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ELECTROCHEMILUMINESC%NT REENIUM MOZETIES AND
METHODS

This applicaticen is a continuation-in-part of
copending U.S. Application Ser. No. 858,354, ﬁil@ﬁIApril 30,
1986, and PCT Application Ser. No. U.S5. 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

disclbsur@s cf these public
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reference into this applicati@n in order to more fully
describe the state of the art to which this invention
pertains,

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 diagnestic
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 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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‘ biochemical, and biological materials without changing the

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 hamogeng@us systems, i.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

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
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labels. These include molecules cbservable by
spectrophotometric, spin resonance, and luminescence
techniques, as well as enzymes which produce such molecules,
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. "Chemilunminescent®
processes entall the creation of the luminescent species by

a chemical transfer of energy. "Electrochemiluminescence"”
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éntails-th@ creation 6f the luminescent species
'electrcchémically.

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.

- i
-

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 .
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transfer of one or more electrons to the electrogenerated
oxidant. Upon oxidation, the chemiluminescent species emits
a photon. In contrast, the subject invention reguires the
direct transfer of electrons from a 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
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 anthracene. 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 suéh 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
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;Cais, csmium is not specifically mentioned, no data are
presented on the efficiency of using Ru or Os in any of the
methods disclosed, 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 iinkaqe. 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

This Sheet
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"0 moles/t under

trisg (bipyridyl)ruthenium{IIl) is 1.1 x 10
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
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



WO 89/04302 PCT/US88/03947

9
‘This work demonstrates that bright @rénge chemiluninescence
can be based on the aguecus reaction of chemically generated
or electrogenerated Ru(bpy)33* (where "bpy" represents a
bipyridyl ligand} with strong reductants produced as
intermediates in the oxidation of coxalate ions or other
organic acids. Luminescence alsc can be achieved in organic
solvent-E

2
chemically generated Ru(bpy)3l+ with streng oxidants

0 solutien by the reaction of electrogenerated, or

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

- - -

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
strong oxidants as ?boz or a CE(IV) salt. It can be

performed electrochemically by a sufficiently positive

potential applied either cecntinuously or intermittently.

—
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Suitable electrodes for the electrochemical ocxidation of
Ru@bpy)32+ are, for exém@le, 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
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; Rn@bpy332+a A gsuitable electrode for such a regenerative
system is, for example, a Pt electrode. This system does
not é@nsume 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/ﬁzoz systgm (Cux?is et al., p. 350). Neither Mandle
noxr Curtis recognizea thé exceptional utility of ruthenium
and csmium eemélexes in chemiluminescent applicati@ns er 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
c@mpléxes were photoluminescent. But when the £ilms were

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

"
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to ph@tclu@inesce@ This was attributed to phcetshydrolysis
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,
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QLZ, LB, L4, Lg, er LS

; m is an integer egual to or greater
than 1; each of a, o, p, g, », and s is zero or an integer;
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 N(CRZHSWZp CHS’ CHBO, CGHS’ ci, COZCH3,lCN,
or NQZ’ and ¥ and ¥' may be either B or 233, provideé that
if X aﬁd X' and Y and ¥' are the same and X is C62CHS, Y is
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 chemical moieties containing the

metal rhenium is in the ease of preparation of those

"
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moieties. Both bipyridyl and nonbipyridyl derivatives ecap

be used in the synthesis of the moieties and in the ultimate
function of those moieties in conjugating an analyte of

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 gl athecotd oI SPRCT Q¥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.
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Metheds for determining the presence of analytes
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 radiation 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

—_——
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radiation so emitted and thereby detecting or gquantifying
the presence of theé analyte of interest in the sample.

The invention is also in a competitive method for
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
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detecting or quantifying 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.gf interest so as to allow the
formation of immecbilized reagent-analyte of interest
complexes; (b) removiﬁg the diagnostic reagent holder from
the ligquid foed or food homogenate; (e¢) rinsing the
diagnostic reagent holder with a suitable rinsing solution;
{a) immgréing thé.pgxtiqn of the diagnostic reagent holder
which containsg tﬁé immebilized zéagenteanalyte ef interest
cemplexes into a detection %pluti@n 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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of a multiplicity of analytes of interest in the liquid food

or food homogenate.

