disselved in 0.5 ml

' of 1 M triethylammonium acetate (pH 6.8). The reaction
mixture is then chromatographed on a gel filtration column.
ﬁhé labeled DNA probe exhibits spectroscopic properties
consistent with attachment of the rhenium complex ( em 554
amj .

THe probe labeled with rhenium is hybridized with

a sample of E. coli nucleic acids according to Maniatis,

“”’li“ilu i




and wer eMRBYCLZ oo ved. Acetone (A C. S. Reagent Grade) and®SEEHIHIPHT e

(Omi -Solv) fromEM Scientific (Cherry HIl, New Jersey) were used w t hout

further purification. Benzene was A C. S. Reagent Grade from Fi sher

Scientific (Springfield, New Jersey) and was used as received, Toluene

(Baker Analyzed Reagent, HPLC grade) fzem J. T. Baker Chem cal s

(Phill'i psburg, New Jersey) was used w thout. further purific?tion.

Tet r ahydr of ro T; kgl en ' Istillation from
y %‘S%%h Orirtle ThyBRY 81 2GRC Woliid s, Al e %p«g%?a b’ h2gthes

sodiun benz reargon at nosphere i‘hmedi at e

hyd ' f ner - ¢ aham Co.
(Covkeyoavi ITEL 2 propla g Boknt?BraBen daab GBI, "B, BhoTEAE) SraBented
as receivedofyg] deoes (AhAr b85akBhe £8P¥hle signal probe. fThe capture

procedure uses the same hybridization conditions as used for
the first part of this protocol. The hybridized complex is
separated frem the single stranded nuecleic acids by
centrifugation and repeated washings. The isolated complex
is then heated at 100°C in water for 5 min. to dissociate
the complex. The labeled probe now released into solution
is transferred into appropriate cocktail for measurement of
electrochemiluminescent signal. The intensiﬁy of the signal
corresponds to the guantity of the target DNA in a linear
fashion.

The 38-mer DNA probe from E. coli independently
labeled with ruthenium, rhenium and osmium complexes is used
in separate experiments to hybridize with its complementary
segquences. ?he elegtxcchemiluminescgnt signal of the duplex
is compared %ith electrochemiluminescent signal of the
corresponding labeled g}nglgfstﬁgnéed probe. A meodulation
of the electxschemiluminescént signal is observed iﬁ each

case for the duplex.

il



wegw Oo#9/@4388d i n t he anhydrous formand stored in Sure- gg@@ﬁ?@% drich)
bottles until used. Dinethylfornmam de (DVF) was A C. S. Reagent G ade (DW)
and was used as recei ved. Water was deionized using the MIIipore
I MIli-Qsystem Chronmatography Neutral absorption alumna (Fisher) was used
: as Teceived. Otawa sand and gl assi wool for chronat ography were obtai ned
fromAldrich. Sephadex LH 20 was purchased from Pharnaci a and was

activated Qe Lise- D). suspending in

(1) Weber, §$.G. , et al., "Photcoelectroanalytical
Chemistry: Possible Interference in Serum and
Selective Detection of Tris (2,2'~bypyridine)
ruthenium (I} in the Presence of Interferents,”

Clinical Chemistry 29:1665-1672 (1983}.

{2) Rubinstein, I., and Bard, A.J., "Electrogenerated
Chemiluminescence. 37. Aqueous ECL Systems Based on Ru
{(2,2° - bypyridine)3z+ and Oxalate or Organic Acids,”

J. Am. Chem. Scc. 103:312-516 {(1981).

{3} White, H.S., and Bard, A.J., "Electrogenerated
Chemiluminescence. 41. Electrogenerated
Chemiluminescence and Chemiluminescence of the Ru

=2

&Z,Zabpy)3+2a5208 System in Acetonitrile-Water

Solutions,” J. Am. Chem. Soc. 104:6891 (1982).

{4) Curtis et al., "Chemiluminescence: A New Method for
betecting Fluorescent Compounds Separated by Thin Laver

Chromatography,” J. Chromatographvy 134:343-350 (13977).

{5) Sprintschnik, G., et al., "Preparation and
Photochemical Reactivity of Surfactant Ruthenium {(II)
Complexes in Monclayer Assemblies and at Water-Solid

Interface,” J. Am. Chem. Soc. 99:4947-4954 (1977}.
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stirred nethanol for 12 hours imediately prior to use. SP-Sephadex C 25
(Sigma, St. Louis, Mssouri) was activated by stirring in boi'ling water for

2 hrs. |nned|ately prior to use. ther Reagents Sod#un%#e%a#——beﬁsophenone
(ol d Label), trifluoronethane sulfonic acid (HJ err Eﬁ‘“*ﬁ“@
rrj,
8 ®

tri¥lic acid), and silver trifluoropeshane sul fon

i.e., silyglgedrid |l £imugrgsal | used as received f o

Trlfluoroneahane sul foni ¢ anhydri de ((CF[err]SO[err])[err]C» (Al fa-Ventron,
Danvers, Massachusetts) was used as obtai ned. Ammoni um hexaf | uor ophosphat e
(NHerr]PF[err] ) (Aldrich) was used w thout further purification. Nad and
NaCl Qerr] were boty, A chemical moiety having the formula

' 1, .2, ,.3 4 5 8
(Re(P) (L7} (LT (L )pm )qm )BT T (B
wherein

P is a polydentate liganéd of Re;

Ll, Lz, L3, Lé, LS and Lé are ligands of Re, each

of which may be the same as or different from each

other ligand;

B is a substance which is a ligand of Re or is

conjugated to one or more of P, Ll, LZ, LB, Lé, LS

or L6;

m is an integer egual t¢ or greater thun 1;

- - e

each of n, 0, p, g, r and 8 is zerc or an integer;
t is an integer egual to or greater than 1; and

u is an integer egual to or greater than 1;

. — ————— —_—
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A. WO 8YM3ant grade from Fisher Scientific and were us&F e rardttfed,

Pent acar bonyl rhenium (1) chloride, (COJ[err]Red, was p ed from
Pressure Chem cal Co. (Pittsburgh, {?nnsylvania). I k
and indicating Drierte[err] (CaSC{% ], anhydrous) [ EIEEORI NN

Al drt ch. 62 Argon gas from Robert's Oxygen Co. (Rotkvill'e, *Mafyl &nd) was
dried by passage throyigh § cobumg(3 ignchg .d. x 12 inch height) of
indicating DrieriRe[lers]Lpribr.th us& ,1I3- @énfethyneing af sseebur aci |
(DADMJ) from

composition and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by
the iigands of Re being equal toc the coordination

of Re.

2. A chemical moiety according to celaim 1

wherein P is an aromatic heterocyclic ligand.

3. 2 chemical moiety according toc elaim 2,

wherein P contains nitrogen.

4. A chemical-mgiety according to claim 3,
wherein P is bipyridyl, bipyrazyl, terpyridyl,
phenanthrelyl, a porphyrin, a substituted biPYridyl, a
subst@tut@d bipyrazyl, a substituted terpyridyl, a

substituted phenéhthrel&l or substituted porphyrin.

5. A chemical maietﬁmaccgrding to claim 4,
wherein P is substituted with an alkyl, substituted alkyl,
aryl, substituted aryl, aralkyl, substituted aralkyl,
carboxylate, carboxaldehyde, carboxamide, cyano, aminc,
hydrexy, imino, hydroxycarbonyl, aminocarbonyl, amidine,
guanidinium, ureide, a sulfur-containing group, a
ph@sph@rus$c@ﬁtaining group, or the carboxylate esteﬁ of

—
e

N-hydroxysuccinimide. —



#AB43&% r ystal | i zed from net hanol / petrol eum et her u§§§T”§WH%ﬁ”€r.o

to use. Anhydrous Lid (err] and isonicotinoyl chloride hydrochloride wer
used as received fromAl drich. A C S2é4reag BUEIRNG; uﬂon1F|sher was
used without further purification. |soprop L EanipiBil (Bl and) from Curt
Mat heson Scientific was used as received. Synthesis %of Vbllel Re(l)

Conpl exes The general synthetis schene for |um nescent Re (I) conpl exes
illustrated in Figufe 1. Aeheatical mgohatyr aatordinghdopradpamati on of the
| um nescent Re(1) conplexes was Re(£O) [grr]4. Jhe gyntheyéS(ﬁ the dried
Re(1) spewhezeinyéitvdeasio atemwf LTn khe &1 ysh st &, asuwbsi| tigiaon of CO

chelating 2,2'-bipyridine Ilgand produces of the facial
paéy&entate argmatic heterocyclic ligand.

7. & chemical molety accozding to claim 6,

1 2 3 4 5 &

wherein at least one of L*, L°, L°, L°, 1L and L° contains

nitregen.

8. A chemical moiety according to elaim 7,

: 2
wherein at least one ot Ll, Lz, L, L4, L5 and LS is

i
o ¥
<3
&
ni
e
LT
&
oy
b
A
B
B

bipyriéyl, bipyrazyl, terpyridyl, phenanthrolyl, a porphyrin,
a substituted bipyridyl, a substituted bipyrazyl, a
substituted terpyridyl,-a substituted phenanthrolyl or a .

substituted porphyrin.

9. A chemical moiety according o claim 8
wherein at least one of Llp LZ, L3, Lé, LS and L6 is
| substituted wi%h an élkyl, substituted alkyl, aryi,
substituted aryl, aralkyl, substituted aralkyl, carboxylate,
i carboxaldehyde, carbexamiée, E%ané; amino, hydroxy, imino,
hydroxycarbonyl, aminoccarbenyl, amidine, guanidinium,
ureide, a sulfur-containing group, a phosphozus-containing

group, er the carboxylate ester of N-hydroxysuccinimide.

i0. A chemical moliety according to claim 1
containing 2 bidentate ligands wherein each bidentate ligand

is bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl,

//

i



He.g.,

(NEt[err])[err]bpy. The generakssynt g I}
a 250 m flask equipped with reflux condeﬁse¥ an

M2 (L)Re(CO [err]C. L is aW PCTHSE834T
bpy G [err] bpy, (CCIerr]CH[err])[rr]bpy ])[err]bpy

Me[err] bpy, Ph[err]bpy, (CHerr]O/Jerr

mg (1 nmmol) of (COJ[err]Red, 1.02 mmol of the deS|red bi pyridyl |igand,
éﬁEShgtm@%éerQN?;&YéndS@®5ﬂm$uﬁed(hlpyﬁ@zyhe substibnteds argon

e.g.,
bubbl

e degassed for 15 min. and refluxed under an argon 63
terpyridyl, or substituted phenanthrolyl.

11. A chemical mciety according to claim 1
‘containing 3 bidentate ligands, wherein each bidentate
ligand is bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl,
substituted bipyridyl, substituted bipyrazyl, substituted

terpyridyl, or substituted phenanthrelyl.

12. A chemical moiety according to claim 11
containing two bidentate bipyridyl ligands and cne

substituted bidentate bipyridyl ligand.

13. A chemical moiety according to claim 1,
wherein B is a whole cell, vizus, subcellular particle,
protein, lipoprotein, glycoprotein, peptide, nucleie acid,
polysaccharide, lipopolysaccharide, lipid, fatty acid,
cellular mgtaholiée, hcimone, pharmacclogical agent,
tranguilizer, barbiturate, alkaleid, steroid, vitamin, amino

acid, sugar or nonbiclcgicai’pel§%ar.

14. A chemical moiety accérding to claim 13,

wherein B is a serum—-derived antibody or monoclonal

antibeody.

15. A chemical moiety according to claim 1,

wherein B is bound to ene or more of P, Ll, Lé, LB, Lé, LS

6

‘ﬂfﬂ ﬂ? descrlbed bel ow. To
s bar were added 361.7

and I~ through one or more direct amide linkages. —-
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atmosphere for 90 min. with stirring. EUrlng this tine, the product usual g
precipitates fromsolution. After the flHHil "’J'.".- room t enperat ur §
the precipitated product was collegégd bﬂ\nﬁ‘ﬁhi i on, .washed tw
with 15 m portions of cold toluen olloﬁedcbﬁ’tﬁree 15 m portions of
di ethyl ether, and air suction dried for 30 min. Drying was conpl eted i
vacuum desi ccat or owére casahemical sroi gy . havingr ébepistaticiuzef t he
produyct did not occur on cooling, dropwi se addition of diethyl ether to ;
stirredgtol uene sol ution induced precipitation. The product obtai Nt rong
this reaction was analytically pure. The yield of product 1

fac-(I)Re(CO[err]d was greater than 90% based on |n|t|al (CO)[err |tRe Cl

g fa

]

where &1 is 1, 2 or 3.

17. & chemical moiety having the structure

@c\ |
- oc”
=2 &=

where n is 1, 2 or 3.

18. A salt comprising a chemical moiety of claim

16 er 17 and a counterion.




Thew®8/843020n of fac-(L)Re(CO[err] to the correpondi ngPCT/USE8/03847
fac-(L)Re(CO[err] (Etpy) (R (where Ris CF[err] Frlerr], OQeUn
was acconplished by either of the follow ng two nethods N@thod I -- Acid
Met hod. This nethod is useful for bgpyridyl |igah@BiK TR g ;

I.e.; stable, to strongly acidic nedia. It i M gl

i solation of the internediate Re (1) triflate speC|é% flol Mowsd -

conversion to th py g e ne .der.i atl | | owi ng, exanpl e
Ilustrates the S%%ce Br Xit é @zdlng aLmIE% wherein the

counterion is a cation selected f£rom the group consisting of

2% 2+? Mn2+ or

NH4+, guanidinium, Ag*, Li*, Na*, K*, Ca

Cdz*s cr an anicn selected from the group consisting of

» Mg
SO4ZEQ a halide, carbonate, hexaflucrophosphate or

tetraflucroborate perchlorate.

20. A method for determining the presence of a
chemical moiety according to claim 1 which comprises ferming
& reagent mixture containing the chemical moiety and

detecting the presence of the moiety.

2l. A method according to claim 20, wherein
determining the presence of the moiety comprises an emissicn

or absorption spectroscsepic, atomic abserption,
electrochemical, chemical, chemiluminescent,

photoluminescent, or electrochemiluminescent method.

22. A method accq;ding to glaim 20, wherein

determining the presence of the moiety comprises indueing
the chemical moiety t6 emit electromagnetic radiaticn and

detecting the emitted electromagnetic radiation.

23. A method of determining the presence of a

chemical moiety having the formula:

(re(z) 2y i ?y ey wh wd af e,

TN
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64 Preparation of fac-[NEt[err])[err]bpy] Re (CJerr]SCFerr]) To a 250 m
round bottom fl ask equi pped with stir bar were added 456 ng (0.75 nmol f
fac-[(NEt[err])[err]bpy]Re(Co)[err]g and 30 m of neth¥Leﬁe~chr6FTHETl?g
the stirred suspensi on were added 1284 nf (20 tinmes anmoun i ﬁ““
trifluoronethane sulfonic acid HJerr] SCF[err], and 3-5§ﬂ ,‘mﬂmm
“trifluoronderRimul f oni ¢ anhydride, (CF[err]SO err])[ eritb8% e g0| $d °
i mmedi ately dissolved to give a dark yellow solution. The flask was

stoppered and the solution stirred at a roomtenperature for 3 hrs., after

which time the product was isol ated b% addi ng 200 ml of anhydrous
P is a polydentate ligand of Re;

2 4 3 .
L1, L, L3, L, L~ and L6 are ligands of Re, each

of which may be the same as or different from each

other ligand;

B is a2 substance which is a ligand cf Re or is

conjugated to omne or more of P, Ll, Lz, LB, L4, Ls

or LG;

m is an integer egual to or greater than 1;

each of n, o, p, 9, r and s is zero or an integer;

=d)

t is an integer egual to or greater than 1; and

u is an integer equal to or greater than 1;

-
- ~

p, &b, 12, 13, 14, 15, L8

and B ﬁeing of such
composition and number that the chemical moiety
can be induced to enit electromagnetic radiaticn
and the total number of bonds to Re provided by
the ligands of Re being egual to the coordination

nunber of Re;

This Sheet Has Been Reﬁaced
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| g6ipdsyy dropwise to the stirred solution. The yel | BGTISSS/03647
(Net[err])[err]bpy]Re(CO[err](derr]SCFerr]), was isolated via

suction filtration. The precipitated product was washed with sSix86—m——0
portions of anhydrous diethyl ether to renove traces of tri filssas Jane

sul fomic acid and air suction drié&d% or 30 min. Drying was M
vacuum desi ccator over CaSOerr] overnight. The yield was 560 ayg QT p

NEt [ : SCF 193% based
: E(NEt [[erG:"ﬁ[%% [ngéf?%%g]yl;%&%%ﬁé” ]( g .er 'rl']h'e p'£ g&L]C% was su???ci ggt ly pure for
tuse in subseqy&pt fSQﬁihgné'rggﬁﬁrae%&kéﬂﬁélﬁﬁ&éfp jEsnhyst described may
I g

gbe converted to the correéspon Tﬁpy conplex as shown 1n Figure 3. The
following illustratgnaiReoRs0eeti¢adning the chemical moiety;

{b) inducing the chemical moiety to emit
electromagnetic radiation by exposing the reagent
; mixture ﬁo chemical, electrcchemical, eor
electromagnetic energy; and
{c} detecting the emitted electromagnetic radiatien
' and thereby determining the presence of the

chemical moiety.

24. A method according to claim 23, wherein said

b moiety is capable of binding to a chemical agent.

25. A method of determining the presence cf an
analyte of interest which binds to a chemical molety, said

moiety having the .formula

, 21 2 3 4 5 é

{Re (P} (L7)  {L EOE@ )pﬁ? )qJL YL TGl (B
wherein:

P is a polydentate ligané of Re;

2 3 4 5 &

ng L% L7, L ; L° and L= are ligands of Re, each
of which may be the same as or different from each

ether ligand;

This Sh HmBamNﬁMml
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1t ac [ (NEtLer t] ) ecr] bpy] Re(CO) [er ] (Et oy) T RS8R 1)
Into a 250 mM round bottomflask e pped with stir bar and refl ux
condenser were add Wﬁ I) of fac-[(NEt[err])[err]bpy] Re
(COferr](gerr]s w:“ ethanpd. To this mxture were added
0.24 m (10 tines tﬁe énnhnt réqU|red) of 4-pyridyl ethane. The solution
was argon bubbl e degassed for 15 min. and refluxed under an argon
atmosphere with stirBi ig forsubdtance wiiieh iheasbdigandnofo®ecdrt ds oom
tefiperature, the ethanol was renoved by evaporation using q . 4
conjugated to one or more of P, Lb, 1%, 13, 14, 15

or Lég

m is an integer egual to or greater than 1;
each of n, ©, p, g, ¥ and s is zerpo or an integer;
t is an integer egual to or greater than 1; and

u is an integer equal to or greater than 1;
B, Ll, LZ, LB, L4, LS, L6 and B being of such
csmpcsiti@n and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by
the ligands of Re being egqual to the cocordination
nuﬁber of!Re;
the method comprising: C

{a} contaeting the analyte with the chemical moiety
under suitable conditions so as to form a reagent
mixture;

{b} dinducing the chemical moiety to emit
electromagnetic radiation by expesing the reagent
mixture to chemical, electrochemical, oz

electromagnetic energy; and




s
r ot 3y¢s §9j0a8eE at or (Buchi Mbdel RE-121). The remmini ng saRfiEUSEREIMTed of

t he ‘crude product

fac-[(NEt[err])[err]bpy] Re(CO[err](Etpy)(CF[err] SJ-er+})—dissolved in the
excess 4-pyridyl ethane. The sanple was dissolved in a mniumvol u (5-15
m) of 1:2 (v/iv) CHerr]CNtolu [ﬁ and chromat ogr aphe IIB IHM ‘;;=i; (
adsorption alum na, Fisher Scienti‘fic) using a 30 cm X'3GEA pysk & i)

Ui

Elution. with 1:2 (v/v) CHerr]CNtol uene renoved excess 4-p§ri%yf'efhahe
| i gand. The yel | ow product band, ' _
fac-[ (Net[ergk)[ edelloRnline @d it fbdye(6Eteanhgnbeit] roEs &34 £d With

1:1 (v/v) CHerr]CNtoluene. Although sone tailing was observed, conplete

separation from aan@RltherEdintdetenn: vingebhef pedsprepl eSREE es was
achi eved. The solvent fraction
analvte of interest.

26. A competitive binding method of determining
. the presence of an analyte of interest wherein the analyte
and a chemical moiety bind competitively to a complementary

material, the chemical moiety have the formula:
1 2 3 4 5 6, o
EReiP}miL }nll )Q(L )pﬁL )qQL )riL }Slt(B)u
wherein:
Re is rhenium:

P is a polydentate ligand of Re;

L1, Lé, LB,.L4, LS and Lﬁ are ligands of Re, each

- -

of which may be the same as or different from each

other ligand;

B is a substance which is a ligand of Re or is

conjugated toc one or more of P, 1t 12, 13, 4,




0430 PCT, 0
-containinéwg%gwproguct was evaporated to dryness on the rotary evg%%ﬁgég%ﬁ
The residue was dissolved in 5 nml. nethylene chloride and the sol vent

evapor ated agai n : p— evaporator. Pale yellow fl akes of
fac-(NEt[err])[erf mmﬂ jiE 1] 8] s

ilig) “(Etpyj%%r{err]scierr]) wer e obt ai ned in
50% - 66 yield (basetl on taftifig _
((NEt[err])[err]bpy)Re(CO[err]((Jerr]SCF[err])]. The product is

anal ytically pure. (errpG8r#pPNEatepereecrsh] &a |9 greater than 1; N
O » .

each of n, 6, p, g, r and s is zero or an integer;
t is an integer equal to or greater than 1; and

u is an integer equal't@ or greater than 1;

p, Ll, Lz, LB, L4, LS, La and B being of such

composition and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by
the ligands cf Re being egual to.the cooxrdination

e

number of Re;

said method comprising:

{a} contacting the complementary material, the
chemical moiety and the analyte under suitable
conditions soc as to form a reagent mixture:

- (b} inducing the chemical moiety to emit
electromagnetic radiation by expesing the reagent
mixture te chemical, electrochemical, or
electromagnetic energy; and

{c} detecting the emitted electromagnetic radiation
and thereby determining the presence of analyte of

interest.

—_—
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* Theompeezez a4 424 8. 50 11. BET/UTY03947 .
42.90 4.51 8.24 ~11.99 Method Il -- Silver Method The silver
met hod is use 1,.,N”Eﬂﬂontaining bi pyridyl |igands susceptible to
deconp03|t|onfmmmn glﬁwlmm e envi{pnmts, e.g., L = (CHerr]O[err]bpy or
(coocH err]) [err] bpy: 1™ t*hi S method a sol ubl e silver trifluoronethane
sul fonate salt was reacted with the fac-(L)Re. (CO[err]C species to form
the, fac-(L)Re(@J/{ erk]|dectinod] SCEprdihy o ethaiand®3 nsdi uhd%, Act .26 After
renbval of the AgC precipitate by filtration, the solution was reacted in
si tu wheredip\d idy|a cstizsbance peovadently deindedcraotriciry Meratdfnpts were

made to |siola th§ méerngdl ate &ac-(L)Re(CO)[err](Qerr_]SCF[err]) salts
in thPs procédiwes™ L 4 , ©r L= through cne or more amide or

amine linkages.

28. A method accoxﬂing_t@ claim 23, 24, 25, or
26 wherein B is whole ceil, virus, subcellular particle,
aucleic aeid, p@lysacchéride, protein, glycoprotein
'lipcprgtein, lipopclysaccharide, lipid, fatty acid, peptide,
cellular metabolite, hormone, pharmaceutical agent,
tranguilizer, barbiturate, alkaloid, steroid, vitamin; amino

acid, sugar or nonbiclogical polymer.

29. A& method according to claim 28, wherein B is

a nucleotide or polynuclectide.

30. 2 method according to claim 28, wherein B is
a serum-derived aﬁtibody’o: a2 monoclonal antibody.

31. A method acc@;dinévto claim 24, wherein said
chemical agent is a whole cell, virus, subcellular particle,
nucleic aecid, polysaccharide, protein, glycoprotein,
lipoprotein, lipcpolysaccharide, lipid, fatty acid, peptide,
cellular metabelic, h@:mcne, pharmacelogical agent,
tranguilizer, barbiturate, alkaloid, stereid, vitamin, amino
acid, sugar, or n@nbi@lggicai polymer.

This Sheet Has B
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The followng illustrates the nethod: Preparation of

fac-[ (A [err]bpy] Re(CJ err] ( Et py) (CF[err]?%h Because sil ver
trifluoromethane sul fonate, AgCF[err]SJ er is I i ght ﬂﬂ" IE le “ m
operations were perfornmed in a darkened area under red

Tet nahydrofuran (THF) was dried by reflux under an argon atnDsphere over
Na/ benzophenone for $Q.ni & mebisd adoorsdingntcwaiatal R4t @he®ein saig
distillation inmediately prior to use.

: chemical agent is immobilized on the surface of an assay

vessel.

33. A method according to claim 24, wherein said
chemical agent is a serum—-derived antibedy or a monoclonal

antibody.

34. 2 methed according to claim 26, wherein B is

the same substance as said analyte.

35. A method accoxding to elaim 25 or 26, wherein
said analyte is a whele cell, virus, subcellular particle,
nucleic acid, polysaccharide, protein, lipeprotein,
lipopolysaccharide, lipid, fatty aecid, glycoprotein,
peptide, cellular metaboclite, hormone, pharmacological
agent, tfanquilizer, barbiturate, alkalcid sterscid, vitamin,

amino acid, sugar or-nonbiological polymer.

36. A method according to claim 26, wherein said
complementary material is a whole cell, virus, subcellular
particle, nucleic acid, polysaccharide, protein
glycoprotein, lipoprotein, lipopolysaccharide, lipid, fatty
acid, peptide, celiular metabolite, hormone, pharmaceutical
agent, tranguilizer, barbiturate alkaleoid, steroid; vitamin,

amine acid, sugar or nonbiclogical polymer.

TR
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WS 87§ Urvive .
Into a dry 250 ml round bottom fl ask equi pped with st|+baL—and_L§LL%?__2¢2
condenser were added 500 ng (0.94 mmol ) fac-(d[err]bpy E@ CO[err]
ng. (0.94 mmol; AgCF[err]SJerr] and 100 ml of dry THF. ¢} bl

the flask were argon bubbl e dega igd for 15 min. and ref/$Rlde I
at nosphere with stirring for 3 h at which tinme the contents

flask were sucti @74 i A etethodi agcorghiags tbr clladeh f3gNeindfd e ﬁ [@sity) to
renove the AgQ precipitate. The Agd precipitate was washed three times

wi th' 1eheniparlt martsmia el a0 oke riheder opa] SHtudsliyngs: Wer e conbi ned with
the filtrate and added to a clean 250 ml round bottom fl ask equi pped with

stirbamonoglphad @giSidbadmp! ) of 4-pyridyl ethane were added, the sol ution
was argon bubbl e

38. A method according to claim 36, wherein said

chemical material is a DNA or RNA fragment.

39. A method according to claim 24, 25 or 26
wherein the method is a homogeneous method and the suitable
conditions are such that bound chemical moiety and unbound
chemical moiety are not separated before the reagent mixture

is exposed te the energy source.

40. A method according to claim 24, 25 or 26
wherein the method is a hetercgeneous method and the
suitable conditions comprise the separation of bound
chemical moiety and unbound chemical mciety prior to

exposure cf the reagent mixture to the energy source.

- 41. A method according.to &laim 25 or 26, wherein

the analyte is fixed to an inscluble matrix.

42. A method according to claim 41, the method

being a sandwich method.

43. A method according to claim 24, wherein +he

chemical agent is fixed to an inscluble matrix, and the

edl ®
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degassWOMB8/04382 ni n.  and refl uxed under argon at mosphere_f of FTHPSSARHT o
t he orange-brown solution cooled to roomtenperature the nethanol a
were renoved using the rotary evaporator. The product sl ur skaD
was purified by either of the follpw ng two nethods: ProcJuuum mw Il
col wim (15 inch height x 2 inch i.%?% with 1:2 (v/iv) CHerr] Cltol uere WgS
prepared at described in Method | for the purification of
fac- [ (NEt [ ehehifenr Mot (X34 e@mfhpéﬁéw)QECE[ hibﬁﬁgwag )Eluilbecsanpl e
was ‘di ssolved in 10-15 m of 1:

synthetic reaction m;xtuzg.

44, A method according to claim 26, the method
being a ccmpetlt ve binding method wherein the complementary

material is fixed to an inscluble matrix.

45, A heterogenecus method according to claim 44,
wherein the complementary material is a monoclonal antibody

and the inscluble matrix is the surface of an assay vessel.

46. A homogeneous method according to elaim 44,
wherein the complementary material is a monocclonal antibody

and the insoluble matrix is the surface of an assay vessel.

47. A methed according to claim 23, 24, 25 or 26
wherein the reagent mixture is exposed to a combination of
élgctz@magnetic zadiati@n, chemical energy, and

electrochenical energy.

- -

48. A method according to claim 23, 24, 25 or 26

wherein the chemical moiety is oxidized by the exposure to

the enexrgy socurce.

49, A method according €oc elaim 23, 24, 25 or 26
wherein the chemical moiety is reduced by the expesure to

the energy socurce. —_—



g ] CN tol uene and | oaded into the colum. El sramsssigdsdi: 2 (v/v)

P "' uene renoved a s“ﬂmm :jl'jr’f mﬂﬂﬂml dentified as
(CAferr]bpy)Re(CO[err]d. s 53 /v) CH err]CNtoluene renoved
a cofpact orange-brown band. Thi ° overPap®litits the yield of the reaction

to 17% based on fac- (CL[err]bpy)Re(CI»[err]Cl Al t hough the yel | ow product
band tailed, it separated cleani$?from a number of trailing yellow, purple,
and brown bands th t.was . made_to isolate or jidentify
t hede side pr odusfs. P8 efgﬁ%%ﬁ %%m@ es81880°257 240 3 oY z6,
e SASHFRBHAE (SR MR QAL hable ittty cont ol o

Fac-[(PELLS r])haiggb ¢ ReGER err‘éagégg éerréro vai gl et hod 1.

51. A method according to claim 49, wherein the

energy source is a chemical reducing agent.

52. A methoé according to claim 51, wherein the

chemical reducing agent is magnesium.

53. A method according to claim 48, wherein the

energy source is a chemical oxidizing agent.

54. A method according to claim 53, whexein the

oxidizing agent is a Ce (IV} salt or Ph@z.

55. A method according to claim 49, wherein the

reagent mixture contains percxydisulfate.

56. A method according to claim 48, wherein the
reagent mixture containg oxalate, pyruvate, lactate,

malonate, citrate or tartrate.

57. A method according to claim 23, 24, 25 cxr 26,
wherein the reagent mixture is continucusly expocsed to an
electrode whose potential oscillates between a poténtial

sufficient to effect the reducticn of said chemical moiety,

T



Pr ocedurw(289843020r oved vyi eI_di ned t hr oughPChHAISRE03SE7
I on exchange chromat ography as ,«w‘ ﬁocedure. A colum (2 cm
i.d. x 30 cmlength) of SP-Sephbiffiksi Ui 'eXChange resin was prepared in
water. The slurry obtained from the®prbduct workup was mixed with
appr.oxinmately 10 m H err] O and acetopggwas added dropw se until a
honogeneous sol uti on was observed. SP-Sephadex C- 25 resin was added to the

crude. produging! 4" bie8ak AL 0R 4L die i AbiFcoen bR AES18RL B4l e

resin. The acetone was renove evaporation using the rotar \ porgﬁor.

The resin c ai. N sorbed reaction products was | oaded onto the
col umm. E|u3$%%ﬁ%$%% %fgﬁ? O removed 4-pyridyl ethane

58. A method accorxéing to claim 48, wherein the
energy source is an electrode whose potential oscillates
above and below a potential sufficient to oxidize the
chemical meiety and the reagent mixture contains oxalate,

pyruvate, lactate, malonate, tartrate or citrate.

59, A method according to claim 48, wherein the
energy source is an electrode whose gatgntiai is constant
and sufficient to oxidize said chemical moiety, and the
reagent mixture contains oxalate, pyruvate, lactate,

malonate, tartrate, or citrate.

60. A method'acc@raing te claim 4%, wherein the
energy source is an_electrode whose poteantial escillates
‘above and bei@w a potential sufficient te reduce said
chemical moiety and ﬁhgﬂreagfnt mixture ccntains

peroxydisulfate.

6§1. A method according to claim 49, wherein the
energy source is an electrode whose potential is constant
and sufficient to reduce said chemical moiety, and the

reagent mixture contains peroxydisulfate.

———————
—————
—— e ———
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as the PF[err] salt by addition o89%saturated aqueous NH] ¢ n”‘lm“m
sol uti-on dropwi se to the 0.25M NaCl sol ution containing -_T' :
fac-(C[err]bpy)Re(CO[err]Etpy (PF[err]) precipitate was co'Iect@d By *

suction filtratio gl as frltte filter .(ne orosity) The
product was suspeﬂ%gﬁ %% ?Eﬁe*m;n;% %-e Yasencd’ of a

chemical moiety having the formula:
{Re (P} (L } (L )@ﬁb ) (a ) (L J gl (B

where

[M
3

P is & polydentate ligand of Re;

Ll, Lé, L3, Lé, LS

, and L6 are ligands of Re, each
e¢f which may be the same as or different £rom each

other ligand;

B is a substance which is & ligand of Re or is

conjugated to one or more or P, Ll, Lz, Lz, L4,

LS, or LG;

m iz an integer equal to or greater than 1;

-
o . - -
v

each of n, o, p, g, £, and s is zero or an

integer;
t is an integer equal to or greater than i; and

u is an integer egual to or greater than 1,




PCT{USEB/03947

containing 1 arop saturated NH err] PF[err] solution. Acetone was added

form by sl ow

until the soj¢

sol ved. The conplex was precipitated in pure
R i \j Fe ace ne at roomtenperature on the rotary
he Gnnplex mas tollec by suction filtration on the gl ass

evapor at or .
fritted filter (nedlun1po m% %d with 10 M ice cold Herr]).
The conpl ex was then m@&b LhL s Bfbeiedhyk ghbgr and

air suction dried for 30 mn. EXylng mas conpleted over CaS(err] in the
vacuum desi ccat or ovetompbEitioni ekd aumbé® hMaad fife chemical moiet

(Cferr]bpy)Re(CO)[err]d was obtained. The small,

of fac-(d
Cerr]H er

bri ght yeIIOM/crygtaIs
[ err] bpy) Re¢&30) ber ih¢Ecpd) €BFeain] elurramafyetial tgdpatiton
rINferr]Jerr]C[err] RePF[err]
and the total number of bonds to Re provided by
the ligands of Re being equal to the coordination

number of Re;

the system comprising:
fa) a reagent mixture comprising the chemical moiety;
{b} means for inducing the chemical moiety to emit
electromagnetic radiation; and
e} means for detecting the emitted

electromagnetic radiaticn.

"63. A system for determining the presence of an
analyte of interest which binds tc a chemical moi tety, the

moiety having the structural formula

e (p)(nh, f) ) b ety a1 my

e -

wherein:

P is polydentate ligand of Re;

1 2 3 4 5

1), 12, 13, 14, 1 6

» and L~ are ligands of Re, each
of which may be the same as or different from each

ether ligand;

e ——————————
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CWO 89/04307 N Theory 32, 1BCT/USSS/NGT
5. 62 Found ' 32. 80 2.12 5.49 70 I'n

general , conpl exes oont ai ni ng eIe Hl ﬂuﬁﬂﬂﬁﬂﬂtw“ﬂubstituents such as
NEt[err], CHerr]O CHerr] léatc., nd are readily purified
usi ng Procedure 1. Conpl exes contalnlng el'ect’ on- wi t hdrawi ng substituents

much as d or err] on the 2,2 ridine_li d are best purified using
Procedure 2. Tﬁe%ﬁeﬁﬂﬁqﬁgﬁﬂ%Qﬁﬂ@Rﬁég hGt@rd lggng of Re or is

conjugated te one or more of P, Ll, LZ, Ls, LQ,

5 6

L, er L” through one or more amide oxr amine

linkages;

m is an integer equal to or greater than 1;

each of n, o, ?, g, ¥ and s is zero or an integer;
t is an integer equal to or greater than 1; and

u is an integer equal tc or greater than 1,
B, L;, LZ, LB, 14, LE, L6 and B being of such
composition and number that the chemical meiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by
the ligéhds cﬁ:Re being egual to the coordinaticn
number Re;
the system comprising:

{a) the chemical moiety

{b) a means for contacting the chemical maiety with
the analyte of interest to form a reagent mixture;

{e) a means for inducing the chemical moiety to emit
electromagnetic radiation; and

{d) a means for detecting the emitted electromagnetic

radiation. . -




YASVL : : PCT/US88/03%47
of the ?}ﬁgwblpyrldlne ligand in such conpl exes abstracts electﬂ%n g%n5|ty
fromthe formal Re(l) center. The resulting increase in partial positive

charge at the Re n a greater electrostatic attraction

bet ween t he Re(l Mmm Mﬂﬂlmﬂ Hhe streh®heni ng of the Re-Cd bond that
resul ts decreases*the éffdctifvefiess of Cl[err] as a IeaV|ng group in the
presence of silver caklon Aqlercglﬁ %g £ uently attack
of these species at offter i %ﬁﬁqptﬁél (F m BFr +86%p 19@%%%&# te

si de products, b |t|v W th SI dIS nt. The
char ged prd@%%? ﬁigg% 9%%nﬁ§ bé%%§§§ QFaF ' gﬁg i on
exchange reghRge @ Sgg@rwtﬂhm @iz (b RBA4ERLE" Lb( By (CFlerr]SClerr])

electromagnetic radiation of a different wavelength.

€5. A composition ef claim 64, wherein the
chemical moieties are each attached to different analytes of

interest.

66. A method of determing the presence cf the
chemical moieties of claim 64, which comprises:

{a) forming a reagent mixture under suitable
cenditions containing the chemical moieties;

{b} inducing the chemical moieties to emit
electromagnetic radiation by &xpesiﬁg the reagent
mixture to electromagnetic energy, chemical energy
or electrochemical energy; and

{c} detecting the emitted electromagnetic radiation of
different wavelengths and thereby determining the

- presence of the chekhical moieties.

67. A method of determining the presence of one
or more analytes of interest which bind selectively toc the

different chemical moieties of claim 64 which comprises:

(a) contacting the analytes with the chemical meieties
under suitable conditions sc as to form a reagent

mixture; - e _

i
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conpl exes synthesii A Il as yields after purification and

net hods of prepara “]‘ | hod |I; silver -- Method Il), is shown in
Figure 4. Em ssion AxkmaLf ot the conplexes in CHerr]CN are al so |isted.

