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ELE~OCBEMILUMINESCENT RHENIUM MO:ETIES AND 
M~THOJDS 

This applicaticm is a continuation-in ... part of 

copendinq U.So Application Ser. No. 858,35~, filed April 30, 

1986, and PCT Application Ser. No. U.S. 87/00987, filed 

April 30, 1987, the coirntents of which applications are 

hereby incorporated by reference ~nto this appiication. 

The invention relates to electrochemiluminescent 

eh~mieal ~oieties which include the metal rhenium. The 

rhenium~centaining ehe::r.ical moieties ar..d complexes thereof 

di~elo~ed in thi~ application offer several advantages ever 

tris~2,2m~bipyridine ruthenium.. (II) and related complexes 

proposed for use in assay systems. These advantaqes 

i:irnelude: ( l) emission quantum efficienu:ies hS ) which are 
r 

qenerally more favorable than those noted for 

tri~~2,2~~bipyridine ruthenium (lI} derivatives1 (2) the 

ability to select the properties of the metal~to~ligand 

charge~tran~fer (~CT) excited state within a wider range of 

value~ ·,than are available for tris ... 2, 2 • ~bipyridine rutheniu."llt 
• = I 

(II) derivatives; and (3) simplified and more economical 

m~thod~ of synthesi~ because both hipyridyl and nonbipyridyl 
<::P -e .. '!° 

derivativ~~ can be used to eonjugate'an analyte of"interest. 

to the complex .. 

pasksi.rou~!l- Qf ~he Ill,V!.~~on 

S~veral publications are referenced in this 

~pplieation by Arabie numerais within parentheses. Full 

eit~tion~ for the~e references are found at the end of the 

~peeification immediately preceding the claims. The 

by 
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ref~rence into this application in order to more fully 

describe the state of the art to which this invention 

rapid, highly specific method~ of deteetinq and quantifying 

chemic~l, biochemical, and biological substancese Of 

particular v~lue are methods fer measu:in9 small quantities 

of pharmaceutic~ls, metabolites, microorganisms and othe~ 

materials of diagnostic value. Examples of such materials 

includ~ narcotics and poisons, drugs administered for 

ther~p~utic purposes, hormones, pathoqenie mie%oor9anis~s 

CUAd viruses, antibodies, metabolites, enzymes and nucleic 

The presence of these materials can of ten be 

determinGd by binding methods whieh exploit the high deq:ee 

of ~peeifieity which characterizes many biochemical and 

biological systems. Frequently used methods are base~ on, 

for ex.mmipl~, antiqen~antibody systems, nucleic acid 

hybridization techniques, and protein~ligand systwns. In 
-these methods, the existence of a complex of diagnostic 

valu~ i~ typically indicated by the presence or absence of 

an ·obs~rvable ll'ilabel~ which has been attached to one or more 

of th(§l complexing m.a:terials .. The specific label.ing method 

cho~~n often dictates the useft;lnes·s and versatility of a 

p~rtieul~r system for detecting a material of interest. A 

pref~rred l&bel should be inexpensive, safe, and capable of 

bein~ attached efficiently to a wide variety of chemical, 

-----·------_ _.......---~---
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Jbioehemical, and biological material9 without ehanqing the 

imi)ortant binding characteristics of those materialss The 

label should give a highly characteristic siqnal, and should 

b~ rarely, and preferably never, found in nature.. The label 

~hould be ~table and detectable in aqueous ~ystems over 

period~ of time ranging up to months§ Detection of the 

label ~hould be rapid, sensitive, and reproducible without 

the n~ed for expensive, specialized facilities er personnel. 

Quantification of th~ label should be relatively independent 

of variables sueh as temperature and the composition of the 

mixture to be as~ayede Most advantageou6 are labels which 

~eparation of the complexed and uncomplexed labeled material 

i9 not necessary. This is possible if the detectability of 

the ltlbel is modulated when the labeled material i~ 

incorporated into a specific complex. 

A wid~·variety of labels have been developed, each 
.. . 

with ·particular advantages and disadvantaqes. For example, 

radioactive label~ are quite versatile, and can be detected 

at v~ry low concentrations. However, they are expensive, 

hazardou~u and their use requires sophisticated equipment 

and train~d personnele Furthermore, the sensitivity cf 

radioactive labels is limited by the fact that the 

d~tect&bl@ event can, in its essential nature, occur only 

once per radioaetive atom in the-labeled material@ 

Mor~over, ~adioactive labels cannot be used in homogeneous 

methods@ Thus, there is wide interest in ~onradioactive 

iiliir 
_ __,, 
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l~bels. These include molecules observable by 

spectrophotometric, spin resonance, and luminescence 

techniqu~s, a~ well as enzymes which produce such molecules. 

Among the U9eful nonradioactive labeling materials are 

orq~nom~tallic conq>ounds. Because of the rarity of some 

metals in biological systems, methods which specifically 

as~~y the metal component of the organometallic compounds 

can be ~uccessfully exploited. For ex~~ple, Cais, u~s. 

immunochemically active materials lahels with certain 

organometallic compounds for use in quantitating specif ie 

&ntigen~o Any g@neral method of detecting the chosen metals 

can be used with these labels, including emission, 

absorption and fluorescence spectroscopy, atomic absorption, 

and neutron activation. The methods often suffer from lack 

of sen~itivity, can seldom be adapted to a homoqeneous 

sy~tem, and as with atomic absorption, sometimes entail 

d~~t:l!:Uction of t~e sam~.le. 

Of particular interest. are labels which can be 

mad~ to lwnine~ce through p]loto9jtemi~al, chemical, and 

eleetroeh~mical means. nphotolu..mineseence~ i~ the process 

whereby a m~terial is induced'to luminesce when it absorbs 

proc~~~~~ entail the creation.of the luminescent species by 

a ch~mical transfer of energy. "Eleetroehemilumineseenee" 

---·--·--------------
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" 
~ntail~ th~ creation cf the luminescent ~pecies 

These luminescent systems are cf increasing 

importanc~® For example, Mandle, U.Se Patent No@ 4,372,745 

(l98J), di6clcses the use cf chemiluminescent labels in 

immuncch~mieal applications. In the disclosed systems, the 

label~ are excited into a luminescent state by chemical 

m~an~ ~ueh as by reaction of the label with H2o 2 and an 

oxalat~@ In these systems, u2o2 oxidatively converts the 

oxal&t~ into a ~igh energy derivative, which then excites 

the l~bele This system will, in principle, work with any 

lumine~cent material that is stable in the oxidizinq 

condition~ of the assay and can be excited by the high 

energy oxalate derivative. Unfortunately, this very 

v~r~atility i~ the source of a major limitation of the 

t~ehnique: typical bioloqical fluids containing the analyte 

of int~re9t also contain a larqe number of.potentially 

luminescent substances that can cause high baekround levels 

Another example of the immunoehemical us~ of 

ehemiluminesc~nc~ which suffers from the ~ame disadvantages 

in Oberhardt ~t alu, U.S. Patent Nee 4,280,815 (1981), who 

disclose the in ~itu electrochemical generation of an 
oxid~nt h~ .. 9 .. , u2o

2
) in close proximity to an immunoreactant 

labeled with a chemiluminescent speciese The 

eleetrog~nerated oxidant diffu~es to the chemiluminescent 

~peei~~ ~nd chemically oxides it, resulting in the net . 
-------
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transfer of one or mare electrons to the electroqenerated 

oxidant@ Upon oxidation, the chemiluminescent species emits 

~ photon~ In contrast, the subject invention requires the 

dir~ct transfer of electrons from a source of 

electrochemical @ner;y to a chemiluminescent species which 

is capabl~ of repeatedly emittinq photons§ 

The present invention is concerned with 

electrochemilu..~inescent labels. Suitable labels comprise 

el~etrochfmdlumineseent compounds, including organic 

compounds and organometallic compounds& 

El®etroehemilumineseent methods of determining the pxesence 

of l~bel~d material are preferred over ether methods for 

many r~a~on~a They are highly diagnostic of the presence of 

a particular label, sensitive, nonha~ardous, inexpensive, 

and c~n b~ u~ed in a wide variety of applications. Orqanic 

compound~ which are suitable electrochemical labels include, 

fer ~xample, rubrene and 9,lO~diphenyl anthracene. Many 

organometallic cQmpoundB are suitable electrochemical 

labels, but of particular use are Ru-containinq and 

Os-containing compounds. 

Ru~eontaininq and os~containin9 organometallic 

compound~ have been discussed in the literatures Cais 

di~clos~s that any metal element or combination of metal 

element~, including noble metals from group VIII such as Ru, 

would b~ ~uitable components ~f organometallic labels 

deteetabl~ by atomic absorption methodss (Cais, col. 11, 

lin~ 20) .. However, ruthenium is not a preferred metal in 

1iiiir 
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•Cai~, osmium is not specifically mentioned, no data are 

pres~nted on the efficiency of using Ru or Os in any of the 

m~thods disclosed, and the preferred method cf detection, 

atomic ab~orption, entails destruction cf the sample .. 

Weber, D.S. Patent No. 4,293,310 (1981), discloses 

the U5e of Ru~containinq and Os~containin9 eomplexe~ as 

electrochemical labels for analyte~ in immunoassays. The 

di~elosed complexes are ·linked to wnino qroups on the 

analyte~ throuqh a linkage. Weber also suggests the 

pos~ibility of for:ming carboxylate ester~ between the labels 

and hydroxy group~ on other a..~alytese 

The presence of the labeled materials can be 

d~t~rmined according to Weber, with an apparatus and method 

which compri5e~ a quencher and an electrochemical flow cell 

with li9ht means. The photoelectrochemically active label 

upon photoexcit~tion transfers an electron to a quencher 

mol~cule; the oxidized molecule is subsequently reduced with 

an electron from in electrode of the flow cell which is held 

at suitable potential. This electron is measured as 

-photocurrento The amount of-free-labeled analyte in the 

~y~t~m is determined by the photocurren~ signal. This 

method i~ the reverse of electrochemilumineseent detection 

of lumine~cent materials. 

In sub~equent reports, Weber et al. discuss the 

probl~m~ ~s~ociated with the use of thi~ method to detect 

Ru~eentaini~g labels (l)e In Table 2 of Weber et al. (l}, 

the extr~polated detection limit for 

\iii if 
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tr is (bipyridyl) rt~thenium (II) is lo l x 10 moles/L U.."lder 

optimal conditions. In anticipating that the actual use of 

these labels would entail measurements in the presence of 

complex mixtures, Weber et al. tested for potential 

interferents in their system. Table 3 of Weber et al. lists 

dimethylalkyl amines, EDTA, N~methylmorpholine, 

N,N•~dimethylpiperazine, hydroxide, oxalate, aseorbate, uric 

acid, and serum as interferents which would presumably raise 

the practical detection limit substantially above 1.1 x 

lO~lO moles/L. These studies were performed with a simple 

Ru-containing compound. No studies were reported in Weber 

or Weber et al@ reqarding the limits of detection of complex 

5Ub~tances la.helled with Ru~containing labels, er en whether 
(I 

the thiourea linkage between the labeled material and label 

i~ ~table under conditions of the assay. 

The particular labels with which the present 

invention is concerned are electrechemilumineseent. They 

can·often be ex~ited t9 a luminescent state without their 

oxidation or reduction by exposing the compounds to 

Qlectromaqnetic radiation or t~_a chemical ene~gy source 

~ueh -~ that created by typical oxalate~H2o2 systems. In 

addition, lmuinescence of these compounds can be induced by 

~lectroehemical methods which do entail their oxidation and 

reduction .. 

Extensive wo~k has been reported on methods for 

det~eting.Ru(2,2'~bipyridine) 3 2+ u~ing photoluminescent, 

ch~milwninescent and electroche:miluminescent means (2,3). 

--------·----·---·-
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can b~ bas~d on the aqueous reaction of chemically generated 

l+ 
or el~etroy~nermt.ed Ru (bpy) 3 (where "bp~t~ represents a 

bipyridyl ligand} with stronq reductants produced as 

intermediate~ in the oxidation of oxalate ions or other 

orq~nie acidsa LW1ineseence also can be achieved in organic 

solvent~s2o ~elution by the reaction of eleetroqenerated, or 

chemically.generated Ru(bpy) 3
1+ with stronq oxidant~ 

gener~ted durinq reduction of peroxydisulfate. A third 

mechani~m for production of electrochemilwninescence from 

Ru(bpy~ 3 2"' involves the oscillation of an electrode 

potential between a potential sufficiently negative to 
l+ produce Ru{bpy) 3 and sufficiently positive to p~oduce 

J+ Ru(bpy) 3 o Thes~ three methods are called, respectively, 

111moxidative reducticm, n ureductive oxidation, l'W and l'llthe 

Ru(bpy)
3

J+/+ reqenerative system.~ 

The oxidative~reducticn method can be performed in 

water~ and produces an intense, efficient, stable 

luminoacence, which is relatively insensitive to the 
- ... 

presenc~ of oxygen er impurities@ This luminescence from 

Ru(bpy) 3
2+ depend~ upon the presence of oxalate er other 

org~nic ~cids such as py:ruvate, lactate, malonate, tartrate 

and cit.rat~, and means of oxidatively producing Ru(bpy>°;l+ ..,. 

sp~ci~~e This oxidation can be performed chemically by such 

strong oxid:ants as Pb02 er a Ce (IV) salt.. It can be 

p@rform~d ~lectrochemieally by a sufficiently positive 

potential applied either continuously or intermittently. 

----------------



Suitabl~ electrodes fer the electrochemical oxidation of 

Ru{bpy) 3
2+ are, for example, Pt, pyrolytic qraphite, and 

9lassy carbono Althouqh the oxalate or other organic acid 

i§ consumed during chemiluminescence, a strong, constant 

chemiluminescence for many hours can be achieved by the 

pre~ence cf an excess of the consumed material ·1n the 

reaction chcmiber. 