Description of The Drawings
Fig. 1 is a schematic representation 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 electrochemiluminescent intemnsity 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,

is

T
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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 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. Polydentate 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, subst; tuted arvl,
aralkyl, subst;tuted axalkyl, 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 least one of these polydentate arcmatic
heterocyclie ligands may contain mitrogen. Suitable

polydentate ligands include, but are not limited to,

ect Has Been Rzﬁmd
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_ bipYridyl, bipyrazyl, terpyridyl, phenanthreyl, & ?czphyriﬁ,
substituted bipyridyl, substituted bipyfazyl, substituted
terpyridyl, substituted phenanthroyl cr a substituted
perphyrin. These substituted polydentate 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.
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In still ancther embodiment of the invention, the

chemical moiety contains a tetradentate ligand such as a
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
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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
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@CHZPm*NESCOS(CHZﬁn

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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Preferred Rhenium-Containing Moieties

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 NfCHZHS)Z, CKB, CHSO, CSHS' Cl, CGZCHB, CN,
or WO, and Y and Y' may be either H or CHS,'pz@viged that
if X and X* and Y and Y' are the same and X is CO,CH,, ¥ is
anct B and further provided that if X and X' and f and ¥’ are
the same, X and Y are not H; and R is an anion. Compounds
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
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Table 1
X ¥ Method Yield(®) A (cugem)®®
Ntczﬁs)z 4 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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Spectroscopic data are provided in the following

table.

Spectroscopic Characterization

CH O Water
Emission Emugsggn 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

campounds were found to be stable after heating at 65° for 15
m@nutes in 10X 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]

[PY]

R

i
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2 Suitable compounds of the invention have the
folloewing structure
?ﬁ . ° - mcﬁp

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.
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One compound may be

+1

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

N R
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Another compound may be

where 1 is 2 or 3.

PCT{US88/03947

clo
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. Another compound may be

o can :*’l

where n may be 2 or 3. _ e

e
I

. Thi

i
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v
Another compound may be
== c= 41
R
- &=

where n may be 2 or 3.
This Sheet Has Been Reg

i
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These compounds may comprise a composition of

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.
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¢ Also provided by the invention is a composition of

matter having the structure
XECHQCE“CCENHE(CHZ)nENHaCOE(CHZ}mEZ
wherein:

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

”ﬁl’i”il’l' il
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Alsc provided is a composition of matter having

the structure

(p-y-z3 1t
’

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

Gﬂg




WO 89/04302 PCT/USE8/03947

35

[

wherein m, n, and r represent an integer, which may be the
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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It is within the scope of the invention for one or
more of the ligands of Re to be attached to additional
chemical labels, such as, for example, radicactive isotopes,
fluorescent components, or additional luminescent
rutheniumﬁcoétaining or osmiumﬂc@ntaiﬁing 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 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 of
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.

e

)
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Polypeptides include, for example, enzymes, transport
proteins, receptor proteins, and stfuctural 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 Rgﬁmd
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the carbonyl or te the nitrogen of the amide linkage. These
chemical moieties may be ionized. If soc, it is understood
in the art that many different countericns will serve to
neutralize the charge of preparations of the chemical
moiety. Suitable cations include, for example, K*, NH4+,

2+

: .+ + +
guanidinium, Agv, Li , Na , X , Mg , Mn2+, and Cdz*a

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
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isomer, facﬁ(LBRe{C0)3CL. L ié a chelating 2,2°'-bipyridine
liganﬁ; e.9., bpy, Cli,bpy, (COZCHsﬂszy, (an)szy, Me,bpy,
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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500 nm-800 nm). The origins of this property lie in the
guantum mechanical characteristics of the light emission
preocess for the complexes.

A guantum mechanical analysis of the luminescence
process for Ru({IIl} 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
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‘pattern at the chelating bipyridyl or phenanthrolyl moiety,
This leads in part to the wider range of emission
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 respénSe 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 emisgsion yavelengths as compared with the
Ru({II) compounds. The unigue structure of the Re (I}
complexes also permits greater g}exibility anéd 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 lﬁmingscing Re(I) species with minimal interfereﬁce

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

e
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Improved Assays Using Re—Containing Moieties

The inventicn is also in methods of determining
the presence of a chemical meiety 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,
electrochemical, er 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, pH, 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 specific
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

peicsediat.
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. fatty acids, peptides, cellular metabolites, hormones,
pharmacological agents, tranquilizers, barbiturates,
alkaloids, stercids, vitamins, amino acids, sugars, or
nonbiological pelymers. In one embocdiment 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
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chemical moiety having formula I bind competitively to a
complementary material. By "complementary materisl® 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. Variations
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