Em ssion spectra were obtalneg using a Perkin-El nmer Moddel LS-5
spectrofluorimeter. The eni s&#dn spectra were not corrected for variations
i n det ect ofbseninBuding Wheh olbaglecdDiic bogiesete elitneant only to prOV|de
a qualltatlve illustration of the

electromagnetic radiation by expecsing the reagent

,’-'

mixture to electromagnetic energy, chemical enexgy
or electrochemical energy; and

{c) detecting the emitted electromagnetic radiation of
éifferent wavelengths and thereby determining the

presence of each of the analytes of interest.

68. A method according to claim 23, wherein the
reagent mixture comprises one or more different chemical
- moieties each of which can be induced to emit

electromagnetic radiation of a different wavelength.

€%, A method according te claim 25, wherein the
reagent mixture comprises one or more different chemical
moieties each of which can be induced to emit
electromagnetic radiation of a different wavelength, each

moiety being attached to a different analyte of interest.

- 76. A method according-to claim 25, wherein the
reagent mixture also comprises cne or more different
chemical moieties each of which can be induced to emit

electromagnetic radiation of a different wavelength.

7i. A system according to claim 63, wherein the
reagent mixture ccmprises one or more different chemical

moieties each of which can be induced tc emit
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enissigﬁjﬁﬂbefenth~Lﬁum&LquiﬂlJ__ accessi bl e usi ng these conﬁ’gﬁndgW Two

| um nescent Re(l -theo-hylllne speci es have al so been prepared as nodel
sensor - anal yte ‘ 1 br.epar ati ons are descri bed as bel ow
EXAVPLE | Pr epariattshgiias | dahds | i nE48-but yric acid, 3-propyl pyridyl ani de
( TBBA3PPA) : Cbnpounﬁ I 0.T63s (1.2 nmol ) of 3-(4 pyridyl)-propylanine wer e
conbi ned with 776 1 mmol)), of, di cycl ohe carbodimde in 10 nml of
anhydrous%%ﬁ9¥F9W@g%%éLFe§6§%§ﬁ&°§opﬁtﬁo%i%%?%ﬂqﬁwﬁﬁﬁ? @§§?hv09éﬁﬁlght

Preci p' tag ed.l@dé Cyige!fggg Xg'lctg:r;ggdw%s A d;;%rﬁ%qre%g aanadlyge of interest.

.72. A composition of claim 64, wherein the
different chemical moieties are induced to emit
electromagnetic radiation by exposure to energy of a

different value frem a different source.

73. A compesition of claim 72, wherein the

chemical moieties are each attached to a differant

substance.

74. A method of determing the presence of the
chemical moieties of claim 72, which comprises:

{a) Zforxming a reagent mixture under suitable
conditions containing the chemical meoieties;

{b) inducing the chemical @@ieties to emit
electromagnetic radiation at different times by
exposing the reagent mixture at different times to

- energy of differentvalues or from different
sources; and

{c} detecting the emitted electromagnetic radiation

lafter exposing the reagent mixture to each ¢f the
different values or different scurces cf energy

and thereby determining the presence of each of

the chemical moieties.




filtrate was concentrated under vacuumthe renainingﬂﬂﬁmMM}‘}ﬁ ﬂved by
boiling in 50% aqueous isopropgrkol. On-cooling a snel SinRER d had
fallen out which was filtered off. The filtrate was conkentrdted té yield
an oil that slowy solidified on standing. The solid was dissolved in 10 m
0.1IN HO and again filtered to renove a small_anount of insol uble

material s. The pfP washtRerbad) ascegdissy R H-aidcbls warFehs chheonat e,

The solution was cooled on ice and a crystalline white product was obtai ned
(yi el Fe@GgEsS: Pixinye PEPHisaECENRaSIc AT G fiaxpy Spemberdl anal ysis

and prot.on NVR to reveal he foll ow structure: ,
pm@;et;es each OE which can ge ggduce to emit

electromagnetic radiation by exposure to energy of a

different value or from a different source.

76. A method according to claim 25, wherein the
reagent mixture comprises one cor more different chemical
moieties each of which can be induced to emit
electromagnetic radiation by exposure to energy of a
different source, each moiety being attached to a_diﬁferent

analyte of interest.

77. A system according to elaim 62, wherein the
reagent mixture alsoc comprises ocne or more different
chemical moieties each of which can be induced to emit
electromagnetic radiation by exposure to energy of a

different value or from a different source.

78. A system accexding to elaim 63, wherein the
reagent mixture comprises one or more different chemical
moieties each of which can be induced to emit
electromagnetic radiation by exposure to energy of a
different value or from a different socurce, each moiety

being attached to a different analyte of interest.

This Sheet Has Been Rﬁﬁlaced
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72 [err]

I Fac-(bpy)Re(CO)[err](qerr]SCF[err])g $1I6E G | ﬁi Y
using the acid procedure (Method 1). Into a 100 m rourtd bBottom flsasle

Preparation of fac-(bpy)Re(CI»haér](TBBASPPA,“

S prepared

equi pped with stirbar and condenser were added 155 ng (0.27 mmol)
fac- (bpy)Re(CO[err]( rr]SCEerr]), 129 (0.37 muol ) Conpound |, 20 n
Herr]O and 20 ml et h%@t. ‘%hs '§@P%F%W°\?V§$%W%bﬁ% gepaskesefor 15

mn. and refl uxed under argon atnosphere for 3 hrs. After cooling to room
temperature, the solvent was

| Re (cO) , ! "}agg*’ R

wherein X and X' and ¥ and ¥' may be the same or different,
X and X' may be NtCHZHS)Z, CHB’ CHEO, CSHS' Cl, COZCHB, CN,
or NO,, and Y and Y' may be either H or CHS’ provided that
if X and X' and ¥ and ¥' are the same and X is COZCHE, ¥ is
not #H and further provided that if X and X' and Y and ¥' are

the same, X and ¥ are not H; and R is an anion.

8@0 A method of detecting in a predetermined

volume of a multicomponent, liguid sample an analyte of

interest present in the sample at a2 concentration below
about lﬂaz molar which comprises:
fa) contacting the sample with a reagent comprising an
electrochemiluminescent chemical moiety containing
a rhenium-containing organic compound and whexrein
said reagent is (i) capable of being induced to-
repeatedly emit electromagnetic radiation upen

exposure to an amount of chemical, elect-

———

-, This Sheet Has
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eWEQdﬁﬁﬁgﬁzon a rotary evaporator. The dry solid was _di sépve in 10-15 n
of nmethanol and 0.2.g anhydrous Lid (err] 73 were added VMen

Lidderr] was dissolved the solution was transferre

20
colum (75 cmheight x 2 cmi.d.) for chromatographic St ‘ !ﬁ?e
col utmm was equilibrated with nmetéanol. The sanple was run®at ta #1 os e of

between 0.1-0.2 m/mn, Three gﬁnds se arated The Ieadlng band
fluoresced at SEPTHEPHCELy ePF] ISt S SR GREY prEefce® (Cormpound

1) It separated cleanly from
) P su&tégie source effective to induce the reagent to

repeatedly emit radiation and (ii} capable of
conbining with the analyte of interest, the
contact being effected under appropriate
conditions such that the anaiyte and reagent
combine;

{b} exposing the iesulting sanple to an amount of
chemical, electrochemical, or electromagnetic
energy from a suitable source effective to induce
the reagent to repeatedly emit radiation, the
exposure being effected under suitable conditicns
so as to induce the reagent to repeatedly emit
electromagnetic radiation; and

e} detecting electromagnetic radiation so emitted and
thereby detecting the presence of the analyte cof

interest in the sanmple.

8l. A method for establishing an internal
" standard for an electrochemiiumiﬁéscedt 2888y systém
comprising the steps of
{1} forming a soluticn ceﬁtaiﬁing
{a) an analyﬁe comprising a first
- electreochemiluminescent moiety, and
(b} an internal standard comprising a second

electrochemiluminescent moiety,

gsaid first and second moieties having

is Sheet Has Been Reﬂlaced
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the remaining b

me—— D e @y ey vwe o

was made to identify the minor products
represent ed byt #br oduct was isol ated by evapor ation of
CH err]OH on the Y #*or. The conplex was dissolved in 5 n

CH err]OH and gravity drlpped into 15& stirring anhydrous diethyl ethe
The-conpl ex was precipitated as a |ight "yell ow-green powder. It was

col l ected by sucti @leldtifociidefii Bilifegtass éharhedeliilstdes medi um porosit
and washed with two 15 ml portions of anhydrous diethyl ether. Air suctiad
drying was avoi dedsubsgiamg iedsiyc dypiepetien:t b oneuamotdsizc ddiayr over
CaS( err] overnight. A 48%yield of Conpound Il was obtained based on
fac- (bpy) Re( CO) [ er sLeOlidrird=8GF[iorid ) feddmece Onpterenathem i il | y pure.

 encountered, and having electrochemiluminescent
emissions at sufficiently different wavelengths

that each can be viewed independently of the

other, and

{2) independently measuring the

electrochemiluminescence of the analyte and the

internal standard.

35
&
i
&,
k<
4
kA
4
._?'
;
2
g
3
2
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82. A method as recited in claim 81 wherein the
analyte is a rhenium containing moiety and the intermal

standard is an osmium containing moiety.

83. An electrochemiluminiscent rhenium-containing

moiety having the formula

* This Sheet Has Beer
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%0 $HPEI9) N[ err] O err] O Re[910.05 gt/mmol] ¢ HPCT/US88/83947
O Cl Theory 42. 23 . 52 ; 17. 58 3.90

Found 41.72 4.00 : 3.74 The product
had the follow ng structure. 74 # 5 MﬂWeparation of
1, 3-di net hyl - 4- am no- 5- Cbnpound 14 e reaction of

wherein W is selected from the group consisting of CHO,

COOH, NE, and Br, R is an anion, n is an integer, m is 1, 2

2
or 3 and the bipyridyl group is substituted or

unsubstituted,

84. A method asz recited in claims 23, 26, or 80,
wherein a plurality of analytes are in a multicomponent
mixture and the assay ié carried out simultaneocusly with
respect to said plurality of analytes using a combination of
electrochemiluminiscent moieties containing

(1) =ruthenium and rhenium,
{2) osmiun and rhenium, or

{2) zruthenium, osmium, and rhenium.

85. A composition of matter having the formula

(x=(v) ~21V7(R)

wherein

X is one or mcre nuclectides which are the
same or different, one or more amine acids
which are the same or different, an antibody,
an analyte of interest or an analog of an

analyte of interest;
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I soni cot i nyl chlorlde hydrochloride (INC) with 1,3-dinethyl-4,5-diamno j§
uracil (DADMJ) in dry pyridine as described belom/ DADMUJ was purified by
recrystallization from nmet hanol under argon atnDsphere and dried overni ght
over CaS(err] in the vacuun1de5|%&ator The pal e yelTow compound—was
stored under argon. A 100 ni roudd®bot t om f1 ask EQUIpquww‘ i -
deaerated with argon gas_and co in an ice bath. i

dry pyridine were added #nd% I%%SV&

1.04 g

2 is a chemical moiety having the formula

(re (21 (81 2y o wh od) w1,

whearein

b4 is a polydentate ligand of Re;

Ll, Lz, LB, Lé, LS and LG are ligands of Re,

each of which may be the same as or different

from each other ligand;
R is an anion;
m is an integer egual to or greater than 1;

3

each of n, o, p, g, ¥ and s is zero or an

integer;

t is an integer equal to or greater than 1l;

and

u is 0 or an integer;

TR




8430201 ) of isonicotinoyl chloride hydrochl ori de P/ESEEEMTi n t hree
portions over a 15 min. interval. Dissolution to a brown solution occurred.
To this solution were added 0.98 g (5.76 nmol) DADMU with stirring under

the argon atnobsphere. A reflux Ggndenser was attached t0
flask was transferred to a mater bath. The conteaﬂﬁ-“ x
refl uxed under argon with stirring for 2.5 hrs i fj
mxture was allowed ty £90h, S owbyel03500m tenper at ure wnder

nd the
\er e
D OWwn

overnight. A yell ow brown preC|p|tate was col lected by suction filtration

on a glass fritted filter (nmedium

w is D or 1;

1 2 3 4 5

P, L, L7, L, L', L” and Ls being of such

composition and number that the chemical

moiety can be induced to emit electramagnetic

radiation and the total nuzbey of bonds to

Re provided by the ligands of Re being equal

to the cocrdination of Re, provided that w is

¢ when v is 0.

86. A composition of matter as claimed in claim

85 wherein Y is e(CHZ)na, eCH%CHeCOaNHE(CHZ)nﬁNHaCOe(CHZ)mE,

gﬂCHZ)m£COﬁNHEGCH or E!CHZ}m*CQCHBEZ(CHZ)R$COﬁNH$

ang

@Cstw and m, n and r are all the same cr nct all the same

and each is an integer greater than or eqgual teo 1.

8§7. A campcs;t;@n of matter as claimed in claim

85 wherein Z is bis (2,2”abipyridxneﬁE4abutanalﬁallﬁ
4'methyl-2,2'bipyri€ine] rhenium, {2,2°'-bipyridine)

maleimidohexancic acid, 4-methyl-2,2'bipyridine-

4'<-putylamide rhenium, or bis{2, 2°-bipyridine) {4-methyl-2,

2“ﬁbipyridin@sé“ayllrheniums

——

————
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porosity). The pregisfatia AR Sk

tol uene to renove pq'ﬂmxa&ﬂﬂﬂ Hallubl e brown inpurity. The precipitated
product was washed Welhe¢ s Ms portions of diethyl ether and dried
overnlght in the vacuum desi ccator overj§zaSderr]. The product was then
recrystallized fromCH err] OH di et hyl ether under argon at mosphere to yi el d:
0.52g of the yell ow g8qdugy Qggumm | .£38% based on |n| tial INC). THe
product had_the follomnng structure. o % %g@r as claimed in claim

5 wherein X is theophylline and u, v an

Ed with four 15 por t FGryUSBS/8as4y ?
{

d w are 1,

- ar

Ty



| 28-FEB-1996 12:83 MATHYS & SOUIRE &
[err] EXAMPLE |V Preparatiomipf §85 (46pyri dyls)-:t heophts.ine
Conpound- IpH~yras readi (wortlysiriLzatuiLrbfERTYCOREA @BGAC -REg~HA
(Conpound TVY;" by the fol |l owi ng 'BrB@edtre To a 300 M Ehr¥

8172 83@_22@1. P.B4As/M4

ePtiv} a

cont ai_ni n%ﬂa stirbar were added 6. 75 % (24 mmol) of Conpound |¥F—=muk

sufiNTERBATIONAATELECATIONFYBLISHHEP UNDRR THE PAD FCPOPERATION TREATY roTynd

bol CWD zalsly

> Al The solution was allowed to cool to ro&

e 32 RbsRee2Q! Ut | PRCET ' . oL ] Ay e
o e ascsmans o S NG| b

a pCHEDUliAl% 48Hd8n t 0 separ at
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{33) Prlovity Commtry: : us ropean patent), BR, CH (European patent), DE (Bu-
ropeas patent), DK, FI, FR ( peen patent), GB
{71) Applicants TGEN, INC. [US/US}: 1530 Bast Jeffersom . {European patent), IT (Europezn patent), JP, KR LU
Street, Rockvilie, MD 20852 (US). g%migm patent), hg;s gL (Euvropean patent), NO,
uropesn patent), SU.
(72) Loventors: MASSEY, Richard, J. ; § Valerian Coust,
Rockville, MD 20852 (US§), POWELL, Michael, J. ;: §| Publisked
War Admival Way, Galt ersbuﬁ, MD 20877 (Us% : With international search repors. '
DRESSICK, Walter, J. ; 18215 Mulberry Court, Gal- Before she expiration of the iime limit for amending the |
thersburg, MD 20877 (US). LELAND, Jouathan, K. : claims and 10 be republished in the evens of the receipt
384 N. Summit Avenue, Gaithersburg, MD 20877 of amendments. :
{US). HINO, Jamel, K. : 2020 Neorth Calvert St. #23,| .
Arlington, VA 2220] (US). POONIAN, Mohindar, S.

f(m Titdes ELECTR@CHEmmeEsch RHENIUM MOIETIES AND METHODS

(57) Abstract

Blectrochemiluminescent moieties having the formula ﬁRe(P}m(LE)W(BMQ),(L%(L?E(LWB)“M P is & polydentate li- |
and of Re: LY, LE, 1.3, 13, LS and LS are ligands of Re, sach of which may be the same s or different from each other ligand;
| Bis = substance which is 2 ligand of Re or is conjugated 1o one or more of p, Li, L2, L3, L4, LS or LS; m Is s integer equal

to or greater than {; cach of a, o, g, g, v and s is zero or an Integer; ¢ is an Iateger equal to or greater thay ): and u is sn
integer equal to v grester than 1; p, L}, L2, L3, L9, LS, LS and B being of such eompositicn and number that the chemical
maiety can be induced ¢ emit electromagnetic radistion and the tots! number of bonds to Re provided by the ligands of
Re being equal to the epordination of Re are disclosed. Qualitative and quantitative slecirochemiluminescent assays for
analytes of intercst present in multicomponent liguids using these moleties are diselosed. These methods comprise contsct-
ing & sample with & reagent labeled with an electrochiemiluminescent chemical moiety eontaining rhenium and capable of
combining with the analyte of luterest, exposing the resultlng sample to chemieal, electrochemicsl, or electromagnetic en-
' ergy and detecting electromagnetic radigticn emied by the electrochemiluminescent chemical moiety.
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ﬁ%ﬁﬁﬁﬁperature and the pH was carefully adjusted to betwe

HOW@l&ﬂW43 ring neutralization, the initial 77 precipitate dissolved to
an orange solution. As neutral i zati on approached conpl eti on,
reprecipitation occurred. The ablution was cooled on the ice bath for

and the pale yellow solid was collegped by suction filtration on a gl ass
fritted filter (nmedium porosity).

e precipitate was washed with three 20
m portlons of diethyl ether. The crudqﬁgroduct was dried over CaS( err]
overni ght in

PCTLS88/03%4%5i ng 6M

1 hr.
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aW@@gW%si ccator. The product was purified by recr§/‘%'tléﬁ)ﬁafué"t,iﬁ6n from
dimet hyl formam de (DMF). Crystals were collected by suction filtration as
above and washed twice with 20 m portions of ice cold isopropanol, '
followed by three 30 ml portions of diethyl ether. Drying was conpl eted
overnirght in a vacuum desiccator. The yield was 1.87 g of netallic white
crystals of Conpound IV (30% based op initial anount of Conpound I11).
Conpognd IV nmel ted at 337.9-339. 5] Cto a clear orange liquid. -Conpound
|V was anal ytically pure. C[err]H[err]N[err]Qerr] [257.17 g/nmole] C

H N 0 Theory 56. 04 4.26 27. 24
12. 44

Effect of Callbrant Cone. on Int. Sid.; 330-478
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56. 08 4.38 27.17 1 PSR Guct had
t he foI I OW ng structure. 78 [err] EXAMPLE V Preparation of
Fac- (bpy) Re(CO[err][8-(4-pyridyltheophylline]) CFlerr]SOerr]): Corrpound
Vinto a 100 mM round bottom flask equi pped with stirbar were added 150 ng
(0.261 mol) fac-(bpy)Re(CO[err](err]SCFerr]), 250 ng (1.04 nmol)

95

Eifect of Internal Standard on Gaﬁbmm 33@47@

0.30 7
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was used;as the “sakvent:iegguse o 4- p\rldyl) thpqﬁhyl
4;’[@] A . )

refLuxedlk@r
renpved
20% ne

79 8-(4- pyrl ) 1€

t;hi; nQ

i

2 ALLEL 15 1 e PF deherati on W tdf .ar gon, ] {
.under ﬁgwngJg;Hgsp1ere After gooling, .tH %
y evap [atlén,qn ar ﬁégy evaporator. The ysal’l ¢ as ‘ext |
nd’ f| Qg fhﬁéu Ha gl ass wool | plug“to 'r emove™ 1 s 6F dBEE
.7 (‘.r_ .

The illtrat

was o

-

BLECTROCHEMILUMINESCENT RHENIUM MOIETIES AND METHODS

This application is a continu&tigﬁ@iaapart of
copending U.S. Application Ser. No. 858,354, filed Apri}) 3p
1986, and PCT Application Ser. No. U.S. 87/00987, f£ileg
april 30, 1987, the contents of which applications are
hereby incérporated by reference ingo this application.

The invention relates €o electrochemiluminescent

chemical moieties which include the metal rhénivm, The

rhenium~containing chEmiéal moleties and complexes thereof
disclosed in this application offer several advantages over
triSuZ,Z'fbipyridine ruthenium (II) and related complexes
proposed for use in assay sysﬁe@s. These aévanﬁaggs
include: ({1} emission quantum efficiencies (érs which are
genérally more favorable than those noted for
cﬁiszfz"mbigyxidine ruthenium {(IZ) derivatives; (2) ﬁhe
ability Fo select the proyeﬁties of the metal-to-ligand
chaxgeatfansfer (¥LCT] excited state within a wider range of
values than are available for tris=-2, 2'=bipyridine xuthenium
{11} defivativess and {3} simplified and more economical
methods of synﬁhesis @ec&use both bipyridyl end mgnbi@yxiﬁyl

derivatives can be used to conjugate an anslyte of interest
to the complex. -

Background of The Invention

Beveral publications aﬁg referenced in this
applic&ti@n by Arabic numersls within parentheses. Full
gitations for these references are found at the end of the
specification immediately preceding the claime. The

disclosures of these publications are incorporated by

REPLACEMENT §i:
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mef hano

chr omat ogr aphed on a Sephadex LH 20 columm (75 cm hei ght REBL&Gﬁ%ﬁﬁﬂBSﬂEEEg
as the eluant. Two bands were observed. The |eafli pg band (maj or
product) was Conpound V and was separated froma mi nor, unjdem §Epegos
impurity band (elution rate 0.1-0.2 mi/mn.). Concentratjoh of the fract
contai ning Conpound V to 5 ml nethanol vol une on the rotpary—evaporatot
foll owed by reprecipitation in the 100 m stirred diethy|] ether gave
Conpound V as a pale |inme-green powder. Gnpound V was cOTTEcted Dy sSuction

an

filtration on a glass fritted filter (medi um porosity) and dried over

CaSO err] oves Ak Slihed N ng»?(g]aesyﬁg@if&ﬁgn % raay 180 A8-4 4gs fgsed on

fac- (bpy)Re(CI»[err](

The product was ana ytlc ly pure.
describe the state of the art to which this invention

pertains.

There is a éontinuous and expanding need for
rapid, highly specific metheds of detecting and quantifying
chemical, b;ochemical, and biclogical substances. -Of
particnlax value are metheds for measuring small quantities
of pharmaceuticals, metabolites, microorganisms and other
materials of diagnostic value. Examples of such m&texials
include narcotics and poisons, drugs administered for
therapeutic purposes, hormones, pathogenic microorganisms
and viruses, antibodies, metabolites, enzymes and nucleic
acids.

- The presence of these materials can often be
determined by binding methods which expleoit the high degree
of specificity which characterizes many biochemical and
bi@l@éi@&l systems. Freguently used m@th@és are based on,
for exanple, antigen-dntibody systeﬁs; nucleic acid
hybridization technigues, and protein-ligand systems. In
these meﬁhcds, the existefice of a complex of diagnostic
vaiu@ is typically indicated by ghe presence or absence of
an observable "label" which has been attached tc one or more

cf the complexing materials. The specific labeling method

. chosen often dictates the usefulness and versatility of a

particular system for detecting a material of interest. A
preferred label should be inexpensive, safe, and capable of

being attached efficiently to a wide variety of chemical,
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Theory 37.50- 2.28 11.178 15. 37 Fo RE LACEM ENT S@FT
38.:19 2.53 11. 77 15.78 The product had the f I mggg é@rnula

8 O<[err] EXAMPLE VI Preparation of 12s

Fac- (bpy) Re(CO [err] [ 3-(4- pyrldyl) propionic acidl]d Jerr]H arr] O Conpoung
A
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bicchemical, and biological'materials &ithcut changing the
important binding characteristics of those materials. fThe
lebel should give a highly characteristic signal, and shoulg
be rarely, and preﬁetably never, found in nature. The label
should be stable and detectable in agueous systems over
perieds of time ranging up to months. Detection of the
label should be rapid, sensitive, and reproducible without
the need for expensive, specialized facilities or personnel.
Quantificatian of the label should be relatively independent
ef variables such as temperature and the'compositioﬁ of thé
mixture to be assayed. Most advantageous are labels which
can be used in homogeneous systems, l.e., systems in which
separation of the complexed ané uncomplexed labeled material
is not necessary. This is possible if the detectability of
the label is modulated when the labeled material is
inc@f@@t&ted inte a specific complex.

& wiﬁe variety of labels have been developed, each
with particular advantages and disadvantages. For example,
radioactive labels are guite versatile, and can be detected
at very low c@ncentrations.“’H@ﬁg%e::athey are expensive,
hazardeus, and their use requires scphistiéataa equipment
ana.txaingﬁ personnel. Furthermore, the sensitivity of
faﬁi@activ& labels is iimited by the fact that the
detectable event cen, in its.esseﬂtial nature, occcur only
once per radiocactive atom in the labeled material.

Moreover, radicactive labels cannot be used in homogenecus

metheds. Thus, there is wide interest in nonradiocactive
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Into a 250 mM round bottom flask equi pped with stlrbar wer e _added 300
(0.522) mmol ) of fac-(bpy)Re(Co)[err]Crlerr]STerr], 79.2 m i

of 3-(4-pyridyl)-propionic acid, 70 mM of ethanol (absol uteJRW EN?ngHFET
water. The m xture was deaerated with argon for 15 min and fhen refl uxed

for 4 hrs under argon atnmosphere. The sol ution was cool ed ahd] t e2 SEPVI8R6
was stripped. The residue was dissolved in the m ni mumanounf of water,
placed on a SP-25 Sephadex col utm, wasfed with 81

labels. These include molecules observable by -
spectrophotometrie, spiﬁ resonance, and luminescence
techniques, as well as enzymes which produce such molecules.
Among the useful nonradiocactive labeling materials are
organometallic compounds. Because of the rarity of some
_metals in blological systems, methods which specifically
assay the metal component of the organometallic compounds
can be successfully exploited. For example, Cais, U.S.
Patent No. 4,205,952 (1580} discloses the use of
immunochemically active materials labels with certain
organometallic compounds for use in gquantitating specific
antigens. Any general méthgd of detecting the chosen métals
can be used with these labels, .including emission,
abscrption and fluorescence spectroscopy, atomic absorption,
and neutreon activation. The methods often suffer from lack
of sensitivity, can seldom be adapted to a homogeneous
system, and as with atomic absorptionr, sometimes entail
destruction of ﬁgg sample. ' .

. 0f particular interest are labels which can be
made to luminesce through photogchemical, chemical, and
electrochemical means. "Photoluminescence™ is the process
whereby a material is induced to luminesce when it absoxbs
electromagnetic radiation. Pluorescence and phosphorescence
are types of phct@luminescénceg “Chemiluminescent®
processes entail the ereation of the luminescent species by

a chemical transfer of energy. “Electgochemiluminescence"
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]
wat.er and eluted with 0.25M NaCl. The first yellowgreen fraction was
col l ected and the volune reduced to about 25 m on the rotoevaporator The
contents of the flask were warmed with the heat gun and 1 ni
coricentrated perchloric acid was added dropw se. Line-green @ﬁ%&ﬁéﬁ@ﬁmﬂ’SHEET
formed. These were isolated by suction filtration on a 15 m] f&dium
porosity fritted funnel, washed with a very small anount of QE y3tef igﬂﬁﬂp
air dried for 30 min. The crystals weregfurther dried in a vaduum -
desi ccator over Drierite[err]. Jerr]Herr]err]N err]Red {H:er]}Q

2?32'04 g/g%%§%&ls ghe creatfgn.of the luﬁ&gg%géy§ speczeﬁ 49~m e

electrochemically.
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These luminescent systems are of increasing
importance. For example, Mandle, U.5. Patent No. 4,372,745
{1983}, discloses the use of chemiluminescént labels in
immunochemical applications. In the disclosed systems, the
labels are excited into a luminescent state by chemical
means such as by reaction of the label with H,0, and an
oxalate. In these systems, Hzoz oxidatively converts the
oxalate inte a high energy derivative, which then excites

the label. This syesten will, in prineciple, work with any
luminescent material that is stable in the oxidizing
conditicns of the assay and can be excited by the high
energy oxalate derivative. Unfortunately, this very
versatility is the source of a major limitation of the
technique: typical biological fluids containing the analyte
of interest also conta&n a large number of potentially

lum&nescent substances that can cause high backround levels

of luminescence.

- 3
e e

Another example of the immunochemical use of ]
chemiluminescence which suffers f£rom the same disadvantages
in Oberhardt et al., U.S. Patent No. 4,280,815 (1981), who
disclose the in situ electrochemical generation of an
oxidant (e.g., uzozm in close proximity to an immunoreactant
labeled with a chemiluminescent species. The
electrogenarated oxidant diffuses to the chemiluminescent

species and chemically oxides it, resulting in the net



The product had the follow ng fornula, 82 EXAMPLE VI

Bl ectrochem | um nescence of Various Rheni um Conpounds Tﬁ§§QMéE§@EﬁEéﬁﬂggﬁy

of various rheni um conpounds was neasured as 1 nM sol ut
ni trogen-purged acetonitrile with 0.1Mtetrabutyl anmoni
& a supporting electrolyte. The working el ectrode was

obt ai ned from Bi oanal ytical Systens, Inc., Wst Lafayet
glatinumw re was used as a 6

transfer of one or more electrons to the electrogenerated
oxidant. Upon oxidation, the chémiluminescent species emits
a photon. In contrast, the subject invention ‘requires the
direct transfer of electrons from & source of
electrochemical energy to a chemiluminescent species which
is capable of repeatedly emitting photons.

The present invention is concerned with
electrochemiluminescent labels. Suitable labels comprise
electrochemiluminescent compounds, including organic
compounds and organometallic compounds.
Electrochemiluminescent methods of determining the presence
of labeled material are preferred over other methods for
many reasons. They are highly diagnostic of the presence of
a particular label, sensitive, ﬁ@nhazard@us, inexpensive,
and can be used in a wide variety of applications. Ozganic
compounds which are suitable electrochemical labels include,
for example, rubrene and 9,10-diphenyl anthracene. Many_
organometallic compounds are suitable electrochemical
labels, but of particular use are Ru-containing and
Os-containing compounds. _

Ru-contalning and Os-centaining organometallic
compounds have been discussed in the literature. Cais ’
discloses that any metal element or c@mbinat;@n of metal
elements, including noble metals from group VIII such as Ry,
would be suitable components of @:gan@meﬁalLic labels
d@tectable‘by at@micaabse:pti@n methodg. (Cais, col. 1li,

line 20). ﬁowever, ruthenium is not a preferred metal in



cqunter electrode and a 1.0 mmsilver wire served Eb %@wﬁégjwe»g
el ectrode. Measurenents were made by scanning fr ' )
at a scan rate of 100 nV/second. After each el ect o;he
petential difference between a Saturated Cal onel !
and the silver wire was determ ned. Thus, the val ugst+eporTE
to the potential vs SCE. El ectrochm | um nescent (ECL) neasure

—ver e
made in aqueous solutions containing 0.1M phosphat & rate buffer (pH

4.2 [ 1% Tr | d
useé consﬁ%%gégoégP pFﬁtPﬂgnfﬁﬁﬁ; igg%iﬁahﬁgfiggsc:r 3ega 8L%§§t258§§n;
Radi o Shack, LLanskat 8h @B&kgkfiﬁgégé‘lgk Q¥iﬁgoﬁ& b2CBsPIAl BAYLY LRe ThE

metheds disclosed, and the preferred method of detection,

atomic absorption, entails destruction of the sample.

Weber, U.8. Patent No. 4,293,310 (1981), discloses
the use of Ru-containing and Os-containing complexes as
electrochemical labels for analytes in immuncassays. The
disclosed complexes are linked to aminoc groups on the
analytes through a linkage. Weber also suggests the
possibility of forming carboxylate esterslbatween the labels
and hydroxy groups on other analytes.

The presence of the labeled materials can be
determined according to Weber, with an apparatus and method
whichi;emprises a guencher and an electrochemical £low cell
with light meahs. The photoelectrochemically active label
upon photoexcitation transfers an electron to a qguencher
molecule; the oxidized molecule is subseguently reduced with
an electron from an electrode of the flow cell which is held
at suitable potential. This electron is measured as
phetocurrent. The amount of free labeled analyte in the
systen is determined by the photocurrent signal. This
methed is the reverse of electrochemiluminescent detection
of luminescent materials.

In subsequent reports, Weber et al. discuss the
problems associated with the use of this method to detect
Ru~containing labels (1}. In Table 2 of Weber et al. (1),

the extrapolated detection limit for
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el ectrodes were nmounted on the outside of a 60 m (£ RhCKrpM
acetate plastic. This plastic was nmachi ned so t hat]*&? %ﬁ e'gﬁﬁT34£

T | ul ose
er hole

Us.
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al l owed solution to flow easily between the working and c gﬁ{-r= Prence

el ect rodes.

The el ectrodes were connected to thejp that one

el’ectrode functioned as a working 83 el ectrode ( |ch was cl oser jto the

photonul tiplier tube) and one el ectrqde functioneq aS the counter and
reference el ectrode. Measurenents were nmade by sweeping. from.1.5M-+9

tris(bipyridyl) ruthenium{II) is 1.1 = 10710 moles/L under

optimal conditions. In anticipating that the actual use of

these labels would entail measurements in the presence of

complex mixtures, Weber et al. tested for potential

~ interferents in their system. Table 3 of Weber et al. lists

dimethylalkyl amines, EDTA, N-methylmorpholine,
N,N°-dimethylpiperazine, hydroxide, oxalate, ascorbate, uric
acid, and serum as interferents which would presumably raise
the practiecal detection limit substantially above 1.1 x
1@31@ moles/L. These studies were performed with a simple
Ru-containing compound, No studies were reporteé in Weber
or Weber et al. regaxrding the limits of detection of conplex
suibstances labelled with Ruec@ntﬁﬁning labels, or on whether
the thiocurea linkage between'the labeled material and label
is stable under conditions of the assay.

The particular labels with which the present
invention is concerned are electrochemiluminescent. They
can'@ften be exgited top a luminescent state without their
oxidation or reduction by exposing the compounds to
electromagnetic radiation or ta.a chemical energy source
such as that created by typical oxalatesﬁzoz systems. In
additien, luminescence of these compounds can be induced by
electrochemical methods which do entail their oxidation and
reduction. |

Extensive work has been reported on methods for
detecting.Ruﬂz,zﬁabipyzidineb32+ using ph@t@luminéscgnt,

chemilumiﬁesceut and electrochemiluminescent wmeans (2,3).



2.5V (bias potention) at a scan rate of 50 nV/se
are reported as the signal to noise ratio (or si
for a given concentration of conpound. Backgroun
| um nescent counts observed with buffer and no E
Lum nescent neasurenents were the peak |ight out
figst or second linear sweep. Both el ectrochem | ujri nescent (ECL) and cyclic
vol tammetri c nmeasurenents of each solution were p ' H+Her a
EGXG Model 273 potentiostat or an oxfPor d bi potentiostat (Ursar Scientific

| nst r ument sl qﬁﬁ& %Bgﬁgi éﬁggn : ' ith a
Berthol d I?}n}\ no%%%ﬂ%%% -that eltHer %t:wo orct ree e%%%da&

can be based on the agueous reaction of chemically generated
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observed duriind the
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or electrogenerated Ru(bpy)a 3+ (where "bpy" represents a
bipyridyl ligand) with strong reductants produced as
intezmediates in the oxidation of oxalate ions or other
organic acids. Luminescence also can be achieved in organic
solventeﬁzo solution by.the reaction of electrogenerated, or
chemically generated Ru(bpy}31+ with strong oxidants
generated during reduction.cf peroxydisulfate. A third
méchanism ﬁcg production of electrochemiluminescence from
Rutbpyhgz+ involves the oscillation of an electrode
potential between a potential sgﬁfi@ienﬁly negaﬁive to
9r@duce'Ru(bpy)31+ and sufficiently positive te produce
Buﬁbpy)33+o These three methods are called, respectively,
“oxidative reduction,” "reductive oxidation,™ and "the
Ru@bpyB33+,+ regenerative system.”

The @xidativesgeducti@n method can be performed in

water, and px@duces an intense, %ﬁfi@ient, stable

luminescence, which is relatively insensitive to the

av e

presence of oxygen or impurities. This luminescence from
R@ﬂbpy)sz* depends upon the presence of oxalate or other
@fganic acids such as pyruvate, lactate, malonate, tartrate
and citrate, and means of oxidatively producing Ru(b@y}éz*
species. This oxidaticon can be performed chemically by such
. 8trong oxidants as FbO, or a Ce(IV}) salt. 1t can be
performed electrochemically by & sufficiently positive

potential applied either continuously or intermittently.



e

system coul d be placed in the 0.5 ml neasuring sol T
etectrochem cal and el ectrochem | um nescent neasur ded on a
Ki pp & Zonen Model BD 91 X, Y, Y' recorder. Fluoresgc noﬁ%@ﬁﬁsggﬁ Nts were
nmade with 50 m cronolar solutions on the desired c ou I'n bf t he
previ ously described ECL buffer, or when insol ubleji n

acetonitrile. Measurements were made opy a Perkin-Elnmer LS-5 Fl uorescence

Spectrophot oneter. Prescans of the solutions' exci

spectra were perforned before the excitation an dem ssion spectra were

Suitable electrodes for the electrochemical oxidation of
Ru{hpy)32 are, for example, Pt, pyrolytic graphite, ang
glassy carbon. Although the cxalaté or other ozganic acid
is consumed during ehémilum¢nescencé, a strong, constant
chemiluminescence for many'h@urs can ée achieved by the

presence of an excess of the consumed material in the

- reaction chamber.

The reductive-oxidation method can be performed in
partially aqueous solutions containing an organie co-solvent
such as, for example,'aceténitzileo This luminescence
depends upon the presence of peroxydisulfate and a means of

reductively producing Ru{bpngl* species. The reduction can

.be performed chemically by strong reductants such as, for

example, magnesium br other metals. It can be performed
electrochemically by a sufficiently negative potential
applied either continuocusly gx intermittently. A suitable
electroede for the electrochemical reduction of Ru(byy332
is, for examplef a polished glassy-carbon electrode. Aas
wiéh the éxidativeazeﬁmcti@n method, continuous,’ intense
luminescence can be achieved for many hours by inclusion of
excess reagents, or by continuous addition of the consumed
reagents to the reaction mixture.