The reductive~oxidation method ean be performed in 

pfirti@lly aqueous solutions containing an organic co~sclvent 

such as, for example, acetonitrile. This luminescence 

depend~ upon the presence of percxydisulfate and a means of 

r~duct.ively producinq Ru(bpy) 3
1+ species. The reduction can 

be p~rformed chemically by strong reductants such as, for 

exam.pl~, magnesium or other metals. It can be performed 

electrochemically by a suf ficient.ly neg~tive potential 
II 

applied either continuously or int.ermit.tently. A suitable 

elftctrode for the~eleetrochemical reduction of Ru(bpy) 3
2+ 

i~, for example_, a pol,ished qlassy ... carbcn electrode. As 

with the axidative~reduetion method, continuous,·intense 

lumine~cence ean be achiev,J!ld fo; many hours by inclusion of 

exee~s re&qents, or by continuous addition of the consumed 

reagents to the reaction mixtureo 
3+/+ . The Ru(bpy) 3 reqenerative system can be 

performed in organic solvents such a~ aeetonitrile ·or in 

partially aqueous systems, by pulsing an electrode potential 

betwe~n a' potential sufficiently negative to reduce 

Rufbpy~ 32-4' and a potential sufficiently positive to oxidize 

----------· 
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Rit (bp:y~ 3 
2+.. A suitable electrode for such a :regenerative 

system i~, for.example, a Pt electrode. This system does 

not consume chemical reagents and can proceed, in principle, 

for an unlimited duration. 

These three methods of produeinq luminescent 

Ru~containing compounds have in common the repetitive 

oxidation~reduction or reduction~oxidation of the 

Ru-conta.inin~ c:mmpounds The l~~inescence of solutions 

containing these compounds is therefore hiqhly dependent en 

the electric potential cf the applied energy source, and is 

ther~f ore highly diagnostic of the presence of the 

Ru~containing compoundo 

M~ndle cites Curtis et ale (4) as a possible label 

in chemiluminescent applications. Cµrtis et al@ reports 

only unpublished observations that Ru complexes can be 

induced to emit.light when chemically excited by an 
g 

oxalate/E2o2 ~y~tem (Curtis et al.~ p. 350). Neither Mandle 
... ,t 

nor CUrtis recoqnized the exceptional utility of ruthenium 

utility of electroehemiluminescent systems. 

Sprintschnik, G., et al. (5), have de~cribed 

complwc~s of tris (2,2'~bipyridine)ruthenium(Il) esterified 

with oetadeeanol or dehydrocholesterol, and have created 

monolayer films of these surfactant complexes. The 

eomplex~s were photoluminescente But when the films were 

expe~~d to water, and then to light, the Ru~cemplexes failed 

1iiii 



!2 

to photolU:~inesce.. This was attributed to phctohydrolysis 

of ~~t~r group6 in the presence of light. 

As described in parent application~ 

int~r6~t and chemical substances that bind to analytes of 

intere~t may be ccnvenie~tly attached to Ru~eontaininq or 

09~eontaininq l~bels through amide or amine linkaqese 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 el~et:rcchemiluminescent means.. Electrocheiuilumineseent 

label~, including Ru-containing and Os~containing labels are 

particularly v~rsatile and advantageeuse 

~Unm\~}Y of. The J:~v:cnl~Or.. 

The invention is in a chemical moiety having the 

(:[), 

1 2 3 4 5 
wh~rein P is a polydentate liqand of Re1 L , L , L , L , L , 

~nd L6 ~re lig~nds of Re, each of which may be the saree as, 

or different from, each other liqa:1d1 B is a substance which 
1 

i~ a ligand of Re or is conjuqated to one or more cf P, L , 
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.- 2 
Ll, L4, LS, L

6
i "L , er m is an integer equal to or greater 

than l; each of n, o, p, q, r, and s is zero or an int.egeri 

t is an integer equal to or greater than l~ u is an integer 

equal to or greater than l; and P, i.l, L2, i.l, :n:/i, LS, L6, 

and B ar~ cf such composition and number that the chemical 

moiety ean be induced to emit eleetromaqnetic radiation and 

th~ total number ef bonds to Re provided by the ligands cf 

R~ equ~l~ th~ coordination nmtnber of Re. 

Particularly preferred embodiments of this 

chemical moiety comprise 

wher~in X and xw and Y and Y' may be ~he same or.different, 

X and X0 m~y be N(CB
2

B
5

)
2

, cs
3

, CH
3o, c

6
s

5
, Cl, co

2
cs

3
, CN, 

or N02 , and Y and yw may be either H or CH3 , provided that 

if X and xm ~nd y and ys are the same and X is co2cu3 , Y is 

not H and further provided that it X and xw and Y and Y~ are 

th~ Bame, X ~nd Y are not H' and R is an anion. 

A'first major advantage of the 

electrochemilumineseent chemical moieties centaininq the 

metal rheni~ is in the ease cf preparation of those 
---------· -·-
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moieties.. Bot.h bipyridyl a.m.! nonbipyridyl derivatives can 

~e u~ed in the synthesis of the moieties and in the ultimate 

function of those moieties in conjuqat.inq ~n analyte cf 

A further important advantaqe offered by the Re(I) 

ccmplexe~ versu~ the analogous Ru(II) complexes is that they 

permit, by ehoic~ cf one or more substit.uents on the ligands 

bound to Re, tuning of the emission wavelenqth (i.ea, color) 

for the Re (I) ·complexes over most of the visible spectral 

region (i.e., 500 nm~BOO nm). The origins of this property 

lie in t.h~ qu~nt.wn mechanical properties of the complexes. 

Th~ quantum ef fieieneies of these complexes are also 

superior to these of Ru(!I). 

The Re complexes are used in a method for 

det~et.inq the presenee of a chemic~l moiety having 

formula Io The method broadly comprises: (a) forming a 

re~qent mixture under suitable conditions containing the 

R~~containing ch~~ical z;uoiety; (b) inducing the moiety to 

emit electromaqnetic radiation by exposing the reagent ,, 
mixture to chemical energy, electroc~emical energy, or .. - --
eleetroma9netie ~nergy; and (e) detecting the emitted 

eleetromaqnetie radiation and thereby determining the 

pre~ence cf the chemical moiety@ 

These methods of this invention include detecting 

the chemical moiety where the moiety is capable of binding 

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

ch~mical agent. .. 
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Met.hods for determining t:he presence of tanalytes 

of int~rest which bind te a chemical moiety havinq. fo:rmula I 

are also described as are methods cf determining the 

presence of an analyte of interest wherein the analyte and a 

chemical moiety bind competitively to a complementary 

material .. 

The invention is also in a method of detecting in 

a predet~:rmined volume of a multicomponent, liqt.1id sample 

either the presence of or the amount of an analyte of 

int~r~~t which comprises: (a) cont~ctinq a sample with a 

reaqent comprising an electroche~iluminescent chemical 

moiety containing a rheniu.m~containinq compound wherein said 

compound is (i) capable of being induced to repeatedly emit 

eleetrom~9netic radiation upon exposure to ~n amount of 

chemical, electrochemical, or electromaqnetic enerqy from a 

5Uitab1~ source effective to induce the reagent to 

repeatedly emit radiation and (ii) capable of combining with 

the an&lyte of interest, the contact beinq effected under 

~ppropriat~ condition9 such that the ~nalyte and the reagent 

combine; Cb) exposing tha resulting sample to an amount of 

chemical 11. electrochemica.1·, or electromaqnetic energy from a. 

suitahl~ source effective to induce the reagent to 

repeatedly emit radiation, the exposure being effected under 

suitable conditions so as to induce the reagent to 

repeatedly ·emit eleetromaqnetie radiation1 and (cl detecting 

or qu~ntitatively measuring.the amount of electromagnetic 

-------·-----
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r~diaticn so emitted and thereby detectins or quantifying 

the pr~sence of the analyte of interest in the sample. 

The invention is also in a competitive method for 

d~teeting in a predete~""mined volume of a multicomponent, 

liquid ~ampl@ either the presence of er the a..~ount of an 

an~lyte of interest present in the ~ample which comprises: 

(a) contacting the sample with a reagent comprisinq an 

el~etroehemiluminesc~nt chemical moiety containing a 

rhenium~cantaining compound wherein said· compound is 

(i) capable cf beinq induced to repeatedly emit 

electromagnetic radiation upon exposure to an amount of 

ch~mical, electrochemical, or electromagnetic energy from a 

suitabl~ sourc~ ~ffective to induce the reagent to 

repeatedly emit radiation and (ii) capable of competing with 

the analyte of interest for binding sites on a complementary 

ma.teri~l not normally present in the sample, and with the 

eompl~m~ntary material, the contact being effected under 

appropriate conditions such that the analyt.e of interest and 
~ ·" 

the reagent competitively bind to the complementary 

~terial, (b) exposing the_res~!tin~ ~ample to an amount of 

electrochemical energy,from a suitable source effected to 

induc~ the reaqent to repeatedly emit radiation, the 

exposure being effective under s~itable conditions so as to 

indue~ the reagent to repeatedly emit electromagnetic 

radiaticn1 and (c) detecting o~ qu~ntitatively measuring the 

cm11ount of .electromagnetic radiation so emitted and thereby 
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detecting or quantifying the presence of the analyte of 

inter~~t in the sample. 

The invention also is in methods for detecting and 

identifying the presence er the amount of a multiplicity of 

analyte~ of interest in a liquid-food or food homogenate@ 

Thi~ method comprises: (a) immersing into the liquid food 

or food homoqenate a portion of a diaqnostic reaqent holder 

suitabl~ for immersing into a liquid or solid suspension and 

having immobilized to it a multiplicity of reagents, each 

r~agent ~ing immobilized to the diagnostic reagent holder 

in distinct, identifiable reg~ons and capable of forn-~ng a 

complex with a single analyte of interest so as to allow ~he 

f oxmation of immobilized reagent~analyte of interest 

complex~~; (b) rm®oving the diagnostic reagent bolder from 

the liquid food or food homogenate; (e) rinsing the 

diagnostic reagent holder with a suitable rinsing solution; 

{d) ~rsing the portion of the diagnostic reaqent holder 
:.: ~· 

which contains the immobilized reagent~analyte of interest 

complexe~ into a detection solution w~hich contains at least 

one d~tecticn reag~nt capable of forming complexes with the 

-immobiliz~d reaqent~analyte cf interest complexes so as to 

allow t.he form&tion of immobilized reagent.-analyte of 

int.er~st d0t.eetion reagent complexes; (e) detecting the 

pr~~ence on the identifiable regions cf the diagnostic 

reagent holder to which reagents are immobilized 

reaq~nt-an~lyte cf interest- detection reagent complexes, 

thereby detecting and identifying the presence or the amount 
------------------
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of ~ multi_plicity of ana.lytes of interest in the liquid food 

er food homogenate. 

PE!-~.PE-Et!cm o~=Th_e -~~wiruzs 

Fig. l is a schematic representation of methods 

for preparing the Re~containing moieties cf the invention; 

Fige 2 is a calibration qraph shewing the effect 

of the concentration of a rheniwn~containing calibrant upon 

th~ eleetrocbemiluminescent intensity ef an 

Fiqe 3 is a curve showing the effect of an 

o~milm=containinq internal standard upon th~ 

eleetrochemiluminescence of m rhenium~containinq ealibrant. 

DETAILED DESCRIPTION OF THE INVENTION 
~-~ ~l!.!:::: - -·. -====i==---==-~ 

!ew C~.,!E!~e_aJ= ~2,!_eties Contain~!!q.J!! 

The invention is in a chemical moiety havinq the 

:formula 

(I) , 

whftrein Pis a polydent&te li.gand-of Re; L1 , L2 , Ll, L4 , L5 , 

and L6 are liqands of Re, each of which may be the same as, 

or differ@nt from, each other liqand; s· is a substance which 

i~ a liqand of Re or is conjugated to one or more of P, L1 , 

L2 .,. J L4 LS L6 . . t l .., ""' ,, ...- , , , or ; m 1s a.n in eqe:r equa. ... o or qrea ... er 

than l; each of n, o, p, q, r, and s is zero or an integer; 

t i~ an integer equal to or qreater than l; u is an integer 

equ&l to or qreater than l; and P, L1 , L2 , L3 , L4 , Ls, L6 , 

--·--
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~ and » ~r~ of such composition and number that the chemical 

moiety e~n be induced to emit eleetromagnetie radiation and 

th~ total number of bonds to Re provided hy the ligands of 

Re equal~ the coordination number of Re@ 

This chemical moiety must have at least one 

polydent~te ligand of Re. If the moiety has mo~e than one 

polydent~te ligand, the polydentate ligands may be the sa.~e 

or different@ Polydentate ligands ineluce aromatic and 

aliphatic liqandse Suitable aromatic polydentate ligands 

include aromatic heterocyelic ligands. Preferred aromatic 

het~roeyclic liqands are nitroqen~containing, such as, for 

example, bipyridyl, bipyrazyl, terpyridyl, phenanthroyl and 

porphyrin~ .. 

Suitable polydentate ligands may be unsubstituted, 

or ~ub9tituted by any of a large number of ~uhstituents 

known to the arts Suitable substituents include, for 

~xmtnple, alkyl, substituted alkyl, aryl, substituted aryl, 
- . &ralkyl, sub~tituted aralkyl, carboxylate, carboxaldehyde 

carboxa.mide, cyano, amino, hydroxy, imino, hydroxycarbonyl, --aminocarbonyl, amidine, guanidium, ureide, maleimide 

sulfur~eontaining groups, phosphorus~containing qroups, and 

the earboxylate e~ter of N~hydroxysuccinimide. 