T
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emission generally occur with the emitted electromagnetic
fad;atlan being between abaut 200 nanocmeters and about 900
nancmeters in wavelength. The potential 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

‘TR ik
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proporticnal in magnit&dé to the incident light intensity,
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.
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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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analytes and complementary materials includ@.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
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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@us.ﬁethods 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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fixed to an insoluble matrix and the &hemical moiety being a
component of a biclogical f£luidé or reaction mixture. The
complementary material may alsoc be fixed to an insoluble
matrix. In both the heterogenecus and h@moégnecus
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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source and the reagent mixture may comprise oxalate,
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

LT
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electroemagnetic radiaticn may be continudusly 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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of the labeled substance of interest to an electrode. Any

labeled substance which is present in the solution but which
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

e b 0 U EDD 4

§ gpecific 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,

and thereby be determined. This particular homogeneocus

@ aws - -

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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on the same sample, and thus 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 inventioun alsoc is in impreoved methods of
detecting in a predetermined veolume of & multicomponent,
liguid sample an analyte of interest present in the sample

=3 nmolar which comprises:

at a concentration below about 10
{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 zeagent
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
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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
or units per liter. For example, 1 x 1@23 gartielés per
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
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 together. In the homogeneocus assays

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 not combined with the analyte of
\- .
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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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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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in the sample at a concentraticn below about 1673 molar
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 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 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 under 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.

This Sheet Has Been Rep
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EXAMPLES
Intreduction
Materials and Methods
Ligands

2,2'-bipyridine (BPY) (Aldrich) was used without
further purification. 4,4'-dimethyl-2,2'-bipyridine
iMeszy} {(Reilly ?ar 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.

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]
370},

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

{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);
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4,4'-bis{carbomethoxy}-2,2'-bipyridine
({CO,CH,) ,bpy) (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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received. Water was deionized using the Millipore Milli-Q

system.

Chromatography

e e aecime moae

o

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.

This Sheet Has Been R¢ﬁaced

fi

e————



WO 89704302 ' . PCT/US88/03947

62

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 argén 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 ?igur@-l. The starting material
for the preparation of the luminescent Re({l) complexes was
R@iC@BSClQ The synthesis of the dried Re (I} species
invalQed 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

asBﬁmR1imwﬂ
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atmosphere for 90 min. with stirring. During this time, the
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 desiccater over Casa4 overnight. If
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
correspending fac-(L)}Re(CO) ;(Etpy) (R) (where R is CFSCO35,
PFSE, Claésn was accomplished by either cf the following

two metheds.

Method I =-- Acid Method.

o 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:

This S
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Preparation of faca[NEtz}szyIRa(CO3SCF3)

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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Preparation of ﬁaceﬁ(NEtzhzbgyﬂRe(CO}S(Etgyﬁ(CFBSOBD

=

Inte a 250 ml round bottom flask equipped with stir bar and

reflux condenser were added 1350 mg. (0.2 mmblh of

fac-[ (NEt bpy]Re(CO)B{OBSCFSE and 50 ml ethanol. T this

2'2
nixture 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 evaporator (Buchi Model RE-121). The remaining
sample consisted ¢f the crude product |
ﬁacaﬁ{NEtz)szy]Re(CO)S(Etpy)(CFBSOS), édissolved 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.

3
é-pyridyl ethane ligand. The yellow product band,

Elution with 1:2 (v/v) CH CN/toluene removed excess

fa@eﬁﬂNEtzbszy]Re(COIB(Etpg}(C?gsogﬁ, 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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yield-(basad on starting [(NEtzhszyBReGCO}B(0358F3)]e The

product is analytically pure.

€,.6,N.0_SF_Re

297355763
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 .
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solvent was collected by distillation immediately prior
to use. |

Inte a dry 250 ml round bottom flask eguipped with
gstirbar and reflux condenser were added 500 mg (0.9%4 mmol)
faCEQClszyPRe€CO)BCl, 242 mg. ({0.94 mmol} AgCFBSOB 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.

degassed for 15 min. and refluxed under argen 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

—
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ﬂv/vB'CHBCN/t@luena and loaded into the column. Elution
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 E_O aad acetone was added dropwise until

2
a homogeneous sclution was observed. SP-Sephadex C-25 resin

was added toc the crude preduct 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
onto the column. Elution with B,0 removed 4-pyridyl ethane

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

A
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as the C1~ sait using aquecus 0.25 M NaCl solution. The
side products of the reaction remained on the column. The
product was isolated as the Pﬁﬁs salt by addition cof
saturated agueous NH4PF6 solution dropwise to the $.25M XaCl
solution containing the product. The

ﬁacs(Clszy)ReicabBREtpy)(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 c§$04 ingthe vacuur desiccator evernight. A
yiglé'af 24% baseé on ﬁClszbee(CO)BCl was cbtained. The
small, bright yellow crysta%s @ﬁv -
facsiClszy@Re@CO)BKEtpy)(?ng éexe analytically pure.