The Rn@bpy}33+l+

regenerative system can be
performed in organic solvents such as acetonitrile or in
partially agueous systems, by pulsing an 31@@@@@&@ potential
between & potential sufficiently negative to reduce

RuﬂbpyﬁBE* and a pétantial sufficiently positive to oxidize



84 recorded so that the em ssion spectrumcould be neas
irradiati-ng at the maxi num excitation wavel ength and
excrtation spectrum could be recorded while nonitori

ured while-

_ ; ni t or i NREPIECEMENTuG
wavel ength. Table 2 summari zes the el ectrochem | um ne¢sgencedara of pe
conpounds. Table 2 Conpound E[ efr} %{;@p}g%

Fl uor escence ECL (S/IN) Re(bpy)(CO[err] 1.% -1.18V
(1) 400 nm 2.0x10[err] M (4-Et py)

(2) 565 nm  (30.0) Re(bpy)(cOferr] " *D N. D.

(1) 421 nmmm Eb@zg);ﬁlgi#.r r]g/l suitable electrode for such a regenerative

system is, for example, a Pt electrode. This system does

5si on
ver al

not consume chemical reagents and can proceed, in principle,

for an unlimited duzati@g.

These three methods of producing luminescent

Ru—-containing compounds have in common the repetitive

oxidation-reduction or reduction-oxidation of the

Ru-containing compound. The luminescence of

containing these compounds is therefore highly dependent on

solutions

the electric potential of the applied energy scurce, and is

therefore highly diagnostic of the presence of the

Ru-egontaining compound.

Mandle cites Curtis et al. (4) as a possible label

in chemiluminescent applications. Curtis et

al. reports

only unpublished observations that Ru complexes can be

induced to emit light when chemically excited by an

oxalate/ﬁzﬁz system (Curtis et al., p. 350)}. Neither Mandle

ﬁ@r éugtis rec@gﬁizgd the exceptional utility of xuthenium

and csmium complexes in chemiluminescent applications or the

utility of electrochemiluminescent systems.
Sprintschnik, G., et al. (5}, have

described

complexes of tris (2,2'-bipyridine)ruthenium(II) esterified

with oetadecanocl or dehydrocholesterol, and

have created

monolayer £ilms of these surfactant complexes. The

complexes were photoluminescent. But when the films were

exposed to water, and then to light, the Ru-complexes failed



( py- CBH[err]NFKI>CIer£mﬁﬁ:x T SUERER " (2) 567 nm (é R
Herr err]-theophyl Ifine " Ré(44" [err]

(g_) 3]71C£1m ]1 16x18[ rri] M 2kgEe er] : REHACF“E\I% QHEE%‘
(2) 610 nm (71.9) {R (4,4'-[ thyli]flerr] .(2 Vv N .

(1) 404 nm 9.15 x 10[*erriM—bpy-CO) [ err] (4- Et py) s 5 omD anny,

(2) 556 nm (5.5) Re(4,4' - [N@thoxy][=rr] 1174 V N. D

(1) 395 nm 1.08 x 10[errTM=DpyJTCOT ernd (4- Et py)

568 nm (5.9) Re(4,4" [(Et)[err]Nerr]][err] 1.63 V (Irre-

(2) _

(1) 414 nm teol phat@flemilddsdeny) 6D ems] e4cEibuted to photohydgelysiﬁrs'ble
(2) 505 nm  (2.0) Re(4,4',5,5 -[Me][err] 1.77 V N. D

(1)
(2)

393 nm ofl epker Lojonps] Mo ) poSpeace] O£ Gighk.
530 nm (2.6) (Jg Excitation; (2) em ssion.
: s described in parent applieati@ns

Ser. Nes. 858,354 and PCT 87/00987, a variety of analytes of
interest and chemical substances that bind to analgtes-ef
interest may be conveniently atéached.tc Ru-containing or
‘Os-containing labels through amide or amine linkages. The
labeled materials may then be detected by any of a wide
variety of means, but by far the most efficient, reliable,
and sensitive means are photoluminescent, chemiluminescent,
and electrochemiluminescent means. Electrochemiluminescent
labels, including Ru-containing and Os-containing labéls are

particularly versatile and advantageous.

Summary of The Invention

The invention is in a chemical molety having the

Eormula

. 1 2 3, oh._ o5 6
- (Re(?} (L7}, (L7) (L »pm wqm } o (L 35%@%
{x},
, 1 .2 .3 .4 _5
wherein P is a polydentate ligand of Re; L°, L, L, L , L™,
and LG are ligands of ﬁg, each of which may be the same as,
or different from, each other ligand; B is a substance which

is a ligand of Re or is cgnjugated to one or more of P, Ll,
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The el ectrochem | um nescence was neasured at the conCeumr gt

" ] Q00T o nd
the results are expressed as the ratio of signal ove f‘&ﬁhﬂgjﬁ?.%f%f an
Internal Standard for an ECL Based Assay Several expgerjnents were parfior med
t'o investigate the use of an internal standard for t 1 cHBRiPeg1 Hedcence
(ECL). The use of an internal standard for ECL neasurjenents requirgsithe
addition of a second |unophor or "TAG' into the sangle solufTon: TAG i s
the calibrant or analyte and 13 N

2 3 4 L €

L, L7, L , L, exr L § m is an integer egual to or greater

than 1; each of n, o, B, g, r, and 8 is zero or an integer;
‘€t is an integer e@ual to or greater than 1; u is an integer
egual to or greater than 1; and P, Ll, LZ, LS, Lé, LS, LG,
and B are of such composition and number that the chemical

moiety can be induced to emit electromagnetic radiation and
the total aumber of b@n@s to Re provided by the ligands of

Re equals the coordination number of Re.

Particularly preferred embodiments of this

chemical moiety comprise

& -

wherein X and X' and ¥ and ¥' may be the same or different,

X and X° may be N{cu,H

gge CHyo éx;so, Cghgs Cl, COCH,, CN,
or NO,., and ¥ and ¥' may be either B oxr CH,, provided that
i€ X and X' and ¥ and Y¥' are the same and X is CO,CH,, ¥ is
not H and further provided that if X and X' and ¥ and Y' are
the same, X and ¥ are not H;y 2nd R is an anion.

A first major advamtage of the
electrochentluminescent chemical moieties containing the

‘metal rhenium is in the ease of preparation of those
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the,second is the internal standard. Light em ssijop from 86 efch TAG
must be independently and sinultaneously neasured. el 2HER $998ccpnpl i sh
this is by using optical filters because the two TAGs enit at diffefent

wavel engt hs. Materials and Equi prent The ECL frombot h The TTitermal
standard and the calibrant was neasuredign a "Flo=TIhry"' housing. [The

housi ng consists of a light-tight enclosure in which fluid and el ectrical

connect i ons are. TRAE. 1 Opb b8 £LSFHSGCMEYoSBtbyriay) derivatives cyn

be used in the synthesis of the moieties and in the ultimate

function of those mqieties in conjugating an analyte of
interest.

A further important advantage offered by the Re (1)
c@mplgxes versus the analcgéus Ru{lII) complexes is that they
permit, by choice of one or more substituents on the ligands
bound to Re, tuning of the emission wavelength (i.e., color)
for the Re(I) complexes over most of the visible spectral .
region (i.e., 500 nm-800 nm). The origins of this property
lie in the guantum mgchan;cal properties of the complexes.
The quantum efficiencies of these complexes are alsoc
superiocy to those of Ru{Iii).

The Re complexes are uséd in a method for
detecting the presence of a chemical moiety having
formula I. The method broadly comprises: (a) forming a
reagent mixture under suitaple conditions containing the

_ Re%ccntaining chemical moiety; (b) inducing the méiety to
emit.elgeﬁr@magnegic radiation by exposing the reagent
mixture Fo chemicallgnergy,Qelegggcehﬁmicgl energy, or
electromagnetic enexgy; and {c) &etecting the emitted
elgcﬁrcmagnetic radiation and thereby determining the
presence of the chemical moiety. |

These methods of this invention include detecting
the_chemical moiety where the m@iéty is capable of binding .
te a chemical agent, i.e., forming a specific complex with a

chemical agent.



and the cell is aligned with a head-on photonultiplier RLUV]
infensities were nmeasured with a Hamamatau photonul tip a¥a o)
Oiel Mdel 7070 PMI. detection system The potentiosfa Prln cef oin
Appl i ed Research (PAR) Mbdel 173 programmed with a PAR Nadé]|2§ P96anhi hg
o
e

between 1.9 and 1.0 V vs. Ag/AgC at 100 mv/s). The el gécfrochem cal ce

was a Bioanalytical Systems cell nodified to accormpdage a solution inle
and outlet port in the cell block. The working eIectréﬂgennLELLaL_mas_gbld
whi ch was enbedded in the block. A stainlldss steel faceplate with a w ndow

for the PMI to the c u s t he, count el ectrode. The reference
el ectrode (Ag/ Agd) 3%%t%@§%r§ $- ?5@9%%¥$ ﬁ#%c?rﬁﬁﬁnﬁ?aggda%% te%r cam
of interest which bind to a chemical moiety having formula I

. o .
are also described as are methods of determining the

presence of an analyte of interest wherein the analyte and a
chemical moiety bind é@mpetitively to a complementary
material.

The invention‘is 2lso in a method of detecting in
a2 predetermined volume of a multicomponent, liguid sample‘
either the presence of or the amount of an analyte of
interest which comprises: (a) contacting a sample with a
reagent comprising an electrochemiluminescent chemical
moliety é@ntaining a rhéniumecohtaining compound wherein said
compound is (i) capable of being induced to repeatedly emit
electromagnetic radiation upen exposﬁze to an amount of
chemical, electrochemical, or electromagnetic energy from a
suitable source effective to induce the reagent to |
repeatedly emit xadiatign and {(ii) capable of combining with
the amalytg of interest, the contact being effected under |

appr@pﬁiatg conditions such that the analyte and the reagent
combine; (b) exposing the resultilg sample tc an amount of
chemical, electrochemical, or electromagnetic energy from a
suitable source effective to induce tﬁe reagent to
repeatedly emit radiation, the expgsure_heing effected under
suit&blg conditions sc as to induce the reagent to

repeatedly ‘emit electromagnetic radiatien; and (c) detecting

or quantitatively measuring the amount of gleetrcmagnetic



Fluid flow and sanpl e introduction were perforned manual.ly. using a

peristaltic punp. Light intensity profiles were recorde HQFFW]
X-Y-Y recorder. ' @Pﬂgﬁﬂﬂﬁﬁﬂf\“

St ock solutions of the TAGs were preparjed—by—e+550 iin
the buffer. The buffer consisted of 0.15M phosphate, 0.]1dM %%dgéﬁqaé ne,
and 0.05% Tween 20 at pH 7.0. 87 Calibration Studieg Th of
OCs(bpy)[err], OsTAG was investigated. On scannlng the jpqtential in_an

anodi ¢ dlrectlon two |ight

16

radiation so em&tt@d‘and thgrebg'éetecting or gquantifying
the presence of the analyte of interest in the sample.

The invention is also in a competitive method for
detecting in a predetermined volume of a'multiéemgcnent,
ligquid sample either the presence of or the amount of an
analyte of interest present in the sample which comprises:
{a) contacting the sample with a reagent comprising an
electrochemiluminescent chemical moiety containing a
rhenium-containing compound wherein said compound is
{i} capable of being induced to repeatedly enit
electromagnetic radiation upon exposure te an amount of
chemical, electrochemical, or electr@@aqnetic energy from a
suitable socurce effective to induce the reagent to
repeatedly emit radiation and (ii) capable of competing with
the analyte of interest for binding sites on a cdmplementary
material not normally present in the sample, and with the
complementary material, the é@ntact being effected under
appr@priate c@nd;tions such that the analyte of interest and
th& reagent competitively bind to the complementary |
material; (b) exposing the_resulting sample to an amount of
electrochemical energy ,from a suitable source effected to
induce the reagent to repeatedly emit radiation, the
@xp@sgﬁe being effective under suitable conditions so as to
induce the reagent to repeatedly emit electzgmggnetic
radiation; and (¢} detecging or quantitatively measuring the

amount of electromagnetic radiation so emitted and thexeby



em . ssion profiles are observed. Light emission int au i s
observed near the formal potential of os(bpy)[err]( .t The
second em ssion occurs nore positive at 1.46V with hl s
second eni ssion is much nore intense and near the tnigropylam ne oxidation.
The extrapol ated detection limt was 100 pM (using H MI}. The
ECL of (Me[err]bpy)Re(4-Et-pyr)(CO|[err], ReTag was |nvest|gated The fiormal

potential for oxidation is 1.7V vs. Ag/AgG (measured™Th acetonitrile by
cyclic voltanmretry). The ECL max is shiftedipositive (1.58V) relative to

OsTAG Whi C@et@%h&ﬁlgsckhéuﬁﬁﬁﬂfﬁhé BRS! biréBehek s RBLCANAy Ok
oxidation. This materi al

interest in ghe sample.

The invention also is in methods for detecting and
identifying the.presenée or the amount of a multiplicity of
analytes of interest in a liquid food or food homogenate.
This method comprises: (a) immersing intc the liquid food
or food homogenate a portion of a diagnostie reagent holder
suitable for immersing into a liquid or solid suspension and
having immobilized to it a multiplicity of reagents, each
reagent being immcbilized to the diagnostic reagent holder
in distinct, identifiable regions and capable of forming a
complex with a single analyte of interest so as toc allow the
formation of immobilized reagent-analyte of interest
complexes; (b) removing the diagnostic'xéagent holder from
the liguid food or food h@m@genate:'(c) rinsing the
diagnestic reagent holder with a.suitable rinsing solution;
(d) immersing the portion of the diagncstie reagent holder
which contains thg immobilized g@agentaanalyte of interest
complexes into a detection solution which contains at least
one detection reagent capable of forming c@m@lexgs.with the
immobilized reagentaanalyté of interest complexes so as to
allow the formation of immobilized reagent-analyte of
interest detection reagent complexes; (e) detecting the
pPresence on the identifiable regions of the diagnostic
reagent holder to which reagents are immobilized
reagent-analyte of interest- detection reagent complexes,

thereby detecting and identifying the presence or the amount



I nterest because it emts at 545 nm (water). The ReTAG emi ssion_is well

¥

separated in wavel ength fromthat of Os(bpy)[err] (750 1 Kgghﬂmggdgﬂﬁﬁioms.

for optical separation using sinple filters. The exty

n

limt of ReTAG was 100 pM (Hamanmatsu R268 PMI). Based pn éggagg%‘
9ise

performance in the two procedures described, these COTpauﬂ

dito

test the possibility of using an |nternal standard fof ECL. One criterijn

for an internal standard (GsTAG is that®it emt | i ght 1 ndependently of} the

calibrant TAG (ReTAG, i.e., the follow ng quenchi ng teacti.on-shoul-d—ret

occur:

of a multiplicity of analytes of interest in the liquid foog

or food homogenate.

Description of The Drawings

Fig. 1 is a schematic representation of methods

for preparing the Re-containing moieties of the invention;

Fig. 2 is a calibration graph showing the effect

of the concentratien of a rhenium-containing calibrant upon

the electrochemiluminescent intensity of an

osmium-containing internal standard;

Fig. 3 is a curve showing the effect of an

csnium-containing internal standard upon the

electrochemiluminescence of a rhenium-containing calibrant.

DETAILED DESCRIPTION OF THE INVENTION

New Chemical Moleties Containing Re

The invention is in a chemical moiety having the

formula

i 2 3 4 5 6
[Re () (5:7) (1%, %) (1) () 20) 1 (B,

- wherein P is a polydentate ligand- of Re; Ll, Lz, L

- {x},

4 Lél LSI

and Ls are ligands of Re, each of which may be the same as,

or different from, each other ligand; B is a substance which

is a ligand of Re or is conjugated to one or more of P, Ll,

2
L, L?, Lé, LS, exr Lss m is an integer egqual to or greater

than 1; each of n, ©, p, 9, ¥, and s is zero or an integer;

t is an integer egual to or greater than l; u is an integer

2' L3' 1.4 5 6

equal to or greater than 1; and P, Ll, L s L7, L,



-OCs(bpy)[err] + (Me[err]bpy)Re(4-Et-pyr)(COJ[err] GCs(hpy)lerr] &

(Me[err] bpy) Re(4-Et-pyr)(CO[err] The follow ng exp@?ih@ﬁ?wﬁﬁﬁfSEFE@'nEd.
At constant OsTAG concentration (1 micronolar), and Vary+rAg-ReFAG

concentrations (0 to 100nM, ‘the ECL of OsTAG was db er §¥¥ﬁ§%§ ah R268
PMI and LP 700 | ong pass filter. See Fig. 2. Wthi g al fefror,

no i nfluence upon the GsTAG ECL by ReTAG was obser \ed. The sane..exbeli ment

was repeated except that the LP 700 was repl aced wilth a short pass 6Ep
filter to observe only the ReTAG ECL. Tiee calibrati

shown in Fid, g'aéécgkiQ&éﬁi88m§8§¥€ié§ragﬁTéﬁhﬁgkh%ﬁ%t the chemical

moiety can be induced to emit electromagnetic radiation and

S

the total number of bonds to Re provided by the ligands of
Re equals the coordination number of Re.

| This chemical moiety must have at least one
polydentate ligand of Re. If the moiety has more than one
polydentate ligand, the polydentate ligands may be the same
or different. ?clydentéte ligands include aromatic and
aliphatic ligands. Suitable aromatic polydentate ligands
include aromatic heterocyclic ligands. Preferred aromatic
heterscyclic liéanﬂs are nitrogen-containing, such as, for
example, bipyridyl, bipyrazyl, tgrpyridyl, phenanthroyl and
perphyrins.

Suitable polydéntate ligands may be unsubstituted,
or substituted by any of a large number of substituents
known to the art. Suitable substituents include, for
ex&mple, alkyl, substituted alkyl, aryl, substituted aryl,
aralkyl, substituted azalkyl, carboxylate, carboxaldehyde
carboxamide, cyano, amino, hydroxy, ;?in@, hydraxycarbcnyl,]
amin@cé%b@nyl, amiﬁin@,_gﬁaéldiuﬁz ureide, maleimi&e
sulfur-containing groups, ph@spherusﬁ@ontagning groups, and
the carboxylate ester of N-hydroxysuccinimide.

Additionally, at’&east one of Ll, Lz, Lg, LQ, LS,

6

and L may be a& polydentate aromatic h@tgr@cyelic ligand.

Furthermore, at least one of these polydentate aromatic
heterocyclic ligands may contain nitrogen. Suitable
polydentate ligands include, but are not limited to,



OCsTAG is also shown in Fig. 3. Again, wthin experineptsat d—
addi tion of OsTAG had no influence on the ReTAG ECL. h@ﬁﬁﬂh@. @@ET hat

Cs(bpy)[err] is well suited as an internal standard mﬁtT ReTAG as t he
anal yte. 89 EXAMPLE I X Sensitivity of Detection of 49 SEP 1996
El ectrochemni | umi nescence of Rheni um Label ed Rabbit Antli iMuse

| mrunogl obulin G (1gG Antibody The el ectrocheni | uni néscence—of ~Tabbi t
anti-nouse 20

bipyzidyl, bipyrazyl, terpyridyl, phenanthroyl, a porphyrin,

substituted bipyridyl, substituted bipyrazyl, substituted
terpyridyl, substituted phenanthroyl or a substituted
porphyrin. These substituted polydentate ligands may be
substituted with an alkyl, substituted alkyl, aryl,

substituted aryl, aralkyl, substituted aralkyl, carboxylate,

carboxaldehyde, carboxamide, cyano, amino, hydrexy, imino,
hydroxycarbonyl, aminocarbonyl, amidine, guanidinium,
ureide, maleimide, a sulfur-containing g:@ug; a
phesphorus-containing group, or the carboxylate ester of
N-hydroxysuccinimide,

in one embodiment of the invention, the chemical
moiety ccntéins two bi@anﬁata ligands, each of which is

bipyriﬁgl, bipyrazyl, terpyridyl, phenanthroyl, substituted

bipyridyl, substituted bipyrazyl, substituted terpyridyl, or

substituted phenanthroyl.

In another embodiment of the invention, the
chemical m@igt% contains three bidentate ligands, each of
which is bipyridyl, bipyrazyl, terpyridyl, phenanthroyl,
substituted bipyridyl, substituyted -bipyrazyl, substituted
terpyridyl, or substituted 9henanth§éyle In yet another
embodiment of the invention, two bidentate bipyridyl
ligands, and one substituted bidentate bipyridyl ligand may

be used.

|



| gG anti body | abel ed with Fac-(bpy)Re(CO) [err][ 3- (4ppyeytr—BrOmrni C
acid]d gerr]H err]O (Conpound VI) (rheniuml abel ed }}Eﬁ}b\dﬁéﬁﬁ% | gG
antibody) is nmeasured in a 15 nl three-neck, round poftoriTTask cont g ni ng
10.mM of a solution prepared as described below, a [. rn@?gﬁpnggga ngtic
stir bar; a 1.0 nmdianmeter silver wre quasi-refergn el ectr ode;
cojtbi nati on 28 gauge platinumw re counter el ectrodg; '
el ectrode consisting of a 22 gauge platinumwire welded to a 1 cmx 1f cm
square piece of 0.1 cmthick, highly polizghed plati fromrfor+—"TThe. Wor ki ng
pl ati num foil -el ectrqge_i h Lato f hJA.C ' r

od s%%éizgﬂggﬁ%g %F"‘% F1h@n?! o3 el &n‘}%’%‘g%r,o bey,

sem -circle surrounding I'num w re counte
3/32 of anghBmicRUUkdistdNkb¥thins a tetradentate ligand such as a

porphyrin or substituted p@g?hyzin@

This chemical meoiety may have one or more
monodentate ligands, a wide variety of which are known tc.
the art. Suitable monodentate ligands include, for example,
carbon monoxide, cyanides, isocyanides, halides, and
aliphatic, aromatic, and heterocyclic phesphines, aﬁines,
stilbines, and arsines.

SBuitable ligands include a compound having the

structure

[ - Y.
ey exy=(CH,), = CH

No—




The silver wire is connected to the EGG Mddel 178 el ectroneter probe of

t he EGE&G Mbdel 173 potentiostat/ gal vanostat. The plalunanlmnre counter
el ectrode and the plati num working el ectrode are connect ed_i.o-t-he~ZHa6

cat hode respectively of the EGG Mdel 173 potenti osfTakn
gfounded. The el ectrochem | um nesacence emtted fron1i~
rabbit anti-nouse |gG antibody solution is 90 dete
Hamamat su R928 photomnul tiplier tube, set

edy  eHy=(CHy),- COOH

wherein n is an integer. In & preferred embodiment, n is 2.

Another suitable ligand is a compound having the

Biructure

MJ_-

&

wherein n is an integer. In a preferred embodiment, n is 3.

Ancther ligand is a compound having the structure

vherein ¥ is a linker arm. In one embodiment, ¥ has the

structure



inside a Products for Research Mddel PR1402RF photonul tiplier tube housing
which is fkrtted-with a Kodak #23A gelatin (red) filter. The

photonul tiplier ﬁ,?,qgﬂg connected to an Oriel Mdel 7070

phot omul ti pl i 1dqdﬁéetﬁi 3@ -t El ectrochem | um nescence i s i nduced by
pul sing for o e;secvnd'lnterv | §, between zero and -2.0 volts cathodic
potential . El ct‘rq,p eyup ggfbnescent neasyrenents are performed by
integrating t e\resultlng el e¢t Rochem | Ui nescent photonul tiplier tube
signal using an | onnacted to a Mcronta Mddel 22191 digital

mul ti meter. The el ectrochen nescent signal is integrated for 10 seconds
during the pul &i Fecor déHi,h, ~NH-CO-(CH,}

wherein m an n are integérs, which may be the same or
different, greater than or equal to 1. In one embodiment of
the invention, m is 3 and n is 2.

Yet another ligand is a compound having the

structure
“%@ 1 | gﬁs
@ N}(CHQ eg (C-Ha.) - COoH
ws s

wherein m an n are integers which may be the same of
different. In one embodiment of the invention, m and n are

both 1.



mllivolts. A stock solution of 1.25 x 10[err] M r‘gﬁﬁ%ﬁfEﬁ@%ﬁbﬁggﬁgalt
a

anti-nouse 1gG antibody is prepared froma concent on g/ m
7.5 Rel/antibody) of the |abeled antibody by dil uti ultf ered
saline (PBS). An aliquot of this solution (80 micr i o 10
m of dimethyl sul foxi de (DMSO) /deionized, distill ntiai ni ng
0.1 H tetrabutylannnnlunltetrafluoroborate (TBADF[ ek r]) and 18 mM anmoni um
persul fate in the reaction vessel. The fasnal rheniu ody
concentration is 1 x 10[err]M El ectrochem | um nescence i s neasured as
descri bed Zmfmrred Rhenium-Containing Moieties

Preferred rhenium-containing moieties of the

invention have the formula

Re {CO) 4 g/ \

=

Tl

whergin X and X° and Y and Y° may be the same or different,
X and X' may be N{CH,H.),, CH,, CB,0, C.Hg, Cl, cc'zczza, CN,
or N@Z, and ¥ and ¥' may be either E or CH3; provided that
i£ X and X°® and Y anéf!” are the same and X is cozcxs, Y is
not H and further provided that if X and X' and f and ¥' are
- the same, X and Y are not H; ahd Rois an anion. Compounds -
which may advantageocusly be used are those wherein X and ¥
are as jdentified in Table 1 below. The method of
preparation, yield and kwcach» are also indicated.



Addi tional solutions representing various dilutions of the rheniuml abel ed
rabbit anti-nouse |1 gG anti body stock solution are nade ahd-alilguots (80
mcroliters) of these solutions are added to the same %ﬁﬁhA@ﬁ% 1SHEET
theni um | abel ed anti body in the reaction vessel in incy len[b whreh—F-as Ul t
in the follow ng concentrations of |abeled antibody: 5;x éﬁéﬁkw% %

410[err]M and 5 x 10[err]M Electrochem | um nescence negasur g

for each solution as described. These pesults indicate!the.sensitivityv g

el ectrocheni | uni nescent detection of |abeled antibody {1 x 10[err]M, ard
t he dependence of the intensity of .

ngde

—

Table 1
X ¥ Method Yield({%) P (cH,cN)™”

N€C2K5)2 B acid 58 509 nm
CH, CH, silver 33 526
ci, B silver 80 526

B B acid 90 567
_cg H silver. 74 569

Ph H acid 25 57%

€1 B silver 24 603
C@2CH3 B silver 18 625

CN o

NO " acid. 56 675




el ectrochem | um nescence on the concentration of the rheniuml abel ed

anti-nouse | gG anti body.

92 EXMPLE X Honpgeneous El ec
| mmunoassay for Antibody to Bovine Serum Al bum n A sol ut

X 10[ err] M bovi ne serum al bum n (BSA)

r heni u_ml abel ed BSA

| abel ed with
Fac- (bpy) Re(CO)[err][ 3-(4-pyridyl) propionic acjid]dJer
(Conpound VI') (rheniumlabel ed BSA)

26

IS prepared froma s

R NI

1| HISER19%

t ock sol ution of

Spectroscopic data are provided in the £ollowing

table.

Alr
saturated
A QEH), 526 0.1302 80 530 4923 71
(dg) 3398
B (Me), 565  0.0907 190 545 2806 656
{dg) 1500
C fom,), 584 0.0185 71 590 93 66
(4g) 155
o (e}, 582  0.0352 108 575 142 140
(ag) 282
E (o, 602  0.0566 184 590 143 140
] -. *(dig) 351
# al, 636  0.0066 . 31 625 25 23
R . {ég)36
G (oMel, 660 0.0122 61 640 74 40
. 18g) 75

dg - degassed, or quantun yield,

{ - Excitation at 355
2 - 2{3&51&3@:@:@1‘@&@337

3

lyo

s were found €o be stable afmrhgaﬁitg at 65° for 15
secquencing buffer (0.IM Tris-HCI buffered

mz, 0.5M mp éﬂm 8 tiwes with deicnized water,
were not tested but are expected to behave similae

| @t:hez




(2.5 mg/mM, 6 Re/BSA) by dilution in phosphate-buffer
mcroliters of this solution are added to 10 m of DW
distilled water (1:1) containing 0.1M TBABF[ err] and ]
persul fate in the reaction vessel. The final rhenium
concentration is 2 x 10[err] M El ectrochem | um nescen
described in Exanple I X. In an anal ogous manner, a sol

N

AR SEe P
8ﬁmﬂannnn|um :
cd is measured as

utTon containing 4.8
eaction vessel-td

X 10[err] M unl abel ed BSA i s prepared and added to the
give a final unlabeled BSA concentrati@a of 5 x 10[err

|M  The

el ectrochem | um nescence of this solution and of a simlar solution w thout
BSA is neasured. A sol @diueishntdtnpoithds €f xhHd [ mvdntidomliiite atid - BSA

following structure

wherein‘'n is an integer, preferably 2 or
preferably 1, W is CHO, COOH, SHz'or 8r,
The bipyridyl group may be unsubstituted

degeribed above.

e ﬁgmq,

3, mis 1, 2 or 3,
and R is an anion.

or substituted as



antibody is prepared froma stock solution of rabbit anti-BSA antibody (6.0
nmg/m ) by dilution in PBS, and an aliquot (26 mcroliters) is added to the

solution of rhenium| abeled BSA in. the reaction vessel te a1
rabbit anti-BSA antibody concentration of 1 x 10[err]NlRE?IA@ENﬁ@H'giﬁﬁT
el ectrochem | um nescence of the resulting m xture of rhgnifun¥Tabéeled BS
antigen and antibody (rabbit anti-BSA) is neasured. The rdsu4 ?ss EmeaczAat ¢
reduction in the electrocheniIuninescen%%_of the rheni urk liabel'ed BSA upgn

a

v

One compound may be

+1

wherein R is an anien and n is pzeﬁeraﬁly 2 or 3



addition of rabbit anti-USA anti body and denonstrate that a honbgeneous
el ectrochem | um nescent detection of antibody to BSA nmay be achi eved.
Based upon these results one skilled in the art woul d knawddate>a -~ -
honmobgeneous el ectrochem | um nescent i mmunoassay for detecting other

anal ytes of interest nmay be devel oped. 94 EXAMPLE Xl | R WENEP
Ehec?rocheniIuninescentylnnunoassas for Legionella LBingRg ‘ftgegﬁ Sgﬁgf
Anti - Legi onel l a I mmunogl obulin G '

29 42 SEP 1996
Another compound may be

& _~ cE.cu.coon | |
[ ] 22 .
(4

where n is 2 or 3.



(1gG Antibody and Rheni um Label ed Rabbit Anti-nouse | nmunogl obulin G (1gG
Anti body A fornmalinized suspension of the bacterium Legionella m cdadei is
adjusted to an optical. density (at 425nm of 1.00 by dilution with PBS
buffer. Approximately 3 x 10[err] cells are added to a conical ..

m crocentrifuge tube. The cells are centrifuged (10 m nutes, 10, 000 RPM ,

t he supernatant decanted, and the cells sesuspended in a’ﬁﬁ@ﬁ&@§§4{ RookT
nmouse nonocl onal 1gG antibody, (1.45 ng/m) specific for -&Qluk?#
m dadei, in PBS (1 n1 §£é§ ncuba ion at room tenperatjurie for 1 hour,
the cells are centrifuge hEG?BBB’P dPa&¥tP¥ecanted, the kel | 42 8EBYBMddd

i n.-PBS buffer and centrifuged again. Foll ow ng decantation

m;&l

where n may be 2 er 3.




"of the supernatant, the cells are resuspended in a 1:50 dilution (in PBS)
of rabbit anti-nouse |1gG antibody | abeled with

Fac- (bpy) Re(CO)[err][3-(4-pyridyl)-propionic acid]d (err] H[err]C)Cbnpound
VL, i.e., rheniumlabel ed rabbit anti-nouse |1gG anti body,
Re/antlbody) After incubation at roomtenperature for 1
are centrifuged, the supernatant decanted, and the ceal il :
and washed twice, with centrifugation, ag before. Fol{{oalay-+ wals h
the cells are resuspended in 200 microliters of PBS \
the cell suspension gigciRéldasbdgound nay be

- S e

where n may be 2 or 3.



95 the reaction vessel containing 10 ml of DWMSQ dei oni zed, distilled water
(1:1) containing 0.1 M TBABF[err] and 18 nmM anmoni um persul fate and
transferred to the reaction vessel. The el ectrochem | um nescence is
measured for the cell suspension. Another 100 microliters of the cel
suspension are added to the reaction vessel and el ectrochem | um nescence
neasured. El ectrochem | um nescence i gznmeasured for the solution without
cells as a control according to the nethod described in Exanple I X A

het er ogeneous el ectrochem | um nescent i mMmunoassay for Legionella using

rheni um | abel ed r ablihiesenttompousds| géyacbmpadgec ancbhepssdtedsafl gkl y carried
out . '

matter having the structure

X~ (¥) = N

wherein X represents one or more necleotides which may be
the same or different, one or more amino acids which may be
the same or different, aﬁ antibedy, an analyte of interest
.@z an analegue of an analyte eof interest, Y represents a
linker group attaching to %, n represents an-integer, and 2
represents the compound provided by this invemtien. X maf'
be, @.9., theephylline, dig@xigeﬁin,'@r a peptide dexived
frem hCG.



| | REPLACEMENT 3kihs:
96 EXAMPLE XI| Preparation of '
2-[3-(4met hyl -2, 2' - bi pyri di ne-4'-propyl]-1, 3'di oxol ane U1dargﬁ% E@&@@
at nosphere of argon, 30 ml of dry tetrahydrofuran (THF) anfl 7. § m o? dry
di - i sopropylam ne (54.6 mvl) were added to a 3-neck, 609 S ARYTI
syringe with stirring. The solution was cooled to -78[erf] C by i nmersing
the flask in a mxture of dry ice-isoproganol in a lowf ez L
m of 2.5M n-butyl lithium (54 nmol)

Alse provided by the invention is a compositionloi

matter having the structure
XECE§CHECOENH3(CHZ}nENHaCOE(CEz)mwz
wherein:

¥ represents one or more nuclectides which may be the

game or different;

Z represents an electrochemiluminescent chemical

molety:
n zep:ésents an intege: greater than or egual to 1; and
m represents an.iuteger greater than or egual to 1.

In cne émbcdiﬁ#nt of the invention, % is

bis(2,2'-bipyridine} [4-{butan-l-al}
~4° methyl-2,2'bipyridiine] rhenium.

P

In yet another embodiment of the invention, the
thymidine nucleotide is a 3' terminal nucleotide attached to

the nucleotide seguence

PCACCAATAAACOGCAAACACCATCCOGICCTGCCAG



. | by ¥ \ B 5
mn and a solution of 9.58 g of 4,4'-dinethy|-2,2'-biﬁx"'A§§N§§§?§igk§
dissolved in 100 mM of dry THF was added dropw se by dgarjnula with sti r&
over 1 hr. The resulting brown nixture was further stirredﬂ@SEﬁg?%r] \f or
2 hrs., 10 g of 2-(2-bronoethyl)-1, 3-di oxol ane (55 i )l were added_by |

syrlnge and the resulting m xture stlrr d at -78[err]o‘fﬁr“ﬁ“ﬁfﬁfﬂ'The
~reaction vessel was then placed in an i'ch bath (10[err}C) and after 30 min
began to change color. After 1 hr the color was dark violet, after 2 hrs
the color was bl ue, a2l pedviied Wae aCebRpALIGEYE xutdedl Wfving?® Nrs
the color was | enon yell ow.

the stxuctuze

¥

(r-v-2]1* ()

vwherein T represents theophylline, Y represents a linker
group attaching to 2, % represents bis-(2,2'-bipyridine)
{4-methyl-2,2'~bipyridine-4'-yl] (I} and R represents
an aniom.
In one embodiment of the invention, ¥ is attachead
- to the carben at position 8 of T. In another embodiment of

the invention, ¥ has the structure

{CﬁzhmaGQQNKQ£CHZ}n

wherein m and n represent an integer, which may be the same
or different, greater than or egual to 1. In another
embodiment of the invention, m is 3 and n is 4. In another
embodiment of the invention, m and n axe both 3.

In yet-an@thgr embodiment of the invention, Y has

the structure

CH
. ’ 3
@CHzﬁﬁF§§GCH2)n@C@ENHECBZ}r

CHS



The reaction mxture was guenched with 30 ml of satur ;EEHEf;- by
10 M of water and 50 m of ether. The aqueous phase V& i éhgsﬁae

~with 300 Ml of ether and the conbi ned et her phases wefe bacR.extraQteF Wi t h

100 m of water and dried over anhydrous sodi um sul phpatg. 49 SEP MObpurify
the reaction product, the sanple was separated on alu a (Nbrck) 90
astivity Il1l, neutral. The eluants used were petrol eu thererettyT et her
(1:1) (the starting material elutes conyd etely with petrol eum

wherein m, n, and r represent an in;ege:, which may be the
same or different, greater than or equal to 1. In one
embodiment of the invention, m is 1, n is 1, and r is 4.
In yet another embodiment of the invention, Y is
attached to the nitrogen at position 7 of T. 1In one
embodiment of the invention, Y has the structure

QCHZDn

wherein n is an integer greater than or equal to 1. 1In
still another embodiment of the invention, n is 4,
Alse inclu&ed in the invention is a composition of

matter having the structure

-l

wher@in X xepresents one or more amino aeiﬁs which may be
~the same or diﬁﬁerent, cotprising at least one amino acid
whie& is cysteimne or m@thi@nine, and % is bis _
{2,2'-bipyridine} maleimidchexanoic acid,
4-methyl-2,2'bipyridine-4'~butylamide rhenium attached by
the carbon at position 3 or 4 of the maleimide to a émliur

substituent of cysteine or methionine.



ether/diethyl other (2:1), followed by the product.
confirnmed that the structure of the isolated reacti
98 Preparation and Purification of 4-butan-1-al)-4'
g of 2-[3-(4-nethyl-2,2"-bipyridine-4'-yl)-propyl]-
dissolved in 50 ml of 1IN Hcl and heated for 2

-
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yI'-2, 2" bi pyr
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i ne

It is within the scope of the invention for cne or

more of the ligands of Re to be attached

to additional

chemical labels, such as, for example, radioactive isotopes,

fluorescent components, or additional luminescent

ruthenium-containing or ocsmium-containing centers.

It is also within the scope of this invention for

the labeled substance (B) to be labeled by more than one,

e.g., two, three, four, or more electrochemiluminescent

ceenters.

Suitable substances (B) include many bilological

substances, for example, whole cells, viruses, subcellular

particles, proteins, lipoproteins, glycoproteins, peptides,

. nucleic acids, polysaccharides, lipopolysaccharides,

pharmacological agents’, tranguilizers, barbiturates,

alkaloids, stercids, vitamins, amine acids, and sugé:s,

Whele cell may be animal, plant, or bacterial, and may be

viable or dead. Examples include plant pathogens such as

fungi and nematodes. Within this application, the term

*"gsubeellular particles™ means subcellular organelles, .