Additionally, at least one of L1 , L2, L3 , L4, L5 , 

and L6 .may be a polydentate aromatic heterocyclic ligand .. 

Furthermore, at least one of these polydent~te aromatic 

h~t~rocycl~c liqands may contain nitrogen& Suitable 

polydentat.e ligand~ include, but a.re not .limited to, 
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bipyridyl, bipyrazyl, terpyridyl, phenanthroyl, a porphyrin, 

substituted bipyridyl, substituted bipyrazyl, substituted 

t~rpyridyl, substituted phenanthroyl er a substituted 

pcrphyrin@ ~hese substituted polydentate liqands may be 

substituted with an alkyl, substituted alkyl, aryl, 

sub~tituted aryl, aralkyl, substituted aralkyl, carboxylate, 

carboxaldehyde, earboxam.ide, cyano, amino, hydroxy, imino, 

hydroxyc~rbonyl, aminocarbonyl, runidine, guanidinium, 

ureide, maleimide, a sulfur-containing group, a 

phosphorus~eontaininq qroup, or the carboxylate ester of 

N-hydroxysuecinimide. 

In one embodiment cf the invention, the chemical 

moi~ty centains twc bidentate liqands, each of which i~ 

bipyridyl, bipyrazyl, terpyridyl, phenanthroyl, substituted 

bipyridyl, substituted bipyrazyl, substituted terpyridyl, or 

~ubstitut~d phenanthroyl. 

In another embodiment of the invention, the 

chemical moiety_ conta.}ns three bidentate ligands, ea.ch of 

which is bipyridyl, bipyrazyl, terpyridyl, phenanthroyl, 

sub~tituted bipyridyl, su~sti~qted.-bipyrazyl, substituted 

terpyridyl, or substituted phenanthroyl. In yet another 

embodiment of the invention, two bidentate bipyridyl 

ligands, and one substituted bidentate bipyridyl liqand may 

b@ used. 

---------
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In still another embodiment of the invention, the 

chemic~l moiety contains a tetradentate liqand such as a 

porphyrin or substituted porphyrins 

This chemical moiety may have one or more 

monodent~te li9ands, a wide variety of which are known to 

the art. Suitable monodentate ligands include, for example, 

carbon monoxide, cyanides, isocyanides, halides, and 

aliph~tic, aromatic, and heteroeyclie phosphines, amines, 

stilbine~, and arsines. 

Suitable ligands include a compound having the 

CM_, c~-(cH~)'\ ... CHO 

&M~ 
, or 

----------------- ~ 

- " 
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' 
vher~in n is an integer. In a preferred embodiment, n is 2. 

Another aµitable ligand is a compound having the 

vherein n is an integer. In a pr~ferred embodiment, n is l. 

Another ligand is a compound having the structure 

~herein Y is a linker arm. In one embodiment, Y has the 

------------

ii ii if 
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wherein m an n are integers, which may be the same er 

different, greater than or equal to le In one embodiment of 

the invention, m is 3 and n is 28 

Yet another ligand is a compound having the 

wherein m an n are integers w~ieh may be the same of 

d.if fcrent., In one embodiment of the invention, m and n are 

both 1 .. 

--------

1iiiii 



Pr~ferred Rhenium-Containing Moieties 
c::z:: 3'SEJ- ~-.. ESi'~:!i!. ·- - - -----==-=:!--- .s=~>a . =s.1'!>iiSEU s 

Preferred rhenium~containing moieties cf the 

invention have the formula 

wh~rein X ~nd xw and Y and y• may be the same or different, 

x and X' may he N(CH2Bs)2, CH3, CH30, C5H5, Cl, C02CH3, CN, 

or No2 ~· and Y and Y • may be either B or CH3 , provi~ed that 

if. X and :x• and Y and' yr are the same and Xis co2a 3 , Y is 

not H and further provided that if X and xm and Y and Y' are 

the ~am~, X and Y are not~B; ind R is an anione Compounds 

which may advantageously be used are those wherein x and Y 

ar~ a~ identified in Table l below@ The method of 

pr~paration, yiftld and A(CH3CN) are also indicated® 

--------~----------

1iiifr 
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Table 1 

x y Method Yield(i) 7t (CH CN) em 
3 

N(C2H5)2 H acid 58 509 nm 

CH3 CH
3 

silver 33 526 

CHJ H silver 80 .526 

H H acid 90 567 

c~ H silver. 74 569 

Ph H acid 25 579 

Cl a: silver 24 603 

co2cH3 H silver 18 625 

CN B 

N02 :a acid 56 675 

-... 

-···--····--------------
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Spectroscopic data are provided in the following 

. ·Ci CN-····· -- -Water-s= · - 3ZSi -~a 

Emi~sim 3 
Emdss~ Air· 

~~ mm< (m) Or t (~) (degassed) saturated 

A {Na) 528 0 .. 1102 BO 530 4923 711 2 (dg)J398 

B (~), 565 C .. 0907 190 545 806 656 
(dq)l500 

c {CCB3)2 584 0 .. 0195 71 .590 93 66 
(dq)l55 

DJ (~)2 582 0 .. 0352 109 575 142 140 
(dgJ282 

E (0)2 602 0 .. 0566 184 590 143 140 
(dg)lSl 

F3 (Cl)2 636 0 .. 0064 31 625 25 23 
(dq}36 

·G (00~)2 660 0 .. 0122 61 640 14 40 
- (dq)7S 

EE E :f"2-ff?73 · _EfE. _i:S;;;;;;;o,,-,;a :!OE - Fii i51 $Ei!!i - ~Zi3!J!!!Eii:$. 

dq ~ ~ood, m: quantum yield, f~ life~ in n see. 

f "" Excimtim at 355 

2 ... N2 ~ ~ excitation 337 

3 ""~ ~ ~ famd to be stable after heating a.t 65° for 15 
:minutes in lOX ~buffer (0 .. lM Trifi ... HCl Wffe-red at pH 7.S, O.L.'1 
MtJCJ,2, O@SM NaCl) diluted 8 times with deim:Ued water8 Other~ 
~ net tested but are expected to behave similarly. 

iliUT 
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Suitable compounds of the invention have the 

followinq structure 

wherein n is an integer, preferably 2 or 3, m is 1, 2 or 3, 

preferably 1, Wis CHO, COOH, NH2 or Br, and R is an anion .. 

Th~ bipyridyl group may be unsubstituted or substituted as 

de~cribed aboveo 
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One compound may be · 

.. 
I +l 

I . 

, 

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

------·--··--

iiiifr· 
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Ancthe~ compound may be 

r 

-------------------

PCT/US81/03'47 
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Another compound may he 

r +l 

! 

1i 

-----------·---

iiiliiif 

i . 
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JD 

Another compound may be 

.. +l 

·------·---------· 
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These compounds may comprise a composition of 

matt~r having t.~e structure 

, 

wherein X represents one or more necleotides which may be 

the srune or different, one or more amino &cids which may be 

the same or different, an antibody, an analyte of interest 

or an analogue of an analyte of interest, Y represents a 

link~r qroup attaching to z, n represents an integer, and z 

represents the compound provided by this invention. X may 

b_e, ~ .. q .. , theophylline, diqoxiqenin, er a peptide derived 

from hCG .. 

iliiir 
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Also provided by the invention is a composition of 

matter having the structure 

II 

X r~presents one or more nucleotides which may be the 

Z r@present~ an electrochemiluminescent chemical 

moi~ty~ 

n represents an integer greater than or equal to l; and 

-
In one embodiment cf the invention, z is 

-... 
~4 1 methyl~2,2 1 bipyridiine] rheniume 

In yet ~nother embodiment of the invention, the 

thymidin@ nucleotide is a 3w terminal nucleotide attached to 

the nucleotide sequence 

~CACCAATAMCOGCAMCACCATCCOGTCCTGCCAG 

.. 

-------------

iliiU 
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Also provided is a composition of matter having 

, 

group at:taehin9 t.o Z, Z represents bis ... (2,2'~hipyridine) 

[4 ... methyl-2,2'-bipyridine .... .c•~yl] (!) and R represents 

an anion .. 

In one embodiment of the invention, Y is attached 

to the carbon at position 8 cf T. In another embodiment of 

the invention, Y has the structure 

, 
wher~in m and n represent an integer, which may be the same 

or different, gr~ater than or equal to l. In another 

embodim~nt of the invention, m is 3 and n is 4. In another 

embodiment of th~ invention, m and n are both 3. 

In yet another embodiment of the invention, Y has 

the structure .. 

~HJ 
(CH ) ~c~(CH ) ~co~NH~CH ) 

2 m , 2 n 2 r 
CH

3 
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wh~rein m, n, and r represent an integer, which may be the 

same or different, greater than er equal to le In one 

embodiment of the invention, m is 1, n is l, and r is 4. 

In yet another embodiment of the invention, Y is 

attached to the nitrogen at position 7 of Te In one 

embodiment of the invention, Y has the structure 

wherein n is an inteqer qreater than or equal to 1. In 

still another embodiment of the invention, n is 4. 

Also included in the invention is a composition of 

matter h~ving the structure 

wherein X represents one or more amino acids which may he , 
th~ SWUQ or different, comprising at least cne amino acid 

which i~ cysteine or methionine, and~Z is bis 

(2,2~~bipyridine) malei..~idohexanoic acid, 

the c&rbon at position 3 or 4 of the maleimide to a sulfur 

substituftnt 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, radioactive isotopes, 

fluorescent. components, or additional luminescent 

It is also within the scop~ of this invention for 

the labeled substance {B) to be labeled by more than one, 

Suitable substances (B) include many biological 

sub~tances, for example, whole cells, viruses, subcellular . 
p~rticles, proteins, lipoproteins, glycoproteins, peptides, 

nucleic acids, polysaccharides, lipopclysaccharides, 

ph~:rm.acclogical agents, tranquilizers, barbiturates, 

alkaloids, steroids, vitamins, amino acids, and su9ars. 

Whole cell may be animal, plant, er b~cterial, and may be 

viabl~ or dead. Examples include plant pathogens such as 

funqi and :nematodes. Within this application, the term 

~subeellul&r particles~ means subcellular organelles, 

membr~u1e particles as from-disrupted cells, ·fragments of 

cell wa1ls, ribosomes, multienzyme complexes, and other 

p~rtieles which can be derived from living orqanisms. Also, 

within t.hi~ application, mmnucleic acids 11 means chromosomal 

DNA, pl~~mid DNA, viral DNA, and recombinant DNA derived 

from multiple sources. Nucleic acids also include RNAs, for 

~xampl~, messenger RNAs, ribosomal RNAs and transfer RNAs. 

---------
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~ Polypeptides include, for example, enzymes, transport 

protein~, receptor proteins, and structural proteins such as 

vir~l co~t proteins. Preferred polypeptides are enzymes and 

polypeptides are monoclonal antibodies. Hormones include, 

for rucmxtple, insulin and T4 thyroid honir.one. 

Pharm~eoloqical agents include, for example, cardiac 

glyeosides. It is also within the scope of this invention 

to include ~ynthetic substances which chemically resemble 

biological materials, such as synthetic peptides, synthetic 

nucleic ~cids, a~ synthetic membranes, vesicles,. and 

liposom~s. The foreqoinq is not intended to be a 

eomprehen~ive list of the biological substances suitable for 

use in this invention, but is meant only to illustrate the 

wid~ ~cope of the invention§ 

It is within the scope of this invention to 

include l@Weled·nonbioloqical substances, including 

polymeric materia~s. Tlie~e substances may be in the form of 

soluble polymeric molecules, or any of the large variety of 

- known macroscopic forms ~uefi as,-"'for ~example, beads, er 

container~ such as test tubes, bottles, assay wells, or the 

lik~,. 

Biological and nonbiological substances (B) may be 

conjugat~d to a liq~nd of Re where such conjugation is by 

way of ami~e or amine linkages. The linkages may be 

oriented so that :material (B) is bond~d directly either to 

---·-------·--
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the carbonyl or to the nitrogen of the amide linka9e9 These 

chemical moieties may be ionized& If so, it i~ understood 

in the art that many different counterions will serve to 

neutr~lize the charge of preparations of the chemical 

:moietye Suitable cations include, for example, a+, Na4+, 

quanidinium, Ag+, Li+, Na+, R+, Mg2+, Mn2+, and Cd2+8 

Suit~ble anions include, for example, halides, OH~, 

carbonate, so4
2-, he~afluorophosphate, and 

t~trafluoroborate. 

~dvantas!.!~ g!_ Re-:.Cpnta.~~!ns: . ~?ieties 

A majQr advantage cf the electrochemilumineseent 

chemical moieties eont.aininq the metal rhenium is in the 

eas~ of preparation of those moieties® Beth bipyridyl and 

nonbipyridyl derivatives can be used in the synthesis of the 

moieti~~ and in the ultimate function of those moieties in 

conjug~ting an analyte of interest. 

The rhenium moieties can be synthesized in 
.. .• 

tvo~st@p processes in contrast to the osmium and ruthenium 

compl~xes which require J, 4 or 5 steps. Fig. 1 describes, 

~chematieally, the two process steps employed to prepare the 

rhenium containinq moieties of the invention. 

With reference to Fig. l, the startin9 material 

for th~ prepa.ration of the luminescent Re(I) complexes is 

R~(C0) 5Clo The synthesis of the desired Re(l) species 

involves two steps@ In the first step, substitution ef CO 

lby ehel~:ting 2, 2 m -bipyridine ligand produces the fiaeial 

------------------~ 
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w i~omer, f~c~(L)Re(C0) 3Cle Lis a chelatin~ 2,2w~bipyridine 

li9etnd, e .. g .. , bpy, Cl2bpy, (C02CH3) 2hpy, (N02}2bpy, Me2bpy, 

Ph2bpy, {CH3o) 2bpy, Me4bpy, or (NEt2) 2bpyo 

The conversion o·f fac~ (L) Re (CO) 3 to the 

corr~~pondinq fac~(L)Re(C0) 3 (Etpy) (RK (whe~e R i~ CF3co3~, 
PF6-, Clo4 ~> is accomplished by either an aeid method or a 

~ilver met:bod .. 