CZQHIENBQBClzRePFS
[ N
Theory ’ 32.14 2.02 5.62
Found ’ 32.80 2,12 5.49
TR
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In general, complexes containing
electron~releasing substituents such as NEtZ; CHBO, CHB'
etec., react cleanly and are readily purified using Procedure
1. Complexes containing electron-withdrawing substituents
such as Cl or NGZ 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 -- Methed 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

T
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ﬁeant enly to provide a gqualitative illustration of the
emission wavelength range which is accessible using these
compounds.

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

EXAMPLE I

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) ef
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 isopropancl. On

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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EXAMPLE II
Preparation of face(bpyjaeﬁcc)s{TSB&SPPA}@Cloﬂﬁg

Cempound ITI

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

T
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were added. When the Lic104 was dissclved the solution was
transferred to a Sephadex LE-20 column (75 cm height x.Z cm
i.d.} for chromatographic purification. The column was
@quilibzatgd with methanol. The sample was run at a flow

rate of between 0.1-0.2 ml/min. Three bands separated. The

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 5 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 poreosity) 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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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

"
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(5.84 mmol) of isonicetinoyl chloride hyérochloride were
added in three portions over a 15 min. interval.
Dissclution to a brown solution eccurred. To this selution
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 caseé. The product was then
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

o -

structure.
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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

taced
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“ precipitate dissolved toc an orange solution. Aas
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, B 0 [257.17 g/mole]

_ C12%11%5%; - e -
c___ B N o
Theory 56.04 4.28 27.24 12.44
y :
: Found - 56.08 4.38 27.17 12.53

The preduct had the following structure.

nmlﬂ“ f I rm
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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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8-{4-pyridyl) theophylline ligand. The filtrate was
chromatographed on a Sephadex LH-20 column (75 cm height x 2
cm i.d4.) using methanol as the eluant. Two bands 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,

This Sheet Fas Betn
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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 300mg (0.522) 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

e

i

e
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water and eluted with 0.25M NaCl.

on the rotoevaporator.

U8 UDOO/UIYS

The f£irst yellow-green
< fraction was collected and the volume reduced to about 25 ml

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.

These

were isclated by suction filtration om 2 15 ml medium

porosity fritted funnel, washed with a very small amount of

ice water, and air dried for 30 min.

The crystals were

further dried in a vacuum desiccator over Drieritega

C,.H. .0 N _ReCl-H_C [695.04 g/mol

217179 3 2
c H N
Theory 36.29 2.76 6.05
Found 36.19 5.86

The preduct had the following formula.

L=

2.49

EZCHZCOQH

.

€io
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EXAMPLE VI

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 agueocus 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

piece of cellulose 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
—
. —

"l
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. electrode {which was closer to the photomuléiplier tube) and

cne electrode functioned as the counter and reference
‘electrode. Measurements were made by sweeping fxom 1.3V to
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

=

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 -

taced
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recorded so that the emission spectrum could be measured
while irradiating at the maximum excitation wavelength and
@@ni@rgely, the excitation spectrum could be recorded while
monitoring the maximum emission wavelength.

Table 2 summarizes the electrochemiluminescence

data of several compounds.

Corpound Ey Eoa Flucrescence _ECT, (S/N)
Re (bgy) (D) 172V =118V (1) 400 mn  2.0x10 M
(4-Etpw) {2) 585 rm {30.0)
Re (bpy) (00) 4 N.D. N.D. (1) 421 me 2.2107'M

(2) 567 e (8.2)
Re (4,4°~(C1], 1.79V  N.D. (1) 371 rm 1.16x107 M
~bpy) (C0) 5 - | (2) 610 e (71.9)
Re(4,4'-lMethyl], 172V  N.D. (1) 404 nm  9,15x10™
~bpy) zc@p3q4~a§ﬁgsy‘§ {2) 556 mm {5.5)
Re (4,4 '~ (Methenyl, 1.74 v  NOD. - (1) 395 mm  1.08x107 M
~bpy) @mggmsg@yy {2} 568 nm (5.9}
Re(4,4° [ (EL) NI, 1.63V  (Irve- (1) 414 ne  1x10 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 5 (4-Etpy) (2) 530 m  (2.6)

{1) Excitation; (2) emission.
L
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The electrochemiluminescence was measured at the
concentration shown and the results are expressed as the

ratic of signal over background.