- membrane particles as ﬁrém”disgupteé cells, fragments of

cell walls, riboscmes, multienzyme comglexes,.and octher

particles whiéh can be derived from living organisms. Also,

within this application, "nuclelc acids”

means chromosomal

DNA, plasmid DNA, viral DNA, and recombinant DNA derived

from multiple sources. Nucleic acids alsc include BNAs, for

exanple, messenger RNAs, ribosomal RNAs and transfer RNAs.

2 .



hrs at 50[err]C. The solution was cool ed, adjusted fI-lETWEeR ﬁg ~reid 8
wi'th sodi um bi carbonate and extracted tw ce with 10\ fka Eﬂgr 1 n The
conbi ned chl orof orm phases were washed with a snall japount of water} Wdried
over sodiumsulfate, filtered and rotoevaporated tolylelqR28EP1906w pi]. The
yellow oil was purified on a silica gel colum.using ¢thyl acetate/fo]uene
(4:1) as the eluant, the inpurity beiﬂg el uted w t hijnettrarrot~"Prot on NVR
analysis [1[err]96-2[err]11 (m2H 2[err]43 (s,3H): {2[err]46-2[errl50}
(t,2H); 2[err]53-2[err]80 (M2H); 7[err]12-7[err]14 Tm2H): 8[err]21 (br.
s, 2H); 8[ erdlypreglides] 18clmdzh) £o3] exak@de|s enpgypesontinanspadtat t he
structure of the reaction product

proteins, receptor proteins, and structural proteins such as

ia

<

viral coat proteins. Preferred polypeptides are enzymes and
gérumsdezived antibodies. Particularly preferred
polypeptides are monoclenal antibodies. Kezmones‘iﬁclude,
for example, insulin and T4 thyroid hormone.

Pharmacelogical agents include, for example, cardiac
glycgsi&esa It is alsc within the scope of this invention
te include synthetic substances which chemically resemble
biclegical materials, such as synthetic peptidgs, synthetic
nucleic acidsg, and synthetic membranes, vesicles, and
liposomes. The foregoing is not intended to be a
comprehensive list ef the bicleogical substances suitable for
use in this invention,.but is meant only't@ illustrate the
wide scope of the invention.

It is within the scope of this inventien to
include labeled nonbiclogical substances, including
polymeriec materidls. Tlese substances may be in the form of
soluble polymeric molecules, or any of the large variety of
known macroscopic forms sucH as, for example, beads, or
containers such~gs test tubes, bottles, assay wellé, or the
like. |

Biological and nonbiclogical substances (B) may be
conjugated to a ligand of Re where such conjugaticn is by
way of amide or amine linkages. The linkages may be

oriented se¢ that material (B) is bonded directly either to



is [err]
4- (4- met hyl

4- (but an- 1-
absol ute acetone. 225 ng of finely powdered potassium pe
TR

KM err];

stirring. The

99 EXAMPLE XV Preparati on of

-2,2' -bipyridine-4'-yl)butyric acid 0.5 g NT. SHEE
al)-4"-nmethyl-2,2"-bipyridine (2.0 mol) \EEE?%?EZ%??;%ﬁfFT

1.42 mol ) were added in portions to the sclu

38

the carbonyl or to the nitrogen of the amide linkage. These
chemical moieties may be ionized. If so, it is understocd
in the art that many different counterions will serve to
neutralize the charge of preparations of the chemical
moiety. Suitable cations include, for example, ut, NH4*,
quanidiniem, ag’, Li¥, wa*, x*, ug®*, m?*, and ca?*
Suitable'ani@as inciude, for example, halides, OR™,
carbonate, 80423, heﬁafluor@phosphate, and
tetrafluorgborate.

Advantages of Re-Containing Moieties

2 major advantage of the electrochemiluminescent
chemical moieties containing the metal rhenium is in the
ease of preparation of those moieties. Both bipyridyl and
n@nbigyzidyl derivatives can be used in the synthesis of the
moieties and in the ultimate function of those moleties in
c@njﬁgating an analyte of interest.

The rhenium molieties can be synthesized in

. two-step pg@eesées in contrast to the osmium and ruthenium

e@m@lexes which require 3, 4 oxr 5 sfepsg Fig. 1 describes,
schematically, the two pzééessﬂgteps enmployed to prepare ‘the
rheniun c@ntaining'm@i@ties_@f the invention.

' wWith reference to Fig. 1, the starting material
for the preparation of the lumiﬂescgné Re{I) complexes is
Re (CO};Cl. The synthesis of the desired Rel(I) species
invelves two steps. In the first step, substitution of CO

by chelating 2,2'-bipyridine ligand produces the facial

10



acet ate/tol uene 50:50), which indicated that while thq atdefrytde—gra

di sappeared a bipyridine of low Rf was fornmed. After tthg r a¢hed
conpl etion, water was added and the M err] was filtdrdd ﬁ%ﬁ%@@éﬁ h
small portions of Na[err]CJerr] (ag.). The acetone was i and
the residue extracted with CHerr]J]CJ[err] to renove ndgnacidic bipyridings.
The aqueous sol ution was nmade aci di ¢ by «far ef ul addi t i‘en-~of—1-N-Het-to6-' pH
4.8. The solution becanme partially cloudy upon reaching this pH, the
suspensi of, gz s Aad-"Q.)3He ( cipH. LThHe @ dhelatiasy oxia'adtigdfidigel i MBS
with equal volunes of CHerr]Cerr], dried over Na[ferr]Sderr] and
ligand, e.g., bpy, Cl,bpy, (CO,CH4) . bpy. (NO,) . bpy, Me,bpy,

_?hszy@ ﬂCH3OE 2 Me bpy, or (NEt,) ,bpy.

reaction was followed by thih | ayer chromat ogr aphy (siﬁﬁ?@ACENﬁ@ﬂfSﬂEEF
3 : L O ) . y

The conversion of fac-(L)Re (CO) ; to the
corresponding fac-(L)Re(CO) 5 (Etpy] (RK (whexe R is CFSCOBQ,
PFEQ, Clcqew is accomplished by either an acid method or a
silver method. -

The acid method is vseful for bipyridyl ligands
that are insensitive, i.e., stable, to strongly acidic
media. It involves the producti@n and isolation of the
intermediate Re (I} triflate species fgllcwea by conversion
to the 4-pyridyl ethane derivative.

The silver method is used for complexes containing
bipyridyl ligands susceptible to decomposition in highly
acidic-enGir@nmegts, CoFep L = (CK30)2b9y or tCOOCﬁa)gbpyu
In this method, a soluble silver trifluoromethane sulfonate
salt is reacted with the faca(LDRe(GObscl species to form
the faee@Lkﬂeﬂcof;(osscﬁ3} molety and insoluble AgCl. After
removal of the AgCl precipitate by £iltration, the solution

] is reacted in situ with ée@yridyi ethane to produce the
desired product. .

Another important advantage offered by the Re(l)
c@m@lgxes described herein versus the analogous Ru({ll)
complexes relates to their ability to permit tuning of the
emiss&@n wavelength {i. ea, color) for the Re(I) @@mplexes

over most of the visible spectral region (i.e.,



rotoévaporated to an oil which pronptly solidifiad»$n~¥ague——lhe—eﬁude
solid was recrystallized fron1ch|oroforn1petroleu@m@ih EMEND SHEHT [ whi t e

crystals.

*Prot on NVR anal ysi s was consistent with the foll dw ngéi %ggs%%w

{err]

L

7

Melting point: 103.5[err]C105.5err] G, erﬂ

t

40

. 500 nm-800 nm). The origins of this property lie in the

guantum mechanical characteristics of the light emisgsion
process for the complexes.

A guantum mechanical analysis of the luminescence
process for Ru{Il) complexes indicates that (1) with few
exceptions, the observation of room temperature luminescence
in £fluid solution requires coordination of 3 chelating
iigands of the bipyridyl or phenanthroyl type to the Ru(il);

{2) guantum states existing at energles near the emissive

state limit the luminescence intensity available from Ru(II)

complexes; (3) substitution of groups on the chelating
bipyridyl or phenanthroyl ligands results in only limited
changes in the emission energies of the Ru(Il) csﬁplexes;
and {4) the luminescence efficiency generally decreases as
the maximum emission wavelength increases for the Ru{iIl)
cemplexes. These factors limit the usable wavelength range
to 580 nm to 750 nm at room temperature in £luid seolution.

A similar analysis of the emission process for

rhenium complexes indicates that (1) emission in room
temperature fluid solution géﬁuiz;s that only one
coordinating bipyridyl or phenanthroyl ligand be present at

the Re(I) cemter. Although 3 CO ligands are also required,

" there is considerable leeway in the choice ©f the final

monodentate coordinating ligand {e.g., Cl, pyridine, CKSCN,
etc.) . The emission wavelength maximum is controlled by the

identity of this m@apdgntate ligand and the substituﬁion

100



101 EXAMPLE XV Nbdulatlon of El ectrol um nescent Si gnal GEnerated By
F@tl) Theophyl I i ne Conjugate Using Antibodi es Spegkk-&

; heophyl |l i ne
Cqmpound VI coval ently bound to theophylline (CDnﬂRﬁ@L@EE&ﬁz SHEET to a
final concentration of 150 nMusing 0.1M phosphat ¢ uf-ters p..u. ;

cont ai ning .0.35 M sodium fluoride (PBF Buffer).

ingcl dyg(clone
number 9-49, ascites |ot nunber WO399, cat numnber {046 @23%g§5§ DI -
t heophylline is obtained from Kal | est aq jLabor at ori

ie ,IJv‘ (Chasa WN) .
The nonocl onal anti body is: g

pattern at the chelating bipyridyl or phenanthrolyl mniéty.
This leads in part to the wider range of emission
wavelengths available for these complexes ve:sus‘ﬁhe Ru{Ix)
species. _

There are no gquantum states with energies near the
emissive state that can inhibit emissién in the Re (I}
complexes. In conﬁxagg, in the Ru{II) ecomplexes, the
emission efficiency generally falls as the wavelength of the
emission maximum increases.

Thus, the usable wavelength range of emission for
the Re(I) complexes is approximately 5060 nm-800 ﬁms The
slight increase in the red response for the Re(Il) versus

, Ru(iiﬁ complexes is due primarily to the somewhat increased
breadness of the Re (I} emission spectra versus the Ru{Il)
emission spectra.

The Re(I) complexes thus have an increased range
of ascessible em%ssieﬁ yavelengths as ccm@aﬁe& with the -
Ru(2I) compounds. The unique structure ef the Re(I)
complexes also permits greater g}gxibility and ease in
selecting the desired maximum emission wavelength by
structural modification of the complex than is possible with
the Ru(Il} complexes. The greater range of availaple
emission wavelengths for Re(I)} versus Ru(II) allows one to
measure emission from one Re(I) complex in a solution @f'
several l@minescing Re (I} species with minimal intgrfeggﬁce

from and error due to the competing Re(I) luminescers.



diluted to different concentrations using PBP By

m crograns of protein/m to 700 m crograns/n). gﬁ?&éﬁrﬁﬂj"'sfﬁng ant i body

(control MAB) that is not reactive with theophyfl g&égﬁgpﬁélned rom Si gna
Louis, M and is diluted to different conceén weeni 21. 9

n1crograns of protein/m to 700 mcrogranms/m wus$i hg PBE Buffer. st andard

solution of theophylline is prepared using theophylline obtained from

Al drich Chem cal Co., (MIwaukee, W, ca%2 nunbel %

0.17).

Theophyl line is dissolved in PBF Buffer to give a final concentratlon of 75
mcromolar and is diluted with PBF Buffer to 6 nmicronoplar for use in

Prior to Inkioved Assays Using Re-Containing Moleties

The invention is also in methods of determining
the presence of a chemical moiety having formula I. The
method comprises: (a) forming a reagent.mixture under .
suitable conditions containing the Re-containing chemical
moiety; (b) inducing the moiety to emit electromagnetic
radiation by exposing the reagent mixture to chemical,
electrochenical, or eléctzcmégnetic energy: and (c)
detecting the emitted electromagnetic radiation gnd thereby
determining the presence of the chemical moiety.

Suitable conditions for forming the reagent
mixture will be known to those skilled in the art and will
depend on the type of reagent mixture involved. For
example, suitable conditions for an agueous reagent mixture
may include appropriate concentrations of chemical moiety
and other reagents such as oxidants, pH, salt concentration
and the like. For a solid sample, suitable con&iti@ns for
ﬁczmiﬁg a reaéent mixtutre may include addition of a
eonducting liquid.

The methods of this invention include methods of
‘detecting the chemical moiety wherein the moiety is capable
of binding to a chemical agent, i.e., forming a specific
complex with the chemical agent. Suitable agents include,
but are not limited to, whole cells, viruses, subcelliular
pafticlgS{ nucleic acids, polysaccharides, proteins,

glycoproteins, lipoproteins, lipopolysaccharides, lipids,



c

el ectrochem | um nescence nmeasurenents a sol ution contE&WLﬁﬁféﬁﬂwﬁﬁﬁﬁgﬁ
dcid and 5% (v/v) Triton-X 100 (EQ sol ution) 102 |i 4 added to the
reaction m xture. Measurenents are nmade using a BertHolid {2r§EPngg t hat
iis nodified to allow the placenent of two plati num gdude el ectrodes into
the test tube containing the reaction solution. The |el'ectrotes—are
connected to a potentiostat and the el ectrochenilim descence measur ememt is
made by sweeping an applied potentlaléécross the el ectrodes Trom T 5To 2.5
volts at a scan rate of 50

fatty acids, peptides, cellular metabolites, hormones,

pharmacological agents, tranguilizers, barbiturates,
alkaloids, steroids, vitamins, amine acids, sugars, or
nonbiclogical p@lyme;s. In one embodiment of the invention,
the chemical agent may be immobilized on the surface of an
assay vessel. In another éﬁho&iment, the chemical agent may.
be a serum-derived antibody or a monoclonal angiboéy. 0f
particular interest are antibody-antigen pairs of materials.
This binding method may be used to determine the presence of
labeled antigens, such as, for example, digoxkin or digitoxin
in complex mixtures such as blood, urine, or synthetic
reaction mixtures by first exposing the mixture to
immobilized antibodies specific for the antigen of interest,
and then measuring the amount of labgled-méterial bound to
the immobilized antibodies.

The invention also incliudes methods for
determining the presence of analytes of interest which bind
to a-chemical mofety having the formula I. The method
‘comprises: (a) f@:ﬁing a2 reagent mixture under suitable
conditions c@ﬂtaining the Ré-containing chemical ﬁciety;-
(b} inducing the moiety to emit electromagnetic radiation by
exposing the reagent mixture to chemical, electrochemical,
or eléctxcmagnetie gnergy:'and {e) detecting the emitted
electromagnetic radiation and thereby d@tezmining ‘the
pr@sence of the analyte of interest.

515@ provided are methods of determining the

pxesenée of an analyte of interest wherein the analyte and a



nVv/ sec. The Berthold | um noneter used for the measurenf ~HEgiheegatn,
red sensitive photorultiplier tube. The |um noneter ou Eﬁﬁhﬁﬁﬁﬁ i}&ﬁﬁﬂ»
i.s adjusted to 10[err] counts/volt. The measurements farp recorded on ]
X-Y-Y' recorder and the peak height.is used as the measur eHEN8EP 004
el ectrochem | um nescence. The el ectrodes are cl eaned tiween neasurenEnts
by rinsing with a buffer at pH 4.2 c#htaining 0.1 M phps rate,
0.025 Moxalic acid, and 1% Triton X-100; pulsing the el ectrodes in thid
solution between +2.2 to -2.2 volts for 60 . sec; and followed by -2.2 volts

for 10 s&ChsFical\moietye @W@?@r@EE?“&FeIr?ﬁﬁ@eﬁg@Pﬁﬁ¥F%V§1¥o?%t¢on ri nsed

001 St et 480 alteB3Y ol - B)"9cBUBTLLIREAL SmbBLEL F OLf 25 Out!ined

bel ow.

meant any substance capable of forming complexes with both
an analyte of interest and a labeled analyte of interxest or
a labeled analogue of an analyte of interest. The method
comprises: {(a} contacting the complementary material, the
Re~containing cheriical moiety, and the analyte under
suitable conditions so as to form a reagent mixture;
{b) inducing the chemical molety to emit electremagnetic
radiation by exposing the reagent mixture to chemical,
electrochemical, or electromagnetic energy; and
(e} detecting the emitted electromagnetic radiation and
thereby determining the analyte cﬁlintefeste

The phrase, "inducing to emit electromagnetic
radiation,” refers to creating an excited state of moiety
which luminesces at wavelengths between 200 nanometers (nm}
and 900 nanometers (nm) at ;mbignt temperatures. Variations
in the chemiedl structure of the ligands can change the
value of the energy input required to create the luminescent

- excited state. Similarly, the wa;elength of the emitted

electremagnetic radiation is dependent upon the nature and
environment of the rhenium-containing material.

Generally, photoluminescence excitation and
emission oceur with electromagnetic radiation of between
about 200 nanometers and about 300 nanometers in wavelength.

LikeWisg, chemiluminaescent and electrochemiluminescent



A solution of control nonoclonal antibodies, antibodies ELfikﬁkﬁﬁﬂﬂh v %K
PBF Buffer is added to a set of test tubes (Step 1). To thgTUbBES, a

sol ution of theophylline or PBF Buffer is added (Step 2). %g[@qu%ns
are mxed by briefly shaking the test tubes and allow ng |t enlgo react f
25 mn at roomtenperature. Then a solution of Conjugate li
tubes (Step 3). The 103 test tubes are shaken and kept{ at room

tggpgrature for 15 min. Finally, 100%kicroliters of the BE€c—sofution Is
adde :

emission generally occur with the emitted electromagnetic
rédiati@n being between about 200 nanometers and about 900
nanometers in wavelength. The p@tential at which the
reduction or @xidati@n of the chemical moiety occurs depends
upon its exact chemical structure as well as factors such as
the pi of the soclution and the nature of the electrode used.
It is well known how to determine the cptimal emission and
excitation wavelengths in a photeluminescent system ané the
optimal potential and emission wavelength of an
electrochemiluminescent énd chemiluminescent system.

There are many methods for guantifying the amount
of luminescent. species present. The rate of energy input
"into the system can ?r@vide a measure of the lumiﬁescent
species. Suitable measurements include, for example,
measurements of electric current when the luminescent
species is generated electrochemically, the rate of
reductant or oxidant utilization when thé luminescent
species is generated chémically or the abscrption of
electromagnetic energy in ph@ﬁ@lumingse@nt techniques. In
addition, the luminescent specieg’can be detected by
measuring the emitted electromagnetic radiation. All @f
these measurements can be made either as c@ﬁtinu@us,
rate-based measurements, Or as éumulative methods which aﬁd
the signal.@ver a long period of time. Rgtgﬁbased
measuzem&ﬁgs may be carried @uﬁ with photomultiplier tubes,

photoddiodes or phototransistors to produce electric currents




to each tube and el ectrochem | um nescence is neasured as_descri
; Experinmental Design for Studying the Effect of Antibod
(I')-theophyl i ne conjugate (Conjugate) Interactions on

REPEACEMENT SHEET

ol-t-rescande
- Step | Step 2 Step 3 100 mifcriol i teLs, 270
“mcroliters 100 microliters of: of : ﬂQééPﬁW@

of: A Control nono- Buf f er Conj pgate clonal ...

" antibody (2.19 micrograns to 70 nicrogragg) or

pr@p@rtional'in magnitude to the incident light intensity,
or by using charge couple devices. Examples of cumulﬁtive
methods are th@lintegratian of rate-based data, and the use
of ph@tograﬁhic £ilm to provide cumulative data directly.

aAll of these luminescencéebased méthcds entail
repeated luminescence by the rheniumee@ntainiﬁg compound.
The repetitive nature of the detectable event distinguishes
these labels from radioactive isctopes or bound
chemiluminescent molecules such as luminocl. The latter
labels pfc&uce a detectable event only once per molecule (ox
atom) of label, thereby limiting their detectability.

In the chemical moleties useful in these methods,
biclogical and nonbioclogical substances é may be
incorporated intc the moieties by coordination dize3£ly to
Re or by attachment te a ligand cf Re. Attachment may be
through eovalent bonding, or by électr@static or hydrogen
bonding. Many diverse means'of effecting covalent bonding
of substances B to Ligands of Re are available. The
attaching linkage may be, for axam@le,.an amide or amine
bond, an ester or thiocester, an ether ox-thi@ethgg, or any
of many other linkages known to the art. The type of |
linkage will be detgsﬁined by the substituents of the ligand
and the suitable chemical groups available for binding with
the ligand on the substance that is to be labeled.



B. Anti-theophylline Buf fer or

Buf f er Conj ugat e or
monocl onal anti body which specifically recognizes thed
contacted with theophylline to whichaa rheni um conpour
attached, e.g., Re(l)-theophylline conjugate, will degrease the
el ectrochem | .um nescence. The decrease in el ectrochemtamest
proportional to th&hntanadyte of interest and the chemical moiety

may be any pair of substances which are capable of binding
together in a specific manner. Such substances include, for
example, whole cells, viruses, subecellular particles,
nucleic acids, polysaccharides, proteins, glycoproteins,
lipoproteins, lipopolysaccharides, lipids, fatty acids,
peptides, ecellular metabolites, hormones, phaxmaeeldgieal
agents, trangquilizers, barbiturates, alkaloids, steroids,
vitamins, amino acids, sugars,‘and_nonbioldgical polymers.
0f particular interest are antibody-antigen pairs. One
embodiment of the invention provides the use of labeled
antibodies to determine the presence cf cell surface
antigens, or to label particular_aellé for detection by cell
sorting methods. Antigens immobilized by, for example,
attachment to immobilized, unlabeled antibodies can be
detected by labeled antibodies in a method@ commonly known as
a “sandwich® method.

In one ‘embodiment of the invention, B is a
nucleotide or a polynucleotide. In another embodi@eﬂt, B is
a serum—derived antibody or-a& momocldnal antibody.

In competitive binding assays, B may be the same
substance as the analyte of interest or an analogue of the
analyé@g and capable of pazﬁicipating in the formation of a

specific complex with a complementary material. 8uch



nULT ACTMENT IR
concentrati on when the conjugate concentration is hel Rﬁf&%§§¥#Wﬁl§§§FT
.Wien an anti body is used which does not react with thdoghylline, onlyja
slight decrease in the electrochem | um nescence is segn at 12n%E ﬂgﬂ%st
- concentration of antibody. The data al so show t hat when jt heophyl |l ine ijs
scontacted wth the anti-theophylline antibody and the € conjugate Is
added to the m xture, the anount of electrochem | umn |
*This denonstrates that . 48

S

analytes and complementary materials include whole cells,
viruses, subcellular particles, nuecleic acids,
p@lysacchari&eé, proteins, , glycoproteins, lipoproteins,
lipopolysaccharides, lipids, fatty acids, peptides, cellular
metabolites, hormones, pharmacological agents,
tranguilizers, barbiturates, alkaloids, steroids, vitamins,
aminoc acids, sugars, and nonbioclogical polymers. Examples
of such analytes and complementary materials include
insulin, digoxin, digitoxin, T4 thyroid hormone, a fungus ox
nematode, a serum—-derived antibody or a monoeclonal amtibody,
a DNA fragment or an RNA fragment. Of particular interest
are antibody-antigen based methods. These ﬁ@thcés are
anal@géus to the well known radic immunoassay known to the
art ean, in principle, be used te advantage by employing
moieties labeled according to the present invention in place
of radicactively labeled compounds.

The invention further is in heterogenecus and
hemogeneous binding methods which utilize the chemical
moieties provided herein. In heterogenecus binding methods,

- the bound labeled substance must be physically separated
£rom the unbound labeled substance before measurement of the
presence of label. This is frequently accomplished in'
antibody-antigen systems by immobilizing one component, the
antibody for example, by attachment to an insoluble matrix

such as a filter or to the surface of beads cr reaction




t heophyl I i ne conpetes for the binding of antibody resylt
anount of conjugate which can generate el ectrochem | um

EXAMPLE XVI Assay for Theophylline in Serum Based on
El ect rochem | um nescent | nunoassay Based on the resu

Exanpl e XV, a honpbgeneous i mrunoassay for theophylling is déveloped usi r

anti body to-theophylline and the Re(l)4Bheophylline

a
t

vessels such as test tubes. The antigen%c@ntaining sclution

is poured through the filter or into the reaction vessel,

and then washed away from the filter or sides of the

reaction vessel, Only antigen specifically bound to

antibody will remain to be determined.

In homogeneocus methods, by contrast, the bound and

unbound labeled material are present in the same reaction

mixture when the presence of label is measured. This is-

?@ssible when binding modifies the properties of the signal

detectable from the label. There are many

ways that

luminescent labels can be used in homogeneocus systems. Fox

example, binding of the analyte to ﬁhe chemical moiety can

directly influence the signal detectable from the label.

Additionally, & luminescence, quencher may be ?esitioned on

an antibody so that binding of a labeled aﬁtigen to the

antibedy could result in suppression of the luminescence of

the label by the lumineseenca quencher on the antibody.

M@ny homogeneous meth@és for luminescent labels are knocwn to

the art, and some of the a:e zeviewe& in Beguslask; and Li,

"Homogeneous Immunoassays,” ﬁgplied Biochemistry and

Biotechnology, 7:401-414 @19821.

In one embodiment of the invention, the analyte is

fixed to an insoluble matrix. Such a method may be

performed as & sandwich assay, i.e., the chemical moiety

becomes bound ¢o the immobilized analyte and unbound mgiéty

is washed away from the matrix. In another embodiment a

chemical agent to which the moiety is capable ©f binding is



conjugate (Conjugate) described in Exanple XV in a conp

format. The materials used are described in Exanple X\
buffer is 0.1M phosphate buffer, pH 6.0, containing 0.1f4
For this assay, a specific concentration of nonoclonal pnijihady fn
fheophylline is chosen. The antibody concentration is 5§ n1crograns/n1
The conjugate concentration is adjusted to 175 nM  ThebphHttre~rs=added
to human serumto give final concentratioEé of 2.5, 5, 10, 20 and 40

. mcrograns of theophylline/m of serum ThHe assay is perfornmed by adding 10

ot oy ket SRR e H8 bR kb 3, ey, KRARAN, HBGTBRLR0",

component of a biological £luid or reaction mixture. The

complementary material may also be fixed to an insoluble
matrix. In both the heterogeneous and homogeneous
competitive methods of the invention the complementary
material may be a monoclonal antibody and the insoluble
matrix may the surface of an assay vessel.

The_methgds of the invention may be performed by
expesing the reagent mixture to chemical, electrochemical,
or electromagnetic enexgy, or the reagent mixture may be.
exposed to a combination ¢f chemical, electrochemical, or
electromagnetic energy.

The chemical moiety may be oxidized by exposure to
an energy source. One such source is a chemical oxidizing
agent. Examples of such nxidiziné agents include Ce(IV)
salts or Eb@za The chemical moiety may be reduced by
exposure to an energy source. One such energy source may be
a chemical reducing pgent. An example of a suitable
?é@ueing agent is magnesium. The methods of the invention
include inducing the chepmical _moieties to emit
electromagnetic radiation more than once. .

_ fh@ reagent mixture may comprise oxalate,
pyruvate, lactate, malonate, cit:ate, tartrate,
peroxydisulfate. Furthermore, the chemical moiety may be
reduced by exposure to an energy source and the reagent
mixture may comprise peroxydisulfate. MNoreover, the

chemical moiety may be oxidized by exposure to an energy



m n.
fi"nal

solutions are neasured as previously dqipribed usi ng a sweep..mde _for..1
veolts to 2.5 volts at 106 50 V/sec. The results denonsfrate that there
in a correlation between the concentration of theophylliné—+a—a

Then 100 microliters of conjugate were added to eac1«fﬁp¥f§gL@§w§§§T”
concentration of 35 nMand this solution is held atjrpomtenmperature

for 15 mn. 100 mcroliters of the ECL solution describefl %?ggphﬁqé
are then added to each tube and el ectrochem | um nescent p oaeﬂt' o]

source and the reagent mixture may comprise oxalate,
pyruvate, lactate, malonate, citrate, 63 tartrate.

Methods of detecting the chemical moiety are
provided wherein the reagent mixture is continuocusly exposed
to an electrode whose potential oscillates between a
potential sufficient to effect the reduction of said
chemical m@iety and a potential sufficient te effect the
oxidation of the chemical mbietye-

The chemical moiety may be oxidized by exposure to
an electrode whose potential -oscillates above and below a
potential sufficient to oxidize the chemical mgiegy,'the
reagent mixture comprising @xaléte, pyruvate, lactate,
malonate, citrate, tartrate, peﬁcxydisulﬁatee Moreover, the
chemiecal meoiety may be oxidized by exposure to an energy
source and the reagent mixture may c@mpsise oxalate,
pyzruvate, lactate, malonate, citrate, oxr tagtréte,

The chemical moiety may also be reduced by
exposure to an elepctrode whose potential oscillates above
and below a potential sufficient to reduce it, the reagent
mixture comprising peroxydisulfate. -“Such reagent mixture
may'aaditionally comprise acet@nitxile. Furthermore, the
chemical moliety may be reduced by exposure ¢to an eleetxcde
whose potential is constant and sufficlent to reduce it, the
reagent mixture comprising pgz@xydisulﬁateQTISuch reagent
nixture may also comprise acetonitrile.

ﬁhen the chemical moiety is exposed to

electrochemical or chemical energy, the emitted



serum sanpl e and the amount of el ectracheni | uni nescenclps: alt{*%g’;‘é’f’hggfﬁjf by
ithe reaction m xture. This observation denonstrates t{ eSO S ST
devel op an assay for theophylline. Based on thene resu >, q£%§ﬁ¥§§%ég?|
-the art would be able to devel op a honbgeneous el ectro P
i munoassay for detecting and quantifying an anal yte of interest in a.lt
rbiological mat ri x. 107 EXAMPLE XVid2

',
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electromagnetic radiation may be coatinuously detécted.

Such electromagnetic radiation may be detected visually or

with a photodiode. Furthermore, when the chemical moiety is -
" exposed to electrochemical or chemical enézgy, the emitted

.radiaticn may be detected cumulatively, e.g., with a

ph@t@gr&@héc £ilm.

The invention includes systems for detecting or
the presence or measturing the guantity of a
rhenium-containing chemical moiety having formula I. The
system comprises: (a) a reagent mixture cemprising the
rhenium-containing chemical moiety; (b} means for inducing
the chemiecal moiety to emit electreomagnetic radiation; and
{c) means for detecting the emitted electromagnetic
radiation.

The invention also includes systems for detecting
the presence of or measuring the quantity of an analyte of
interest which binds to & chemical molety of formula I. The
system comprises: (a)’ the rhenium-containing chemiéal
moiety; (b) a mgans.ﬁor contacting the chemical moiety with

- the analyte of interest to formr a reagent mixture; (c) a
means for inducing the chemical moiety to emit
al@ctﬁ@magnetic radiation; and (d) & means for detecting the
emitted electromagnetic radlation.

A particularly unigue and useful class of
h@m@g@n@qgs binding assays is provided by the present
invention. As described hereinbefore, these labels can be

measured electrochemically by means of expesing a solution



' up AMERT SURET
Assay for Theophylline in Henolyzed, Lipenic, lcteric al@%&&ﬁzéﬁﬁgéﬁimﬁ§i
Sanpl es Based on a Honpbgeneous El ectrochenil umi nescent | nmtrupun sa ,anF
Conparison to a Fluorescence Pol ari zati on Assay The con:e1tﬁ52%%%'5§0 ,
t heophylline in different types of serumsanples is detérfined using a P
honobgeneous el ectrochem | um nescent i nmunoassay. The foimat tTor the assay:
is a conpetitive binding assay using a nmocl onal antibbdy _specific for
t heophyl | i ne and the Conjugate described in Exanple XV. The reagents and
methods fopsckagt 1860eY! HIhRERRERCES AU ReAEaEE BEaholBELRERY. CURRG X! &

olarizatio to

The fluorescence p n assay use
labeled substance which is present in the solution but which

AV st o prined

H

[

cannot gain access to the surface of the electrode will not
be detected. This can occur, for example, if the labeled
 substance is bound directly or indirectly to the surﬁaée of
the reaction vessel into which the electrode is placed, or
i£ the label is gmbgd&ed deep into the interior of the
specific complex, such as within an antigen%antibody
ccmpleg, or if the electrode itself were coated with a layer
through which labeled gate:ial could @asé but complexed
labeled material could not pass. In addition, it should be
possible to coat the surface of an electrode with
antibedies, so that only labeled antigen bound to the
immobilized antibodies can @btéin aceess to the electrode
and thereby be deﬁegmgﬁed; This particular homogeneous
méth@d may be most effective if the required electrode
potential is applied in short pulses.
It is within the scope of the present invention to
uge a c@mbinati@n of means for determining the presence of
- Jlabeled compounds. For example,.it may be deéi:able to
measure the total amount of labeled substance by a means
which does not distinguish between bound and unbound labeled
substance such as ph@teluminescencé or cheniluminescence,
ané to determine the amount of bournd labeled substance by a
means which does diétinguish between bound and umnbound
labeled suﬁst&nc@, such as electrochemiluminescence, for

example. Such a combination of methods could be performed



_ ED] APTMENT CUR
measure the concentration of theophylline in the diffeB&hLﬁkgﬁ% L3 ﬁg“ IS
tarried out using an autonmated TDX instrunment from Abbofit Laboratoriesg
(North Chicago, IL). Henolyzed, lipenmic, icteric and hofnel 2$EF1996r el used
in the assays and data for the abnormal sera are |istgdjbel ow. Honpbgehepus
‘Theophyl | i ne Assay Chara6teristics of Potentially Probl ematic Serum serum

Factor Concentration Nor mal Range Henvol yzed 12.4 mo/d
henogl obi n 0-3.2 ng/dl Lipem csg 405 ny/dl triglycerides
10- 190 ng/dl 196 ng/dl chol esterol 120- 200 ng/dl Icteric

10 ng/dl kid iR fame sample, afd leRudUpebvide a richer source of
information about the sample than could any method when used
individually. It is also within the scope of this invention
to determine the presence of two or more differently labeled
compounds within the same reaction mixture. This is
possible either if the labels emit electromagnetic radiation
of differing wavelengths or if the labels can be induced to

emit eléctramagnetic-radiation by exposure to energy of

different values or source.

Assav Methods

The inventiun also is in improved methods of
detecting in a predetermined volume of a ﬁnléiébmponent,
liguid sample an analyte of interest present in the sample
at a concentraticn below about 1053 molar which comprises:

- (a} contacting a sample with a reagent comprising an
electrochemiliuminescent chemical moiety containing a
rhenium-econtaining organic compound wherein said reagent is
(ib.@apahle of being induced to repeatedly emit
electromagnetic radiation upon exposure to an amount of

_  chemiecal, electrochemical,.or electromagnetic enérgy from a
suitable socurce effective to induce the reagent to
re?@atedly emit radiation and (ii) capable of combining with
the analyte of interest, the contact being effected under
appropriate conditions such that the analyte and the reagent
combine; (b} exposing the resulting sample to an amount of
ch@mical,‘electrochem@cai, or electromagnetic energy f£rom a

suitable éource egfective to induce the reagent to
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108 Different anmounts of theophylline, are added to t ;
gisve final concentrations between 2.5 m crograns theo hglline/n1 and }40
m crogranms theophylline/n. Data are obtained for thel homi@gEPU"Y

el'ectroahem | um nescent i nmunoassay. Each serum sanpl i §|s al so anal yZeq
t he concentration of theophylline by a fluorescence pol ari ' Y.

0

for
The

concentration of theophylline neasured by the honngeﬁeous
el ectrochem | um nescence i mMmmunoassay and the

55
repeatedly emit radiation, the gxp@suge'being effected under

suitable conditions so as to induce the reagent to
' repeatedly emit electromagnetic radiation; and (e) detecting
electromagnetic radiation soc emitted and thereby detecting.
the presence of the analyte of interest in thg sample,

The term "molar®” means the concentration of an
analyte in solution in moles per liter or the amount of
particulate matter present in a liquid sample in particles
or units per liter. ¥For example, 1 x 1023 garticles pér
liter may be expressed as 1 molar.

The methods may be performed as hgtezageneoms
assays, i.e., assays in which unbound labeled reagent is
separated from bound labeled reagent prior to exposure of
the bound lébeleé reagent to electrochemical energy, and
homogeneous assays, l.e., assays in which unbound labele&
reagent and bauﬁa labeled reagent are exposed to |
electrochemical energy together. 1In the homogeneocus assays -
‘of the present invention the electromagnetic radiation
emitted by the bound labeled xgégentgis distinggishable £rom
the electromagnetic radiation emitted by the unbound labeled
reagent, either as an increase or as a decrease in the
amount of electromagnetic radiation emitted by the bound
labeled reagent in comparison to the unbound labeled
reagent, or as elecgramagnetic radiation of a different
wavelength. |

Accordingly, in one embodiment of the invention

any reagent which is not combined with the analyte of



fl uorescence pol ari zati on assay are conpared. The da as a
scattergram The data points are anal yzed by |inear
correlation coefficients are cal cul ated. The anal ysi
excel lent correlation between the two assays. The cofr
(r) are high. The sl opes of the curves for normal, h
serum sanpl es are between 0.8 and 1.2, denonstratin
t heophyl |l ine fromthese serum sanpl es.¢ Al t hough the
el ectrochem | um nescence emtted by the icteric serum

theophylliEﬁFgéﬁsgigge§?£€g§%é€ag%%ﬁy€$geé én‘éﬁﬁaheﬁad%%eéﬁ

ilents
,a lifpem c °
lent recovery of

At-ai.ni'ng

proportiona I gher a I ne concéntratli on. e correlation
contacted with the reagent, prior to exposure of the sample

te electrochemical energy. In another embodiment of the
invention, prior to contacting the sample with the reagent,
.th@ sample is treateé 80 &s talimmebilize the analyte of
interest.

Means for immobilizing énalytes of inéerest are
well known within the. art and include contacting the sample
with a polystyrene, nitrocellulose or nyldn surface, or a2
surface coated with whole cells, subcellular particles,
viruses, prions, vizoids,.liﬁiﬂs, fatty acids, nucleic
acids, p@lysacchariééé, proteins, lipoproteins,
lipopolysaccharides, glycoproteins, peptides, cellular

 metabolites, hormomnes, pharmacolegical agents, o
tranguilizers, barbiturates, alkaloids, sterecids, vitamins,
anino acids, sugars, n@nbi@lcgical polymers, synthetic
organic molecules, organometallic molecules or in@sganig
molecules. The gna%gt& of interest may be any of these
substances, or the analyte‘@f interest may be a whole cell,
sﬁb@ellular pazﬁicle, virus, prion, ¥iroid, nucleic acidq,
pr@t@im,llip@grctein, lipopolysaccharide, glycoprotein,
peptide, hormone, pharmacological agent, nonbiolegical
pelymex, synthetic'crganic molecule, organometallic molecule

- er an inorganic molecule present in the sample at the
concentration below about 10~ 1% molar. The analyte of

interest méy be a whole cell, subcellular particle, virus,
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coefficient is high for the data points conparing el ectg tren .ncaUp”?e
and ffuorescence pol ari zation; however, the slope denp g% abi ‘ﬂg

recovery for the theophylline in the icteric serum sanygl 4. 109 Base on
these results, the concentration of theophylline in an{idtef2ggEmR e ray
be deternined by establishing a standard curve for thejsgnple by a é
krown amounts of the Conjugate to aligyots of the icte
denonstrate that a honbgeneous

ﬁdgta

prien, vireid or nucleic acid present in the sample at a
concentration below about 10733 molar.