The acid method is useful fer bipyridyl ligands 

that are insensitive, i.e., stable, to strongly acidic 

media@ It involves the production and isolation cf the 

intermediate Re(!) triflate species followed by conversion 

to the 4~pyridyl ethane derivativeo 

The silver method is used for complexes containing 

bipyridyl ligands susceptible to decomposition in highly 

acidic ~nvircmment.s, e .. q., L :;;i. (CH
3

o> 
2
bpy or (COOCH

3
) 

2
bpy. 

In this method, a soluble silver trifluoromethane sulfanate 

~alt is reacted ~~th th~ fac~(L)Re(C0) 3Cl species to form - . 
the f~e~(L)Re(C0) 3 (o3s~3 ) moiety and insoluble AgCl. After 

remov~l of the AqCl precipitate by f~ltration, the solution 

is reacted in situ with 4~pyridyl ethane to produce the 

de~ired product .. 

Another important advantage offered by the Re(I) 

complexes described herein versus the analoqous Ru(II) 

complexes relates to their ability to permit tuning of the 

emi~~icn wavelength (i.e., color) fo~ the Re(I} complexes 

ov~r mo~t of the visible spectral region {i.e., 

111i1nr 
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500 nm-soo irnm)e The origins of this property lie in the 

qu~ntum mechanical characteristics of the light emission 

proc~ss for the complexe$. 

A quantum mechanical analysis of the luminescence 

proe~s~ fer Ru(II) complexes indicates that (l) with few 

~xc@ptions, the observation cf room temperature luminescence 

in fluid solution requires coordination of 3 chelating 

li9Wlds of the bipyridyl or phenanthroyl type to the Ru(II); 

(2) quantum states existing at energies near the matissive 

stat~ limit the luminescence intensity available from Ru(II} 

complexes; (J} substitution of groups en the chelating 

bipyridyl or phenanthroyl liqands results in only limited 

chan9~~ in the emission energies of the Ru{II) complexes; 

and (~} the luminescence efficiency generally decreases as 

the maximum emission waveler.qth increases fer the Ru(II) 

compl~x~s@ These factors limit the usable wavelength range 

to 580 nm to 750 nm at room temperature in fluid solution. 

A similar analysis of the emission process for 

rheni'V.m complexes indicates that (1) emission in room 
-

t~mperature fluid solution requires that only one 

coordinating hipyridyl or phenanthroyl liqand be present at 

th~ R~(I) eentere Although 3 CO liqands are also required, 

th~re i~ considerable leeway in the choice ef the final 

monod~nt~t~ coordinating liqand (e.g., Cl, pyridine, ca3cN, 

etco)® The emi~sion wavelength maximum is controlled by the 

id~ntity of this mon?dentate ligand and the substitution 
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pattern at the chelating bipyridyl or phenanthrolyl moiety. 

Thi~ leads in part to the wider range of emission 

wavelen~ths available for these complexes versus the Ru(II~ 

There are no quantu..~ states with energies near the 

emi~~ive state that can inhibit emission in the Re(I} 

complexe~. In contras~, in the Ru(lI) complexes, the 

emi$sion ~f ficiency generally fall~ as the wavelength of the 

emis~ion maximum increases. 

Thus, the usable wavelength range of emission for 

th~ Re~I) complexes is approximately 500 mu~eoo nm. The 

sli~ht increase in the red response for the Re(!) versus 

Ru~II) complexes is due primarily to the somewhat increased 

broadne~~ of the Re{I) emission spectra versus the Ru(II) 

emi$$ion spectra. 

The Re(I) complexes thus have an increased range 

of acees~ible emission wavelengths a~ compared with the 
' 

Ru(II) compounds@ The unique structure of the Re(I) 

co:mplex~u~ also perm ts q.rea:ter flexibility and eau;e in 
~ -... 

s~lecting the desired maximum emission wavelength by 

structur~l modification of the complex than is possible with 

the Ru(II} complexes. The greate= range of available 

~mis~ion wavelengths far Re(I) versus Ru(II) allows one to 

me~~ure emission from one Re{I) complex in a solution of 

8ev~ral luminescinq Re(I) species with minimal interference 

from and ~rror due to the competing Re(!) luminescers. 

-~------------

1iilif 
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~l!Erov~~~~Sal,! U!!_i_ns__=~~-C2_.ntt1in,!_:?:S: Mo!_et!es 

The invention is also in methods cf determining 

th@ pre$~nee of a chemical moiety having formula le The 

method comprise~: {a) forminq a reagent mixture under 

suitable conditions containinq the Re~eontaining chemical 

moi~ty; €b} inducing the moiety to emit electromagnetic 

radiation by exposing the reaqent mixture to chemical, 

el~etroehemical, or electromagnetic enerqy; and (c) 

d~teetinq th~ emitted electromagnetic radiation and thereby 

d~termining the presence of the chemical moietys 

Suitable conditions for forminq the re~9ent 

mixture will be known to those skilled in the art and will 

depend on the type of reagent mixture involvedo For 

QXmnpl~, ~uitahl~ conditions for an aqueous reagent mixtlll'e 

may include appropriate concentrations of chemical moiety 

and other reagents such as oxidants, pH, salt concentration 

and the like.. For a solid sample, suitable conditions for 

forming a reaqen~ mixtu~e may include addition of a 

conductin9 liquid@ 

The methods of th~s invention include methods of 

detecting the chemical moiety wherein the moiety i~ capable 

of bindinq to a chemical &gent, i.e., forming a specific 

complex with the chemical aqent. Suitable agents include, 

but a~e not limited to, whole cells, viruses, aubeellular 

partieles,_ nucleic acids, polysaccharides, proteins, 

qlyceprot~in~, lipoproteins, lipopolysaeeharides, lipids, 
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w fatty ~cid~, peptides, cellular metabolites, hormones, 

pharmaeoloqieal ~gents, tranquilizers, barbiturates, 

alkaloid9, st~roids, vitamins, amino acids, sugars, or 

nonbiolosieal polymers. ln one embodiment cf the invention, 

the chemical agent may be immobilized on the surface of an 

as~ay v~~sel. In another embodiment, the chemical agent may 

be a serum~derived antibody or a monoclonal antibody. Of 

p~rticular interest are· antibody~antiqen pairs of materials. 

This binding method may be used to determine the presence cf 

label~d ~ntigens, such as, for example, digoxin or diqitoxin 

in complex mixtures such as blood, urine, or synthetic 

r~aetion mixtures by first exposing the mixture to 

immobilized antibodies specific for the antigen of interest, 

and then measuring the amount of labeled material bound to 

the imnobiliz~d antibodiess 

The invention also includes methods for 

determininq the presence of analyte~ of interest which bind 

to a·chemical mofety having the foJt"mula le The method 

compri~e~: (a) forming a reaqent mixture under suitable 

- conditions containing the RE~cont-ain£ng chemical moiety; 

(b) inducing the moiety to emit electromagnetic radiation by 

exposin~ the reagent mixture to chemical, electrochemical, 

or @l@ctrmnagnetic energy1 and Cc> deteetinq the emitted 

electromagnetic radiation a.nd thereby determining the 

pre§ence of the analyte of interest@ 

Also provided are methods of determining the 

pre§ence of an analyte of interest wherein the analyte and a 



ch~mical moiety having formula I bind competitively to a 

complementary material. By ~complementary material~ is 

meant any substance capable of forming complexes with both 

an analyte of interest and a labeled analyte of interest or 

~ labeled analogue of an analyte of int~reste The method 

comprises: (a) contaetiny the complementary material, the 

Re~eontaininq chemical moiety, and the analyte under 

~uitable conditions so as to fonu a reagent mixture; 

(b) inducing the chemical moiety to emit electromagnetic 

radiatior. by exposing the reagent mixture to chemical, 

electrochemical, or eleetromaqnetic enerqy: ~nd 

(c) detecting the emitted electrom~qnetie radiation and 

~her~by det~rmininq 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 900 nanometers (nm) at ambient temperatures. Variations 

in th@ chemical structure of the ligands can change the 

value of the enerqy input required to create the luminescent 
-

excit~d state. Similarly, the wavelenqt.h of the emitted 

electromagnetic radiation is dependent upon the nature and 

environment of the rhenium~containinq material. 

Generally, photoluminescence excitation and 

wni~sion occur with electromagnetic radiation of between 

·about 200 nanometers and about 900 nanometers .. in wavelength. 

Lik~wi~e, chemiluminescent and electrochemiluminescent 

ii ii if 
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• emission generally occur with the emitted electromagnetic 

radiation beinq between about 200 iu~.nometers and about 900 

nnnometer~ in wavelength. The potential at which the 

reduction or oxidation cf the chemical moiety occurs depends 

upon it~ exact chemical structure as well as factors such as 

th® pH of the solution and the nature of t.he ele·ct.:rode used. 

It is well known how to determine the optimal emission and 

excit~tion wavelengths in a phctoluminescent system and the 

optimal potential and emission wavelength of an 

electroehe~ilwninescent and chemiluminescent syste..m. 

~here are many methods for quantifying the amount 

of lumine~eent species presente Th~ rate of energy input 

into the ~ystem can provide a measure of the luminescent 

9p~ci~~@ Suitable measurements include, for example, 

measurements of electric current when the luminescent 

sp~eie~ is generated electrochemically, the rate of 

:reductant or oxidant utilization when the luminescent 

specie~ i~ generated chemically or the absorption of 

electromaqnetic energy in photclwninescent techniques. In 

- addition, the luminescent specie€ can be detected by 

m@&surinq the emitted electromagnetic r~di~tione All of 

these measurements can be made either as continuous, 

rate~ba~ed measurements, or as cumulative methods which add 

the siqnal over & long period of time. Ra.te~based 

mea~uremen~s may be carried out with photomultiplier tubes, 

photcidiode~ or phototransistcrs to produce electric currents 

iiiiif 
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proportional in magnitude to the incide~t li9ht intensity, 

or by using charge couple devices. Examples of cumulative 

methods are the integration of rate-based data, and the use 

of photographic film to provide cumulative data directly. 

All of these luminescenee~based methods entail 

repeated luminescence by the rhenium-containing compounde 

The repetitive nature of the detectable event distinguishes 

the~e labels from radioactive isotopes or bound 

chemiluminescent molecules such as luminole The latter 

lab~ls produce a detectable event only once per molecule (or 

atom) of label, thereby limiti.mz their detectability .. 

In the chemical moieties useful in these methods, 

biological and nonbiological substances B may be 

incorporated into the moieties by coordination directly to 

Re or by attachment. to a ligand of Re. Attachment may be 

threuqh covalent bonding, or by electrostatic or hydroqen 

bonding.. Many diverse means of effecting covalent bonding 

ot substances :B to liqands of Re are available. The 

attaching linkage may be, for example, an amide or amine 

bend, an ester or thioeste:r, .lm ether or thioether, er any 

of many other linkages known to t.he art.. The type of 

linkag~ will be determined by the substituents of the ligand 

and the suitable chemical groups available for bindinq with 

~~======= ---== 
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The analyte of interest and the ehe..,ical moiety 

may be any pair of substances which are capable cf binding 

toq~ther in a specific manner. Sueh substances include, for 

example, whole cells, viruses, subcellular particles, 

nuel~ie aeids, polysaccharides, proteins, glycoproteins, 

lipoprot~ins, lipopolysaccharides, lipids, fa.tty acids, 

peptide~, cellular metabolites, hormones, pharmacological 

agent~, tranquilizers, barbiturates, alkaloids, steroids, 

vitamin~, amino acids, sugars, and nonbiologieal polymers. 

Of particular interest are antibody~antigen pair~. One 

embodim~nt of th~ invention provides the use of labeled 

antibodie~ to determine the presence cf cell surf ace 

antigen~, or to label particular cells fer detection by cell 

sorting methods.. Antigens immobil.ized by, for exmniple, 

attachment to immobilized, unlabeled antibodies can be 

detected by labeled antibodies in a method commonly known as 

In one:embodiment of the invention, Bis a 

nucleotid~ or a polynucleotide. In another embodiment, D is 

a !H~rum ... deri ved antibody or-a mo1t0clonal antibody .. 

In competitive binding- assays, B may be the same 

substance as the analyte ef interest or an analogue of the 

analyte, and capable of participating in the formation of a 

specific complex with a complementary m~terial. Such 
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~nalytes and complementary materi~ls include whole cells, 

viruses, subcellular particles, nucleic acids, 

polysaccharides, proteins, , glycaprat.eins, lipoproteins, 

lipopolysaceharides, lipids, fatty acids, peptides, cellular 

metabolites, hormones, pharmacological agents, 

tranquilizers, barbiturates, alkaloids, steroids, vitamins, 

~mino acids, sugars, and ncnbioloqical polymers. Examples 

of ~uch analytes and complementary materials include 

insulin, digoxin, digitoxin, T4 thyroid hormone, a fungus or 

nematode, a ~erum~derived antibody er a monoclonal antibody, 

a DNA fragment or an RNA fragment. Of particular interest 

are ~ntibody-&nti9en based met.hods. These methods are 

analogou~ to the well known radio imm.unoa~say known to the 

art e~n, in principle, be used to advantage by employing 

moieties labeled accordinq to the present invention in place 

of radioactively labe1ed compounds. 

The invention further is in heteroqeneous and 

h~mogeneous b~ding ~thods which utilize the chemical 

moieties provided herein@ In heterogeneous bindinq methods, 

the bound labeled substance must 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 insoluble matrix 

~uch a~ a filter er to the surface of beads er reaction 
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-... ve~sel~ such as test tubes. The ant.igen .... eontaining solution 

is pour~d through the filter or into the reaction vessel, 

and then washed away from the filter or sides· of the 

reaction vesselo Only antigen specifically bound to 

antibody will remain to be determined. 