= ‘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 caiibr&nt or analyte and

the second is the internal standard. Light emission from

This Sheet Has Been R ﬂi
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each TAG must be independently and simultanecusly measured.
One way to accomplish this is by using optical filters
because the two TAGs emit at different wavelengths,

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.

TR
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calibration Studies

24

The ECL of Os(bpy),“", OsTAG, was investigated.

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

Osibpy333*/2*(@.8v vs. Ag/AgCl). The seconéd emission occurs

more positive at 1.46V with a peaked shape. This second

emission is much more intense and near the tripropylamine

cxidation. The extrapolated detection limit was 100 pk
{using a Hamamatsu R374 PMT}.

The ECL of (Me4b§y3Re(433tspyr)ica)B*,ReTag was
investigated. The formal potential for exidation is 1.7V
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

formal potential for oxidation. This material is of
interest because it emits at 5345 nm {(water). The ReTAG
emission is well separated in wavelength from that of
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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2+ +&

Os(bpy) ;= + (Me bpy)Re(4-Et-pyr) (CO),
24% %

Os(bpyly~ + (Me4bPYBReﬁéeEﬁepyr}(CO)S

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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EXAMPLE IX

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

wire ceunter 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 surrounding the 28 gauge platinum
wire counter electrode by 3/32 of an inch equidistantly.)

The silver wire is conrectéd to the EG&G Model 178

IR
!

electrometer probe of the EG&G Model 173 potentiostat/

galvanestat. The platinum 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 £f£rem the

rhenium-labeled rabbit anti-mouse IgG antibody sclution is

T

This
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detected using an Hamamatsu R928 photomultiplier tube, set
ingside a Products for Research Model PRI4Q2RF
photemultiplier tube housing which is fitted with a Kodak
$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 soclution of 1.25 % 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 % lﬁggm. Electrecheniluminescence is

measured as described above.
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Additional sclutions representing various
dilutions ©f 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.
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EXANPLE X
Homegeneous Electrochemiluminescent Immunocassay for Antibody

- to Bovine Serum Albumin

= 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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The electrochemiluminescence of the resulting
mixture of rhenium-labeled BSA antigen and antibedy (rabbit
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.
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EXAMPLE XI

Heterogeneous Electrochemiluminescent Immunocassay for

Legionella Using a Mouse Anti-Legicnella Immuncglobulin G

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

Impunogleobulin G (IgG) Antibedy

= amem = = = = =

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

x 107

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, 7.5 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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the reaction vessel containing 10 ml of DMSQO/deionized,

distilled water (1:1) containing 0.1 M TBABF,K and 18 mM

4
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.
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EXAMPLE XII

Preparation of
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.

Sheet Has Been Reﬁaced
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To purify the reaction product, the sample was
separated on alumina (Merck) 90, activity III, neutral. The
eluants used were petroleum ether/diethyl ether (1:1) (the
starting material elutes é@mpletely with petroleum
ether/diethyl ether {(2:1)}, followed by the preoduct.

Proton NMR analysis confirmed that the structure

of the isolated reaction product is




98

EXAMPLE XILI

Preparation and Purification
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

. This g3, T
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EXAMPIE XTIV

Preparation
of 4-(4-methyl-2,2'-bipyridine-4°‘-yl) butyric acid

0.5 g 0f 4-~{butan~i-al)-4'-methyl-2,2'~-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 disappearéd 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 CH2C12 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
xediéselving at Yower pH. The mixture was extracted five
times with equal volumes of CHZCIZ, dried over Na2594 and
rotoevaporated to an oil which @fbm@gly solidified in vacuc.
The crude solid was rgcrystalliieé 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. .