The reagent which is ccntacted'with the sample is
a8 Re-containing eleetrochémiluminescent chemical moiety
conjugatéd to a whole cell, subcellulayr particle, virus,
prion, viroid, lipid, fatty acid, mucleic acid,
palysacchaxide{ protein, lipoprotein, lipopolysaeccharide,
glgcgprctein, @eptide,.cellulax metabolite, hormone,
phaxmacclégical agent, tranquilizez, barbiturate, alkaloid,
stercid, vitamin, amine acid, sugar, nonhiclegical_polymez,
syanthetic organic melecule, organometallic molecile,
inorganic molecule, biotin, avidin or streptavidin. In cne
embodiment of the invention the agent is an
glectx@chemilumingscent moiety conjugated to an ant;bedy,
antigen, nuecleic acid, hapten, ligand or enzyme, or biotin
avidin or streptavidin. |

The saﬁple méy be derived from a solid, emulsion,

. suspension, liquid or gés. Furthermore, the sample may be
| derived from water, foed, blood, serum, urine,.feges, '
tissue, saliva, oils, organic séivengs or air. Moreover,
the sample may comprise acetonitrile, dimethylsulfoxide,
aimethylférmamide, n-methylpyrrolidone or tert-butyl
alcohol. The saﬁple may comprise & reducing agent or an
oxidizing agent.

The invention is alsec in improved competitive
methods for detecting in & predetermined volume of é

nulticomponent, liguid sample an analyte of interest present



el ectrochem | um nescent inmunoassay nmay be used to afgﬂgwg$§v§}3¢
.concentration of theophylline present in serum sanplgscontafhi

-1 evel s of henogl obin, lipid and bilirubin. A honmogdnéous i

el ectrochem | un nescent i nmmunoassay of fers advant aged oV erSkP ﬁ?%ores'fgence
*pol ari zati on nethod because of the versatility of HCL detection, ijei, nore
_sensitive detection at higher concentrations of bidlogical nolecules: A
honbgenous el ectrocheni | um nescent i munoassay of férs further advantages
over a fluorescence pol arization method ggecause no incident |ight source is
required; electrical excitation being the only requirenent for

in the sample at a concentration below about 1073 molar

g%qrn&

which comprises: (a) conﬁacting'a sample with'a reagent
comprising an electrochemiluminescent chemical moiety
containing a rhenium-containing organic ccm@oﬁnd wherein -
said reagent is (i) capable of being induced té repeatedly
emit electremagnetic radiatiom upon exposure to an amount of
chemical, electrochemical, or electromagnetic energy from a.
suitable source effective to induce the reagent to
repeatedly -emit radiation and (ii) capable. of competing with
the analyte of interest for binding sites on a c@mylemeﬁtaxy
material not normally present in the sample, and with the
complementary matexial, the contact being effected under
appropriate conditions such.that the analyte of interest and
the reagent competitively bind te the complementary
material; {b] exposing the resulting sample to an amount of
chemical, electrochemical, 6§ electx@m&gnetic energy from a
suitable source effected to induce the reagent to repeatedly
emit radiation, the’gip@suzg'being effected under suitable
-é@aﬂihiens's; as to ihduce the reagent to repeatedly emit
electromagnetic radiatign; g&@ {c) detecting electxnmagﬁet&c
radiation so emitted and thereby detecting the presence of

the analyte of interest in the sample.



efficient |ight-generation. Consequently, no sophisticated optics are

necessary. Since the neasurenent principle is purel

em ssion induced by electrochem cal stimulation, theREPNACEMENTY SEEETY
-arft+zattet—af d

wi der dynamic range will be achievable. Al so, neasunenqe gﬁgg

Lon

e
a

systemis potentially nmuch greater than fl uorescenc
variety of analytes is possible with a horggeneous

110
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EXAMPLES
Introduction |

Materials and Metheds
Ligands

2,2'=bipyridine (BPY) (Aldrich} was used without
further purification. 4,4'-dimethyl-2,2'~bipyridine
@Meszy) {Reilly Taxr Chemicals]) was sublimed (%0-100°C,
1@ﬁ3 t@ér) prior to use. 4,4'~diphenyl-2,2°<bipyridine
(thbpy} {Aldrich) was recrystallized once from
benzene/petroleum ether prior to use. 4-~ethyl pyridine
{(Btpy) (Aldrich) was used without further purification.

Other pyridyl and bipyridyl ligands used included:

4,4'=bis(N,N~diethylamino)-2,2'-bipyridine
[ (NEt,) ,bpy] (Maekexr, G., and Case, F.H., J. Amex.
Chem. Soc. 80:2745 (1858));

4,4'-(dimethoxy)~ 2,2'~bipyridine [(CH,~0),bpy]
{(Wenkert, D., Woodward, R.B., J. Org. Chem. 48:283
(1983} )

4,4 ,5,5'-tetramethyl-2,2'-bipyridine ﬂMe4bpy®
(Elliot,'m.ca, Freitag, R.A., Blaney, D.D.,
J. Amer. Chem. SocC. 107:4647 {1983);

4,4'-dichloro-2,2'~bipyridine (Clszy) {Wenkert,
D., Woodward, R.B. (1983), supra};



dynami c range will be achievable. Al so, neasurenent of a nuch greater
variety of analytes is possible with a honbgeneous el ectrochem | um nescent
i mmunoassay than is provided by the fluorescence polarlzat|o,\,echn|que
due to the selective nodulation of electrically-stinated cha“g
by bi onol ecul ar recognition events, e.g., antibody-antigen inteks Hhst
Based on these results, one skllled in the art would knom/th#t}honn eneous
el ect rocheni | uni nescent | munoassays for dggecting other analyj
i nterest in abnormal serum sanpl es nay be devel oped.

4,4°-bis {carbomethoxy)-2,2'-bipyridine

{{CO,CH4) ,bpy) (Maeker, G., and Case, F.H. (1958},

supra) 3

4,4'-dinitro-2 2“ebipyridine (@Nozwaszy} (Maekax,
G., and Case, F.H. (1958}, supra);

Solvents
Methylene chloride (GHZCLZ), petroleum ether,
diethyl ether {anhydrous), énd methanol were all Chempure
grade from Curtin Matheson Scientific (Floremce, New York)
and were used as received. Acetone (A.C.S. Reagent Grade)
and acetonitrile (Omni-Solv) from EM Scientific (Cherry
Bill, New Jersey) were used without further purification.
Benzene was A.C.S. Reagent Grade from Fisher Scientific
(Springfield, New Jersey) and was used as received. Toluene
(Baker Analyzed Reagent, HPLC grade) from J.7. Baker
. Chemicals (Phillipsburg, New Jersey) was used without.
fuﬁther purification. Tetzahydﬁofuran from J.T. Baker
- Chemiea;s was’d:ied byvdiséillation £rom sédium/benzaphenone
under argon atmgfpheme immediétely prior tc use. Anhydrous
ethancl {200 proof} was obtained from the Warner-Graham Co.
{Cockeyesvilie, Maryland). Zsﬁéth@xyethanal {Aldrich HPLC
grade) was nsed as zecgivéd. Pyridine (Aldrich Gold Label)
was obtained in the anhydrous form and stored in
Sur@aSgalR {Aldrich) bottles until used. Dimethylformamide

(DMF} was A.C.8. Reagent Grade (DMF) and was used as



111 EXAMPLE XVII| Assay for theophylline in serum lygset AL DELERPgéneous

eFectrocheniIuninescen¥ assay prné an i nmunonetri g '§é§%%§HMa§Jﬁ€’

het er ogeneous assay f.or theophylline is devel oped usijng a Conpound }VI

| abel ed anti-theophylline antibody and theophyllineg BSAJi28EBi#H9&ed dn

Bi omag magnetic particles. The anti body concentratiloniis 20 m.crogrians/ m .

The magnetic particle concentration is 8% solids (w/voty—FheophyTliine is

added to a final concentration of 10 and 40 microgranms/m of serum The

t heophyl | i ne serum st andar ds
recejived. Water was deionized using the Millipore Milli-Q

.

system.

Chromatography

Neutral absorption alumina (Fisher) was used as
received. Ottawa sand and glass wool fbr chromatography
were obtained from Aldrich. Sephadex LHE-20 was purchased
£rom Phaﬁmacia and was activated for‘use by suspending in
stirred methanel for 12 hours immediately prior te use.
$pP-Sephadex C-25 (Sigma, St. Louis, Missouri) Qas activated

by stirring in beiling water for 2 hrs. immediately prior

to use.

Other Reagents

Sedium metal, benzophenone (Gold Label),
trifluoromethane sulfonic acid {KOBSCFs, i.e., triflic
acid), and silver triﬁ%ucxcmethane sulfonate (&gcf3so3;
i.e.; silver triflate) were all used as received from
Aldrieh. Trifluoromethane sulfonic anhydride ((C?SSOZ)ZO)
{Alfa-Ventron, Danvers, Maséachﬁ§ettéb was used as chtained.
- ammonium hexafluorcphosphate (NE,PF .} (Aldrich) was used

without further purification. NaCl and NaClo, were both
A.C.8. reagent grade from Fisher Scientific and were used as
received. Pentacarbonyl rhenium (I} chloride, (CQ)S%eCl,
ﬁas purchased from Pressure Chemical Co. (?iﬁtsburgh,
Penﬂsylvauiaa; Anhydrous sodium sulfate and indicating

Dri@riteR (Ca804, anhydrous) were obtained from Aldrich.



are diluted 1000 fold in PBF Buffer (sodium phosphate buffer, pH 7.0, 0.1 M
sodi um fluoride) containing 0.1% BSA. The assay is perforned by t he
addition of 75 mcroliters of the diluted serum st grogr pliters
‘of antibody conjugated to Conpound VI and incubati [i§® tfﬁé@ﬂ }ﬁ S}@Sﬁ room
“tenperature for 20 min. ﬂwnSOrnwohtascﬁth='Mmmeln& SA- Bi omag
particles are added and the suspension is allowed I 2p@EPoe9s it The
particles are separated magnetically and 100 nicro |§ers of the supé€rnat ant
are neasured for el ectrochem | um nescgpce. Based of tdre~r , e
skilled in the art would be able to devel op a hetefogeneous .
el ectrocheni | um nescence i nmunoassay for other analyte€s of interest in a

bi ol ogi cahrgen gas from Robert's Oxygen Co. {Rockville, Maryland) was

dried by passage through a column (3 inch i.d. x 12 inch
height) of indicating brierite® prisr to use.
1,3=-dimethyl-4,5~-diaminouracil (DADMU)} from
Aldrich was recrystallized from methanol/petroleum ether
under argen pricr to use. Anhyﬁr@as Lic104 and
isonicotinoyl chloride hydrochloride were used as received
from Aldrich. A.ccé. Reagent grade NaOH from Fisher was
used withoﬁt further purification. Isopropanol {Chempure

brand} from Curtin Matheson Scientific was used as received.

5yﬁthesis of Model Re(I) Complexes

The general synthetis scheme for luminescent Re (I)
complexes igs illustrated in Figure 1. The starting material
for the preparation of the luminescent Re(l) complexes was
Re{ﬁ@)SCls The synthesis of the dried Re(I) species
iﬁvcl;ed twe steps. In the first step, substitution of CO
by chelating E,ZWEBi%ygidine ligand prc&ucas of the facial
isocmer, ﬁacs(&)Re{COBSCL. L is aséhelating 2,2'=-pipyridine
ligand, e.g., bpy, Cl bﬁ;. @5526333 bpy, (NO,) bpy, Me,bpy,
thbpyg {cn ObzbEYp Meébgy, er (NEtz)szye The general
synthesis procedure is described below.

To a 250 ml flask equipped with reflux condenser
and stir bar were added 361.7 mg (1 mmol) of (CO)SReCl,
1.02 mmol of the desired bipyridyl ligand, e.g., 187 mg
Mezhpy,-and 80-100 ml toluene. The sclution was argon

bubble degassed for 15 min. and refluxed under an axgon



112 EXAVPLE Xl X Labelling DNA with an electrochan1l I ety The
*foll owi ng nmet hod has been used to | abel ? Im nescent
.moiety. 1.0 A [err] of the custom synthesized 38
TCACCAATAAACCECAAACACCATCCCGTCCTGCCAGT* ‘
“carbon 5 with -CH=CH CO- NH(CH[err])[err]-
-mcroliters of 0.01 M phosphate buff

fied at
s 100

atmosphere for 90 min. with 5€izringe During this time, the
product usually precipitates from solution. After the flask
was cooled to room temperature the precipitated preoduct was
collected by suction filtration, washed twice with 15 ml
portions of cold toluene followed by three 15 mi portions of
diethyl ether;, and aix sﬁcticn dried for 30 min. Drying wag
cempleted in a vacuum desiccator over Caso, overanight. 3If
precipitation of the product did not oceur on cooling,
dropwise addition of diethyl ether to.the stirred toluene
solution induced p:ecipitation; The product obtained from
this reaction was analytically pure. The yield of product
faCaﬁleeiCO)B Cl was greater than 90% based on initial
ﬁco&SRgCl@

The conversion of ﬁacﬁlhiae(cahs toc the
ecorresponding facE(L)Re(CO)E(Etgy) (R} (where R is CF,C

3 3 ¢
?FG ¢ Cl@4 } was accomplished by aither of the following

twc methods.

Method I == Acid Method .

This method is useful for bipyridyl ligands ghat
. are insensitive, i.e., stable, to strongly acidiec media. It
invelves the pr@éucti@n and isolation of the intermediate
Re (I} triflate species followed by conversion to the
4-pyridyl ethane degiv§tive. The ﬁ@llewing example

illustrates the procedure:



pH 8. 7.

buffer,

pH 8.7) are added. The contents are stirred IOV} o |
roon1tenperature overnight. 100 mcroliters of a satyrfled agqueous™s

100 microliters of a solution of .
fac- (bpy) Re(CJ err][3-(4-bipyridyl)-propionic aC|d]CIC{err]H[err]O
(Conpound VI) (2.3 nmg in 300 mcroliters of 0.01 M petasstt -Bhat-e,

of sodi um borohydride are added to the mxture to co1vnrtﬂé@&pr@§$ bj e

imne Schiff' s base. |inkage into non-reversible aning l'i‘hka

reaction is allowed to run at room tenpegature for 2§ hks- Thn cnlnfioh s
then treated carefully with a few drops of dil. acet}jc acid to quenchg

excess of sodi um borohydride. The reaction solution I3

?repaxati@n ocf fac-[NEt )pryjneﬂcc SC?3D

Te a 250 ml round bottom flask equipped with stir
bar were added 456 mg (0.75 mmol) of
fac-{ (NEt,) ,bpylRe (CO} ,C1 and 30 ml of meﬁhylene chioride.
Te the stirred sﬁéyensi@a vere added 1.34 ml {20 times
amount reguired} of triflucromethane sulfonic aeid HogsCFB,
and 395 drops of trifluoromethane sulfenie anhydride,
i@FéSOZEZO. The solid immediately dissolved to give a dark
yellew solution. %The flask was stoppered and the solution.
stirre€ at a room temperature for 3 hxs., after which time
the preduct ﬁas isolated by adding 200 ml of anhydrous _
diethyl ether dropwise to the stirred solution. The yellow
product, fac-[(NEt,) bpylRe(CO),(0,SCF,), was isolated via

suction filtration. The precipitated product was washed

- with six 30 ml portions of anhydrous diethyl ether toc remove

traces of trifluoromethane sulfonic acid and air suction

dried feor 30:miﬁ. Prying was completed in the vacuum

desicecator over 83394 overnight. The yield was 500 ﬁg of

[ (NEt,) Jbpy) Re (CO) 3-£03sc?3»-“193%“based en
ﬁinztzmszyxagtcex32l. The product was sufficiently pure
for use in subsegqguent reactions. The Re{I}-triflate species
jusé deséribed may be converted to the corresponding Btpy
complex as shown in Pigure 3. The following illustrates the

procedure.




113 loaded into a P-2 gel filtration colum (18 inches x 1/2 ingch)..which is -
preequilibrated with 0.1 Mtriethylamoni um acetate, pH 6.77..};;@@@&5@&%@§§g;f
eluted with the sane buffer and 2 ml fractions are collected atf 3 -
of 20 mM/hr. DNA eluted in fractions 9 and 10 are wel | separat'défr_él 996
uhreact ed rheni um conpl ex. The col | ect edgDNA sanpl e exhi bits gygi c‘@ W
absorption and additionally shows fl uorescent em ssion spectru en

excited. Frephkatiescedt fapi-§¢NBL, B 1REECO) c$Bhpe) OCF 3331 eni um noi ety
in the DNA_sanple. The product travels as singl& fluorescent? bane—en

===n

) Into a 250 ml round bottom flask equippéd with stir bar and
réflux condenser were added 150 mg. (0.2 mmol) of |
gacaﬁiNEtZDZb?ylﬁgﬂc033ﬁo3sc?3) and 50 ml ethanol. To this
mixture were added 0.24 ml (10 times the amount required) of.
4-pyridyl ethane. The sclution was argon bubble degassed
for 15 min. and refluxed under an argon atmosphere with
s%irring for 2 hours. After the solution cocoled to room
temperature, the ethanol was removed by eﬁaporation using a
rotary evaporator {Buchi Model RE-121). The remaining
sample consisted of the crude product
facﬁ[@NEtzigbpy]ReQCOBS(Qtpy)(C?BSOS). dissolved in the
excess 4-pyridyl ethane. The sample was dissoclved in a
minimum volume (5-15 ml)} of 1:2 (v/v) CHacN/taluene and
chromatographed on mneutral alumina (adsorption alumina,
Fisher Scientific) using 2 30 em x 3 cm i.d. column.
Elut%@n with lzzz(vlv) gﬁscult@luene removed excess
4-pyridyl ethane ligand. The yellow pxcdﬁct band,
faCmEﬁNEtZ)pryEReGCO)BQEtpgh@C§35031, was eluted with 1:1
{viv) C33cnltgluene. Although some tailing was observed,
complete sgpatat;on frem a small amount of an unidentified
purple species was achieved. The sclvent fraction
céntaining the product was evggoxated te dryness on the
rotary evaporator. The residue was dissolved in 5 ml
methyigne'chlaride and the solvent evaporated again using
the rotary evaporator. Pale yellow flakes of

faCEE(NEtZEZEPYBRe(caigﬂEtpyliCF35039 were obtained in 50%



pol yacryl am de gel el ectrophoresis. The eIectrophoretiREEhﬁQhﬁi@ﬁo¥ﬂEE
1.abel ed DNA (MBI 38- Conpound VI Conjugate) is approxinﬁt 'y the sane ap
unl abel ed DNA. 114 EXAMPLE XX El ectrogenerat ed Chenitl $m’ﬂh2££@1ﬁ9%
_Properties of |abeled DNA The | abel ed DNA sanpl e fron1Ex?ane Xl X,
Synthesis A (MBI 38-Conpound |) is used toéstudy its - '

U

el ectrochem | um nescent properties. Various concentratijons of | abel ed DN
are dissolved in 0.5 m of 0.1 M phosphate
yi@lg {based oen staztiég £ Nztzbszy}Re(C0h3{OBSCF3)l. The

product is analytically pure.

€. . G..N_O.SF_Re

26°35 5°6° 3

¢ B N o
Theory £2.24 4.24 8.50 11.64
Found  42.90 4,51  B.24 11.99

Method II -- Silver Method

The silver method is used for complexes containing
bipyridyl ligands susceptible to decomposition in highly
acidic envirenments, €.g., L = (cazoyszy or ICOOCRS)pry;
In this method a soluble silver trifluoromethane sulfonate
salt was reacted with the faca(L)Re(co)3C1 speeiés to form

~ the fac-(L)Re(CO),(0,5CF,) moiety and insoluble AgCl. After
removal of the AgCl precipitate by filtration, the solution
was reacted in situ with 4-pyridyl ethane to produce the
desired product. No attempts were made to isolate the
intermediate ﬁaca(L)Re(COBS(OBSCFsk salts in this procedure.

) The following illustrates-the -method:

Preparation of faCQIClszyBRe{COBB(Etpyﬁ(CF3503B

Because silver trifluocromethane sulfonate,
AQC?3503, is light sensigi§e, all operations were performed
in a darkened area under ﬁéd-saﬁelighte
" Petrahydrofuran (THF) was dried by reflux under an

argon atmosphere over Na/benzophencne for %0 min. The

he



buffer, pH 4.2, containing 0.1 X citrate, 25 owaiate and“i—€96Tr|ton
X-100 and neasured on a nodified Berthold | um n tqn53}§e§2§

- el ectrol uni nescent signal is responsive to vari Ul t rlatgi ons.

© 115 EXAMPLE XXI Hybridi zation studi es of Conpouhdil.-labeled

ol i gonucl eotide The conplementary strandzto the 38 mer described §in Exanpl e
XX is synthesized usinmthe ABI nodel 380 B DNA

solvent was collected by distillatien immediately prior

to use.

Into a dry 250 ml round bottom flask equipped with
stirbar and reflux condenser were added 500 mg (0.94 mmol)

ﬁaCEMCLpry)R@£CO)3Cl, 242 mg. (6.94 wmol, AgCF.S0. and

373
100 ml of dry THF. The contents of the flask were argon
bubble degassed for 15 min. and refluxed under argon
atmosphere with stirriny for 3 hrs., at which time the
contents of the flask were suction filtered using a glass
fritted funnel (fine porosity) to remove the AgCl
precipitate. The AgCl precipitate was washed three times
with 15 ml portions of mgthan@l. The CﬁBOE.washings were
combined with the f£iltrate and added to a clean 250 ml round
bottem flask equipped with stirbar. 0.75 g (6.59 mmol) of
éepyridyl ethane were added, the solution was argon bubble
@eg&ésed for 1% min. and fggluxed under argon atmosphere for
2 hrs. |

After the orange-brown solution cooled to z@cm'

ﬁgmpérature the methanol and THF were removed using the

- x@t&iy evaporator. The product slurry that remained was
purified by either of the following two methods:

cheeduzg 1

An alumina column (15 in@h-height % 2 inch i.4.)
with 1:2 @j/vm c&zcmlteluene was prepared as described in
Method I for the purification of faceﬁaﬁgtzmszylng(cO)s
MEtpynﬂCFgéégxo The sample was dissclved in 10-15 ml of 1:2



zation

spotted on a sheet of Gelrman RP nyl on nenbrane,
_ either MBI 38 or MBI 38-Conpound VI.

" pol ynucl eoti de kinase and gamma [err] P[ATP] and | ']’ at the
5 end. The hybridization sensitivities of 6NA anfl_Conpour
are then conpared. Concentrations of MGEN- 38 DNA, ranglng

to 0.05 ngv/wy eclponl eslaing &d Oroddedr aeo agile dboDUBS.  Elution
with lgé (v/v} CRSCN/tglugne removed & small yellow band
identified as (Cl,bpy)Re(CO),Cl. Elution with 1:1 (v/v)
Cg3cnltglugne removed & compact orange-~brown band. This
‘overlap limits the yield of the reaction to 17% based on
faGEQCLZbPXDRg(C@N3CL. Although the yellow product band
talled, it separated cleanly from a number of trailing
yellow, purple, and brown bands on the column. No attempt
was made to iscolate or identify these side pé@ducts.
Isolation of the faceKClszy)Re160}3(Etpy3QCF35031 product
was identical to that described for |

ﬁacmiﬁngtzwprylaegcoi3tstpy)@CFBSOBD in Method I.

?z@c@duge 2

An improved yield of complex was @btained.théeugh
the use of ion exchange ch:@mat@ggaghy as a puxiﬁicatiga
pgeaedurea A column {2 cm i.4. x 30 o length) of
S$k-Sephadex c-25 iom exchange resin was prepared in water.
The sluzrry obtained from the product workup was miieﬁ with

- approximately 10 ml B _O and écgtcné was added dr@pWLSe'until

2
a homogeneous solution was observed. SP-Sephadex C-25 resin
was added to the crude product slurrj solution until the
product was abaozbe@‘ént@ the résin; The acetone was
removed by evaperation using the rotary evaporator. The
regin containing the absorbed reaction products was loaded
onto the column. Elution with H,0 removed 4-pyridyl ethane

and uncharged ﬁa@a€CL2b?y)Ra£CQ}3@Etpy}¢ cation was eluted



to air dry. Duplicate nenbranes are set up. The bIots are treated for 2 sin

each in : 1.5M NaC -0.5 NaOH to fully denature the /BN oM
TRIS to neutralize the blot, and finally in 2X SSC.i**“Thée&\ o id in a
vacuum oven at 80[err]C for 2 hrs. The hyrbridizatibn probe is prefdarjed as
follows: 3 micrograms bf MBI 38 and MBI ~ 38- Conpound | I APSEP 8% d {wiit h

116 10 units of T4 kinase and 125 m crocuré®s of ggmj [err]P—ATP T§e

per cent age of isotope incorporation into DVA is § B :

as the Cl~ salt using aguecus 0.25 M NaCl solution. The
side products of the reaction remained cn.the column. The
product was isolated as the PF.” salt by addition of
saturated agueous NHGPFS solution dropwise to the 0.25M NaCl
soclution containing the product. The
ﬁacatc12b§gbnetc@nBﬁztpyk{PFSQ precipitate was collected by
suction filtration on a glass fritted filter (medium
poresity) . The'pz@duet was susgended in 10 ml Hzo..
containing 1 drop satufated NHQPFS soluti@n, Acetone was
added until the solid completely dissolved. The complex was
precipitated in pure form by slow evaporation of the acetone
at room tem@e:ature_cn the rotary evaporator. The complex
was collected by suction f£iltration on the glass fritted
filter 4medium porosity) and washed with 10 ml ice cold E )e
The camglex was then washed with two 15 ml portions of
diethyl ether an& alr suetion dﬁied for 30 min. Drying was
completed over Caso in the vacuum desiccator overnight. A -
yield ‘of 24% based on {Ci bpy)ReﬂC@} Ci was cbtained. The

emall, bright yell@w czysﬁa%s @ﬁ,
£ac- (C1,bpy) Re (CO) ; (Etpy) (PF ) were analytically pure.

c20315n303c12&e956

Pheory : © 32,14 2.02 5,62
Found ) 32.80 2.12 5.49%



det er m ned.

i ati S (PR

accor di ng t o i _ ¢P4HFFMl ots are prehybridi zed for 4.hLseAtxe3lerr]C
with 50 nicroj?ﬁﬁﬁfﬁ?“bf*cﬁﬂ ’IhynuE DNA. Thf_blots gre then pl aced in
‘hybri di zati gn jsoh yt &5 taining the respective probes a b ERIET
'a%d al | oned tc{ h%r?‘a?ﬁ verni ght (12 hrs) at 53[err]C ng SOt gg' !1;“
4 he bl ots. are Red-—as..fol | - twce with 2 X SSC + 0{196DS at SQLSrrlC%
for 15 minutles each wash - t Ece with 0,¢X SSC + 0. 1%8DS s%heﬂﬁé“ﬁbéye 1
twice with 0.T6% X~SSC—+6=#84DS (sane as above) The blotg gre then air |
dried and exposed to Kodak = e

- In general, complexes containing

electron-releasing substituents such as Ngtz, CBSG, ca3,
etc., react cleanly and are readily purified using Procedure

1. Complexes containing electron-withdrawing substituents
such as Cl or N@Z on the 2,2°'-bipyridine ligand are best
purified using Procedure 2. The electren withdrawing nature
of the 2,2”@bipy:idimeuligand in such complexes abstracts '
electron density from the formal Re(I) center. The
resulting incxggse in éaxtial pésitive charge at the Re
center results in a greater electrostatic attraction between
the Re{I} and Cl . The strengthening of the Re-Cl bond that
ar@sults decreases the effectiveness of Cl as a leaving
group in the presence of silver cation, Ag+ or HOSSCFSQ
Consequently, attack of these species at other points within
the Re(l)}-Cl complex to generate side products becomes
competitive with simple Cl1~ displacement. The chaﬁged
products which aéparently-rgsult are best separated using
ion exchange resins. |

A summary of the fac- (L) Re (CO} ; (Etpy) {CF S0,)
complexes synthesized t@séatéjias well as yields afterxr
purification and methods of preparation (Acid -- Method I;
Silver -- geth@d Il), is shown in Figure 4. Emission maxima
for the complexes in CH,CN are also listed. Emission
spectra were obtained using a Perkin-Elmer Model LS-3
'sgactzgﬁluazimetexg

The emission spectra were not corrected for

variations in detector sensitivity with wavelength and are



X-omat filmat -70[err]C Analysis of the X-ray
hybrldlzatlon patterns are observed between the |

.probe. In both cases hybridizati on of probe t{
observed, and faint traces of hybridization are {
target DNA. No hybridization activity by the prg
negative control DNA (phage | anbda DNA spotted #
XXI | 71 /

meant only to provide a qualitative illustration of tgé
emisgion wavelength range which is accessible using these
~ compounds, _ ' ’

Twe luminescent Re(I)-theophylline species have
alsc been prepared as model sensor-analyte conjugates. The
preparations are described as below:

EXAMPLE T

Preparation of theophylline-8-butyric aecid,
s-propylpyridylamide "(T8BAIPPA}: Compound I

0.163 g (1.2 mmol) of 3--{4 pyridyl)-propylamine
were combined with 0.776 g (1 mmol} of
dicyclohexylcarbodiimide in 16 ml of anhydrous pyridine.

The resulting solution was allowed to stis'cvernight,
Precipitated dicyclohexyl urea was filtered off and the
filtrate was concentrated under vacuum. the remaining solid
was dissoclved by boiling in 50% agueous isopropancl. On
cooling a sm@li'amgunt of soclid had fallen out which was
filtered off. The filtiate was concentrated to yield an oil
that slowly solidified on standing. <The solid was dissolved
« * 4m 10 mi 0.1N HCL and again’filﬁézea”to remove a small
amount of insoluble materials. The pH was then adjusted to
7 with agqueous sodiuvm carbonate. The sclution was g@@leﬁ en
ice.an@ a crystalline white product was'@bﬁa;néd {yield
@9149_9, 39%). The product was characterized by elemental

analysis and proton NMR to reveal the following structure:



The 38-nmer E. coli probe labeled with [err] as described in Exanple XXI was
*hybridi zed with a sanple of E. coli nucleic acids according to Maniatis

[ Maniatis, T., Fritsch, E.F. and Sanbrook, J. Nblecular Clonlng A
laboratory manual, p. 150-160, Cold Spring Fbrbor 2 : -SPL
"Har bor, NY (1982)] The hybridi zed conpl ex was the
:solid support bound probe conpl enentary to anot her
adj acent to the signal probe. The captugs procedur
hybridi zati on conditions as used for the first par
hybri di zed conpl ex was separ at ed fron1the single s
centrifugation and repeated

EXAMPLE II

Preparation of faeeibpymneﬁgows(TBBASPEAB(6104D=
cémp@uné II

| FaeékbpyﬁﬁéteemsﬁcgsC?aﬁ was prepared as described
above using the acid procedure {Method I).

. Into a 100 ml Eound%i)@tgm flask eguipped with
stirbar and condenser were added 155 mg (0.27 mmol)
ﬁace@b@yﬁﬁe£QOD3£035c?3b. 129 mg (0.37 mmol) Compound I, 20
@l B,0 and 20 =l ethanol. The solution was argon bubble
degassed for 15 min. and refluxed under argon atmgséhegg for
3 hrs. After cooling to room temperature, the solvent was
avap@ratg@ Oon a rotary évapératox. The dry solid was

dissolved in 10-15 ml of methanol and 0.2. g enhydrous L&Clo4



- REPLAC
washi ngs. The isol ated conpl ex was then heat ed}at 51@@{@%%% - pter for 5
‘mn. to dissociate the conplex. The | abel ed prope noi\(/; gg?e,gégd into
.solution was transferred into appropriate cocktgil f enent .of
.el ectrochenilimnescent signal. The intensity bfithe signal ¢ r riesponded
to the quantity of the target DNAin a |inear fashlon A sanple d
<am nol i nked DNA (a 38-ner containing_15 nucl eot tde—~eofis FeRsus—seguence from
E. coli) was dissolved in 100 ul df 0.01 M phosphate buffer, pH 8.7.100

ul of a

pure. - -

were added. Wwhen the LiClO, was dissclved the solution was
transferred to a Sephadex LE-20 column (75 em height x 2 cm
i.d4.) for chromatographic purification. The column was
equilibrated with methanol. The sample was run at a flow
rate of between 0.1-0.2 ml/min. %Three bands separated. The
lgadingobané fluoresced at 567 nm in Cﬁseﬂ and was the
desired product (Compound II}. It separated cleanly from
the remaining bands. No effort was made te identify the
minor products represented by these bands. The product was
isovlated by evaporation of CKaoﬁ on the rotary evaporator.
The complex was dissclved in 5 ml CK3OH and gravity dripped
into 150 ml stirring anhydrous diethyl ether. The complex
was pr@cipitated as a light yellow-green powder. It was
collected by suction filtration on a glass fritted filter
{medium porosity) and washed with two 15 ml p@rt;oms of
anhydrous diethyl ether. Air suction drying was avoided.

Drying was completed in the vacuum desiccator over casoé

overnight. A 48% yield‘of Competmd IX was obtained based on
ﬁacﬁ(bpyﬁagﬂc033@©356F33, The complex was analytically

Cg,H 4,80 1oCMRe [910.05 gt/mmol]

_ c _H N o cl_
Theory 42.23 3.52 12.32 17.58 3.90
Found . 41.72 4.00 12.58 17.98 3.74

?he product ha@ the following structure.



sol ution of the osm um conplex [err] (2.3 ng in 300 nicroliteré of 0.01 M
" pot assi um phosphate buffer, pH 8.7) were gttet—

and al | owed to stand at roomtenperature é-_.ﬁy‘cfj‘h.

";ﬁol1ters of a
‘addetfo the mixture
to convert the reversible imne Schiff's pa efhﬁpkqge intp pon-reversible
. amine |inkage. The reaction was allowed tp fun “at roOfftenperature for 2
hr. The | abel ed probe was purified by gel '-LLatlon chrjonfe

| abel ed DNA probe exhibited SpECtFOSCOpI( propertles ¢ i 3t ent mnth

ﬁ@l@Q@

EXAMPLE ITT

Preparation 6f 1,3-dimethyl-4-amino=5-
ﬁiscmi@@tinvlamide)auxa§i1~ Compound III -

Compound III was prepared by the reaction of
isonicotinyl chloride hydrochloride (INC} with
1,3~dimethyl-1,5-diaminc uracil (DADMU) in dry pyridine as
@esez@ﬁé@ below.

-

. DADMU was.yuzifiedTZg recrystallization from
nethanel under argon atmosphere and dried overmight overxr
casoé in. the vacuum desiccator. The pale yellow compound
was mtored under axrgon. :

A 100 ml round bottom flask egquipped with stirbar
was deaerated with argon gés and cooled in an ice bath.
Using a syringe, 35 ml dry pyzidiﬁe were added and the
systen deaerated with argon. After 185 min. 1.04 g




sequence of E. coli DNA adjacent to-the signal pr ope
procedure uses the sanme hybridized conditions as

5|r5t part
of this protocol. The hybridized conplex is separjatied 'on1the sijngl e
stranded nuclei ¢ acids by centrifugation and repeated mashlngs;" ¢
i sol ated conplex is then heated at 10@ﬁerr]c:|n wat ér—fo n. toj

T
added in three portions over & 15 min. interval.
Disscluticon to a brown solution ocgurred. To this solution
. were added 0.98 g (5.76 mmol) DADMU with stirring under the
argon atmosphere. A reflux condenser was attached to the
flask and the flask waz transferred to é water bath. The
contents of the flask were refluxed under argon with
stirring for 2.5 hrs. at 80°C. The brown mixture wés
allowed to cool slowly to room temiperature under argon
- overnight. A yellow brown precipitate was collected by
suction filtration on a glass fritted filter (medium
porosity). The precipitate was washed with four 15 m}
portions of cold toluene to remove pyridine and a soluble
brown impurity. The precipitated product was washed with
three 30 =l portions of diethyl ether and dried overnight in
the vacuum desiccator over CQSOQe The product wﬁs t+hen
rec:ygtailizéd from CH,OH/diethyl ether gnﬁer argon
atmosphere to yiéi@ 0°§§g of the yellow product Compound III
{38% based on initial INC). THe product had the following

gtructure.



119 neasurenent of el ectrochem | um nescent signal. The intensity of the
signal corresponds to the quantity of the target DNA in a linear fashign.
The rhenium conplex [err] is first converted into j@Eni,Rydr
-derivative by dissolving 3 ng in 60 nmicroliters off“dhk
dinethylforanide and treating it with a solution
(52 ng) in 200 mcroliters of anhydrous DVF in th
‘di cycl ohexyl car bodi i mi de (DCC). 76

EXAMPLE IV

Compound IX1 was meaﬁily cyclized to the .

coxresponding theophylline species (Gpmp@una-va,_by the
f@ll@wing pzocgdureg '

To a 300 ml Ehrlenmeyer £lask cgntaining a stirbar
wvere added 6.75 g {24 mmol) @f'comp@und 111 and sufficient
2,54 agqueous NaCH (approximately 100 ml) tc dissolve
'C@m@@una-zzig- The yellow-orange solution was heated with
gentle stirring until boiling began. Gentle boiling was
maintained for 30 min. during which time a precipitate began
to separate. The solution was allowed to cool to zoom
temperature aﬁd the pH was carefully adjusted to between 5

and 6 using 6M HCl {(ag). During neutralization, the initial



dhe reaction is allowed to proceed for 4 hrs at O[err]jZ
di cycl ohexylurea is renoved by centrifugati on and thegﬁ

mcroliters) is added to the solution of am no-Iinked
cont ai ni ng 15 nucl eoti de consensus sequence fromE. ¢
phosphate buffer pH 8.77 (2A[err] gp 100 mcroliters pf
Teaction is allowed to proceed overnight at roomtenp
consi derabl e anount of solid appears in the reaction _ ]
filtration through glass mool The filtrate is concentrated and trssekded

in 0.5 nprscipifiate dlspodve ntemﬂécétfm@( galetdpn.Thas eacti on m xture is

t hen chronatopn Il trati ol um. The | abel ed DNA probe
exhi bi t s MEH f‘%?@ QF EP?%Q?F gs completion, Teprecipitation

occurred. The solution was cooled on the ice bath for 1 hr.

and the pale yellow solid was collected by suction
filtration on & glass fritted filter (medium porosity). The
precipitate was washed with three 20 ml portions of diethyl

4
a vacuum desiccator. The product was purified by

ether. The crude product was dried over CaS0, overaight in

recrystallization from dimethyl formamide (DMF). Crystals
were collected by suction filtration as above and washed
twice with 20 ml portions of ice cold isopropancl, followed
by three 30 ml portions of diethyl ether. Drying was
completed overnight in a vacuum desiccator. The vield was
1;87 g of metallic white crystals of Compound IV (30% based
@n'initial amount of Compound III}. Compound IV meléed at
337.9-33%.5°C to a clear orange liquid. Compound IV was
analytically pure.