In homogeneous methods, by contrast, the bou..~d 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 siqnal 

detectable from the label. There are many ways that 

example, binding of the analyte to the chemical moiety ean 

dir~etly influence the signal detectable from the label. 

Additionally, a luminescence_quencher may be positioned on 

~n antibody so that bindinq of a labelad antigen to 'the 

antibody could result in suppression of the luminescence cf 

the lrubel by the luminescence quencher on the antibody. 

Many homogeneou~ methods fer luminescent labels are known to 

the art, and some of the are reviewed in Boguslaski and Li, --
@@ Bomoqem~ous Immunoassays,.. 1'P2l~;l~ Bi=Q2hent.ist~ _ !ll.'! 
Biotechno~Qgy, 1:401~414 (1982). 

In one embodiment of the invention, the analyte is 

fixed to an insoluble matrix@ Such a method may be 

perfol:med as a sandwich assay, iee., the chemical moiety 

becomes bound to the immobilized analyte and unbound moiety 

is wa~hed away from the matrix. In another embodiment a 

chemical agent to which the moiety is capable of binding is 
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fixed to an insoluble matrix and the ehemical moiety beinq a 

component of a biological fluid or reaction mixture. The 

complementary material may also be fixed to an insoluble 

matrixo In both the heterogeneous and homogeneous 

competitive methods of the invention the complementary 

m~t~rial may be a monoclonal antibody and ~e insoluble 

m~trix may the surface of an assay vessel. 

The methods of the invention may be perf o~ed by 

exposing the reagent mixture to chemical, electrochemical, 

or electromagnetic energy, or the reagent mixture may be 

~xposed to ~ combination of chemical, electrochemical, or 

~lectroma.9netic energy. 

The chemical moiety may be oxidized by exposure to 

~n enerqy sourc~® One such source is a chemical oxidizinq 

aq~nt@ Examples of such oxidizing agents include Ce(IV) 

salt~ or Pbo2 • The chemical moiety may be reduced by 

expofiur@ to an energy source. One such energy source may be 

a chemical re~ucinq ~gent. An example of a suitable 

reducing aqent is magnesium. The methods of the invention 

inelud~ inducinq the cheJ)liea~_moieties to emit 

alectromaqnetie radiation more than once. 

Th~ reagent mixture may compri~e oxalate, 

pyruvat~, lactate, malonate, citrate, tartrate, 

peroxydisulfat~. Furthermore, the chemical moiety may be 

reduced by exposure to an energy source and the reagent 

mixture may comprise peroxydisulfate. Moreover, the 

chemical moiety may be oxidized by exposure to an ene~gy 
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source and the reaqent mixture may comprise oxalate, 

pyruvate, lactate, malcnate, citrate, or tartrate. 

Methods of detecting the chemical moiety axe 

provided wherein the reagent mixture is continuously exposed 

to an electrode who~e potential oscillates between a 

potential sufficient to effect the reduction of said 

chemical moiety and a potential sufficient to effect the 

oxidation of the chemical moietyo 

The chemical moiety may be oxidi~ed by exposure to 

an electrode who9e potential ·oscillate~ above and belew a 

potential sufficient to oxidize the chemical moie~y, the 

reagent :mixture comprising oxalate, pyruvate, lactate, 

malonate, citrat~, tartrate, peroxydisulfate. Moreover, the 

chemical moiety may be oxidized by exposure to an energy 

source and the reagent mixture may comprise oxalate, 

pyruvate, lactate, malonate, citrate, or tartrateo 

The chemical moiety may also be reduced by 

expo~ur~ to an el.eetrode whose potential oscillates above 

and below a potential sufficient to reduce it, the reagent 

- mixture comprising peroxydisulfate. -such reaqent mixture 

may additionally comprise acetcnitrile. Furthermore, the 

chemical moiety m~y be redueed by exposure to an electrode 

who~e potential is constant and sufficient to reduce it, the 

reagent mixture comprising percxydi~ulfatee Such reagent 

mixtur@ m~y also comprise acetonitrile. 

When the chemical moiety is expo~ed to 

electrochemical or chemical energy, the emitted 

il1ilU 
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electrem~qnetie radiation may be continuously detecteds 

Such electromagnetic radiation may be detected visually or 

with a photodicdea Furthermore, when the chemical moiety is 

expo~~d to electrochemical or chemical energy, the emitted 

radiation may be detected cumulatively, eeg., with a 

photographic film. 

The invention includes systems for deteetinq or 

th~ presence or mea6tiring the quantity of a 

rh~nium~ccntaining chemical moiety having formula I. The 

~y~tem comprises: (a) a reagent mixture comprising the 

rhenium~ccntaining chemical moiety; (b) :means for inducing 

th~ ch~mical moiety to emit electromagnetic radiation; and 

(c) means for detecting the emitted electromagnetic 

radiaticm .. 

The invention also includes system~ fer detecting 

the presence of or measuring the quantity cf an analyte of 

intere~t which hinds to ca chemical moiety of formula I. The 
. 

systtmf! comprises: (a)' the rhenium ... containing che:mical 

moiety; (b) a means for contacting the chemical moiety with 

the analyte of interest tcf fo!:'m" a reagent mixture; ( c) a 

D\Qan~ for inducing the chemical moiety to emit 

electroEmqnetic radiation; and (d) a means for detecting the 

emitted electromagnetic radiation. 

A particularly unique and useful class cf 

homoqQneous bindinq assays is provided by the present 

invention@ As described hereinbefo~e, these labels can be 

measured electrochemically by mean~ of exposing a solution 
----------·--
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of th@ lmbeled substance of interest to an electrode. Any 

laJbQled substancQ which is present in the solution but which 

ea:m1ot 9ain access to the surface of the electrode will not 

be det~cted@ This can occur, for example, if the labeled 

~.mlurtance is bound directly er 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 

specific complex, su.ch·as within an antiqen~antibody 

compl~x, or if the e1ectrode itself were coated with a layer 

throush which labeled materi~l could pass but complexed 

lab~l~d mat.eria.l could not pass. In addition, it should be 

po~sibl~ to coat the surface of an electrode with 

antibodi~s, so that only labeled antiqen bound to the 

immobiliz~d antibodies can obtain access to the electrode 

and thereby be determined. This particular homoqeneaus 

method may be most effective if the required electrode 

potential is applied in short pulses@ 

It is within the scope of the present invention to 

use a combination of means for dete.rmininq the presence of 

labeled compounds@ For exwnple~=it may be desirable to 

mea~ure the total amount of labeled sub9tance by a means 

which does not distinquish between bound and unbound labeled 

and to determine the amount of bound labeled substance by a 

m~a.ns which doe~ distinquish between bound a.nd unbound 

labeled substance, such as eleetrochemilumineseence, for 

example® Such. a combination of methods could be performed 
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on th~ 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 

ta determine the presence of two or more differently labeled 

compounds within the same reaction mixture& Thi~ is 

possible either if the labels emit electroma.qnetic radiation 

of differing wavelengths er if the label~ can be induced to 

emit ~lectroma9netic .radiation by exposure to energy of 

different values or source. 

~ssay Met.hod~ 

The inventiun also is in improved methods of 

detectinq in a predetermined volume of a n".ultieomponent, 

liquid sample an analyte of interest present in the sample 

at a conc~ntration below about 10-J molar which comprises: 

~a) contacting a sample with a reagent comprising an 

eleetrochemiluminescent chemical moiety containing a 

rhenium~centaininq arqanic compound wherein said reagent is 

(i~ capable of ~eing iitlduced to repeatedly mmit 

electramaqnetie radiation upon exposure to an amount of 

ch~mical, electrochemical,-or electromagnetic energy from a 

suitable source effective to induce the reagent to 

rep~at~dly emit radiation and (ii) capable of combining with 

the analyte of interest, the contact being effected under 

appropri~te conditions such that the analyte and the reagent 

combin~: (b) exposing the r~sulting sc:m1ple to an amount cf 

chemic~l, electrochemical, or electromagnetic enerqy from a 

suitable ~ource effective to induce the reagent to 

iiiim 
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repeatedly emit radiation, the exposure being effected under 

guitable conditions so as to induce the reagent to 

repeatedly emit electromagnetic radiation; and (c) detecting 

electromagnetic radiation so emitted and thereby detecting 

the presence of the &nalyte of interest in the sample. 

The term ~molar~ means the concentration of an 

analyte in solution in _moles per liter or the mme\Ult of 

particulate matter present in a liquid sample in particles 

or unit~ per liter. For example, l x io 23 particles per 

lit~r m~y be expressed as 1 molaro 

The methods may be performed as heterogeneous 

as~ays, ioe@, asBays in which unbound labeled reagent is 

separated from bound labeled reagent prior to exposure of 

the bound 1aheled reagent to electrochemical energy, and 

ho:moqeneous as5ays, i.e., assays in which unbo~~d labeled 

reaqent and bound labeled reagent are exposed to 

·electrochemical ~ner9y ~oqethero In the homogeneous assays 

of the present invention the electromagnetic radiation 

~itted by the bound labele.,!1 reagent_i~ distinguishable from 

the electromagnetic radiation emitted by the unbound labeled 

reagent, either as an increase or a~ a decrease in the 

amount cf electromagrnetie radiation emitted by the bound 

labeled reagent in comparison to the unbound labeled 

reagent, or as electromaqnetic radiation of a different 

wavelength .. 

Accordingly, in one embodiment. of the invention 

analyt.e of 
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interest is separated from the sample, which had been 

contact.ea wit..~ the reagent, prior to exposure of the sample 

to el~etroehemical energy. In another embodiment of the 

invention, prior to contacting the sample with the reagent, 

the smnple is treated so as to immobilize the analyte of 

i:rrterest .. 

Me~ns for immobilizing analytes ef interest are 

well known within the· art and include contacting the sample 

with a polystyrene, nitrocellulose or nylon surface, or a 

~urf~e~ coated with whole cells, subcellular particles, 

virus~s, prions, viroids, lipids, fatty acids, nucleic 

~cid~, polysaccharides, proteins, lipoproteins, 

lipopoly~accharides, qlycoproteins, peptides, cellular 

m~tabolites, hormones, pharmacolosical agents, 

tranquilizers, barbiturates, ~lkaloids, steroids, vitamins, 

amino acid~, su~ars, nonbiolcgical polymers, synthetic 

orqanic molecules, organometallic molecule~ or inorganic 
. 

mol~cule~. The !Walyte of interest may be any of these 

§ub~tance~, or the analyte of inter~st may be a whole cell, 

subcellular particle, viru&) prign, viroid, nucleic acid, 

·prot~in, lipoprotein, lipopolysaccharid~, glyeoprotein, 

peptid~, hormone, pharmacological agent, nonhioloqieal 

polymer~ synthetic orqanic molecule, crqanometallie molecule 

er an inorganic molecule present in the sample at the 

conc~ntration below about 10~12 molar. The analyte of 

inter~~t may be a whole cell, subcellular particle, virus, 

-------~--~--·--·· 
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~ prion, viroid or nucleic acid present in the sample at a 

conc~ntration below about lO~lS molar. 

The re~gent which is contacted with the sample is 

a Re~eontaininq electrochemiluminescent chemical moiety 

conjuqat~d to a whole cell, subcellular particle, virus, 

prion, viroid, lipid, fatty acid, nucleic aeid, 

poly~aeeharide, protein, lipoprotein, lipopolysaccharide, 

qlycoprot~in, peptide, cellular metabolite, hormone, 

phallm!~eoloqieal agent, tranquilizer, barbiturate, alkaloid, 

~teroid, vitamin, amino acid, sug~r, nonbioloqieal polymer, 

~ynthetic organic molecule, organometallic molecule, 

e..~bodiment of the invention the aqent is an 

electroehruniluminescent moiety conjugated to an antibody, 

antigen, nucleic acid, hapten, ligand or en~yme, or biotin 

avidin c~ strept~vidin. 

The sample may be derived from a solid, ·emulsion, 

~usp~nsion, liquid or q~s. Furthermore, the sample may be 

derived from water, food, blood, serum, urine, feces, 
- ... 

tissu~, saliva, oils, organic solvents or air. Moreover, 

the ~ample may comprise acetonitrile, dimethylsulfoxide, 

dim~thylfo:rmmuide, n-methylpyrrolidone o~ tert~butyl 

aleoholo The sample may comprise a reducing agent or an 

oxidizinq aq~nt .. 

The invention is also in improved competitive 

method5 for detecting in a predetermined volume cf a 

multicomponent, liquid sample an analyte of interest present 

----------------------
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~J in the ~ample at a concentration below about 10 molar 

which comprises: (a) contactinq· a sample with·a rea9ent 

ccmprisinq an electrochemiluminescent chemical moiety 

containing a rhenium-containing organic compound wherein 

~aid reaqent is (i) capable of being induced to repeatedly 

emit electromagnetic radiation upon exposure to an a..~ount of 

chemical, electrochemical, or electromagnetic enerqy from a 

~uitable source effective to induce the reagent to 

r~p~atedly emit radiation and (ii} capable of competing with 

the analyte of interest for binding sites on a complementary 

mat~rial not normally present in the ~ample, and wit.~ the 

complementary material, the contact beinq effected under 

appropriate conditions such that the analyte of interest and 

th~ reagent competitively bind to the complementary 

mat~rial~ (b) exposing the resulting sample to an amount of 

ch~mical, electrochemical, or electromagnetic energy from a 

suitable source effected to induce the reagent to repeatedly 

emit radiation, the exposure being effected under suitable 

condition~ 60 as to induce the reagent to repeatedly emit 

electromagnetic radiation; and (c) detecting electromagnetic 

r~diation so emitted and thereby deteetinq the presence of 

the a~alyte of interest in the sample. 

iiiiU 
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Introduction 

Materials and Methods 
e-r-·......! - --- -- f"_ .. ESS q -- '3 

~i_i«uid~ 

2,2m~bipyridine (BPY) (Aldrich) was used without 

further purification. 4,4w~dimethyl~2,2'~bipyridine 

(Me
2

bpy) (Reilly Tar Chemicals) was sublimed (90~100°c, 

10-J torr) prior to useo 4,4~-dipheny1~2,2w~bipyridine 
(Ph

2
bpy) (Aldrich) was recrystallized once from 

ben~ene/petroleum ether prior to use. 4~ethyl pyridine 

U!t.py) (Aldrich) was used without. further purification .. 