"
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EXAMPLE XV

Modulation of Electroluminescent Signal Generated By
Re (I)-Theophylline Conjugate Using Antibodies Specific for

Thecphylline

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)
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is added to the reaction mixture. Measurements are made
using a Berthold luminometer that is modified to allow the
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 darried 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-t@ react for 25 min at room temperature.  Then a

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

" This S MmHsBammﬁ
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test tubes are shaken aﬁd kept at room temperature for 15
min. Finally, 100 microliters of the ECL solution is added
to each tube and electrochemiluminescence is meaéured 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 laced
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constant. When an antibody is used which does noct react
with theophylline, only & slight decrease in the
electrochemiluminescence is seen at thé highest
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.
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¢ EXAMPLE XVI

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

é concentration is adjusted te 175 nM. Theophylline is added
J 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

T
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50 mV/sec. The results demonstrate that there is a
correlation between the concentration of thesphylline in 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.
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. EXAMPLE XVII

Assay for Theophylline in BHemolyzed, Lipemic, Icteric and

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

Fluorescence Polarization Assay

o e = = = = = = = = = en

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
Character;stgcsheﬁ Petentially Problematic Serxum

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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Different amounts of theophylline are added to the
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
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Based on these results, the concentraticn of
theophylline in an icteric sample may be determined by
establishing a standard curve for the sample by adding known
| amounts cf the Conjugate to aligucots of the icteric seéum.
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

B ey e

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

ThﬁShmﬂﬁsBumRTide
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dynamiec range will be achievable. Also, measurement of a
much greater variety of analytes is possible with a
lomogenecus electrochemiluminescent immuncassay 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.
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EXAMPLE XVIIZ

Assay for theophylline in serum based on a hetercgeneous

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
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
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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EXAMPLE XIX

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
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loaded into a P-2 gel filtration coclumn (18 inches x 1/2
inch) which is preegquilibrated with 0.1 M triethylammonium
acetate, pH 6.77. The column is eluted with ﬁhe 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.
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EXAMPLE XX

Electrogenerated 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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. EXAMPLE XXI

BHybridization studies of Compound VI-labeled

ecligonuclectide

L' =2 == = = = =5
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 C@m@@un@ VIalabelled DNA are then compared. °
Cencentrati@ns of MGEN-38 DNA, ranging f£rem 50 ng
down to 0.05 ng, are spctted on ? nylon membrane and allowed
to air dry. Duplicate membranes 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 Reﬁaced
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325 arp,

10 units of T4 kinase and 125 microcuries of gamma
The percentage of isotope incorporaticn i#ﬁe DNA is
deternined.

Prehybridization and hybridization solutions are
prepared according to Maniatis (24). Blots are
prehyb:idiéed for 4 hxys. at 53°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 blots‘azg’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

n@gaﬁiva control DNA (phage lambda DNA spotted at 50 ngjl.

jaced
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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

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 n@éleic éciés by centrifugation and repeated
washings. The isclated eamplex was then heated at 100°C in
water for 5 min. to dissociate tﬁ; 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

—
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in 100 ul of 0.01 ¥ phesphate buffer, pE 8.7.100 ul of a

solution of the osmium complex

?GCHZ$QH2&CHO

ZGCHecuzsPQZ)&CLO4)2
{2.3 mg in 300 microliters of 0.0l M pectassium phosphate

(M@pryBZOs(GZPCH

buffer, pH 8.7) were added. The contents were stirred and

allowed to stand at room temperature overnight.

hor bt St e Wlnbudiow ook SRR ORI P AT Y
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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 intc ap?gcpriate cocktail for

TMs}wwH&BumRTme
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. 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) 4 N,Ju 2l
is fizst c@ﬁverted into an NshydzoxySuccinimida 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 ef aminoeliﬁkeé DNA {2 38-mer containing 135
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
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supra. The hybtiéized complex is then captured by another
solid support bound probe complementary to ancther segment
of E. coli DN2 adjacent to the signal probe. The 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 in each

case for the duplex.

il
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wWhat is claimed is: e L m 8

1. A chemical moiety having the formula

' 1, .2, ,.3 4 5 8

(Re{P) (L7}, (L) (L )p(L )q(L )LL) 1 (BY
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, 4, LS

or L6;

4

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;

I ————
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P, Li@ L%, L°, L ; L-, IL.° and S 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 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. —
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6. A chemical moiety acceording toc claim 1,

1, LZ, Lg, Lé, LS and L6 is a

wherein at least one of L

polydentate aromatic hetercecyclic ligand.

7. & chemical molety accozding to claim 6,

1 2 4 5 &

o ]
wherein at least one of L™, L°, L, L°, L and 1L° contains

nitregen.