612311N§@2M257317 g/mole]

= . £s o g

c q N o
Theory 56.04 £.28 27.24 12.44
Found 56.08 4.38 27.17 12.53

The product had the £cllcﬁing structure.



consistent wth attachnment of the rheniumconplex ( em 594 The probe
Irabel ed " with rheniumis hybridized with a sanple of E. coil nucleic acids
according to Maniatis,- 120 supra. The hybridi zed conplex is then ~
captured by anot her SO|Id support bound probe conpl enenfyaLy te—
segnent of E. coli DNA adjacent to the signal probe.

protocol The hybri di zed conplex is separated fron1the‘s}nghzcﬁﬁnéedeq"
nucl ei ¢ -aci ds by

78

EXAMPLE V

Preparation of Fac-(bpy)Re(CO), {8@(4spyridyltheaphyllzne])e
CF 503» Compound v

Into a 100 ml round bottom flask equipped with
stirbar were _added 150 mg (0.261 mmol) .

fac- (bpy) Re (CO) 5 (0,8CF,}, 250 mg (1,04 mmol)
} 8- {4-pyridyl) ~theophylline apd 46 ml of 2-methoxyethanol.

' Z2-methoxyethanol was used as the sclvent because
@m(éapygidylﬁatheaghylline is insoluble in ethanol and
water. After 15 min. of deaeration with argon, the solution
wag refluxed for 4 hrs. under argon atmosphere. After
cooling, the soclvent was removed by evaporation on & rotary
e@ap@xétcxg The solid was extracted wicth 20 ml mgghanél and

filtered through a glass wool plug ¢o remove inscluble



- g )

centrifugation and repeated washings. The isolatedf cqrp gp‘bgét er] heat ed
at 100[err]Cin water for 5 mn. to dissociate the conplex.

probe now rel eased into solution is transferred jn '
flor measurenent of el ectrochem | um nescent sign The intensity jof the
signal corresponds to the quantity of the target DNATTatrrearfashi on.
The 38-nmer DNA probe fromE. coli indé€@endently |abeled with ruthenium
rheni um and osm um conpl exes is used in separate experinents to hybridize
with its cerpleppriayy)seneopagiiinbelebaaty, ochae IeilicR@tecassi gnal of the
dupl'ex is conpared with el ectrochem | um nescent signal of the correspondi ng
| abel ed si ehrematogrdpliedr chea Sepbddeat LHA20 column (75 cm height x 2

cm i.d4.) using methancl as the eluant. Two bands were
chserved. The leading band (major pr@auct) was Compound V
and was separated from & minor, unidentiﬁied_imgmgity band
{elution rate 0.1-0.2 ﬁllmineho Concentration of the
fraction containing Compound V to 5 ml methanol volume on
the rotary evaporator fgll@weé by reprecipitation in the 1@6
ml stirred diethyl ether gave Compound V as a pale
lime-green powder. Compound V was collected by suction
filtration on a glass fritted filter {(medium porosity} and
dried over CaS0, overnight in a vacuum desi@cator; Yield =

120 mg (42% based on ﬁacﬁ{bgy}Re(c0}3(035C53)). The product

was analytically pure.

czﬁalgogfsaes [832.6 g/mole)

- C H - N 0
Theory = 37.50 2.28 11.178 15,37
Found ' 38.19 2.53 11.97 15.78

- The product had the ﬁ@&&@wing'ﬁexmgla@



of the electrochem | um nescent signal is observed in each case for the
dupl ex. 121 References: (1) Wber, S .G , et al

"Phot oel ectroanal ytical Chemi stry: Possible Inte % 7] nd

-Sel ective Detection of Tris (2,2 -bypyridine) rutkv1¥FAﬁENgﬁﬂﬁgH§ET resence
of Interferents,” dinical Chem stry 29:1665-1672 {(1983). (2) Rulbi pstein,
1., and Bard, A J., "Electrogenerated gq 12 SEP 1995

%C?ssgsﬁ

EXMMPLE VI

Preparation of Faca{bpynag(CQ)BKSQQQEnyidylmsprogionic

agid} C104°8205 Compound VI

Into a 250 ml round bottom f£lask equipped with
] stirbar were added 300mg (U.522) mmol) of
fac- {bpy) Re (CO) ,CF,60,, 79.2 mg (0.524 mmol) of
3-(4-pyridyl) -propionic acid, 70 ml of ethanol (absclute)
and 30 ml of water. The mixture was deaerated with argon
for 135 min and then refluxed for 4 hrs under argon
atm@spherg@ The solution was cooled anéd the soclvent was

stripped. The residue was dissclved in the minimum amount

of water, placed on & SP-25 Sephadex column, washed with



Chem | um nescence. 37. Aqueous ECL Systens Based on Ru (2, 2%=—mnis
bypyridine)[err] and Oxal ate or Organic Acids," J. A{ Ofr,
103: 512-516 (1981). (3) Wiite, U S., and Bard, A J.,{"He g@é été#
€heni | um nescence. 41. El ectrogenerated Chenil uni nesgehee.and —
Cheni | unmi nescence of the Ru (2,2-bpy)[er%h-8[err](1e r] Systemin
Acetanitrile-Water Solutions," J. Am Chem Soc. 104786891t—(4882)-(4
Qurtis etygber akBeBLLUBENGEERNGC25K Rapvilet bad E@&s@e%%nbugg&éar escent
Compounds Separated by Thin Layer Chromatography,” J. r omat ogr aphy
134: 343- 3gRact2drt) wagSrodpetsedcné kthe voltimel redhBadpababbontals ml
Phot ochem cal Reactivity of Surfactant Ruthenium (11)

on the rotoevaporator. The contents of the flask were

warmed with the heat gun and 1 ml of concentrated perchloric
acid was added dropwise. Lime~green crystals formed. fhgse
were isolated by suction filtration on a 13 ml medium

porosity fritted funnel, washed with a very swall amount of

ice water, and air dried for 30 min. The crystals were
R

further dried in a vacuum desiccator over Drierite

C..H. .ON ReCl%HZO {695.04 g/mol

21°17°¢ 3 | ,
c . § N
Theery " 36.29 2.76 6.05

Fsund. ' 36.1%9 . 2.49% 5.86

The product had the follewing formula,

Cio,




TCbaneXes I n Monol ayer Assenblies and at Water-Solid I nt ¢
"Chem Soc.

noi ety having the formul a (
<[Re(P)[err](L[err])[err](L[err])[err](L[err])[err](L[err
J](L[err])[err]](B)[err] wherein P is aggol ydentate |i gan

which may be the same as or differenigiy®ne epeh

99: 4947-4954 (1977). 122 What is clained ig:

L[err], L[err], L[err] and L[err] are IigandsJ

Electrochemiluminescence of Variocus Rhenium Com

The electrochemistry of various rheniumlcamgéunds
was mgasuzeg as 1 mM solutions in 10 ml of nitrogen-purged
acetonitrile with 0.1 M tetrabutylammonium tetrafluorcborate
a8 a supporting electrolyte. The working electrode was a
platinum disk obtained from Biocanalytical Systems, Inc.,
West Lafayette, Indiana. A platinum wire was used as a
counter electrode and a 1.0 mm silver wire served as the
reference electrode. Measurements weﬁe made by scanning
from ~2.2V to +2.2V (vs SCE) at a scan rate of 100
mV/second. After each slectrochemical measurdment the
potential difference between a Saturated Calomel Reference
Electrode (SCE} and the silver wire was determined. Thus,
the values reported are cq;rected to the potential vs SCE.

Blectrochernliliuninescent (ECL) measurements were
- made in aguecus soluéions'ecntaining 8.1M phosphate-citrate
buffer (pH 4.2), 25,mM oxalic acid, and 1%'Txiécn R x-100.
ﬁhe electrode sgstem-uéed consisted of two Platinum gauze
{52 gauge) electrodes connected ﬁb.a Radio Shack transistor
socket (§276-548) by a 0.1 inch platinum wire. The
electrodes were mounted on the outside of a 60 ml thick
piece of céllul@se acetate plastic. This plastic was
machined soc that a 1/4 inch d&iameter hole allowed solution
to £low eaéily between the wozking'and counter-reference
electredeé. The electrodes we#g connected toc the

p@@entiéstat 80 that one electrode functioned as a working



other ligand; B is a biological substance which is
conjugated to one or nore, of P, L[err], L[err], L
L[err]; mis an integer equal to or greater than 1
and s is zero or an integer; t is an integer equalftp.or..| ter t
and u is an integer equal to or greater than 1; 123 P L[erw
Llerr] , L[err], L[err] ,L[err] and Beﬁeing of su@hf = P

electrode (which was closer to the photomultiplier tube) apd
one electrode functioned as the counter and reference
electrode. Measurements were made by sweeping from 1.5V to
2.5V (bias potention) at a scan rate of 50 mV/second. The
ECL measurements are reported as the signal to noise ratio
{or signal to background ratie) for a given concentration of
compound . Background is defined as the luminescent counts
observed with buffer and no ECL compounds added.
Luminescent measurements were the peak light output observed
during the first or second linear sweep.

Both electr@chemilumingscént {BCL} and eyeclic
voltammetric measurements of each solutien were perf@zmea
with either a EG&G Model 273 potentiostat or an Oxford
bipotentiostat (Ursar SCientific Instruments). The photon
£lux of each ECL measurement was monitored with a Berthold
lumin@matez modified so that either a two or three electrode
system could be placed in ‘the 0.5 ml measuring soluti@ne
Both ‘electrochemical and electrochemiluminescent
measurements were recorded on a Kipp & Zonen

" Model BD S1 X, ¥, ¥' recoxdexr. = _
| | Fluorescence measurements wezé made with
50 micromolar solutions on the desired compound Qn 3.0 ml of
the previéusly described ECL buffer, or when inscluble in
the buffer, in acetonitrile. Heasurements were made opn a
Perkin-Elmer L8-5 Fluorescence sgectg@pn@t@met@re Prescans
of the solutiocns' excitation and emission spectra were

performed before the excitation an demission spectra were



conposi tion and nunber that the chenical
el ectromagnetic radiation and the total
the ligands of Re being equal
noi ety according to claiml wherein Pis an aromati
noi ety according to claim2, wherei
moi ety according to claim3, viMerein P. us blpﬁ?Tﬂv

'*meméu&
a a b tituted te rid ——
¢ Zé@ thagpt | missi@nrggeétzum could be m@asuraé

3. A chenica

A chem ca
terpyridyl,

substituted bi

phenanthrolyl

Zeco

a porphyrin,

nunber

noi ety can

to the coordination off

a substi t utt

while irradiating at the maximum excitation wavelength and

conversely, the excitation spectrum could be recorded while

monitoring the maximum emission wavelength.

Table 2 summparizes the electrochemiluminescence

data of several compounds.

Table 2

E%x E%ed
Re (bpy) (O0) 4 1.72v =118 Vv
(4~Btgw) .
Re tb@t {C0) 3 N.D. N.D.
Rgm,éwat@.}z 1.78 ¥ N.D.
Re(4,4° ~Methyl], 1.72Vv  N.D.
<k} (OO} tqeﬁtm '
mt&,ﬁemmmz 1.74 ¥ ¥.D, -~
~bgy) (0O} 4 (4-Btpy) °
mﬁéiég {’EWZNQZ 1963 v (m .
~bpy) (CO} 4 (4-Etpy) versible
Re(4,4°,5,5'~(He] 1.77 V  N.D.
=bpy) (00} 4 (4~Etpy) '

{1) Excitation; (2) emission.

(1) 400 om  2.0x10 Sn

{2)

()

{2)

{1}

€2}

(1)
(2}

{1}
(2)

{1}
(2)

(1}
{2)

565
421
567 mn
371 m

610 =

404 1
556 mm
395 rm
568 ram

414 1
505 nm

393 mm
530 mm

: {30@0»

2.2%10" m

{8.2)
1.16x10™ M
{71.9)

9., 1510 5y
{5.5)
1.08x10 ‘M

" {5.9)
1xi0 ‘M
{2.0)
1,00%10 M
@296}



substituted phenanthrolyl .or substituted porphyrin. 5. A chem cal noiety
according to claim4, wherein Pis substituted with an al kyl, substituted
‘al kyl, aryl, substituted aryl, aral kyl, substituted aral kyl, carboxyl ate,
car boxal dehyde, carboxam de, cyano, am no, hydroxy, imno, hydroxycarbonyl,
am nocar bonyl, am di ne, guani di ni um lﬂé?(kh a sul fur-containi-ng group, a
phosphor us-cont ai ni ng group, or the carboxyl ate ester of

N- hydr oxysucci ni m de. 124

The electrochemiluminescence was measured at the
concentration shown and the results are expressed as the

ratio of signal over background.

REPLACEMENT SHEET
12 SEP 1996

EXAMPLE VIII

Use of an Internal Standard
for an ECL Based Assay

Several experiments were performed to investigate
the use of an intermal standard for electrochemiluminescence
{ECL). The use of an internal stanéazd for ECL measurements
requires the addition of a second lumophor or “pAG" into the
sample solution. One TAG is the célibrant or analyte and

the second is the internal standard. Light emission f£rom



6. A chem cal npoiety according to claim1, vherein at |east one of
. L[err], L[err],L[err], L[err], L[err] and L[err] s RE?EAJ pt-ate

aromatic heterocyclic ‘ligand. 7. A chem cal noiety a¢ Nﬁ%ﬂESHEET ,
-~ wherein at |east one of L[err], L[err], L[err], L[err]{ K[err] and CTE}r
» contains nitrogen. 8 A chemcal noiety according to :Iainmfsgyhgmgin!a

| east one of L[err], L[err],L[err], L[err], L[err] and L[err] is !

bi pyridyl, hipyrazyl, terpyridyl, phenan%@rolyl, a pornhyrrnr~a~9ubs®$%uied
bi pyridyl, a substituted bipyrazyl, a substituted terpyridyl, a substituted

phenant hrolyl or a substituted porphyrin. 9. A chem cal noiely according
to clai m @#ach TAG must be independesitly and simultanecusly measured,

One way to accomplish this is by using optical filters
becauss the two TAGs emit at different wavelengths,

Materials and Equipment

The BECL frem both the internal standard and the
calibrant was measured in a ®Flo-Thru® housing. The housing
consists of a light-tight enclosure in which f£luid and ‘
electrical connections are made to the elaectrochemical cell
and_the cell is aligned with & head-on photomultiplier tube,
The light-intansities were measured with a Hamamatsu
photomultiplier (PMT) and an Oriel Model 7070 PMT. detection
system. The pbtenticstét was a Princeton Apglied Research
(PAR) Model 173 programmed with a PAR Model 175 (scanning
between 1.8 and 1.0 V vs. Ag/AgCl at 100 mV/s}. The
electrochemical cell was a Bioanalytical Systems cell
m@diﬁieé.to acecommodate a solution in;et and outlet port in
the cell block. The working electrode material was golad
yhich was embedded in the block. A stainless steel
faceplate with a window for the PMT to the cell was used as
the counter electz@de.,—The;ﬁef@ience electrode {(Ag/AgCl)
was external to the cell block and placed down stream.
Fluid flow and sample introduction were performed manually
using a peristaltic pump. Light intensity profiles were
recorded on a Kipp & Zonen X-Y-¥ recorder. Stock solutions
of the TAGs were prepared by dissclving in the buffer. The
buffer é@nsisteé of 0.15M phosphate, 0.10M tripropylamine,
and 0.05% Tween 20 at pH 7.0.



wherein at |least one of L[err], L[err] , L[err] ,L[fﬁ”hfiﬁi Wfluﬁ [err]
‘is substituted with an al kyl, substituted al kyl, ar§ Tutetaryl
.aral kyl, substituted aral kyl, carboxylate, car boxal ehy@d@s @%am de,
cyano am no, hydroxy, imno, hydroxycarbonyl, an1ﬁocarbon q.
“guani di nium ureide, a sul fur-containing group, a (hdapnu.Js caataiinifng
-.group, or the carboxyl ate aster of N—hy@ﬁoxysuccinhn{de ¢ga

noi ety accordlng to cIa|n11 containing 2 bidentate |1 gand Ach

bi pyrazyl,

terpyridyl,

phenanthrolyl

The ECL of OS(bpyﬁsz*, OsTAG, was investigated.

on scanning the potential in an anodic directien, two light

emission profiles are observed. Light emission in the form

of a plateau is cobserved near the formal potential of

@s(bpyh33+lz*(@,8v ve. Ag/AgCl). The second emission cccurs

This second

-emission is much more intense and near the tripropylamine’

more positive at 1.46V with a peaked shape.

oxidatien. The extrapolated detection le&t was 100 pM

{using a Hamamatsu R374 PM@E.

The ECL of 1M34bpyyng(45ﬁtapyr}(c933+,ReTag was
investigated. The formal potential for oxidation is 1.9v
vs. Ag/agCl ﬁmeasured in acetonitrile by cyclic

voltammetry). The ECL max is shifted positive (1.58V)

Yelative to OsTAG, which reflects the much more positive

formal potential for oxidation. This material is of

interest because it emits at 545 nm (water). The ReTAG

emission is well Beparated in wavelength from that of.
@s@b@y332*475@ nm) and hence allows for optical separation
using giﬁ@le filters. The éxtrapblated detection limit of
ReTAG was 100 pM (Hamamatsu R268 PMT) .

Based on the ECL performance in the two procedures
described, éhese compounds were used to test the possibility
of using an intermal standard for ECL. One criterion for an
internal standard (OsTAG)} is that it emit light
indeyendenglg of the calibrant TAG (ReTAG), i.e., the

following quenching reactiocn should not ceccur:



TRLARD QIIDD
125 substituted bipyridyl, substituted bipyrazyl, sub R EPLACEMENT, SHERR
_or substituted phenanthrolyl. 11. A chemical noiety aqgcdrding to clair]
" containing 3 bidentate-ligands, wherein each bidentatd |} JARASER B9&yri qy!
. bipyrazyl, terpyridyl, phenanthrolyl, substituted bipyrifdyl, substitutfed
1 bipyrazyl, substituted terpyridyl, or substituted phenanthroryt——I2:
chemical noiety according to claim 11l ggntaining two Hidentate bipyridyl
- ligands and one substituted bidentate bipyridyl ligand. 13. A chem cal
noi ety according to de%;nlq wherein B is a whole ceugaggrus, subcel | ul ar
particle, Os{bpy});“" + (Me bpy)Re(4-Et-pyr] (CO), e

2+4% +
Os{bpyl,” + aﬂeah9¥ﬁﬁe@4azta@yzﬁ£8@)3

The following experiment was performed. At
constant OsTAG concentration (]l micromolar), and varying
ReTAG concentrations (0 to 100nM}, the ECL of OsTAG was
cbserved using an R268 PMT and LP 700 long pass filter. See
Fig. 2. Within experimental error, no influence upon the
0sTAG ECL by ReTAG was chserved. '

The same gxpezimané was repeated except that the
LP 700 was replaced with a short pass €20 filter to observe
only the ReTAG ECL. The calibration curve for ReTAG is
shown in Fiéa 3. A& calibration curve for ReTAG without

:@s§AG is alse shown in Fig. 3. Again, within experimental °
error, the addition of OSTAG had no influence on the ReTAG

B8CL. The data indicate that Os(bpyﬁgz*.is well suited as an
internal staadar@ with ReTAG as the analyte. '

k4



protein, |ipoprotein, glycoprotein, peptide, nucleic acid;
. I i popol ysaccharide, lipid, fatty acid, cellular netabolit

REPLYCREANT ST

phar macol ogi cal agent, tranquilizer, barbiturate, alkaloid, S«ﬁééid’
. vitamn, amno acid, or sugar. 14. A chem cal nviety accofdin EF 196 1
* wherein Bis a serumderived anti body or r@nocl onal antibpdf. 15. A

OJ

chem cal noiety according to claim1, wherein B is bound fo one or nore

“ P, L[err], L[err], L[err], L[err], L[err] and L[err] thr —-Qne_or - nore
direct anide |inkages. Eééégéﬁggﬁ

sensitivity of Detection of Electrochemiluminescence of

Rheniumlbabeled Rabbit Anti-Mouse Immunoglcbulin G {IgG)
antibody

The electrochemiluminescence of rabbit anti-mouse
IgG antibody labeled with Fac-(bpy)Re(CO),[3~(4~pyridyl)-

- propionic aci@]@loéfnéﬁ {Camgeund'vzﬁ {rhenium-labeled
rabbit anti-mouse IgG antibody} is measured in a 15 ml
three-neck, round bottom f£lask containing 10 ml of a
solution prepared as described below; a 1.5mm x 10mm
magnetie stir bar; a 1.0 mm di&meﬁex silver wire
guasi-reference glectrgdé; a combination 28 gauge platinum
wire counter electrode; and a working electrode consisting
of a 22 gauge platinum wire weided to e 1l cm x 1 cm sguare
piece of 0.1 mm thick, highly polished platinum foil. (The
working platinum foil electrode is shaped intoc a 3/16 of an
in@h:diamgter seni-circle surrounding the 28 gauge platiﬁum
wire counter electrode by 3/32 of an inch egquidistantly.)

i The silver wire is comnect&d to the EGSG Model 178
electrometer probe of the EG&G Model 173 potemtiostat/
galvanostat. The platinﬁm wire counter electrode and the
platinum working electrode are connected to the anode and
cathode respectively of the EG&G Model 173 potentiostat.
The device is ggeunded.

fhe electrochemiluminescence emitted from the

rhenium-iabeled rabbit anti-mouse IgG antibody sclution is




126 16. A chemical noiety having the structure [err] where nis 1, 2 or 3.
7. A chem cal noiety having the structure [err] where

+h+€~4-2—9;~3m—$8.
A salt conprising a chenmi'cal noiety of claim16 or 17 cﬁﬁfﬁAﬁﬁbﬁﬂﬁfﬁﬁﬁPi

12 SEP 1996

9¢

detected using an Hamamatsu R928 photomultiplier tube, zet
inside a Products for Research Model PR1402RF '
photomultipliier tube housing which is fitted with a Kodak
823A gelatin (red) filter. Tﬁe photomultiplier tube housing
is connected to an Oriel Model 7070 photomultiplier
detection system. ‘

Electrochemiluminescence is induced by pulsing for
one second intervals, between zero and -2.0 volts cathodic
potential. Electrocheniluminescent measurements are
performed by integrating the rasulting
electrechemiluminescent photomultiplier tube signal using an
integrator connected to a Micronta Model 22191 digital
multimeter. The alectﬁgehemiluminescent signal is
integrated for 10 seconds duging the pulsing and rec@rded in
millivolts.

A stock solution of 1.25 x 1057M rheniummlébeled
rabbit anti-mouse IgG antibody is prepared from a
conc@ntratednggluti@n (2 mg/ml, 7.5 Re/antibody) of thé
iabeled antibody by dilution i@ phosphate-buffered saline
(PBS) . AaAn aliquot of this solution (80 microliters) is
added to 10 ml of dimethylsulfoxide (DMSC} /deionized,
distilled water (1:1) containing 0.1 M tet:abutylamm@nium
t@tﬁ&fl@gf@h@:@t@'@TSASF4) and 18 mM ammonium persulfate in
the reaction vessel. The final rhenium-labeled antibody

concentration is 1 x 10 °M. Electrochemiluminescence is

measured as described above.



127 19. A salt according to claim 18 wherein the counterion

selected fromthe group consisting of NHerr],
Liferr], Na[err] , Kerr], Ca[err],

Myferr],

guani di ni um
Mnh[err] or

“anion selected fromthe group consisting of SJerr], a hal
" hexaf | uor ophosphate or tetrafluoroborgje perchlorate. 20. A
. determ ning the presence of a chemcal noiety according tojclaiml which —
conprises formng a reagent_m xture containing the chem cal norety—and g
detecting the preséﬁ@étgpnﬁﬂesﬁ%PE%QﬂsZE%ngﬁ%Fﬁé8§a8§§FQPﬁg to claim 20,

wher ei n ggierm ggggﬁs Egdnggggit Lises an_epni ssion

utiggéngﬁ ﬁe i= ~mouse Ig
antibody stock solution are made and aliquots (80

microliters) of these solutions are added to the same
solution of rheniuﬁslabgled antibody in the reaction vessel
in increments which result in the following concentrations
of labeled antibody: 5 x 107, 1 x 1078, and 5 x 10”8,
_El@@tzechémiluminescence measurements are made for each
solution as described. These results indicate the
sensitivity of electrechemiluminescent detection of labeled
antibody (1 x 10 M), and the dependence of the intensitg of

glectz@ehemiluminescence en the concentration of the

rhenium-labeled antiemcuse IgG antibody.




or absorption spectroscopic, atom ¢ absorption, electrochem cal, chem cal,
* chem | um nescent, photol um nescent, or el ectrochem | um nescent nethod. 22.

A nmet hod according to claim20, wherein determning the. f _the
" noiety conprises inducing the chemcal noietyto emt EﬁRﬁﬁ@EM@- SVt
“radiation and detecting the emtted el ectromagnetic radiatron——z2s- frgt hod
. of determning the presence of a chem cal noiety havijig t : :

[Re(P)[err](L[err])(L[err])[err] %%gé)ﬁ%ég
(L[err])[err](L[err])[err](L[err])[err](L[err])[err] (;B)ierr]
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EXAMPLE X
ﬁ@m@gene@us Electrochemiluminescent Immunoassay for Antibady

tc Bovine Serum Albumin

= EoeD e

A solution containing 7.8 x 107°M bovine serum
albumin (BSA)} labeled with ?aca@bp?ﬁR@@coﬁ3£39£4epy£idyl}e
propionic acid]c104°a20 (Compound VI) {(rhenium-labeled BSaA)
is prepared from a stock solution of rhenium-labeled BSA
(2.5 mg/ml,_ﬁ Re/BSA) by dilution in phosphate-buffered
saline (PBS). 26 microliters of this solution are added to
10 ml of DMSO/deionized, distilled water (1:1) containing |
0.31x TBAEF4 andéd 18m¥ ammonium persulfate in the reaction
vessel. The £isal rhenium-labeled BSA concentration is 2 x

1GEQM° Electrochemiluminescence is measured as described in

Example IX.

In an analogous manner, a solution containing 7.8

% 10”7% unlabeled Bsa is prepared and added to the reaction
vessel to give a fihal unlabeled BSA concentration of 5 x
16"%M. The electrochemiluminescence of this solution and of

a similar solution withbut BSA is measured.

A soclution containing 3.75 x 107°M rabbit anti-BSA
antibody is prepared from a stock solution of rabbit
anti-BSA antibody (6.0 mg/ml) by dilution in PBS, and an
aliquot (26 microliters) is added ¢o the solution of

rheniumslabeled BSA in the reaction vessel to give a £inal

rabbit anti-BSA antibody concentration of 1 x 1@§7M.



128 wherein: P is a polydentate ligand of Re; L[err],

*,L[err] , L[err] and L[err] are ligands of Re, each of \
sane as or different fromeach other ligand; B is a subst3

“ligand of Re or is conjugated to one or nore of P, L[err]

", L[err] , L[err] or L[err] ; mis an integer equal to or ;

.each of n, o, p,.q, r and s is zero @ an integer; t is ap integer equal to
or greater than 1; and u is an integer equal to or greater TUhamt;

The electrochemiluminescence of the resulting

mixture of rhenium-labeled BSA antigen and antibody (rabbit
-angiaﬁsan is measured. The results indicate a reduction in
the.el@ctr@chemilumineségnee of the rhenium-labeled BSA upon
‘addition of rabbit anti-BSA antibody and demonstrate that a
howogenecus electrochemiluminescent detection of antibedy to
BSA may be achieved. Based upon these results @né skilled
in the art would know that a homogeneocus
electzrochemiluminescent immunoassay f@r.detecting other

analytes of interest may be developed.



P, L[err], L[err], L[err], L[err], L[err], VL[err] and B being of such
- conposition and nunber that the chemcal noiety can be indeded to emt

el ectromagnetic radiation and the total nunber of bonds
" the ligands of Re being equal to the coordination nunbg

t:he
met hod conprising: (a) formng a reagent m xture under {syi tabl e condlt@§§
. containing the chem cal, noiety; Fﬂ?SEP‘W”’ P

kS

?
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EXAMPLE XI

Heterogeneous Elect;@chgmiluminescant Immunocassay for
Legionella Using & Mouse Anti-Legicnella Immuncglobulin G
(ZgG) Antibody and Rhenium-Labeled Rabbit Anti-Mouse
Immunogleobulin G {IgG) Antibody

A formalinized suspension of the bacterium

Legionella micdadei is adjusted to an optical density (at
425am) of 1.00 by dilution with PBS buffer. Approximately 3
* 1@9 cells are added tg a c@ni?al microcentrifuge tube.

the cells are centrifuged (10 minutes, 10,000 RPM), the
supernatant decanted, and the cells resuspended in a 1:50
dilution of a mouse moncclonal IgG antibody,s(1.4s ng/ml)

specific for Legionells midadei, in PBS (1 ml). After

incubation at room temperature for 1 hour, the cells are
centrifuged, the supernatant decanted, the cells resuspended
in PBS buﬁfer and centrifuged again. Following decantati@n
‘0f the supexnatant, the cells are resuspended in a 1:50
dilution (in PBS) of rabbit anti-mouse 1gG antibody laheled
with Fac- (bpy) Re {CO} {39(4epyriéylns@rcpi@nxc ac;d}c104 2
Compound VI, i.e., rhenium-labeled rabbit anti-meuse IgG
antibody, (2mg/ml, 7.5 Re/antibody). Aftexr incubation at
rocm temperature for 1 hour, the cells are centrifuged, the
supernatant decanted, and the cells resuspended in PBS and
washed twice, with centrifugation, as before. Following the
last wash the cells are resuspended in 200 miér@litgxs of

BBS. 100 microliters of the cell suspension are added to



(b) inducing the chemical noiety to emt electronagnetlﬁp?gﬂfgy @H‘SﬁEFT
-exposi ng the reagent m xture to chem cal, el ectrochem cal 2

el ectromagneti c energy; and (c) detectlng the enmitted elfe¢t g@p@# .
‘radi ati on and thereby determ ning the presence of the chen [ 9% P
"A nethod according to claim23, wherein said noiety is anahlp of _bindin
.to a chemcal agent. 25. A nmethod of determning the presence of an analy e
of interest which binds to a chemi calggnoi ety, said noi ety—havirg—i-he
formula

(Re(P)[ er rdhe [meadticar Medddedr dontarimling] aor Wl &f [iMdorddddmidda Ll err]) [err

](L[err])[err]]&srr](B)[err]
ed water (1 1} containing 0.1 M TBAB?Q and 18 mM

ammonium persulfate and transferred to the reaction vessel.
Th@ electrochemiluminescence is measured for the cell
suspension. Another 100 microliters of the cell suspension
are added to the reaction vessel and
electrochemiluminescence measured. El@@tréchemiluminescencg
is measured for the solution without cells as a control
according to the method described in Example IX. A |
heterogeneous electrochemiluminescent immunocassay for
Legionella using rhenium-labeled rabbit anti-mouse IgG

antibody can be successfully carried out.



wher ei n:

P is a polydentate |igand of Re; L[err], L[err], L[err], L[erf],

L{err]-and L[err] are ligands of Re, each of which may be the same as or

different from each other |igand; 130 B is a substjpmee sk &R Jgand
of Re or is conjugated to one or more of P, L[err], L?'?Ff?“ﬁﬁﬁﬁ#Sh}*girr],
Llerr] -or L[err]; mis an integer equal to or greater

tthan 1;
. 12 SEP 1996
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EXAMPLE XIJ
Preparation of

Lgfigfmggpilfg%gf?bg;1§idingsd*apchY1l*lp3“di©xalane

Under an inert atmosphere of argon, 30 ml of dry
tetrahydrofuran {THF) and 7.65 ml Qﬁ dry di-isopropylamine
{54.6 mmol) were added to a 3-neck, 600 ml flask via syringe
with stirring. The solution was cocoled to ~78°C by
immersing the flask in a mixture of dry ice-iscpropancl in a
low form beaker. 21.6 ml of 2,5M n-butyl lithium {54 mmol)
were slowly added to the flask. The resulting solution was
stirred for 15 min and a solution of 9.38 g of
4,4'-dimethyl~2,2'~bipyridine (52 mmol) dissolved in 100 ml
of dry THF was added dropwise by cannula with stixringlcvez
i he. |

The resuiting brown mixture was further stirzed at
=78°C for 2 hrs., 10 g of 2~{2-bromoethyl)-1,3-dioxolane
ﬁ$5 mmol) were added by syringe and the resulting mixture
stirred at -78°C ﬁcé}S min. The reaction vessel was then
?iace@ in an ﬁge bath {10°C) and after 30 min began to
change celoxr. After 1 hg,thgupglq; was dark viclet, after
2 hrs the eolor was blue, aﬁﬁe? 2.5 hrs the color was green;
and after 3.25 hrs the cclox was lemon yellow.

The reaction mixture was quenched with 30 ml of
satuxateé NaCl followed by 10 ml of water and 50 nl of
ether, The aguecus phase was extracted twice with 300 ml oﬁ
ether and the combined ether phases were baekagxtragted with

100 ml of water and dried over anhydrous sodium sulphate.



each of n, o, p, q, r and s is zero or an integer; t is
or greater than 1; and u is an integer equal to or great

L[err],.L[err], L[err], L[err], L[err], L[err] and B be

conposi tion and nunber that the chem cal noiety can be
el ectromagnetic radi ation and the total nunber of bonds
the |ligands of Re being equal to the c&dr di nati'on nunber

conprising: (a) contacting the analyte with the chem cal_noiety. undex

REPLACTRE SPRET
e §° s

t o Re provided Ry

of Re; the nethod

suitable conditions §9 gsrdR U Fed ALK pFBAILE £ the sample was

separated on alumina (Merck) 30, activity 11I,

neutrel. The

eluants used were petroleum ether/diethyl ether (1:1) (the

starting material elutes complgtgljgwith petroleum

ether/diethyl ether (2:1), followed by the p:éductg

Proton NMR analysis confirmed that the structure

of the isclated reaction product is




(b) inducing the chem cal noiety to emit electromagnetic radiation by
*exposi ng the reagent m xture to chem cal, electrochem cal, or
el ectromagneti c energy; and 131 (c) detecting the emtted

“el ectromagnetic radiation and thereby determ ning the |prepape nen
“anal yte of interest. 26. A conpetitive binding method gﬁfﬂ§§§§%&ﬂssggﬁm

:presence of an analyte of interest wheregg the anal ytd

12 SEP 1924

EXAMPLE XIIT

A1

Preparatiocon and Purification

of é4-butan-i-al)-4'-mathyl-2,2°' bipyridine

2 g of _ _
2-([3- (4-methyl-2,2°'-bipyridine-4‘-yl)-propyl]-1,3

dicxolane were dissolved in §0 ml of 1IN Hel and heated for 2

hrs at 50°C. The solution wag cooled, adjusted to between

pH 7 and 8 with sodium bicarbonate and extracted twice with

100 ml of chloroform.

The e@mbinéd chlozoferm-pﬁases were washed with a

small amount of water, dried over sodium sulfate, filtered

and rotoevaporated to yileld a yellow oil.

The yellow oil was purified on a silica gel column

using ethyl acetate/toluene (l1:1} as the eluant, the

impurity being eluted with methanol.

Proton NMR analysis [ 1°96-2°11 (m,2H}; 2°43

(8,30} ; 2°46-2°50) (t,2H}; 2°53~2°80 (M,2H); 7°12-7°14
(m,28) s 8°D178e33 (nr, s,20); 8°52-8°58 (m,2H); 9°8S

{s,18)] confirmed that the structure of the reaction product

is




and a chem cal noiety bind conpetitively to a conplenentary. material, the

- chem cal iety h the f | a: RO ALTDN .
[Re(P) err] (L{err]) [err](Llerr]) [err](Llerr])[err] (T RLAYEMEu SHERT ) [ err
“J(L[err])[err]][err](B)[err] wherein: Re is rhenium S ﬁpl denfaf e
ligand of Re; L[err],L[err],L[err],L[err],L[err] an _[éHZ%E r | gands of

=

. Re, each of which may be the sane as or different f{ofm each other |jgand; B

is a substance which is a ligand ofggRe or is conjugated to one or nore of

P, L [err],L[err],L[err],L[err],léiiﬂgLé?xidewr];

Preparation
of 4-(4-methyl-2,2°'-bipyridine~4°'-yl) butyric acid

0.5 g of Ge{butanalaalhaéﬁsmethyiaz,zﬂebigyﬁidine
(2.0 mmol) were dissclved in 10 ml absolute acetone. 225 mg
of finely povdered potassium perménganat@ {KMRO,; 1.42 mmol)
were added in portions to the solution with stirring. The
reaction was followed by thin layer chromatography (silica;
ethyl acetate/toluene 50:50), which indicated that while the
aldehyde gradually disappeaied a bipyridine of low Rﬁ was
formed,

After the reaction reached completion, water was
added and the Mn@z_wasfﬁiltéxed.and washed with small
péxti@ns of Na2C03 {(ag.}. The acetone was rotoevaporated
and the residue extracted with CH,Cl, to remove nonacidic
bipyridines. The agueous solution was made acidic by
careful addition of 1.0N Hcl to pH 4.8. The solution became
partially cloudy upon reaching this pH, the suspension
redissolving at fower pi. The mixture was extracted five
times with equal volumes of CﬁZCIZ; dried over Nazs§4 and
rotoevaporated o an oil which ﬁfbm@giy solidified in vacuo.
The crude solid was recrystallized ﬁzam-@hl@x@f@rms@etgolgum
ether to cbtain white crystals.

'Melting point: 103.5°C-105.5°C; IR: 1704 em *.
Proton NMR analysis was consistent with the following

structure. .



132 mis an integer equal to or greater than 1; each of n, o, p, g, -r and s
ts zero or an integer; t is an integer equal to or greater than 1; and 0 is-
an integer equal to or greater than 1; P, L[err], L[err], L[err] ,
l[err],L[err] , L[err] and B being of such conposition and nunber: that the.
chem cal noiety can be induced to emt el ectromagnetic radlaiion and the ‘
¢ otal nunber of bonds to Re provided by the |igands of -Re e Sy -
the coordi nation nunber of Re; 100

?*A?f:”’q"ﬁﬂﬁgﬁﬁ_*

12 SEP 77
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sai d met hod cbnprising (a) contacting the conplenentary material, the

chem cal noiety and-.the anal yte under suitable cond|t|0n§h§£A€E&&§ﬁLgr

)

reagent mxture; (b) inducing the chemical noiety to efi

tadi ati on by exposing the reagent m xture to chem cal, vlectrochenlcal_

el ectromagnetic energy; and (c) detecting the enitted ¢l ¢cttd
#adi ati on and thereby deterining the preggpce of anal yt¢ oOf interest.