Oth~r pyridyl and bipyridyl ligands used included: 

4,4 1 ~bis(N,N~diethylamino)~2,2~-bipyridine 

[(NEt
2

)
2
bpy] (Maeker, G .. , and Case, F.H., J. Amer. 

~hem~ Sec .. !Q:2745 (1958))1 

4, -4P"" (dimethoxy) .... 2_, 2 w ~bipy:ridine ["(CH3~o) 2bpy] 

{Wenkert, _D .. , Woodward, R .. B., J ~-_Orsi. C~_em....:. 4_~:: 283 

(1983)); 

4 II 4 ~ II 5, 5 i ~tetramethy1~2, 2 m ~bipy.ridi11e (Me 4bpy) 

(Elliot, M.C. 11 Freitag, R.Ae, Blaney, DeD®, 

J .. Amer .. __ Cl~f!ma Soc. ~,01:4647 (1965); 

4,4w~diehloro~2,2t~bipyxidine ~c12bpy) fWenkert, 

D., Woodward, R .. B. (1983} 11. supra); 

-------
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4,4'~bis(carbomethoxy)~2,2'-bipyridine 

((Co2cH3) 2bpy) (Maeker, Ge, and Case, F8H. (1958), 

supra); 

4 , 4 r eodini tro"" 2, 2 ~ ~_bipyr idine ( (NO 2) - 2bpy) (Maeker II 

G., and Case, F.B@ (1958), supra); 

Methylene chloride (CH2cl2), petroleum ether, 

diethyl ether (anhydrous), and methanol were all Chempu.re 

qrade from Curtin Matheson Scientific (Florence, 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 purification. 

Ben~ene wa~ A .. c .. s .. Reagent Grade from Fisher S.cientific 

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

(Baker Analyzed Reagent, HPLC grade} from J.T~ Baker 

. Ch~mical~ (Phillip9burg, New Jersey) was used without 

further purifications Tetrahydrofuran from J.Te Baker 

Ch~micals was dried by distillation from sodium/benzophenone 

under argon atmosphere immediately prior to usee Anhydrous . 

~thanol €200 proof) was obtained from the Warner-Graha..~ Co. 

(Cockeyesville, Maryland). 2-methcxyethanol (Aldrich BPLC 

grade) wa~ used as received. Pyridin~ (Aldrich Gold Label) 

wa~ obtained in the anhydrous form and stored in 

Sure-SealR (Aldrich) bottles until used. Dimethylformamide 

~DMF) was A.C.S. Reagent Grade (DMFb and was used as 
·---·--- .. --------- --- - ---
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.. received.@ Water was deionized using the Millipore Milli~Q 

f:J!romat~grap]h:,e: 

Neutral absorption alumina (Fisher) was used as 

rec~ivede Ottawa sand and glass wool !or chromatography 

were cbt~ined from Aldrich. Sephadex LH~20 was purchased 

from Pharmacia and was activated for use by suspending in 

stirred methanol for 12 hours immediately prior to usea 

SP-Sephad~x C-25 {Sigma, St. Louis, Missouri) was activated 

by ~tirring in boiling water for 2 hrsa immediately prior 

Q_ther Reagents 

Sodium metal, benzophenone (Gold Label), 

triflucromethane sulfonic acid (H03ScF3 , i.ee, triflic 

acid}, and silver trifluoromethane ~ulfonate (A9CF3so3 , 

i@0oi silver tritlate) were all used as received from 

Aldrich@ Trifluoromethane sulfonic anhydride ((CF3so2>2o> 

{Alfa~Ventron, Danvers, Massachusetts) was used as obtained. 

Ammonium hexafluorophasphate (NH4PF6
) (Aldrich) was used 

without further purification. NaCl and NaClo4 were· both 

AoCoSe reagent grade from Fisher Scientific and were used as 

roc~ivedo Pe~~aearbonll rhenium (I) chloride, (C0) 5~eCl, 

wa~ purchased from Pressure Chemical Coo ~Pittsburgh, 

Penn~ylvania). Anhydrous sodium sulfat~ and indicating 

Drierit~R {Caso4 , anhydrous) were obtained from Aldriche 

·-·-­---·-----
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~ Argon qas from Robert's Oxyqen Coe (Rockville, Maryland) was 

dried by passage through a column (J inch iad. x 12 inch 

heiqht) of indicating DrieriteR prior to u~e. 

1,3~dimethyl~4,5~diaminouracil (DADMU) from 

Aldrich was recrystallized from methanol/petroleum ether 

und~r argon prior to use. Anhydrous LiClo4 and 

isonicotinoyl chloride hydrochloride were used ~s received 

from Aldrich@ A.Cos. Reagent grade NaOH from Fisher was 

used without further purification.. Isoprop!u1ol (Chempure 

brand) f~om Curtin Matheson Scientific was used as receivede 

sxnt_h~_sig:; of Mode_l Re (I_)_ Co~plexes 

The general synthetis scheme for lu..'tdnescent Re(I) 

eompl~xe~ is illustrated in Figure 1. The starting material 

for the preparation of the luminescent Re(I) eomplexeG was 

Re (C0)_5c1.. The synthesis of the dried Re (I) species 

involved two steps@ In the first step, supstitution of co 

by chelating 2,2•~bipyridine ligand produces of the facial 

i~om~r, fac~(L)Re(C0) 3Cl. Li~ a chelating 2,2©~bipyridine 

liqand, e.g§, bpy, Cl2bpy, (co2cu3) 2bpy, (N02 ) 2bpy, Me2bpy, 

Ph2bpy, (CH
3
o) 2bpy, Me 4bpy, or CNEt2>2bpy. The qeneral 

synthesis proceduxe is described below .. 

To ~ 250 ml flask equipped with reflux condenser 

and stix bar were added 361.7 mq (l mmol) cf (C0)
5

ReCl, 

le02 mmol of the desired bipyridyl ligand, e.q6, 187 mg 

Me 2bpy ~· and 00~100 ml toluene·. The ~olution was argon 

bubbl~ degassed for 15 min. and refluxed under an argon 

-----------
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atmosphere fer 90 min. with stirring. Durinq this time, the 

product u~ually precipitates from solutions After the flask 

wa~ cool~d to room temperature the precipitated product was 

collect~d by suction filtration, washed twice with 15 ml 

porticm·~ of cold toluene followed by three 15 ml portions of 

di~thyl ether, and air suction dried for JO min. Dryinq was 

completed in a vacuum desiccator over Caso4 cverni9ht. If 

precipitation of the product did not occur on cooling, 

drcpwi~~ ~ddition of diethyl ether to th~ stirred toluene 

~elution induced precipitation. The product obtained from 

t.hi~ rea.etion was ~nalytically pure.. The yield o.f product 

fae~(l}Re~co> 3 Cl was greater than 90\ based en initial 

(CO)!)R~Cl .. 

The conversion of fac-(L)Re(C0) 3 to the 

correspcllldinq fae ... (L)Re(C0) 3 (Etpy) (R) (where R is cF3co3~, 
PF~~, c104~) was accomplished by either of the following 

two :methods .. 

Method I~~ Acid .Method .. 

This method is useful for bipyridyl ligands that 

involves th~ production and isolation of the intermediate 

R~(!~ triflate species followed by conversion to the 

4~pyridyl ethane derivative. The following example ... 

iiiifr 
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To a 250 ml round bottom flask equipped with stir 

bar were added 456 mq (0.75 mmol) of 

fae~[(NEt2 i 2bpy]Re(C0) 3Cl and 30 ml of methylene chloride. 

To the stirred suspension were added 1.34 ml (20 times 

amount required) of trifluoromethane sulfonie acid no3scF3 , 

and 3~5 drops of trif luoromethane sulfonic anhydride, 

{CF3so2>2c. The solid immediately dissolved to give a dark 

yellow solution. The flask wa~ stoppered and the solution 

stirred at a room temperature for 3 hrs., after which time 

the product was isolated by adding 200 ml of anhydrous 

diethyl ether dropwise to the ~tirred solution. The yellow 

product, fac .... [(N~t2 > 2bpyJReCC0) 3 Co3scF3 ), was.isolated via 

suction filtration. The precipitated product was washed 

with six 30 ml portions of anhydrous diethyl ether to remove 

tr~ces of trifluoromethane sulfonic acid and air suction 

.dri~d for JO:~min.. 'Drying was completed in the vacuum 

de~iccator over caso4 overni9hte The yield was 500 mq of 

[ (NEt
2

) 
2
bpy] Re (CO) 

3 
(0

3
SCF 

3
> -1g:n based on 

[(NEt2>2bpy]Re(C0) 3c1. The product was sufficiently pure 

for u~e in subsequent reactions. The Re(I)-triflate species 

ju~t de~cribed may be converted to the corresponding Etpy 

complex as ~hewn in Figure 3. The following illustrates the 

procedure. 
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Into a 250 ml round bottom flask equipped with ~tir bar and 

reflux cond~nser were added 150 mg.. (0.2 mmol) of 

~~c-[~NEt2 l 2bpy]Re{C0) 3 (o3scF3 ) and SO ml ethanol. To this 

mixture were added 0.24 ml (10 time~ the a...~ount required) of 

4~pyridyl ethan~o The solution was argon bubble degassed 

for 15 min0 and reflux~d under an argon atmosphere with 

stirring for 2 hours.. After the solution cooled to rooll.W. 

temperature, the ethanol was removed by evaporation usinq a 

rotary evaporator {Buchi Model RE~l2l)e The remaining 

~ample eonsisted of the crude product 

fae~[(NEt2 ) 2bpy]Re(C0) 3 (Etpy) (CF
3

so
3
), dissolved in the 

exces~ 4~pyridyl ethane. The sample wa~ dissolved in a 

minimum volume (5~15 ml) of 1:2 (v/v) CH3CN/tcluene and 

chrematoqr~phed on neutral alumina (adsorption alumina, 

Fi~her Sci0ntific) using a JO cm x J cm ied. column. 

Elut~on with l:2~(v/v) ?I3CN/toluene removed exees~ 

4~pyridyl ethane ligand. The yellow product band, 

i fac-l(NEt2l 2bpyJRe(COJ 31Etpyl IC!'3S03l, was eluted with 1:1 

~ (v/v) cu3cN/toluene. Although some tailing was ob~erved, 

complete separ~tion from a small amount of an unidentified 

purple species was achieved. The solvent fraction 

containin9 the product was evaporated to dryness on the 

rotary evaporator. The residue was dissolved in 5 ml 

methylene chloride and the solvent evaporftted again using 

th~ rotary.evaporator. Pale yellow flakes of 

f~e~[(NEt2 ) 2bpy]Re(C0) 3 (Etpy) (CF3so3 > were obtained in 50\ 
----
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yi~ld (based on starting [(NEt2 >2bpy]Re(C0) 3 (o3scF
3)J .. The 

produet is analytically pure. 

c 
42 .. 24 

42 .. 90 

4 .. 24 

4 .. 51 

8 .. 50 

8.24 

0 

11 .. 64 

ll.99 

The silver method is used for complexes containing 

bipyridyl li9ands susceptible to decomposition in highly 

acidic environments, e.g .. , L ~ (CB3o> 2npy er (COOCH3) 2bpy. 

In thi~ method a soluble silver trifluoromethane sulfonate 

9alt w~~ reacted with the fac~(L)Re(C0) 3Cl species to form 

the fac~(L)Re(C0) 3 to3sCF3 ) moiety and insoluble A9C1 .. After 

removal of the AgCl precipitate by filtration, the solution 

was reacted in situ with 4~pyridyl ethane to produce the 

desired product@ No attempts were made to isolate the 

intermediate fac~(L)Re(C0) 3 co3scF3 ) salts in this procedure. 