8. A chemical moiety according to elaim 7,

: 2
wherein at least one ot Ll, Lz, L, L4, L5 and LS is

o ¥
;: 2
®
LT
¥
e
3
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

1, LZ, L3, Lé, LS and L6 is

wherein at least one of L
substituted wiﬁh an élkyl, substituted alkyl, aryi,

substituted aryl, aralkyl, substituted aralkyl, carboxylate,

< -

carboxaldehyde, carboxamide, cyano, 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,

e
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gubstituted bipyridyl, substituted bipyrazyl, substituted

terpyridyl, or substituted phenanthrolyl.

1l1. 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, stercid, 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,

1 3 4 5

. . - 2
wherein B is bound to ecne or more of 2, L°, L, L°, L , L

6

through' one or more direct amide linkages. —-
TMsmmﬂ}hsBamRTme
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i6. 2 chemical moiety having the structure

g .
; e
! ; 3
CH CR,CHNE ~ € - cxa'caztﬁa“<a F&
&,

where &1 is 1, 2 or 3.

17. & chemical moiety having the structure

== ° ® =5 re

where n is 1, 2 or 3.

18. A salt comprising a chemical moiety of claim

16 er 17 and a counterion.

"TitmaL
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v 1. A salt according to ciaim 18 wherein the

counterion is a cation selected f£rom the group consisting of

Nﬁé*, gmanidinium, Ag*, Li*, Na*, K+, Caz+, Mg2+, Mn2+ or
Cdz*s cr an anicn selected from the group consisting of
2=

304 » @ halide, carbonate, hexafluorophosphate 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 according 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,

N D
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P is a polydentate ligand of Re;
Ll, Lz, LB, L4, LS 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;

30
L1
w
o]
£

t is an integer egual to or greater than

u is an integer equal to or greater than 1;

-
- ~

B, Ll, Lz, LB, Lé, LS, Lﬁ and B being ©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 R ﬁ
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. the method cemprising:

{a) forming a reagent mixture under suitable
conéitions containing 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

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;

3 4 5

2,13, 14, 1

ng L%, L and LG are ligands of Re, each
of which may be the same as or different from each

ether ligand;

This Sh lﬁmB&mRWTNxd
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B is a substance which is & ligand of Re or is

conjugated to one or more of P, Lt 2; L, L4, 1,3

or Lég

s L

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: T

{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

&wﬁﬂaBmmRWimm
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{c} detecting the emitted electromagnetic radiation

LU

\
L.

and thereby determining the presence of the

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,
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m is an integer equal to or greater than 1;
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;

1, Lz, LB, L4, LS, La and B being of such

P, L
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:

ia}

{b)

{c}

contacting the complementary material, the
chemical moiety and the analyte under suitable
conditions soc as to form a reagent mixture:
inducing the chemical moiety to emit
electromagnetic radiation by expesing the reagent
mixture te chemical, electrochemical, or
electromagnetic energy; and

detecting the emitted electromagnetic radiation
and thereby determining the presence of analyte of

interest.

—_—
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27. A method according to claim 23, 24, 25, or 26
wherein B is a substance covalently bound to cne or more of

1 2 3 4 5

P, L, L%, &°, L%, 17, er L6 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 gserum-derived aﬁtibody'o: a2 monoclonal antibody.

~w>

31. A method acc@;ding to claim 24, wherein said
chemical agent is a whole cell, virus, subcellular particle,
nucleic acid, polysaccharide, protein, glycoprotein,
lipoprotein, lipcpolysaccharide, lipid, fatty acid, peptide,
cellular metabelic, h@:mcné, pharmacelogical agent,
tranguilizer, barbiturate, alkaloid, stereid, vitamin, amino

acid, sugar, or nonbioclogical polymer.

This Sheet Has B
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32. A method according tc claim 24, wherein saig
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 antibody er a monoeclonal

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.

- This Sheet Has Been Reﬂlaced
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37, A method according to claim 36, wherein said

WP BFjurcesves

chemical material is a serum~-derived antibedy or a

monoclonal antibody.

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
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chemical moiety is a component of a bioclogical fluid.or

synthetic reaction mixture.

44, A method according to claim 26, the method
being a ccﬁpetitive binéding 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. —_—
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56. A method accerding to
wherein the reagent mixture contains

lactate, malonate, citrate, tartrate

51. & method according to

energy source is a chemical reducing

52. & methoé according to

chemical reducing agent is magnesium.