3
-y
P-4

7

o

EXAMPLE XV
Modulation of Electroluminescent Signal Generated By

"Re{I}-Theophylline Conjugate Using Antibodies Specific for
Theophylline

Compound VI c@valéntly bound to theophylline
{é@ﬁj@g&teh is diluted to a final concentration of 150 nM
using 0.1H phosphate bufﬁgr, PE 6.0, containing 0.35 M
sodium fluoride (PEBF Buffer). Monoclonal antibody (clone
number 9-49, ascites lot number W0O3%9, cat numbex 046)
specific for theophylline is obtained from Kallestad

- Laboratories, Imc. (Chaska, MN). The monoclonal antibody is
diluted to diffegent c@ncéntrati@ns using PBF Buffer
{between Zleé mict@grams of gx@teinfml te 700
nicrograms/ml) .

Another monoclonal adtib@dy {control ﬁ&gw that is
not reactive with theophylline is obtained from Sigma (St.
OIL@uisa M) and is:diluted to different concentrations between
21:9 micrograms of protein/ml to 700 microgrsms/ml using PBF

- Buffer. A standard solution of -theophylline is prepared
using theophylline @btéined £rom Aldrich Chemical Co.,
{Milwaukee, WI, cat number 26%14@58, M.W. 180.17).
TPheophylline is dissolved in PBY Buffer to give a final
concentration of 75 micromolar and is diluted with PBF -
Buffer to 6 micromoclar for use in assays. Prior to making
el@ctf@ch&qilumineseeﬁce measurements a solution containing

250 mM oxalic acid and §5% (v/v) Priton-X 100 (ECL sclution)



133 27. A nmethod according to claim 23, 24, 23, or 20jpa
.substance coval ently bound to one or nore of P, Llerrj ‘*’fﬁg} gﬂi éEET,
L[err], L[err], or L[err] through one or nore am de bn1ne Linka es §28.
-A method according to claim23, 24, 25, or 26 wherein E @2W55Pé@
svirus, subcellular particle, nucleic acid, polysacch ide, proteln,
glycoproteln | i poprotein, |ipopolysaccharide, |lipid,j fatty acid, peptijde,
“cellular netabolite, hornone, pharnaceutical agent, tkanquilizer
barbiturate, alkaloid, steroid, vitamn, ani'® acid, sugar or nonbi ol ogi cal

ol yner. )
PoLY is added to the reaction mixture. Measurements are made

using a Berthold luminometer that is modified to allow the
placement of two platinum gauze electrodes into the test
tube containing ﬁhg reaction solution. The electrodes are
connectad to a potentiostat and the electrochemiliminescence
measurement ls ma@e-by sweéeping an applied potential across
the electrodes from 1.5 to 2.5 volts at a scan rate of 50
mV/sec. The Berthold luminometer used for the measurement
has a high gain, red sensitive photomultiplier tube. The
luminometer output to the recorder is adjusted to 10°
.eeunts/volt. The measurements are recorded on an X-¥-¥'
recorder and the §eak'héight is used as the measurement gf
eleetr@chemilﬁminesceﬁceo The electrodes are cleaned
between measurements by rinsing with a buffer at pH 4.2
centaining 0.1 M phosphate, 0.1 citzate, 0.025 M oxalic
acid, and 1% Triton X-100; pulsing the el@ctrgdas in this
solution between.+292 to -2.2 volts for 60 sec; and followed
by =2.2 volts for-10 seconds. Next the electrodes are
removed fgcm'this solution, rinsed in distilled water and

- wiped dry. The expgrimgnteis Sarried out as outlined below.

A solution of é@ntr@l‘mgngcl@nal antibodies,

antibodies to theophylline or PBF Buffer is added to a set
of test tubes (Step 1). To the tubes, a solution of
theophylline or PBF Buffer is added {Step 2). The solutions
are mixed by briefly shaking the.test tubes and allowing
them.t@ react for 25 min at room temperature. Then a

solution of Conjugate is added to the tubes (Step 3). The



29. A nethod according to claim28, wherein Bis a nucle
pol ynucl eotide. 30. A nethod according to claim 28, whefe

N B i d
serumderived anti body or a nonocl onal antibody. 31. A Wethggzgéggﬁgén tio

Ot §

«claim?24, wherein said chem cal agent is a whole cell, vjrus..subcellul ar
‘particle, nucleic acid, polysaccharide, protein, glycoprptein, |ipoproteiH#,
dipopol ysaccharide, lipid, fatty acid@3peptide, cell ul ar-metebotiesmm.

hor mrone, pharnacol ogi cal agent, tranquilizer, barbiturate, alkaloid,
steroid,

wiesgntibegniaxe shakens gadr kept A&n BRSO feFperssuseesfor 15
min. Finally, 100 microliters of the ECL sclution is added
to each tube and electr@chemilumineseenqe is measured as

&esczibe& above.

Experimental Design for Studying the Effect of
Antibody- Re(I)-theophylline conjugate (Conjugate)}
Interactions en Electroluminescence

Step I Step 2 Step 3

100 microliters 200 microliters 100 microliters
of: of: ' of:
A. Control mono— Buffer ) Conjugate

clonal antibody
{2.1% micrograms
to 70 micrograms)

or
B. Anti-theophyliine Buffer or Conjugate
antibody Theophylline

(2.19 micrograms
to 70 micrograns)

or

C. PBF Buffer @uffer ' ° Conjugate or

Buffer
The experiment shows ggﬁt a. monoclonal antibody
which ggeeiﬁisally recognizes thg@phylling ¢« When contacted
with theophylline to which a rhenium compound (Compound VI)
ié attached, g;g;, Re (I)-theophylline conjugate, will
decrease the eleetx@chemilumimescénceo The decrease in
electrochemi luminescence is proportional to the antibody

concentration when the conjugate concentration is held



32.. A nethod according to claim24, wherein said chem cal agp )
i‘mrobi tized on the surface of an assay vessel. 33. A nethodfag« g
claim 24, wherein said chemical agent is a serumderived an
nonocl onal anti body. 34. A nethod according to claim 26,
sanme substance as said anal yte. 35. thod according to 26,
wherein said analyte is a whole cell, Virus, subcellular pdgrticle, nutteres-
acid, polysaccharide, protein, |ipoprotein, |ipopolysaccharti-de, IioidL”.qm‘“J
fatty aci d,copstant ot Hhen an antibody is used which dces not react =

with theophylline, only a slight decrease in the
electrochemiluminescence is seen at the highest
c@nceﬁtraéi@m of antibody.

The daﬁa also show that when theophylline is
contacted with the anti-theophylline antibody and then the
conjugate is added to ﬁhg mixture, the amount of
elgctr@chemiluminescgnce is greater. This demonstrates that
theophylline competes for the binding of antibody resulting
iﬁ a greater amount of conjugate which ecan generate

electrochemiluminescence.



peptide, cellular netabolite, hornone, pharmacol ogi cal agent, tranquili zer,

*barbiturate, alkaloid steroid, vitamn, am no acig~sugar_or_nonbi ol ogi cal
pol ymer. 36. A method according to claim 26, wher ;gﬁggkgggng et ary
‘material is a whole cell, virus, subcellular partj cfe—nt "

"pol ysaccharide, protein glycoprotein, |ipoprotein

, 11 POPOLYS h_rhae,
lipid, fatty acid, peptide, cellular netabolite, hornﬁﬁégé%ﬂgg deuti cal
agent, tranquilizer, barbiturate al kal oid, steroijd,Lvitanin, an no:acid,
sugar or nonbi ol ogi cal pol yner. 105 : i

EXAMPLE XVI -

assay for Theophylline in Serum Based on a Eem@geneous

glectrochemniluminescent Immuncassay

Based on the results descgibed in Example Xv, a
homegeneous immunoassay for theophylline is developed using
antibody to theophylline and the Reaibaghe@phylling
conjugate (C@njugata% described in Example XV in a
competitive binding format. The materials used are
described in Example XV except the PBF buffer is 0.1
phosphate buffer, PE 6.0, containing 0.1M sodium flueride.
For this assay, a speciéie concentration of monoclonal
antibody to theophylline is chosen. The antibody
concentration is 55 micrograms/ml. The conjugate
concentration is adjusted to 175 nM. Theophylline is added
to hulman serum to give final concentrations of ZGS,'S, 6,
20 and 40 micrograns @f_the@phyllinglml of serum.

The assay is pgéfgrmgd by adding 10 microliters of
serum to 290 microliters of anti-theophylline monocclonal
antibody and holding the soclution at ‘room temperature for 25
min. Then 100 microliters of conjugate were added to each
tube to give a final concentration of 35.mm and this
solution is h@ld at room témperature for 15 min. 100
microliters of the ECL solution described in Example 34 are
ﬁhén added to each tube and electrochemiluminescent
properties of the solutions are measured as previously

described using a sweep mode for 1.5 volts to 2.5 volts at



135 37. A nmethod according to claim36, wherein said chemp-eal—rat-erial-—s5—3
*serumderived antibody or a monoclonal antibody. 38. A ndREFUAEEAGINT S&HED
cl aim 36, wherein said chemical material is. a DNA or RNAIf rlagment—397&
cnmethod according to claim24, 25 or 26 wherein the nethod isggg@ﬂg@ ogs
met hod and the suitable ccnditions are such that bound cherfic noi ety and
zunbound chem cal noiety are not separated before the readett—mxture—is—I
exposed to the energy source. 40. A nethod according to dlaim24, 25 or 26;

wherein the method is a heterogeneous nd®hod and the

50 mV/sec. The results demonstzate that there is a
correlation betweep,the concentration of theophyliline in a
serum sample and.tne amount of electr@ehemilmminescanee that
is emitted by the reaction mixture. This @bservétion
demonstrates that it is possible to develop an assay for
theophylline, '

Based on thase'xQSults, one skilled in the art
would be able to develop a.hcmcgenaeus |
gl@@tro@hemilumingscent immuncassay for detecting and

- quantifying an analyte of interest in a biological matris



suitabl e conditions conprise the separation of bound chem cal nDiety'and
<unbound chem cal noiety prior to exposure of the re I tHe—t-o-the
L A

energy source. 41. A nethod according to claim25 o W nSPEET
-analyte is fixed to an insoluble matrix. 42. A mnet o accord“n aim
*41, the nethod being a sandwi ch nethod. 43. A netho accpfgmmg C a m 24,
;mherein the chem cal agent is fixwd to an insoluble tr|x he 136
-v_ SRR
EXAMPLE XVIT T——

Assay for Theophylline in Hemolyzed, Lipemie, Icteric and
Normal Serum Samples Based on a Homogeneous
Electrochemiluminescent Immuncassay and Comparisen to a

Fluorescence Pglarization Assay

The concentr§tion of theéphylline in different
types of serum samples is determined using a homogeneous
electrochemiluminescent immuncassay. The format for the
assay is a éompetitive binding assay using a monoclional
antibody specific for theophylliine and the Conjugate
described in Example XV. . The reagents and méthgds for
electrocheniluminescence are described in the previous
example, | _ |

The fluorescence polarization assay used to
measure the concentration cf_the@phyliine in the different
sgrum samples is carried out using an automated TDX
instéument from #ﬁbcﬁt éaboraﬁoxies {North Chicage, IL).
Hemolyzed, lipemic,_ietérie and n@ﬁm@} sera were used in the

- - had 4

assays and data for the abnormal sera are listed below.

Homogeneous Theo yllin@ Assay
Chaxacteristics of Potentially Problematic Serum

Serum : Factor Concentration ngmg;magn"g'
Hemolyzed 12.4 mg/dl hemoglobin 0-3.2 mg/dl
Lipemic : 405 mg/dl triglycerides 10-190 mg/dl

156 mg/dl cholestercl 120-200
mg/dl

Icterie . 10 mg/él bilirubin 0-1.5 mg/dl



chem cal noiety is a conponent of a biological flui r_synthetic reaction
m xture. 44. A nethod according to claim26, the Jgghpdgb

conpetitive binding method wherein the conpl ement af y riEtEry

an insoluble matrix. 45. A heterogeneous nethod ac,o#dln to clal
wherein the conplenentary material is a nonocl onal Hg EPan@gt
I nsoluble matrix is the surface of an assay vessel. 6 A honpbgengoys
nmet hod according to claim44, wherein the conplenentary /B
nonocl onal anti body and the insoluble matrix is tH@uSULLﬁQQ of an agsay
vessel . 47. A nethod according to gGlgim23, 24, 25 or 26 wher ei T
reagent m xture is exposed to a conbi nation of

Different amounts of theophylline are added to the
serum samples to give £inal c@ncéhtgations between 2.5
micrograms thg@phylliﬁelm@ and 40 micrograms
th@@phylliﬁelmlg Data are obtained for the homogeneous
electrochemiluminescent immunoassay.

Bach serum.sample is also analyzed for the
concentration of theophylline by a fluorescence polarization
assay. The concentration of theophylline measured by the
homogeneous electrochemiluminescence immuncassay and the
fluorescence p@laxization assay are cémparede_ The data are
plotted as a scattergram. @hg data points are analyzed by
linear regression and the correlation coefficients are
caleculated. The analysis demonstrates an excellent
correlation between the two assays. The correlation
coefficients (r) are high. %The slopes of the curves for
normal, hemolyzéd, and lipemic serum samples are between 0.8
and 1.2, démgnstzatgng excellent recovery of theophylline
.ﬁz@m these serum samples. |

Although the glectrochemiluminescence emitted by
the icteric serum samples containing theophylline are higher
than for the other serum samples, it is proportionally -
higher at each theophylline concentration. - The cerrelation
coefficient is high for the data points comparing
electrochemiluminescence and flucrescence pél;xizaticn:
however, the slope demonstrates higher recovery for ghe

theophylline in the icteric serum sample.



el ectromagnetic radi ati on, chem cal energy, and el ectrochem cal energy. 48.
‘A net hod according to claim23, 24, 25 or 26 wherein _the chem cal noiety.is
oxi di zed by the exposure to the energy source. 49. A | '
.claim23, 24, 25 or 26 wherein the chenical noiety i§"

exposure to the energy source. 137 50. A nethod
t24, 25 or 26, .

1G9

theophylline in an icteric sample may be determined by
establishing a standard curve for the sample by adding known
anounts of the Conjugate to aliguots of the icteric serum.
These data demonstrate that a homogenecus
electrochemiluminescent immuncassay may be used to measure
the concentration of theophylline present in serum samples
containing abnormal leéels of hemoglobin, lipid and
bilirubin. |

A homogeneous electrochemiluminescent immuncassay
offers advantages over a fluorescence polarization method
because of the versatility of ECL detection, i.e., more
sensitive detection at higher concentrations of biclogical
molecules.

A homogenous electzochemilﬁminescent immuncassay
offers further advantages over a flucrescence polarization
method because no incident light source is required;
electrical excigéﬁion béing the only reguirement for
efficient light-generation. Conseguently, no sophisticated
optics are necessary. Sincé'théemea;uremgnt prineiple is
purely specific photon emission induced by electrochemical
stimulation, the sensitivity of the system is potentially
much greéteg than fluorescence polarization and a wider
dynamic range will be achievable. Also, mgasuﬁemeﬁt of a
much greater variety of analytes is possible with a
homogeneous electrochemiluminescent immunocassay than is

provided by the fluorescence polarization and a wider



wherein the reagent m xture contains oxal ate, pyruvate, |actate, nal onate,
.Citrate, tartrate or peroxydisulfate. 51. A nethod according to claim49,
wherein the energy source is a chemi cal reducing agent. 52. A nethod
-according to claim51, wherein the chem cal reducing agent is magnesium
"53. A nethod according to claim48, wherein the endrgy source is a chem cal
_oxidizing agent. 54. A nethod according to claimb53, wherein the oxidizing
“agent is a Ce (IV) salt or PbJerr]. 55. A nethod according to claim 49,
wherein the reagent nixture contains pdf®xydisulfate. 56. A nethod
according to claim48, wherein the

dynamic range will be achievable. Also, measurement of a

much greater variety of analytes is possible with a

homogeneous electrochemiluminescent immunocassay than is

provided by the fluorescence polarization technique, due to

the selective modulation 6f electrically~stimulated

chemiluminesence by biomolecular recognition events, e.g.,-

antibody-antigen interactions.

Based on these results, one skilled in the art
would know that homogeneous electrochemiluminescent
immunoassays for detecting other analytes of interest in

abnormal serum samples may be developed.
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reagent m xture contains oxal ate, pyruvate, |actate, nmalonate,citrate or
tartrate. 57. A nethod according to claim23, 24, 25 q wherein the
reagent mixture is continuously exposed to an el ectrodg; =
oscillates between a potential sufficient to affect the
chem cal noiety, 1 3 8 and a potential sufficient tj
oxi dation of. the chem cal noiety. 58. A nmethod accor

wherein the AN :
i) £§‘~m§:““~«mmmmm;

EXAMPLE XVIII

Assay for theoghylline in serum based on a heterogenecus

electrochemiluminescent assay

2

Using an immunometric assay format, a
heterogeneous assay for theophylline is developed using a
Compound VI labeled anti-theophylline antibody and
theophylline BSA immobilized on Biomag magnetic particles.
The antibody concentration is 20 rnicrograms/ml. The
magnetic particle concentration is 1% sclids (wt/vol}.
Theophylline is added to a £inal concentration @f 10 and 40
micrograms/ml of serum. The theophylline serum standards
are diluted 1800 feld in PBF Buffer (sédium phosphate
buffer, pt 7.0, 0.1 M sodium fluoride) containing 0.1% BSA.

The assay is pexformed by the addition of 75
microliters of the diluted serum standaxds ¢e 75 microliters
of a@tibody.conjggated to Compound VI and incubating the
solution at room temperature for 20 min. Then 50
microliters of the theophylline-BSA-Biomay particles are
added and the suspension is allowed to stand for 5 min. The
particles are separated magnetically and 100 microliters of
the supernatant are measured for electrochemiluminescence.

Based on the results, one skilled in the art would
be able to develop a heterogeneous electrochemiluminescence

immunoassa& for other analytes of interest in & biological

matrix.



energy source is an el ectrode whose potential oscill ates_above and bel ow a

potenti al

sufficient to oxidize the chem cal nviety andlgqﬁ—‘h e,
contai ns oxal ate, pyruvate, |lactate, malonate, tartratef o ﬁdijgaﬁﬁT
et hod according to claim 48, wherein the energy sourcq ifs an eT

whose potential is constant and sufficient to oxidize
and the reagent m xture contains oxal ate, pyruvate, |a¢téate,

tartrate,

energy source is an el ectrode whose poteritial oscil | aties—above and bel oy

potenti al
cont ai ns

mal o
or citrate. 60. A nmethod according to claimj |

sufficient to reduce said chem cal noiety and the reagent

EXAMPLE XIX

Labelling DNA with an electrochemiluminescent moiety

==

The following method has been used to label DNA
with an electrochemiluminescent molety,

1.0 A‘ZSG of the custom synthesized 38 mer (MBI 38)
TCACCAATAAACCGCAAACACCATCCCETCCTGCCAGT *

where T* is thymidine modified at carbon 5 with

&

ﬁCH$CH§COaNH?ﬁCHZI -NE

7 2

are diss@lved.in 100 microliters of 0.01 M phosphate buffer,
pH 8.7. 100 micreliters of a sclution of °
faceﬂbpY)Reicc}3ﬁ35(ésbipyridylxapzc§i@nic acidICIO4°HZO
{Compound VI) (2.3 mg in 300 microliters of 0.01 M potassium
phosphate buffer, pH 8073_322 added. The contents are
stirred and allowed to stand at zé%m temperature overnight.
100 microliters of a saturated aqueous solution of
sodium borohydride are added to the mixture to convert the
reversible imine Schiff’'s basteinkage into mon-reversible
amine linkage. The reaction is allewed to rum at room
temperature for 2 hrs. The solution is then treated
carefully with a few drops of dil. acetic acid to quench

excess of sodium borohydride. The reaction solution is

jaijd tBGHEa), MO ey,



peroxydi sul fate. 61. A nethod according to claim49, wherein the energy
source is an el ectrode whose potential is constant and suf,j,henL“to reduce
said chem cal npiety, and the reagent m xture contains perw;g;bﬂ,w;_' =
62. A systemfor determining the presence of a chenical ‘ vi
for mul a:

IRe(P)[e
](L[err]

rr]j(L[err])[er [err](L[err])[err](L[err]f[;
Yerr]][err]( rein: Pis a polydentate:

113

rr r](Llerr])
[ B)[err] whe
loaded inte a P-2 gel filtgagion column {18 inches x 1/2
inch} which is preegquilibrated with 0.1 ¥ triethylemmonium
acetate, pH 6§.77. The column is eluted with éhe game buffar
and 2 ml fractions are collected at a flow rate of 20 ml/hy.
DNA eluted in fractions 9 and 10 are well separated from
unreacted xhenium complex. The collected DNA sample
exhibits typlical UV absorption and additionally shows
fluerestent emission spectrum when exci@ede The fluo#escent
emission shows the presence of the rhenium moiety in the DNa
sample. %he product travels as single fluorescent band on
polyacrylamide gel electrophoresis. The electrophoretic

mobility of the labeled DNA (MBI 38-Compound VI Conjugate)
is approximately the same as the unlabeled DNA.



L[err], L[err], L[err], L[err], L[err], and L[err] are I;ggpds of Re

of. which may be the sanme as or different from each ot her
substance which is a ligand of Re or is conjugated to one

Lkerr], L[err], L[err], L[err], L[err], or L[err]; mis an} éﬁgef‘e

to or greater than 1; each of n, o, p, q, r, and s is zerjo |

is an integer equal to or greater than i; and u is an intjeder equal to or
greater than 1, J o S
M"*—-—-.._._,______'_ o f
X
EXAMPLE XX

Electrogenerated Chemiluminescent Properties of labeled DNA

The labeled DNA sample from gxam@la £IX, Synthesis
A (MBI 38-Compound I) is used to study its
electrochemiluminescent properties. Various concentrations
of labeled DNA are dissolved in 0.5 ml of 0.1 ¥ phosphate
buffer, pH 4.2, containing 0.1 M citrate, 25 mM oxalate and
1.0% Triton X-100 and measured on a modified Berthold
luminometer. The electroluminescent signal is responsive to

various DNA concentrations.



140 P, L[err], L[err],L[err], L[err], L[err], L[err] and B being of such
coenposition and nunber that the chem cal nnlety can be i n¢gHte I

el ectronagnetic radiation and the total nunber of bonds t g
thé |ligands of Re being equal to the coordination nunber |
conprising: (a) a reagent m xture conprising the chem cg
means for inducing the chemcal noiety to emt electromg
and (c) nmeans for detecting the eﬁlttﬁﬂs j

EXAMPLE XXI

Hybridization studies of Compound Vi-labeled
oligonucleotide

=2

The complementary strand to the 38 mer described
in Example XX is synthesized using the ABI model 380 B DNA
synthesizer and is designated MGEN-38.

Tc determine if the covalent attachment of
Compound I to the oligonucleotide affected the hybridization
properties of the MBI 38 oligonuclectide, the.f@llowing

'exparimant is devised. Various concentrations of the target
'ffagment {MGEN-38) are spotted on a sheet of Gelman RP nylon
membrane, fixed and probed with either MBI 38 or MBI
383Compcun& VI. Both fragments are treated with T4
polynucleotide kinase and.gamma 32?[@@?3 and labeled with

-BZP at the 5' end. The hybridization sensitivities of DNA
and cgm@eund Vzalabelled DNA are then compared.

CGncentzatgcns of &GEN*BB DNA, ranging from 50 ng
down to 0.05 ng, are sp@tﬁe%’@n a nylon mexibrane and allowed
to air dry. Duplicate m@mbranes‘;rg set uvwp. The blots are
treated for 2 min each in : 1.5 NaCl-0.5 NaQH to fully
denature the DNA; 1.5M, NaCl-0.5M TRIS to neutralize the
hlot, and £inally in 2X 8SC. Tﬁe blot is baked in & vacuum
oven at B0O°C for 2 hrs. -

, The hyrbridization probe is prepared as follows: 3

micregrams &f MBI 38 and MBI 38-Compound I are kinased with



el ectromagnetic radi ation. 63. A systemfor determning the presence.of an
aral yte of interest which binds to a chem cal noiety, the iﬁgﬁlﬁgﬁgﬁggfgﬁﬁﬁﬂﬁ

structural fornula
W ChbesEd s |

[Re(P)[err](L[err])[err](L[err])[err](L[err])[err](L[err] r
d

| nds. of. Re. each
a

Ll.err], L[err], L[err], L[err], L[err], and L[err] are
of which may be the sanme as or differ%%% from each ot her

]CL[err])[err]][err](B)[err] wherein: P is polydentate I';g
g
| i dand,;

10 units of T4 kinase and 125 microcuries of gamma 32§ahgpn
The percentage of isotope incorporation into DNA is
determined. '

Prehybridization and hybridization solutions are
prepared according to Manlatis (24). Blots are
prenybridized for 4.hrs. at 53°C with 50 micrograms/ml of
calf thymus DNA., ?he blots are then pl&ced in hybridization
'é@luti@n containing the respective grcbeé aﬁ 10,000,006 cpm,
and allowed to hybridize overnight (12 hrs) at 53°C. The

following day, the blots are washed as follows:

= twice with 2 X SSC + 0.1%SDS at 83°C for 15 minutes each

wash

- twice with 0.2X 8SC + 0.1%8DS {same as above)

-~ twice witﬁ 0.16% X SSC + 0.1%8D8 {same as above)

w

The blots are then air dried and exposed to Kodak

@ .

X-omat £ilm at =-70°C.

Analysls of the X~ray shows that very similar
hybridization patterns are observed between the MBI 38 and
MBI 38-Compound VI probe. In both casés hybridization of
probe to 0.5 ng of target is obsexved, and faimt traces of
hybridization are observed down to 0.05 ng of target DNA.
No hybridization activity by the probe is detected for the

negative control DNA {(phage lambda DNA spotted at 50 ng).



141 Bis a substance which is a | i gand of Re or I s .conjugated to one or
nore of P, L[err], L[err], L[err], L[err], L[err], or L[err] igh.one_or

nore am de or am ne Ilnkages mis an integer equal to or gr ggilﬁgpa@ma‘SHEET
each of n, o, p, g, r and s is zero or an integer; t is an i

or greater than 1; and u is an integer equal to or greater tha

L[-err], L[err], L[err], L[err] , L[err]it7L[err] and B bei ng SE@%EEP‘@@&
conposi tion and nunber that the chem cal noiety can be induc dmgo_enlt

el ectromagnetic radiation and the tgkalpdengly of bonds to Re provided by

The 38-mer B. coli probe labeled with

as described in Example XXI was hybridized with a sample of
E. coli nucieic acids according to Maniatis [Maniatis, T.,
Fritsch, E.F. éné Sambrook, J.,.Moleeulax Cloning: a
lakoratory manual, p. 150-160, Cold séﬁing Haxbor Press,
Cold Spring Harbor, NY (1982)]}. The hybridized complex was
then captured by ancther sclid support bound probe
complementary to another sequence of E. coli DNA adjacent to
the signal prebe. The capture procedure used the same
hybridization conditions as used for the first part of this
erotecol. The‘hybxiaiied complex was separated from the-
simglé stranded nﬁél@i@ ;ci&s by centrifugation and repeated
washings. The isclated c@mplex was then heated at 100°C in
water for 5 min. to dissociate téz c@mplex._ The labeled
probe now released into solution was transferred into
appropriate cocktail for measurement of
electrochemiliminescent signal. The intensity of the signal
corresponded to the guantity @é the target DNA in & linear
fashion,

A ‘gample of aminolinked DNA (a 38-mer conta&ﬁing

15 nucleotide consensus sequence from E. ©olil) was dissolved



the ligands of Re being equal to the coordination nunber Re; the systen1

-conprising: (a) the chemcal noiety (b) a neans for cphtact

chem cal noiety with the analyte of interest to forn1a'ﬁ3§géﬁf§ﬁﬁxaﬁ&§3
-a means for inducing the chemical moiety to emit el ecttopagn&tit Tadi ali

“and (d) a means for detecting the enmitted el ectromagngtic 4agE® {996,

c)

i bn;

118 Lo

in 100 ul of 0.0 M phosphate buffer, pH 8.7.100 ul of a
solution of the osmium complex
?ECHZEGHZECHO
{MeszyﬁzasiﬁzPCHg 4B2
{2.3 mg in 300 microliters of 0.01 M potassium phosphate

aCHécﬁzaﬁﬁzﬁﬁClﬂ

buffer, pH 8.7} were added. The contents were stirred and
allowed to stand at room temperature overnight.

100 microliters of a saturated agueous solution of
sodium borchydride was added to the mixture to cohvegt the
reversible imine Schiff's base linkage into non-reversible -
amine linkége; The reaction was allowed to ruﬁ at room
tem@eﬁat@ée for 2 hx. The labeled probe was purified by gel
filtration chromatography. The labeled DNA probe exhibited
spectroscopic properties comsistent with attachment of the
osmium complex.

The prebe labeled with csmium complex was
hybridized with a sample of E. coli nucleic acids according
to Maniatis, géggg, The hybridized complex is then captured
by anothex sclidgsugpoxt ?oun%@pr@@e eemplementax& to
another seqﬁemc& of E. coli DNA adjacent to the signal
prebe. The capture procedure uses the same hybridized
conditions as used for the fizst part of this protocol. The
hybridized complex is separated from the single straéd@d
nucleiec acids by centrifugation and repeated washings. Th%
isolated complex is then heated at 100°C in water for 5 min.
to disscciate the complex. ﬁhe labeled probe now released

into solution is transferred into ap?sopziatg cocktail for



142 64. A conposition which conprises the chenical noiety §faekaim
one or nore different chenical noieties each of which can {§é=fh
emt electronmagnetic radiation of a different wavel ength. b5 /¢ oggbio
-of ‘cl ai m 64, wherein the chem cal noieties are each attachgd to‘%ég erent
‘anal ytes of interest. 66. A nethod of deterning the presendeiof t
.chem cal noieties of claim®64, which conprises: (a) formng a
m xture under suitable conditions contEQ4ﬂ ng, the chem cal
i nduci ng the chemi cal nmoieties to emt

measurement of electrochemiluninescent signal. The
intensity of the signal corresponds to the quantity of the
target DNA in a linear fashion.

The rhenium complex

(bpy)Re (€0} 3 B \) ~(CH,} ,~CO,x

is first converted into an N-hydroxysuecinimide derivative

by disselving 3 mg in sq microliters of anhydrous
dimeﬁhylﬁormamide and greatiug it with 2 seolution of
N-hydroxysuccinimide (52 mgi in 200 microliters ef anhydrous
DMF in the presence of 94 mg dicyclohexylcarxbodiimide {DCC) .
The reaction is allowed to proceed for 4 hrs at 6°C.
Precipitated dicyclchexylurea is removed by centrifugation
and the supernatant (200 microliters) is added to the
solution of aminomliéked DNA (a 38-wer ceontaining 15
nuclectide consensus sequence frem E. coli) in .01 M
phosphate buffer pH 8.77 (2&260 in 100 miecreliters of
buffer) . The reaction i§ allowed to proceed overnight at
rOom éempératuxé.” a ccnéiderable amount @f solid appears in
the reaction which ié renoved 53 filtration through glass
wool., The £iltrate is cance;tzaé;d and dissolved in 0.5 ml
cf 1 M txiethglammgnium acetate (pH 6.8}). The reaction
@ixéure is then chromatographed on a gel filtration column.
The labeled DNA probe exhibits spectroscopic properties
consistent with attachment of the rhenium complex ( em 594
nm} .

THe probe labeled with rhenium is hybridized with

a sample of E. coli nucleic acids according to Maniatis,



el ectromagneti c radi ati on by exposing the reagent mxture to

ekectromagneti c energy, chem cal energy or electrochem cal energy; and (c)
detecting the emtted el ectromagnetic radiation of different_wavel engths

and thereby determ ning the presence of the chem cal noieti] PﬂiiﬁﬂﬁENT‘SHEET
net hod of deternmining the presence of one or nore anal ytes {Of ~-heF-e5t

rREeR-est
whi ch bind selectively to the different chem cal noieties oh ﬂ
el

cl ai gé i C
conprises: (a) contacting the analytes with the chem cal no tigg?% éﬁ@é |
suitable conditions so as to forma reaqgent m xture; o

120

supra. The hybridized complex is then captured by ancther
solid support bound probe complementary to another segment
of E. coli DNA adjacent to the signal probe. The capture
procedure uses the same ﬁybridizaﬁi@n ccndit;gns as used for
the ﬁirst part of this protocol: The hybridized complex is
separated from the single stranded nucleic acids by
centrifugation and repeated washings. The isg;ated complex
is then heated at 100°C in water for 5 min. to dissociate
the complex. The labeled probe now released into solution
is transferred into appropriate cocktail for measurement of
electrochemiluminescent signal. The intetisity of the signal
corresponds to the quantity of the target DNA in a linear
fashion.

The 38-mer DNA probe from E. coll independently
iab@led with ruthenium, ghenium and osmium complexes is used
in separate exgeximgnté'to hybridize with its complementaxy
sequences. ?hé elégtxochemiluminescent signal of the duplex
is compared ;ith gléctmachemiluminescent signal of the
corresponding labeled s}nglgistsénée@ probe. A modulation
of the electr@chemiluminescgnt signal is observed in each

case for the duplex.




143 (b) inducing the chem cal

el ectrochem cal

energy; and (c) detecting the emtted el -
radi ati on of different wavel engt hs and thereby.deterninir@f@hﬁ&iﬁ §%§é

each of the analytes of interest. 68. A nethod according tjo claim 23,

wherein the reagent nixture conprises one or nore differégnt dﬁ@@$ﬁﬁrﬁﬁﬂ
nmoi eti es each of which can be induced to emit

L e ezraneas

iz
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noi eties to emt electromagnetic radiation by
exposing the reagent mxture to el ectromagnetic energy, chem cal energy or




el ectromagnetic radiation of a different wavelength. 69. A nmethod according
to claim 25, WhEFEI n t he reagent m xture conprises one or nore different

chemi cal notetl‘ SSETT Arcdtican be i nduced to ey 3
radi ati on of al E; !__i avetenpt h, each noi ety be l ﬂ H il dl
di fferent analy \79. A nethod according to & a®m 25, *wherein

the reagent 'm X reqéhs§>é@ﬁbrpsﬁs one or nore different chem cal noieties
each of which imt el ectromagnetic radiation of a

‘ v m according to claim®63, wherein the
reagent n1xtureﬂconpr|sesdo{ or-ore different chem cal noieties each of

122
what is claimed is:

1. A chemical moiety having the formula
1 2 3 4 5 6
{ReﬁP)m{L ) (L )oiL kpGL 3q(L )xiﬁ )s]tﬂﬁiu
wherein

P is a polydentate ligand of Re;

Ll, LZ, L3, Lé, LS and Lﬁ are ligands of Re, each
ef which may be the same as or different from each

other ligand;

B is a substance which is a ligand of Re or is

conjugated to one or moxe of P, Ll, &2, L3, Lé, LS

or LG;
m is an integer egual to or greater thun 1;
each of n, o, p, g, * and s is zere or am integer;

t is an integer equal to or greater than 1; and

% is an integer egqual to or greater than 1;

"
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144 el ectro

-C--k-adt-attom of a different wavel ength, each noiety being
attached to p.dlfferent anat#te of interest. 72. A conposition of cl ai m 64,

adi atfon by exposare fE?E“npr?gy”‘é'f " it ferent value from éﬂﬂmﬁmmﬁﬁm Il

Source. 73.{Alconposition of E£laim72, wherein the chemnical toi%tites®™aré

each attache¢dlio a.di-f4 faubstaw%%

P, Ll, Lz, L3. LQ, LS, LG and B being of such

composition and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by

the ligands of Re being equal te the coordination

of Re,

2. A chemiéal moiety according to claim 1

wherein P is an aromatic heterceyclic ligand.

3. A chemical moiety according to claim 2,

wherein P contains nitrogen.

4. a chemical.mgiety according to claim 3,
wherein P is bipyridyl, bipyrazyl, terpyridyl,
phenanthrolyl, a porphyrin, a substituted bipyridyl, a
éubstituted bipyrazyl, a substituted terpyridyl, & ) *
substituted pheaéhthxoljl or substituted porphyrin.

5. A chemical m5i3t§gaecézding-t@ claim 4,
wherein P is substituﬁgd with an alkyl, substituted alkyl,
aryl, substituted aryl, aralkyl, substituted aralkyl,

~ carboxylate, carboxaldehyde, carboxamide, cyano, amino,
@y@r@xy, imino, hydroxycarbonyl, amin@caxﬁgnyl, amidine,
guanidinium, ureide, a sulfur-containing group, a

phosphorus~containing group, or the carboxylate ester of

N-hydroxysuceinimide. REPIACFQF'W‘S EET
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74. A nethod of det GM-':;"__

e presence of the chem cal noieties of claim
72, mhﬂch co-an~ o & j‘grn1ng a reagent m xture underusaTth5151‘13“~~~-~‘\\~
AT ;ﬁp&he’p m cal noieties; (b) |ndu0|ng\ww -3 le
efebtr‘&rrag tic radiation at different ti hiH @"H"I
e ;
detecting the emtted el ectromagnetic *

graERat? *Ent times to energy of di 11 er eht wﬂﬁ

'~ gources _ane (

radi ati on aftgr_exposSTng the keagent mixture to each of the different

‘fferent_ﬂgupeesmy ener gheband t her eby detern1n|ng t he presence
of each of -

6. A chemical moiety according to claim 1,
wherein at least one of Ll, Lz, LB, Lé, Ls and LG is a

polydentate aromatic heterocyclic ligand.

7. A chemical moiety accoxrding to claim §,

1 2

wherein at least one of L

: L7, Lg, L4, LS and LG contains

nitregen.

8. A chemical moiety'acca:ding to claim 7,
wherein at least ene ot Ll, LZ, LS, Lg, Ls and Ls is
bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl, a porphyrin,
a substituted bipyridyl, a substituted bipyrazyl, a
substituted terpyridyl, a substituted phenanthrolyl or a

substituted porphyrin.

9. A chemical-mgigty according to claim 8
wherein at least one of L;, Bz, LB, Lé, LS and LG is
substituted wi%h an élkgl, substituted alkyl, arvl,
substituted aryl, aralkyl, substituted aralkyl, carboxylate,
carboxaldehyde, cazboxamide, g}ané: amino, hydroxy, imino,
hydroxycaxrbonyl, amin@carbcﬁyl, amidine, guanidinium,

ureide, a sulfur-containing group, a phosphorus-containing

group, or the carboxylate ester of Nehyégaiysuceinimiée.