The followin9 illustrates- the.--:method: 

Because silver triflucromethane sulfonate, 

AgCF
3
so3 , is light sensitive, all operations were performed 

in ~ darkened area under red safelighte 

· Tetrahydrofuran (THF) was dri~d by reflux und~r an 

~rqon atmo9phere over Na/benzephenone for 90 min. The 
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~olvent was collected by distillation immediately prior 

Into a dry 250 ml round bottom flask equipped with 

stirbar ~nd reflux condenser were added 500 mg (0.94 mmol) 

fae~(Cl2bpy)Re(C0) 3Cl, 242 mg. (0.94 mmol) AgCF
3
so

3 
and 

100 ml of dry THF. The contents of the flask were argon 

bubbl~ d~gas~ed for 15 min. and refluxed under argon 

atmo~ph~r~ with stirring for J hrs@, at whieh time the 

cont~nt~ of the flask were suction filtered using a glass 

fritted funnel (fine porosity) to remove th~ AqCl 

precipitate. The AqCl precipitate was washed three times 

with 15 ml portions of methanol. The cu3os washings were 

.combined with the filtrate and added to a clean 250 ml round 

!l bottam fl~rnk equipped with stirbar.. 0. 75 9 (6 .. 59 m.wr.ol) of 

4~pyridyl ethane were added, the solution was argon bubble 

deq~$sed for 15 mine and refluxed under argon at.mosph~re fo~ 

2 hr~., 

After the oranqe~brown solution eeoled to room 

temp~rature the methanol and THF were removed using the 

- rot~ry evaporator. The product s..lurri' that remained was 

purified by either of the following two methods: 

An ~lumina column (15 inch height x 2 inch i.d.) 

with lg2 (~/v) CH
3
CN/toluene was prepared as described in 

Method I for the purification of fae~[(NEt2 } 2bpy]Re(C0) 3 
(Etpy~ (CF

3
so

3
). The sample was dissolved in 10~15 ml of 1:2 

-------------



.. 
<v/v) ·cu3CN/toluene and loaded into t.he column. Elution 

wit.h 1:2 Cv/v) CH3CN/toluene removed a smAll yellow hand 

identified a~ (Cl2bpy)Re{C0) 3Cle Elution with l:l {v/v) 

ca3cN/toluene removed a compact oranqe~brown band. This 

ov@rl~p limits the yield of the reaction t.o l7l based en 

f~c ... (CL2bpy)Re{C0) 3Cl .. Although the yellow product. band 

tailedw it separated cleanly from ~ number of trailing 

yellow, purple, and.brown bands on the column@ No attempt 

wa~ Wlde to isolate or identify these side productse 

Isolation of the fae-(Cl2bpy)Re(C0) 3 (Etpy) CCF
3

so
3

) product 

wa~ identical to tha~ described for 

An improved yield of complex was obtained through 

th~ u~~ of ion exchange chromatography as a purification 

procedures A column (2 cm isd. x JQ cm length) of 

SP~Sephadex C-25 ion ~xchange resin was prepared in water. 

The slurry obtained from the product workup was mixed with 

approximately 10 ml u
2
o and aceton~ was added dropwise until 

a homo~eneous solution was observedo SP~Sephadex C~25 resin 

wa~ added to the crude product. slurry solution until the 

product wa~ absorbed onto the resine The acetone was 

r·emoved by evaporation using the rotary evaporator.. The 

re~in containing the ~bsorbed reaction products was loaded 

onto th~ column. Elution with a 2o re..~oved 4~pyridyl ethane 
' + 

and uncharg~d fac~(Cl2bpy}Re(C0) 3 {Etpy) cation was eluted 

iiiiU 
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·¥ a~ th~ Cl~ salt usinq aqueous 0 .. 25 M NaCl solution.. The 

sid~ products of the reaction remained on the column@ The 

product was i~olated as the PF6~ salt by addition cf 

saturated aqueous NH4PF6 solution dropwise to the Oe25M NaCl 

~ciution containing the products The 

fac~{c12~py)Re(C0} 3 (Etpy) (PF
6

) precipitate was collected by 

suction filtration on a qlass fritt.ed filter (medium 

porosity}@ The product was ~uspended in 10 ml s2o 

cont.aininq 1 drop ~aturated NH4PF6 . ~elution. Acetone was 

added until the solid completely dissolvede The complex was 

pr~cipitat.ed in pure form by slow evaporation of the acetone 

at room temp~rature on the rotary evapoxatore The complex 

was coll~eted by suction filtration on the glass fritted 

filter (medium porosity) and washed with 10 ml ice cold H2). 

The complex was then washed with two 15 ml portions of 

diethyl et~~r and air suction dried for 30 min.. Drying was 

completed over c~~o4 in,the vacuu..m desiccator overnight.· A . .... , 

yield·of 24\ based on (Cl2bpy)~e(C0) 3c1 was obtained. The 

small, bright yellow erysta~s of 

f~c~(Cl2bpy)Re(C0) 3 CEtpy) (PF0) were mnalytieally pure .. 

c 

32 .. 14 

32 .. 80 

5 .. 62 

5 .. 49 

--··------·---

iii I if 
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In 9eneral, complexes containing 

electron~releasing substituents such as NEt
2

,· cu
3
o, ca

3
, 

ete .. , react cleanly and are readily purified using Procedure 

l@ Complexes containing electron-withdrawing substituents 

such ~s Cl or NO~ on the 2,2~~bipyridine ligand are best 
~ 

purifi~d using Procedure 2. The electron withdrawing nature 

of th~ 2,2'~bipyridine ligand in such complexes abstracts 

~lectron den~ity from the formal Re(I) center.. The 

r~~ulting increase in partial positive charge at the Re 

e~nt~r re~ult~ in a qreater electrostatic attraction between 

the R~(I) and Cl~e The strengthening of the Re~Cl bond that 

result~ deereases the effectiveness of Cl~ as a leaving 

qroup in the presence of silver cation, Ag+ or H03scF3 @ 

Con~equently, attack of these species at ether points within 

the R~(I)~Cl complex to generate side products becomes 

competitive with simple Cl- displacement. ~he charged 

products which ~pparently result are best separated using 

ion ~xchange re~inso 

-... 

complex~s synthe9i~ed to date, as well as yields after 

purific~tion and methods of preparation (Acid ~~ Method l1 

Silv~r ~~ Methed II), is shown in Fiqure 4. Emission maxima 

for th~ complexe~ in CH3CN are also listed. Emission 

8peetr~ were obtained using a Perkin~E~er Model ~s~s 

spectrofluorimeter. 

. The emission spectra were not corrected for 

vari~tion~ in detector sensitivity with wavelength and are 

----- ----- -- ----- -· 
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~ meant only to provide a qualitative illustration of the 

@mi~sion wavelength range which is aeeessible using these 

ccmpo'Und~e 

Two luminescent .Re(I)-t.heophylline species have 

al~o b~en prepared as model sensor~analyte conjugates. The 

preparations ar~ d~scribed as below: 

EXAMPLE ! .. -- --- ..... - - -- -

Preparation of theophy1line~8~butyrie acid, 
J~pr~J?X!PY:;:idylami~e _ (T~BAl_:pPA_) :_ _ <;:ompo~n~ I 

Ool63 q (1.2 11mnol) of 3~(4 pyridyl)~propylamine 

wer~ combined with 0@776 g (l mmol) cf 

dicyclohexylcarbodiimide in 10 ml of anhydrous pyridine. 

The r~sulting solution was allowed to stir overnight. 

Precipit~ted dieyclohexyl urea was filtered off and the 

filtrate w~~ concentrated under vacuum. the remaining solid 

was dissolved by boiling in SO\ aqueous isopropanole On 

cooling a small amount of solid had fallen out which was 

filtered off o The filtrate was concentrated to yield an oil 

that slowly ~olidified an standing@ The solid was dissolved 

- in 10 ml @olN HCl and a9ain-fil~~red to remove a small 

amount of in~oluble materials. The pH was then adjusted to 

7 with aqueous sodium carbonate. The solution was cooled on 

ice_and a c~ystalline white product was obtained (yield 

Ool49 9, J9t). The product was characterized by elemental 

analy~is ~nd proton JNMR to reveal the fcllowinq structure: 

---------------

iiiim1U 
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~X!,M~~ _II, 

Preparation of fae-(bpy)Re(C0) 3 (T8BAlPPA)(Clo4 w: 
Compound II 

Fac_:;(bpyUte €CO) 3 €03SCF 3 > was prepared as described 

above using the acid procedure (Method I) .. 

Into a 100 ml round~bottom flask equipped with 

stirb~r and condenser were added 155 ms (0.27 nmol) 

fae ... (bp.y)b(CO) 
3

€o
3

sCF
3
), 129 mg UL.37 mmol) Compound I, 20 

ml u2o and 20 ml ethanol. The aolutiowwas argon bubble 

deqassed for 15 min.. and refluxed under argon atmosphere for 

l hrso .After cooling to roe~ temperature, the aolvent was 

~vaporat~d on a rotary evaporatoro The dry solid was 

dissolved in 10-15 ml of methanol and C.2 g anhydrous LiClo4 
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were addede When the LiClo4 was dissolved the solution was 

tran~ferr~d to a Sephadex Lli~20 column (75 cm height x 2 cm 

iod.) for chromatographic purification. The colwr~ was 

@quilibrated with methanol. The sample was run at a flow 

rate of between 0@1~0~2 ml/min@ Three hand~ separated. The 

leading band fluoresced at 567 nm in ca3oa and was the 

de~ired product (Compound II). It separated cleanly from 

the r~mainii1q band~.. No e:f fort. was made to identify the 

minor products represented by these bands. The product was 

isol~t~d by evaporation of CH30B on the rotary evaporator. 

Th~ complex was dissolved in 5 ml cs3oH and gravity dripped 

into 150 ml sti:ring anhydrous diethyl ether. The complex 

wa3 precipitated as a light yellow~qreen powdere It was 

eoll~~t.ed by suction filtration on a glass fritted filter 

(:medium poro!!llity) and washed with two 15 ml portio:n~ of 

anhydrous di~tbyl ether.. Air sucticm dryinq wa~ avoided. 

Drying was completed in the vacuum desiccator over caso4_ 

overnight.. A 48'6~ yield'cf Compound II was obtained based en 

fae~{bpy)Re(C0) 3 (o3scF3 ). The complex wa9 analytically 

- pure .. 

C32H32N_a010CllRe [910.05 qt/mmol1 

c l!i! N 0 Cl 

Theory 42 .. 23 3 .. 52 12 .. 32 17 .. 58 3 .. 90 

Found 41 .. 72 4.00 12 .. 58 17 .. 98 3.74 

The product had the following structure .. 

----------
; iiliif 
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(Cl04) 

~~L!, II.fr. 

Pr~paration of 1,3~dimethyl~4~amino~s~ 
jjsonicoti.in.I~~e )__:ur_!'ci!: _ C.2,15?0U?~lJ;1 

Compound III was prepared by the reaction o:t' 

isonieotinyl chloride hydrochloride (INC) with 

1@3-dimethyl-~,5-di&mino uracil (DADMU) in dry pyridine as 

described below .. 

DADMU was purified by recrystallization from 

methanol under arqon atmosphere and dried overnight over 

caso4 in.the vacuum desiccator. The pale yellow compound 

was stored under argone 

A 100 ml round bottom flask equipped with stirbar 

was d@aerated.with arqon gas and cooled in an ice bath. 

Osin9 a.syringe, 35 ml dry pyridine were added and the 

system deaer~ted with argon. After 15 min. l.04 9 

-------------



I 

i 
I 
t 
t 
I 
; 

. 

I 

) 
I 
I 

i 
' ; 

l?CTfUSll/03947 

75 

• (5 .. 84 mmol} of isonicotinoyl chloride hydrochloride were 

added in three portions over a 15 min. intervale 

Dissolution to a brown solution occu%'redo To this m;olut.ion 

argon atmosphereo A reflux condenser was attached to the 

fla~k ~nd the flask was transferred to a water bathe The · 

content~ of the flask were refluxed under argon with 

stirring for 2s5 hrso at 80°C8 The brown mixture was 

allow~d to cool slowly to room temperature under argon 

overnight@ A yellow brown precipitate was collected by 

suction filtration on a qlass fritted filter (medium 

porosity)@ The precipitate was washed with four 15 ml 

portion~ of cold toluene to remove pyridine and a soluble 

brown il®purity. The precipitated product was washed with 

three 30 m portions of diethyl et.her and dried overnight in 

the vacuum desiccator over caso4 • The product was then 

r~crystallized from ~H30H/diethyl ether under argon 

&tmo9pher~ to yi~ld OoS2; of the yellow product Compound III 

> (ll\ ba~ed on initial INC). THe product had the following 

,..-----------

\Iii if 
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EXAMPL~ IV 

?r~para'tio~ f?~=.!.: (!._~PI;-idyl) ~beo:e_hy_lJine,.: C~?:und ~Y 

Compound III was readily cyclized to the 

corre~pondinq theophylline species (Compound IV}, by the 

fallowing procedure. 

To a 300 ml Ehrlenmeyer flask eont~ining a stirbar 

were add~d 6075 g (24 mmol) of Compound III and sufficient 

26SM aqueous NaOli (approximately 100 ml) to dissolve 

Compound-III. The yellow~arange solution was heated with 

g~ntle stirring until boiling began. Gentle boiling was 

maintained for JO min. durinq which time a precipitate began 

to separates The solution was allowed to cool to.room 

temperature and the pH was carefully adjusted to between S 

and 6 using 6M HCl {aq). During neutralization, the initial 

___ , _____________ _ ------------
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~ precipitate dis~olved to an orange solution. As 

neutralization approached completion, r~preeipitation 

occurred. The solution was cooled on the iee bath for 1 hr. 

and the pal~ yellow solid was collected by suction 

filtration on a glass fritted filter (medium porosity). The 

preeipitat~ w~s wa~hed with three 20 ml portionG of diethyl 

ether@ The crude product was dried over caso4 overnight in 

a vacuum de~iccatcr. The product was purified by 

recry~tallization from dimethyl fo:rmamide (DMF)e Crystals 

were collected by suction filtration as above and washed 

twic~ with 20 ml portions of ice cold isopropanol, followed 

by t.hr~~ JO ml portions of diethyl ether. Dryin~ was 

compl@t~d overnight in a vacu\tm desiccate:. The yield was 

1 .. 8·7 g of metallic white crystals cf Compound IV (309' based 

en. initial amount of Compound III).. Compou."!d IV melted at 

Jl7e9-J39 .. S@C to a clear orange liquid.. Compound IV was 

analytically purea 

c12H11N5o2 [257.17 9/mole] 

c 

56 .. 08 

-... 

4 .. 28 

4 .. 38 

N 

27 .. 24 

27 .. 17 

0 

12 .. 44 

12 .. 53 

------- -----------
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~XA.MPLE V 
. - -

Pr~paration of Fac~(bpy)Re(C0) 3 [8~(4~pyridyltheophyllineJ)~ 
CF3so3 ~: Compound v 

Into a 100 ml round bottom flask equipped with 

_stir!uu: were}ldded _150 mg (0 .. 261 :mmol) 

fae-Cbpy)Re(C0)
3

(o
3
scF

3
), 250 mg (l.04 mmol) 

B-C4~pyridyl)~theophylline aod 40 ml cf 2~methoxyethanol. 