53. A method according to

CTjUS88/03547

R A B

claim 23, 24, 25 or 26,
cxalate, pyruvate,

or peroxydisulfate.

claim 49, wherein the

agent.

claim 51, wherein the

claim 48, wherein the

energy source is a chemical oxidizing agent.

54. A method according to

oxidizing agent is a Ce (IV} salt or

55. A method according to

claim 53, wherein the

claim 49, wherein the

reagent mixture contains percxydisulfate.

-

- = 'y

56. A method according to

claim 48, wherein the

reagent mixture containg oxalate, pyruvate, lactate,

malonate, citrate or tartrate.

57. A method accerding to

claim 23, 24, 25 cr 26,

wherein the reagent mixture is continucusly expocsed to an

electrode whose potential oscillates between a potential

sufficient to effect the reducticn of said chemical moiety,

i
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and a potential sufficient to effect the oxidation of the

chemical moiety.

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 agd 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 contain

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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. 62. A system for determining the presence of a

chemical moiety having the formula:
. i 2 3, .. 4 5 &
[Re (P) (L7} (19 o (87) (2% (07 1%y (1, (B)

wherei

v
3

P is & polydentate ligand of Re;

1

), ¢, 1 6

3, Lé, LS, and L= axe 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

1 2 3

conjugated to one or more or P, L°, L%, L, L,

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,

TN
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2, LB, Ld, LS, LG and B being of such

?, t*, &
composition and number that the chemical moiety
can be induced toc emit electromagnetic gaéiatioﬁ
and the total number of bonds to Re provided by
the ligands of Re being egual to the cgardi@aﬁion

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 meiety, the

moiety having the structural formula

e (p)(nh, f) ) b ety a1 my

£ - e

wherein:
P is polydentate ligand of Re;

Ll, LZ, Lg, Lé, LS, and L6 are ligands of Re, each
of which may be the same as or different from each

ether ligand;

e ——————————
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B is a substance which is a ligand 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 Reg

the system comprising:

{a)
{b)

{e)

{a)

the chemical moiety

a means for contacting the chemical maiety with
the analyte of interest to form a reagent mixture;
a means for inducing the chemical moiety to emit
electromagnetic radiation; and

a- means for detecting the emitted electromagnetic

radiation. . -
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64. A composition which comprises the chemical
moiety of claim 1 and one or more different chemical
moieties each of which can be induced to emit

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; - —_— _

i
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{2} indueing the chemical moieties toc emit

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 cr 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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electromagnetic radiation of a differest wavelength, each

moiety being attached te 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 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.
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75. A method according to claim 23, wherein the
- reag@nt mixture comprises cne 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.

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 enexgy 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.
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7%. A chemical moiety having the structure

| Re (cO) , y/ "}agg“’ R

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

_ t N{CE 3 )
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 pxedetezﬁimed
.volumé'cf 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-

———
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rochemical, or electromagnetic energy f£rom a
suitable scurce 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;
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
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 electrochemiluminescent agsay system

comprising the steps of

{1}

forming a soluticn c@ﬁtaiﬁing

{a) an analyﬁe comprising a first
- electreochemiluminescent moiety, and

(b} an internal standard comprising a second
electrochemiluminescent m@iety,.

gsaid first and second moieties having

E%mBamRTimmd

TR
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electrochemiluminescent characteristics

substantially independent ¢f one ancthexr that

significant interference between them is not

encountered, and having electrochemiluminescent

emissions at sufficiently different wavelengths
that each can be viewed independently of the
other, and

independently measuring the
electrochemiluminescence of the analyte and the

internal standard.

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 Beeln Rcﬁlaced
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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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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
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v is 0; 1, 2 er 3;

w is D or 1;

1

P, L, 1.2

: L being of such
composition and number that the chemical
moiety can be induced to emit electramagnetic
radiation and the total nuxber 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 ¥ is =(CH.,) -, aCH%CﬁeCOsNHE(CHZ)nﬁNHaCOe(CEZ)mE,

Z)n

= (CH *CO&NHE@CHzﬁnS or E!CHz}meC(CHB)Z(CHZ)RSCOﬁNﬁﬁ

Z)m .
@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 c@mpcsiti@n’@f @§ttag as claimed in claim
85 wherein Z is bis (2,2”abipyridineﬁE4abutanalﬁallﬁ
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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88. A composition of matter as claimed in claim

85 wherein X is theophylline and 4, v and w are 1.
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