10; A chemical moliety aéc@rding to claim 1
containing 2 bidentate ligands whexein each bidentate ligand

is bipyridyl, bipyrazyl, terpyridyl, phenanthreclyl,



t he chemnical noieties. 145 75. A npthod according.to, claim

the reagent m xture conprises one or yLﬂcgtﬁ?ﬁhg‘g é
of which can be induced to enit el ectfoFaeret+-

Les each
t-€F i iy

energy of a different value or from ajdijf ‘ﬂ?éﬁﬁ rce. d G ””"
according to claim25, wherein the redggn coTp i ses one or nore® *
different chenmical noieties each of whi gh_can be induced to enmt

125

substituted bipyridyl, substituted bipyrazyl, substituted

terpyridyl, or substituted phenanthrolyl.

11. A chemical moiety according to claim 1
eontaining 3 bidentate ligands, wherein each bidentate
ligand is bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl,
substituted bipyridyl, suhétituted bipyrazyl, substituted

terpyridyl, or substituted phenanthrelyl.

12. A chemical nmoiety according to claim 11
containing two bidentate bipyridyl ligands and one

substituted bidentate bipyridyl ligand.

13. A chemical moiety according te claim 1,
wherein B is a whole cell, virus, subcellular particle,
protein, lipoprotein, glycocprotein, peptide, nueleic acid,
polysaccharide, lipopolysaccharide, lipid, fatty acid,
cellular mata@oli%e, hoﬁﬁone, pharmacological agent,
tranquilizer, barbiturate, alkaloid, ster@;d, vitamin, amino

acid, sugar or n@nbi@l@gicai p@l§%§§a

14. A chemical moiety acééxding to claim 13,
wherein B is a serum-derived antibody or monoclonal

antibody.

15. A chemical moiety according to claim 1,

wherein B is bound to one or more ©f P, Ll, LZ, L3, L4, Ls

and L= through one or more direct amide linkages.

T



el ectromagnetic radi ation by exposure to energy of a different—source, €ach

norety being attached to a different a
according to claim62, wherein the rea
nore different chem cal noieties each

el ectronmagnetic radi ati on by exposure t
78. A system atc
reagent m xture conprises one or nore djff
whi ch can be induced to emt electromagphetic radiation b
energy of a different value or froma differem—SUurct,

froma different source.
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phctr-can Bbe  Tinduce .‘E”“

44%4¢w+n§efggtn 77

PLAE:

{al&gidomp

ener. f diff flerent val ue or
DX ig%E?o@g?ai mi63, wherein the

noi eti es each of
exposure to

gach noi ety

16. A chemical moiety having the structure

where n is 1, 2 or 3.

17. A chemical molety having the structure

where n is 1, 2 92'3.

Tn+
c= N
REPLACEMENT SHEET
12 SEP 1996
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18. A salt comprising a chemical moiety of claim

16 or 17 and a counterion.



being attached to a different analyte of interest. 146 79. A chem cal

moi ety having the structure [err] wherein X and X and Y and Y may be the
same or different, and X may be N(CH err]Herr])[err], CHerr], CHerrjo —
Ckerr]Herrr], d, CdJerr]CHerr], CN, or NOerr], and Y a Marx 19
erther Hor CHerr], provided that if X and X and Y and 3mum"mﬂ" i
and X is COerr]CHerr], Yis not Hand further provided tHat ¢ ftX &Nnds X
and Y-and Y' are the same, X and Y arfzpot H, and R is an anion.

19. A salt according to claim 18 wherein the

counterion is a cation selected from the group consisting of

2 2% 2+

NHQ*Q guanidinium, Ag+, Li+, Na+, X*, Ca *,-Mg ¢ ¥Mn® or

cdz*, er an anion selected from the group consisting of

80425, a halide, carbonate, hexafluorophosphate or

tetrafluoreborate perchlorate.

20. A method for determining the presence of a
chemical moiety according to claim 1 which comprises forming
a reagent mixture containing the chemical moiety and

detecting the presence of the moiety.

21. A method accerding to claim 20, wherein
determining the presence of the moiety comprises an emission

or abseorption spectroscopic, atomic absorption,

electrechemical, chemical, chemiluminescent,

photoluminescent, or electrochemiluminescent method. 12 SEP 199

22. A method according to claim 20, wherein
determining the presence of the moiety comprises inducing
the chemical molety té& emit electromagnetic radiation and

detecting the emitted electromagnetic radiation.

23. A method of détgrmin;ng the presence of a
chemical moiety having the formula:
3 4 3

Ine(mmml!nmz)om )L ) gL NEAS IR TS



80. A method of detecting in a predeterm ned volune of a nulticonponent,
l.iquid sanpl e an anal yte of interest present in the sanple_at_a
concentration bel ow about 10[err] nolar which conprises: (a)
the sanple with a reagent conprising an electrochenllunln,ﬂpﬂl wWﬂmﬂmm
DI ety contai ning a rheni um containi ng organi ¢, conpound andihea ,mh
reagent is (i) capable of being iypduced to repeatedly emt electronﬂgn§t|
Fadi ati on upon exposure to an anount. of chem cal, elect-

wherein:

P is a polydentate ligand of Re;

Li, LZ, LS, Lé, LS and LG are ligands of Re, each

of which may be the same as or different from each

other ligand;

B is a substance which is a ligand of Re or is

conjugated to one or more of P, Ll, Lz, LB, L4, LS

or Lﬁs
m is an integer equal to or greater than 1;

each of n, ©, p, g, ¥ and s is zero or an integer;

t is an integer egual to or greater than 1l; and

u is an integer egual to or greater than 1;

o
- = e

p, i, 1.2, 1.3, 14, 13, 18

and B being of such
composition and number that the chemical moiety
can be induced to emit eleetxcmagneﬁic radiation
and the total aumbE: of bonds to Re provided by |
the ligands of Re being equal to the coordination

aunber of Re;

REPLACEMENT 5t EET
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147 rochem cal, or electromagnetic energy froma suitable source effective
t.0o induce the reagent to repeatedly emt radiation and (ii) capabl e of
conmbining with the analyte of interest, the contact being effected under

appropriate conditions such that the analyte and reagent—ﬁﬂﬁbfﬂe-—éb%~——___
exposing the resulting sanple to an anount of chem cal, e]egctr Qiﬂr Ir,”"(ir

el ectromagnetic energy froma suitable source effectlve ty
reagent to repeatedly enmit radiation, the exposure being €&
sui tabl e conditions 129

the method comprising:
{a}] forming a reagent mixture under suitable
| conditions containing the chemical moiety;

{b} dinducing ﬁhe chemical moiety to emit
electromagnetic radiation by exposing the reagent
mixture to chemical, electrochemical, ox
electromagnetic energysland

{c) detecting the emitted electromagnetic radiation
and thereby determining the presence of the

chemical mmiety.

24, A method according to claim 23, wherein said

moiety is capable of binding to a chemical agent.

25. A method of determining the presence of an
analyte of interest which binds to a chemical moiety, said

moiety having the formula

6
o tre (2 (11, 1y oty why ¥y w1 ey

wherains

P is a polydentate ligand of Re;

b 2 3 4 3

t*, 1%, 3, 14, 1 §

and L~ are ligands of Re, each
of which may be the same as or different from each

other ligand;

Fia TRrNEN
¥ {
i 3 R

el T

12 SEP 1996




so as to induce the reagent to repeatedly enit el ectromagnetic radiation;
and (c) detecting electromagnetic radiation so emtted and thereby
detecting the presence of the analyte of interest in th :

nmet hod for establishing an internal standard for an electr 11' W§ ﬁﬂ
assay systemconprising the steps of (1) formng a SO|UtIﬁS E ) )
an anal yte conprising a first el ectrochem | um nescent nnl , ¢adl

i hternal standard conprising a second eljggtrochem | um nescent noiety,

8 is a substance which is a ligand of Re or ig
conjugated to one or more of P, Ll, LZ, LB, L4, 13

or LG;

m is an integer equal to or greater than 1;
each of n, o, p, 4, ¥ and 8 is zero or am integer;
t is an integer egual te or greater than 1l; and

u is an integer equal to or greater than 1;

B, Ll, LZ, L3, L4, Ls, LG and 8 being of such
composition and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by

the ligands of Re being egual to the coordination
number of'Re:

the methed comprising:
{a} contacting the analyte with the chemical moiety
. under suitable conditions soc as to form a reagent
mixture; ) |
(b} dinducing the chgmical moiety to emit
electromagnetic radiation by exposing the reagent

migture to chemical, electrochemical, or

electromagnetic energy; and

REPLACEVENI 51
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said first and second noieties having =~ 148 el ectrochem | um nescent
characteristics substantially independent of one another that significant
interference between themis not encountered, and having
elrectrochem | um neseent em ssions at sufficiently different
t hat each can be viewed independently of the other, and (Zw“l
measuring the

131

{c} detecting the emitted electromagnetic radiation
and thereby determining the presence of the

analyte of interest.

26. A competitive binding method of determining
the presence of an analyte of interest wherein the analyte
and a chemical moiety bind competitively to a complementary:

material, the chemical moiety have the formula:
1 2 3 4 5 ] :
EReIE}m(L }n(L )Qﬁb )p{§ )q(L )I(L Bs]t(BDu
whezreins
Re is rhenium:

P is a polydentate ligand of Re;

1, Lz' LB, Lé, LS

of which may be the same as or different from each

L and 1.° are ligands of Re, each

@

other ligand;

B is a substance which is & ligand of ke or is

.c@njugated te ocne or more of P, Ll, LZ, L3, Lé, LS

or L?;

REPL
o
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el ectrochem | um nescence of the analyte and the internal standard. 82. A

nethod as recited in claim81l wherein the analyte is a rhenium cont ai ni ng
noi ety and the internal standard is an osm um containing noiety. 83. An

el ectrochem | um ni scent rheni um containing noiety having the formula [err]
wherein Wis selected fromthe group consisting of CHO, COOH, NH err] and
Br, Ris an anion, nis an integer, mis 1, 2

m is an integer equal to or greater than 1;
each of n, 0, p, 9, ¥ and s is 2eroc or an integer;
t is an integer equal to or greater than 1; and

u is an integer equal to or greater than 1;

4 5 6

1 2 3, L, L7, L and B being of such

P, L7, L, L
couposition and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds to Re provided by
the ligands of Re being equal to_the coordination

number of Ré;'

said method eomprising:

{a) contacting the complementary material, the
chemical nmoiety and the analyte under suitable
conditions so as to form a reagent mixture;

(b} inducing the cheﬁiaai’moiety to emit
electromagnetic radiation by expesing the reagent
nmixture to chemical, electrochemical, or
electromagnetic energy; and

{e) detecting the emitted electromagnetic radiation
and thereby determining the presence of analyte of

interest.

REPLACEMENT SHEET
12 SEP 1996




or 3 and the bipyridyl group is substituted or unsubstituted. 84. A nethod

as recited in clainms 23, 26, or 80, wherein a plurality of analytes are in

a rmulticonmponent mxture and the assay is carried out sinultaneﬂusxxgﬂiib_‘____
respect to said plurality of anal ytes using a conbination of
eFectrochen | um ni scent noieties containing (1) ruthenium ar Aﬂﬂﬂﬂ'*v

osm um and rhenium or (3) ruthenium osm um and rhenium 8

conposition of matter having the formula [X-(Y)[err]-Z][err] (R)[erFIwb s
wher ei n 133

27. A method according to claim 23, 24, 25, or 26
wherein B is a substance covalently bound to one or more of
P, Ll, ng Ls, Ld, LS, or_LG through one or more amide or

amine linkages.

28. A method according to claim 23, 24, 25, or
26 wherein B is whole cell, virus, subcellular particle,
nucleie acid, §@lysacchézide, protein, glycoprotein,
lipoprotein, lipopolysaccharide, lipid, fatty acid, peptide,
cellular metabelite, hormone, pharmaceutical agent, |
tranquilizer, barbiturate, alkaloid, stercid, vitamin, amino

acid, sugar or nenbiological polymer.

28. A method accdording to claim 28, wherein B is

a2 nucleotide or polynucleotide.

30. A method according to claim 28, wherein B is
a serum-derived aﬁtibody-ar a monoclonal ahtibody.

31. & method acea;dinéet@ claim 24, wherein said
chemical agent is & whole cell, virus, subcellular particle,
nucleic acid, polysaccharide, protein, glycoprotein,
lipoprotein, lipopolysaccharide, lipid, fatty acid, peptide,
cellular metabolic, h@rm@né, pharmacological agent,
tranquilizer, baébigurate, alkaloid, steroid, vitamin, amino

acid, sugar, or nonbiclegical pelymer.

(- e st e
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X is one or nore nucleotides which are the sane or different, one or nore
am no acids which are the sane or different, an antibody, an anal yte of

i nterest or an anal og of an analyte of interest. 150 Yis a Iinker
group; Zis a chemcal noiety having the formula

[Re(P)[err](L[err])[err](L[err])[err](L[err])[err](L[err])[err r])[err

. I L

134

32. A method according to claim 24, wherein saig

chemical agent is immobilized on the surface of an assay

vessel.

33. A method according to eclaim 24, wherein said
chemical agent is a serum~derived antibody or a monecclenal

antibody.

34. A method according to claim 26, wherein B is
the same substance as said aﬁalytee

35. A method acecording to claim 25 or 26, wherein
-said analyte is a whole celi, virus, subcellular particle,
nueleic acid, polysaccharide, protein, lipoprotein,
lipopolysaccharide, lipid, fatty acid, glycoprotein,
peptide, cellular metabolite, hormone, pharmacoclogical
agent, tranguilizer, barbiturate, alkaloid stercid, vitamin,

a@inb acid, sugar or.nonbiological polymer.

- 36. A method according to claim 26, wherein said
complementary material is a whole cell, virus, subcellular
partiele, nucleic acid, polysaccharide, pr@téin
glycoprotein, lipoprotein, lipopolysaccharide, lipid, fatty
acid, peptide, cellular metabolite, hormone, pharmaceutical

agent, tranguilizer, barbiturate alkaleid, stercid, vitamin,

amino acid, sugar or nonbiological polymer. QQPEAP,
. ll

S e——




Pis a polydentate |igand of Re; L[err], L[err], L[err], L[err] , L[err]
and L[err] are ligands of Re, each of which may be the same as or different
fromeach other ligand; Ris an anion; mis an integer equal to or greater

than 1; each of n, o, p, g, r and s is zero or an integer; t 1S an integer—
‘'equal to or greater than 1; and u is O or an integer

: | A O 0 i

¢ L B 8 «
1335

37. A method according to claim 36, wherein said

chemical material is a serum—derived antibedy or a

monoclonal antibody.

38. A method according to claim 36, wherein said

chemieal materxrial is a DNA or RNA fzagﬁent.

3%9. 2 method- according to claim 24, 28 or 26
wherein the method is a homogeneous method and the suitable
eonditions are such that bound chemical moiety and-unbcund
chemical moiety are not separated before the'reagént ﬁixtuze

is exposed to the energy source.

40. A method according to claim 24, 25 or 26
wherein the method is a heterogenecus method and the
suitable conditions comprise the separation of bound
cherical moiety and unbound chemical moiety prior o

exposure of the reagent mixture to the energy source.

41. A method according-to tlaim 25 or 26, wherein
the analyte is fixed to an insoluble matrix.

42. A method according to claim 41, the methed
being a sandwich method.

43. A method according to claim 24, wherein the

chemical agent is fixed to an insoluble matrix, and the




151 v is 0, 1, 2 or 3; wis Oor 1; P, L[err], L[err], L[err], L[err],

Lkerr] and L[err] being of such conposition and nunber that_the chem ca

noi ety can be induced to enmt electronagnetic radiation and‘F%EhFBTéT“--~_“
nunber of bonds to Re provided by the Iigands of Re being eqydiiiEag

coordination of Re, provided that wis O when v is 0. 86. A P

matter as clainmed in claim85 wherein Y is -(CHerr])[err]-
- CH=CH CO- NH(CH[err]) [err] NH COygH err] ) m

chemical moiety is a component of a biclogical fluid or

synthetic reaction mixture.

44, A method according to claim 26, éhe method
being a competitive binding method wherein the egmplementaxg

material is fixed to an insoluble matrix.

45. A heterogenscus method according to claim 44,
wherein the complementary material is a monoclonal antibody

and the insoluble matrix is the surface of an assay vessel.

4. A homogeneous method according to claim 44,
wherein the complementary material is a monoclonal antibody

and the insoluble matrix is the surface of an assay vessel.

47. A method according to claim 23, 24, 25 or 26
wherein the reagenﬁ mixture is exposed to a combination of
éleetr@magnetiq radiation, chemical enexgy, and

electrochemical energy.

- - e

48. A W@ﬁhcé according tofclaim 23, 24, 25 or 26
wherein the chemical moiety is oxidized by the exposure to

the energy source.

49. A method according to claim 23, 24, 25 or 26

wherein the chemical moliety is reduced by the expcsure_to

/T SHEET

e |

the energy source. RF?#,Q
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-(CH err]) [ exrt-
- ¢CH err ) [ gREALGLCER: el
n and r are lal: tﬁ% sanme or ind
than or egual }o qlp SBP. ®Rbcohm
wherein Z is{bls (2 2' - bi pyr

err]- or
CH err])[err]-CO NH (CHe err] and m
all the sane and each is an |nte reater
psition of nmatter as cl ai ned I i

| di ne) (4-butan-1-al)- 4'nethyl -

| /
o i pyridine) [4-methyl .2, mﬁﬂiﬁl/

—~r—

rhenlun1 (2 ?' LbipydimeT Tl |n1dohexan0|c acid, 4- nethyl

-butyl ami da rhenlun1 or__hi
2'-bipyridin" =yT] rheni um 88 A conposi tion of natter as claimed In
claim 85 wherein X is 137

S0. A method according to claim 23, 24, 25 or 26,
wherein the reagent mixture contains oxalate, pyruvate,

lactate, malonate, citrate, tartrate or peroaxydisulfate.

51. A wmethod according to claim 49, wherein the

energy source is a chemical reducing agent.

52. A method according to claim 51, wherein the

chemical reducing agent is magnesium.

53. A method according to claim 48, wherein the

ene€rgy scurce is a chemical oxidizing agent.

54. A method according to claim 33, wherein the

@xi@iéing agent is a Ce (IV) salt or PbO, .

55. A method ,according to claim 49, wherein the

reagent mixture contains pez@xydisulﬁat&.

-
an -
o -

56. A method according to claim 48, wherein the
-reagent mixture contains oxalate, pyruvate, lactate,

malonate,  citrate or tartrate.

57. A method according to claim 23, 24, 25 or 26,
wherein the reagent mixture is continucusly exposed to an
electrode whose potential oscillates between a potential

sufficient to effect the reduction of said chemical moiety,



t heophylline and u, v and ware 1. 89. A chenmical noiety having the
formula wherin P is a polydentate ligand of Re; L[err], L[err], L[err],

LTerr],L[err] and L[err] are ligands of Re each of which may be the same as
or different from each ot her l'igand; B in a non-biological s nﬂ m

a ligand of Re or is conjugatedto one or nore of P, L[errﬂl,,ﬂmmﬂ ﬂﬂ I
L[err], L[er] or L[err]; mis integer equal to or greater tharf 1;* edch®of*
n, oo p, q, r and s is zero or an integerer; t is an integer equal to or
greater than 1; and u is an integer equal to or greater than 1; P, L[err],

L[err], L[err], L[err],L[err], L[err] and B being of such conposition and
nunber that the _

138

and a potential sufficient to effect the oxidation of the

chemical moiety.

58. A method according to claim 48, wherein the
energy source is an electrode whose potential oscillates
above and below a potential sufficient to oxidize the
chemical moiety and the reagent mixture contains oxalate,

pyruvate, lactate, malonate, tartrate or citrate.

59. -A method according to claim 48, wherein the
energy source is an electrode whose potential is constant
and sufficient ﬁ@ oxidize said chemical molety, and the
reagent mixture contains oxalate, pyruvate, lactate,

maleonate, tartrate, or citrate.

eae A method according to claim 49, wherein the
enexrgy source is an electrode whose potential escillates
above and bel@w a potential sufficxent to reduce said
chemical m@igty and the zeaggnt mixture contains

peroxydisulfate.

§1. A method according to claim 49, wherein the
energy source is an electrode whose potential is constant

and sufficient to reduce said chemical m@iety, and the

reagent mixture contains peroxydisul fate.




chem cal noiety can be induced to emt electromagnetic radiation and the
tetal number of bonds to Re provided by the |igands of Re being equal to
t he coordination 153 - of Re. 90. The chemi cal moiety if claimi—""

wherein B is a conpound capabl e of specifically binding to an anal yte
anal og of said analyte. 91. The chemical noiety of claim ;6 “‘!@\Ig‘“
a, conpound of bi ol ogical orign or a conpound having bi ol ogi L s

92. The chemical noiety of claim1, wherein B is an antibody. ‘93. The
chemical noiety of claim1, whereit®B is a nucleic acid.

62. A system for determining the presence of a

chemical moiety having the formula:
1 2 3 4 ] 6 _
{Re () (L) (L) 4 (L bp(L inL ) (L }SltiB)u

wherein:

P is a poiydeﬁtate ligand of Re;

1 .2 .3 _4 _S

L°, L, L, ., L°, and Lﬁ are ligands of Re, each

of which may be the same as or different from each

other ligand;

B is a substance which is a ligand of Re or is

conjugated to one or more or P, LY, 1%

LS, or LG;

. 1%, 13, 14,

wm is an integer equal toc or greater than 1;

-
- - N w e

each of n, ©, p, g, ¥, and s is zero or an

integer;
t is an integer egual to or greater tham i; and

u is an integer equal to or greaﬁe: than 1,
FFPE ACH y»isz’\ﬁ‘ SHEET
12 SEP 199
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112, 13, 14, 1%, 1.5 ana B being of such

Pe L
composition and number that the chemical moiety
can be induced to emit electromagnetic radiation
and the total number of bonds tc Re provided by
the ligands of Re being equal to the coordination

nunber of Re;

the system comprising:
_@a) a reagent mixture comprising the chemical moiety;
(b} means for inducing the chemical moiety to emit
electromagnetic radiation; and
{e}] means for detecting the emitted

electromagnetic radiation.

63. A system for determining the presence of én
analyte of interest which binds to a chemical moiety, the

moliety haviﬁg the structéral fcﬁmulé

2

(re ey, whr ety ah g w® wf ey

- : = e

wherein:

P is polydentate ligand of Re;

1}, 12, 12, 14, 1.5, ana 1% are ligands of Re, each
of which may be the same as or different f£rom each

cther ligand;

T SHEET
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B is a substance which is a ligand of Re or is
conjugated to one or more of P, Ll, LZ, LE, LQ,
.3 §

» 6r L~ through one or more amide or amine

linkages;
m is an integer egual to or greater than i;

each of n, 0, p, ¢, ¥ and 8 is zerc or an integer;

t is an integer egual to or greater than 1; and

u is an integer egual to or greater than 1, -

i 2

p, Lt L 3 4 5 6

-,-& e L , L7, L and B being of such
compositien and number that the chemical moiety
can be induced to emit electxcmagnetic radiation
and the total number of bonds to Re provided by
the ligéhds cf§Re being egual to the coordination
anunber Re;

" the system comprising:

(a) the chemical moiety

{b) a means for contacting the chemical moiety with
the analyte of interest to form a reagent mixture;

{(c} a medns for imducing the chemical moiety to emit
eiggér@magngéic radiation; and

(d} a means for detecting the emitted electromagnetic
_ i)

radiation.

‘ s S KT
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64. A composition which comprises the chemical
_m@i@ty of claim 1 and one or more different chemical
moieties each of which can be induced to emit

electromagnetic radiation of a differeﬁﬁ wavelength.

§5. A compoasition of claim 64, wherein the

chemical moieties are esach attached to different analytes of

interest.

66. A method of determing the presence of the
chemical moieties of claim 64, which comprises:

{a) forming a reagent mixture under suitable
conditions containing. the chemical moieties;

{(b} 4inducing the chemical moieties to emit

| electromagnetic radiation by exp@siﬁg the reagent
nixture toc electromagnetic energy, chemical energy
or electrochemical energy; and

{e} detecting the emitted electromagnetic radiation of
different wavelengths and thereby determinxng the
presence of the chgmical moieties.

67. A meth@d.@ﬁ determining the presence of one
or more analytes of interest which bind selectively to the
different chemical moieties of claim 64 which comprises:

{a) contacting the analytes with the chemical moieties

under suitable conditions so as to form a reaqent

mixture; QF?_hh
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{b) indueing the chemical molieties to emit

electromagnetic radiation by exposing the reagent

mixture to electromagnetic energy, chemical enerqgy

or eleetr@chemiéal energy; and

{e) detecting the emitted electromagnetic radiatien of

different wavelengths and thereby determining the

presence of each of the analytes of interest.

68. A method according to claim 23, wﬁerein the
reagent mixture cgmpriées one or more different chemical
moieties each of which can be induced to emit

electromagnetic radiation of a different wavelength.

€%9. A method according to eclaim 25, wherein the
reagent mixture comprises one ¢r more different chemical
moieties each of which can be induced toc emit
electromagnetic radiation of a different wavelength, each
moiety being attached to a different analyte of interest.

70. A method according-to claim 25, wherein the
reagent mixture also comprises one or more different
chemical moieties each of which can be induced to emit

electromagnetic radiation of a different wavelength.

?19 A sysﬁeﬁ according to claim 63, wherein the
reagent mix;uxg comprises one or more different chemical
moieties each of which can be induced to emit
REPLACEMENT &
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electromagnetic radiation of a different wavelength, each

moiety being attached to a different analyte of interest.

.72. A composition of claim 64, wherein the
different chemical moieties are induced to emit
electromagnetic radiation by exposure to energy of a

different value from a different socurce.

73. A composition of claim 72, wherein the

chemical moieties are each attached to a éiﬁfereht

substance.

74. A method of determing the presence of +the
chemical mgieﬁies ofic;aim 72, which'csmp:isess

{a] forming a reagent mixture under suitable
conditions containing the chemical moieties;

{(b} inducing the chemical moieties to emit
eleétromagnetic radiation at different timeé by
exposing the reagent mixture at different times to
energy of différené“val&es or from different
sources; and

(e} detecting the emitted electromagnetic radiation
after exposing the'reagent nixture to each of the
different values or different socurces of energy
and thereby determining the presence of each of

the chemical moieties.

'42 SEP 1995
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75. A method according to claim 23, wherein the
reagent @ixture comprises one or more different chemical
moieties each of which can be induced to emit
electremagnetic radiation by exposure to energy of a

different value or from a different source.

76. A method according to claim 25, wherein the
reagent mixture comprises one or more different chemical
molieties each of which can be induced to emit
electromagnetic radiation by exposure to energy of a
different source, each moiety being attached to a'diﬁferent

analyte of interest.

77. A system accoxding to claim 62, wherein the
reagent mixture also comprises one or more different
chemical moieties each of which can be induced to emit
electromagnetic xadiatidn by exposure to energy of a

different value or from a different source.

78. A system according_ to elaim 63, wherein the
reagent mixture comprises one or more different chemical
mojeties each of which can be induced to emit
electromagnetic radiation by exposure to energy of a
different value or from a different source, each moiety

being attached to a different analyte of interest.

12 SEP 595
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wherein ¥ and X' and ¥ and ¥' may be the same ér different,
% and X' may be N(Cﬁzﬁsyz, CH,, CH,0, Cells €1, CO,CH,, cy,
qﬁ NOZ, and ¥ and ¥® may be either H or CH3, provided that
if X and X' and Y and ¥' are the same and X is CO,CH,4, ¥ is
not H and further provided that if X and X' and ¥ and ¥' are

the same, X and Y are not H; and R is an anion.

86. A method .0f detecting in a predetermined
volume of a multicomponent, 1iquid sample an analyte of
interest presemt in the sample at a concentration below
about 1033 molar which comprises:

{a) contacting the sample with a reagent comprising an
electrochemiluminescent chemical moiety containing
a rhenium-containing organic compound and wherein
said reagent is (i) capable of being induced to
repeatedly emit electromagnetic radiation upon

exposure to an amount of chemical, elect-



{b}

{c}

|, A
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rochemical, or electromagnetic energy f£rom a
suitable source effective to induce the reagent to
repeatedly emit radiation and (ii) capable of
combining with the analyte of interest, the
contact being effected under appropriate
conditions such that the analyte and reagent
conbine;

exposing the iesulting sawple to an amount of
chemical, electrochemical, or electromagnetic
egergyhﬁrem a suitable source effective to induce
the reagent to repeatedly emit radiation, the
exposure being effected under suitable conditions
so as to induce the reagent to repeatedly emit
electromagnetic radiation; and

detecting electromagnetic radiation so emitted and
thereby detecting the presence of the analyte of
interest in the sample.

&

8l. A method for establishing an internal

" standard for an electrochemiluminescent assay system

comprising the steps of

{1}

forming a sglutién-centaining

{a) an analyte comprising a first
electrochemiluminescent moiety, and

{(b) an internal standard comprising a second
_electgcchemilumineseent moiety,

said first and second moleties having
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electrochemiluninescent characteristics
substantially independent of one another that
significant interference between them is not
encountered, and having electﬁcchem%luminescent
emissions at sufficiently different wavelengths -

that each can be viewed independently of the

other, and
{2) independently measuring the

- electrochemiluminescence of the analyte and the

internal standard.

82. A method as recited im claim 81 wherein the
analyte is a rhenium containing moiety and the intermal

standard is an osmium contalning moiety.

83. An electrochemiluminiscent rhenium-containing

moiety having the formula

= ) Em*
oc % Nee )] "
N g | R
S
Ba ’
\ / T

s o
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wherein W is selected from the group consisting of CHO,
COCH , NHZ and Br, R is an anion, n is an integer, mis 1, 2
@r-B and the bipyridyl group is substituted ot

unsubstituted.

84. A method as recited in elaims 23, 26, or 80,
wherein a plurality of analytes are in a multicomponent
mixture and the assay is carried sut simultanecusly with

respect to said plurality of analytes using a combinétion of

electr@ehemiluminiscenﬁ moieties containing
{1} ruthenium and rhénium,
{2) osmium and rhenium, or

{3} ruthenium, osmiuvm, and rhenium.

85. A composition of matter having the formula

V*#
[x-(2) 21V (R

;ﬂ 2 SEP 19%‘-/1

X is one or more nuclectides which are the

awhefein

same or different, one or more amino acids

whiech aze the same or different, an antibody,
".vrn ’(‘“‘!

an ana%yte of ggﬁi&iﬂﬁ;

analyté @f’ihﬁgf@§@5

an analog of an
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¥ is & linker group;

Z is a chemical moiety having the formula

i 2 3 4 ] . B
[Re(P)m(L )niL SOEL )p(L )q(L )r(L )s]t
wherein

P is a polydentate ligand of Re;

Ll, Lz, LB, L4, LS and Ls are ligands of Re,

each of which may be the same as or different
from each other ligand;
R is an anion:

m is an integer equal to or greater than 1i;

each of n, ©, p, 9, * and 8 is zero or an

integer:;

t is an integer equal to or greater than 1l;

and

u is 0 or an integer;

RO SO

|
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w is 0 or 1;

1 2

p, L, L 3 4 5

; L, L , L and &6 being of such
comp@siti@n~and number that the chemical

moiety can bé induced to emit electromagnetic
radiation and the total number of bonds to

Re provided by the ligands éf Re being egqual —
té the coordination of Re, provided that w is

8 when v is ¢.

86. A composition of matter as claimed in claim
85 wherein ¥ is eﬂCHZ)ns, wCH%CEaCDENHE{CEZ)nEEHECO$(CHZ)mE,
EﬁCEZ)mECOeNHE(CHZ)ne or Q(CHZBmEC(CHBRZ(CEZ)n&COENHE
tcd,) and m, » and r are all the same or mot all the same

and each is an integer greater than or egual t@‘la

87. A c@mpcsgti@nv@f @gttgg as claimed in claim
85 wherein %2 is bis (2,2'-bipyridine) [(4-butan-=1-al)-
4°*methyl-2,2'bipyridine] rhenium, (2,2°-bipyridine)
maleimidohexanoic acid, 4-methyl-2,2'bipyridine-
4'-butylamide rhenium, or bis(2, 2'-bipyridine} [4-methyl-2,
2'~bipyridine-4°'-yl]rhenium.

REPLACEMENT SHEF
12 SEP 1996
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88. A composition of matter as claimed in claim

8% wherein X is theophylline and u, v and w are 1.

REPLACEMENT SHEET
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ABBTRACT
Blectrochemiluminescent moieties having the formula
[Re (P) o (L) 5 {12) o {13), (14} (18} . (L) 1. (B}, in P is a polydentate
ligand of Re: L, 12, L®, L% I° and 1L® are ligands of Re,
each of which may be the same as or different from each

other ligand; B is a substance which is a ligand of Re or
ig conjugated to ome or more of p, 1!, L?, L, Lf, 1® or L%;
m is an integer egqual to or greater than 1; each of n, o,
p, g, ¥ and 8 is zero or an integer; t is an integer equal
to or greater than 1; and u is an integer ecqual to or
greater than 1; p, L', L?, 12, 1%, 15, 1® and B being of such
composition amnd number that the chemical moiety can be
induced to emit electromagnetic radiation and the total
number of bonds to Re provided by the ligands of Re being
_equal to the coordination of Re are disclosed. Qualitative
and quantitative electrochemiluminescent assays for
analytes of interest present in multicomponent Iliquids
using these moieties are disclosed. These methods comprise
contacting a sample with a reagent labeled with an
electrochemiluminescent chemical molety containing rhenium
and capable of combining with the analyte of interest,
exposing the resulting sample to chemical, electrochemical,
or electromagnetic enmergy and detecting electromagnetic
radiation emitted by the electrochemiluminescent chemical
mgi@ty.

{No appropriate figure)
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toluene, Ar (bpy)Re(CO).CI + 2CO {faclal isomer)

Re(COLCI + bpy — s,

CRSOH, RT

P

\ CH,CL,, 3 hrs.

(bpy}Re(COLCI

~— (bpy)Re(CO){0,SCF,)

S

E10H, Ar, A 2 hrs.

N

]

AGCF,SO,, A |
357 . (bpy)Re(COL{O,SCF)

THF, & 3 hrs,

3 Eném&ﬂowz«sxv.

i -
ﬂmIm ﬁoa..wmou“
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what is claimed is:

wherein
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i. A chemical moiety having the formula

e ,wh wdh wdh jwh el aha ey

P is a polydentate ligand of Res

1 2 3 4

tt, 14, 17, 1
of which may be the same as or different from each

¢ LS and L6 are ligands of Re, each

other ligand;

B is a biological substance which is a ligand of Re or is

conjugatéé_t@ cne or more of P, Ll, LZ, Ls. LQ. Ls

ex Lﬁ; :

. m is an integer egual to or greater than 1;

each of n, 0, p, g, *r and 8 is zere or an integer;

t is an integer equal to or greater than 1; and

U is an integer egual to oxr greater tham 1;




‘ . Y [3 8 L,

substituted bipyridyl, substituted bipyrazyl, substituted

tezpyridyl, or substituted phemanthrolyl.

11. A chemical moiety according to claim 1
containing 3 bidentate ligands, wherein each bidentate
ligand is bipyridyl, bipyrazyl, tezpyxidyl, phenanthrolyl,
séhstitute& bipyridyl, substituted'bipyzazyl, substituted
terpyridyl, or substituted phenanthrolyl. '

12. A chemical meiety sccording to claim 11
containing two bidentate bipyridyl ligénds and one

substituted bidentate bipyridyl ligand.

i3. A chemical moiety accorxrding to claim 1,
wherein B is a whole cell, viﬁus, subcellular particle,
protein, lipoprotein, g;ycopxgtein, peptide, nucleic acid,
polysaccharide, lipopolysaccharide, lipid, fatty acidg,
cellular metabolite, hormone, @hazmaeclegiea; agent,

tranguilizer, barbiturate, alkaloid, sﬁercié, vitamin, amino

acid; or sugaz.

14. A chemical moiety according to claim 13,

wherein B is a sexum~derived antibody or moncclicnal

antibody.

15. A chemical moiety accoxding to claim 1,

wherein B is bound to one or mozre of P, Ll, LZ, LB. Lén L

and LS through ore or mere direct amide linkages.

.
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88. A composition of matter a8 claimed in claim 85 wherein X is

theophylline and u, v and w are 1.

8. A chemical moiety having the formula

Re(PlLLEILNANLILE),
wherein

P is a polydemate ligand of Re;
L}, 12, 13, 1%, LS xud L® are ligands of Re, each of which may be the same
as or different from each other ligand;

B is a non-biological polymer which is a ligand of Re or is conjugated to one

or more of P, 1!, 12, 12 L%, L¥ar LS;

m ﬁS an ﬁmwger m@aﬂ o or grea ter

each of n, o, P.q. rands is zero or an integer; RBE’LACE&?ENT SHEET
23 FEB 1999

t is an imeger equal to or greater than 1; and

u is an integer equal to or greater than 1;
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of Re.

capable of

90. The chemical moiety if claim 1, wherein B is 2 compound

inding to an agalyte or an analog of said ansiyte.

91.  The chemical moiety of claim 1, wherein B js 8 compound of biological arigin
or & compound having biclogical activity.

92. The chemical moiety of claim 1, whereln B is an antibody.

93.  The chemical moiety of claim 1, wherein B is a nucleic acid.

-

Ny y .
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ELECTROCHEMILUMINESCENT RHENIUM MOIETIES AND
METHODS

ABSIRACT

Electrochemiluminescent moieties having the formula

[Re (B) , (L), {12) o (L)  {L#) L (L5} (LF) ] . (B}, in P is a polydentate
ligand of Re: L!, I3, L® L% L° and L® are ligands of Re,
each of which may be the same as or different from each
other ligand; B is a substance which is a ligand of Re or
is conjugated to one or more of p, L', L? I3, L%, I® or LS;
m is an integer equal to or greater tham 1; each of n, o,
p, g, ¥ and s is zero or an integer; t is an integer equal
to or greater than 1; and u is an integer equal to or
greater than 1; p, L?, L3, I?, L% LI, L° and B being of such
composition and number that the chemical moiety can be
induced to emit electromagnetic radiation and the total
number of bonds to Re provided by the ligands of Re being
equal to the ccordination of Re are disclosed. Qualitative
and quantitative electrochemiluminescent - assays for
analytes of interest present in multicomponent 1liquids
using these moieties are disclosed. These methods comprise
contacting a sample with a reagent labeled with an
electrochemiluminescent chemical moiety containing rhenium
and capable of combining with the analyte of interest,
exposing the resulting sample to chemical, electrechewmical,
or electromagnetic energy and detecting electromagnetic
radiation emitted by the electrcchemiluminescént chemical
moiety.

{No appropriate figure)
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