2-methoxyethanol was used as the solvent because 

8~(4~pyridyl)-theophylline is insoluble in ethanol and 

watero After 15 min. of deaeration with ~rgon, the solution 

was refluxed for 4 hrs. under argon atmosphere. After 

cooling, _the solvent was removed by evaporation on a rotary 

evaporator8 The solid was extracted with 20 ml methanol and 

----------------·· 
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8-~4-pyridyl) theophylline ligand. The filtrate was 

chromato<Jraphed on a Sephadex LH~20 column (15 cm height x 2 

cm i@d.) using methanol as the eluant. Two bands were 

obs~rvede The leading band (major product) was Compound v 
and wa~ fieparat~d from a minor, unidentified impurity band 

«el~tion r~te Oel~0.2 ml/min.). Concentration of the 

fraction containinq Compound V to 5 ml methanol volUi.~e on 

the rotary evaporator followed by reprecipitation in the 100 

ml stirr~d diethyl ether gave Compound V as a pale 

lime~green powder. Compound V was collected by suction 

filtration on a glass fritted filter (medium por~sity) and 

d~i~d ov~r caso4 overnight in a vacuWtl desiccator. Yield ~ 

120 mq (42i based on fac~(bpy}Re(C0) 3 (o 3scF3 )). The product 

w~s analytieally pure. 

c26EI19o8:ir3 :a~s [832 .. 6 9/mole] 

c B N 0 

~heory ·- 31.SO 2 .. 28 ll.118 15 .. 37 

Found 38 .. 19 2 .. 53 11 .. 77 15 .. 78 

The product had the f ol:low:Cnq formula. 

----·-----------·-

,\iiiif 
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EXAMPLE VI 
!3!!$1;'. !>:iJ . '3 . _-· .--=;;:_ 

Prep~ration of Fac~(bpy)Re(C0) 3 (3-(4~pyridyl)~propionie 
acid] Clo 4 "~_2o: Cc;mPound VI 

Into a 250 ml round bottom flask equipped with 
-

stirbar were added 300 ~.9 nr.522) mmol) of 

fae~Cbpy)Re(C0) 3CF3so3 , 79@2 mg {0@524 mmol) of 

l~(4~pyridyl)-propionic acid, 70 ml of ethanol (absolute) 

and 30 ml of waters The mixture was deaerated with argon 

for 15 min and then refluxed for 4 hrs under argon 

atmosphere. The solution was cooled and the solvent was 

stripp~ds The residue was dissolved in the minimum amount 

of wat~r, placed on a SP-25 Sephadex column, washed with 

-----------
______ _...__ 

-----
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w~ter and eluted with 0.25M NaCla The first yellow-green 

d f raetion W&$ collected and the volume reduc9d to about 25 ml 

:• on the rotoevapori:ltor.. The co:ntents of the flask were 
,~ 

I 
l
~l . 
' 

I 

warmed with the heat qun and l ml of concentrated pe.rchloric 

acid W~$ ~dded drepwise. Lime~green c.ry~tals formeda These 

w~r~ i~olated by suction filtration en a 15 :ml medium 

porosity fritted funnel, washed with a very small amount of 

ice water, and air dried for 30 min.. The crystals were 

f .ibh ~ • d • d • ... D . . R urw11~r IYX°l.e in a vacuum uesieea~or over rierite .. 

c21 H11o9N3ReCl~H2o [695.04 9/mol 

c 
--.:::: _____ . - - _:._- .:.. ssr _ :--a 2 · 

36 .. 29 2.76 

36.19 2 .. 49 

Th~ product had the following formulae 

--

6.05 

S .. 86 
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E~LE. VII 

~*e~_£rochemi~l~mas.c~l!~e of YaF:i;,2.u!?. IUieniu.~ Co:mpo~ndt?, 

The eleetrcchemistry of various rhenium compounds 

was measured as l m..~ solutions in 10 ml of nitro9en~purqed 

acetonitril~ with 0.1 M tetrabutyla..-mnonium tetrafluorobcrate 

as ~ supportinq electrolyte@ The working electrode was a 

platinum di5k obtained from Bioanalytical Systems, Ince, 

West Lafayette, Indiana. A platinum wire was used as a 

counter electrode and a l.O mm silver wire served as the 

ref~rence electrode. Measurements were made by scanning 

from ~2a2V to +2.2V (vs SCE) at a scan rate of 100 

mV/s~cond. After each electrochemical measurement the 

pot~ntial difference between a Saturated Calomel Reference 

Electrode (SCE) and the silver wire was determined. Thus, 

th~ values reported are corrected to the potential vs SCE. 

Electrechemiluminescent (ECL) measurements were 

mad~ in aqueous solutions containing OalM phosphate~eitrate 

buffer (pH 4~2), 2S~mM oxalic acid, and 1' ~riton R x~100. 

Th@ el@etrodc system used consisted of two platinum gauze 

(52 9~u9~) electrodes connected fo a Radio Shack transistor 

soeket {1276-548) by a 0.1 inch platinu.m wire. The 

electrodes were mounted on the outside of a 60 ml thick 

piee~ of cellulose acetate plastice This plastic was 

machined so that a 1/4 inch dia.,eter hole allowed solution 

to flow e~sily between the working and counter~referenc~ 

eleetrod~~. The electrodes were eonnftcted to the 

potentiostat so that one electrode functioned as a working 

-----------

1iiiif 
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.. ~lectrod~ {which was closer to the photomultiplier tube) and 

one el~etrode functioned as the counter ~nd ref~renee 

electrode.. Measurements were made by sweeping from 1.5V to 

2=SV {bias po"tention) at a scan rate of 50 mV/second. The 

ECL mea~urement~ are reported as the signal to nai~e ratio 

(or siqnal to background ratio) for a given concentration of 

eompou..~d.. Background is defined as the luminescent counts 

observed with hutfer and ne ECL compound~ added. 

Lumin~scent measurements were the peak light output observed 

Doth electrochemilwninescent (ECL) and cyclic 

voltmtnetrie measurements of each solution were performed 

with either a EG&G Medel 273 potentiostat or an Oxford 

bipotentiost&t (Ursar Scientific Instruments)@ The photon 

flux of ~aeh ECL measurement was monitoxed with a Berthold 

lmr.inometer modified so that either a two or three electrode 

sy~tem could be placed in the 0.5 ml measurinq solution. 
.. . 

Both.el~ctrochemical and electroehemilwninescent 

- ·-·'113> 

Model.BO 91 X, Y, y• recorder. 

Fluorescence measurements were made with 

50 micromolar solutions on the desired compound in leO ml of 

th~ previously described ECL buffer, or when insoluble in 

the buffer, in acetonitrile. Measurements were made on a 

P~rkin-Elm~r LS-5 Fluorescence Spectrophotometer. Prescans 

of the ~olutionsi excitation and emission spectra were 

performed b0fcn:,·e the excitation an demission spectra were 

---------------------

\iii if 



84 

r~eord~d so that the emission spectrum could be meas~red 

~ while irradiating at the maximum excitation wavelength and 

conversely, the excitation spectrum could be recorded while 

monitorinq the maximum emission wavelen;th. 

Table 2 summarizes the electrochemilwninescence 

Table 2 
. .:ZS:::-

~ !ex E "'"f."ed 
'Ir 

Fluorescence !CL (S/N) 

~ (bpy) (00) J 1 .. 72 v .... l .. 18 v (l) 400 ma 2 .. ox:ui"6M 

(.~~~) (2) 565 m {30 .. 0) 

Re (bpy) (00) 3 N.D .. JN .. !O .. (1) 421 nm 2.2xlOe;o7M 

(py<JH~ (2) 567 nm (8.2) 

H6...C8~lline 

~{4,4'-[Cl]2 1.79 v N .. D .. (1) J'1l ID 
~1 

l.l6xl0 M 

~) (00}3 (2) 610 mr. (71 .. 9) 

Re(4,4!~-~112.. l .. 72 v N .. D • (1) 404 mt 9 .. lSxlO ... ~ 
.. 

-bpi) tW} <-teo:EtpyJ (2) 556 ID (5.5) 
3 

Re«4,4@-CMett-.tlKYl2 1.74 y 11.D. - (l) 395 nm i .. oaxui"'7M 

-bpy) (00) 3 ( 4 .... 1:tpy) (2) 568 nm (S.9) 

Re(4,4'[(Et) 2NJ 2 l .. 6J v (Ir.re~ {l) 414 m lxl~f"7M 
... lbpy) ~ro> (4 ... Et:P.Y> 

J 
ver.sible (2) 505 m (2.0) 

~(4,4m,s,s~~[Mel 4 l .. 77 v N .. De (l) 393 ml l.OOxl0-7M 

~) (CD) J.€4 ... Etpy) (2) 530 nm (2.6) 

------·-------· --

i'iiJU 
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The electrochemiluminescence was measured at the 

concentration shown and the results are expressed as the 

ratio of signal over background • 

.. 

- 'EXAMPLE VIII 
s::::::a-· --=s:::: .- -·_:;;;-

Use of an Internal Standard 
for al!~!!~~ _!a_~ed __ A~sa;L -... 

Several experiments were performed to investigate 

the US«l!l of an internal standard for elect.rochemiluminescence 

(ECL) @ Th~ u~e of an internal stand~rd fer ECL measurements 

require~ the ~ddition of a seeond lumophor or "TAGn into the 

sampl~ solution. One TAG is the ealibrant or analyte and 

the ~~cond· is the internal standard. Light emission from 

-------------------
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~~ch TAG must be independently and simultaneously measured. 

On~ way to accomplish t.his is by using optical filters 

because the two TAGs emit at different wavelengths. 

M~t~rials §!_nd E_g~E!1!~; 

The ECL from both the internal standard and the 

calib~a.nt was measured in a "'Flo~Thru 01 housinq. The housing 

coirud~ts of a liqht~t.ight enclosure in which fluid and 

el~etrieal connect.ions are made to the electrochemical cell 

and the cell is aligned with a head~on photomultiplier tube. 

The light intensities were measured with a Hamamatsu 

phct.om~ltiplier (PMT) and an Oriel Model 7010 PMT detection 

5y~tem. The potentiostat was a Princeton Applied Research 

«PAR) Model 173 programmed with a PAR Model 175 (scanning 

between le8 and 1.0 V vs. Ag/AgCl at 100 mV/6). The 

electrochemical cell was a Bioanalytical Sy9tems cell 

modified to accommodate a solution inlet and outlet port in 

the cell blocks The working electrode material was_gold 

which was embedded in the block@ A stainless steel 

faeepl~te with a window for the PMT to the cell was used as 

the counter electrode. ~The-»efeience electrode (Aq/A9Cl) 

wa$ external to the cell block and placed down streame 

Fluid flow ·!lnd sample introduction were performed manually 

u~inq a peri-~taltic pump. Light interu~it.y profiles were 

r~eorded on a Kipp & Zonen x~Y-Y recorder~ Stock solutions 

of the TAGs were prepared by dissolving in the buffer. The 

buff~r consisted of O.lSM phosphate, OelOM tripropylamine, 

_________________ __,___ 

ii iii if 
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2+ . 
The ECL of Os(bpy) 3 , OsTAG, was investigated. 

on scanning the potential in an anodic direction, two light 

emi~~ion profiles are observed. Light emission in the forr.t 

of a plateau i5 ob~erved near the formal potential cf 
3+/2+ 

0§~bpy) 3 (C.SV vs. Ag/A9Cl). The second emission occurs 

more po$itive at 1.46V with a peaked shape. This second 

e:mis~ion i~ niuch more intense and near the triprcpylaraine 

oxid~rtion0 The extrapolated detection limit wa.~ 100 pM 

(usinq ©I Hamamatsu R374 PMT). 

The ECL of (Me4bpy)Re(4~Et~pyr) (C0} 3+,ReTag was 

inve~ti.qated o The formal potential for oxid~t.ion is l. 7V 

v~© A;/AqCl €measured in acetonitrile by cyclic 

voltmnmet~)o The ECL max is.shifted positive (l.58V) 

~elativ~ to O~TAG, which reflects the much more positive 

formal pot~ntial for oxidation. This :material is of 

intere~t because it emits at 545 nm (water). The ReTAG 

emissieJtU i~ well lieparat!ed in wavelenqth from that of 
2+ 

O~(bpy3 3 (750 nm) and hence allows for optical separation 

u~in9 simpl~ filters. The extrapolated detection limit o~ 

R~TAG wa~ 100 pM (Hamamatsu R268 PMT). 

Based en the ECL performance in the two procedur~s 

de~cribed, these compounds were used to test the possibility 

of u~inq an intern~! standard for ECLe One criterion for ~n 

internal s~andard (OsTAG} is that it emit light. 

indep~nden~ly of the calibrant TAG (ReTAG), i&e$, the 

f ollowinq quenching reaction should not. cc cur:: ---·----

iiiiif 
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The fellowing experiment was performede At 

eon~tGnt OsTAG concentration (1 micromolar), and varying 

· R~TAG concentrations (C to lOOnM), the ECL of OsTAG was 

ob~~rved using an R268 PMT and LP 700 long pa~s filters See 

Fiq@ 2s Within experimental error, no influence upon the 

O~TAG ECL by ReTAG was observed. 

The same experiment wa~ repeated except that the 

LP 700 was replaced with a short pass 620 filter t~ observe 

only the ReTAG ECL. The calibration curve for ReTAG is 

shown in Fig. 3e A calibration curve for ReTAG without 

. O~TAG is also shewn in Fi9e J. Aqain, within experimental 

error 6 the addition of OsTAG had no influence en the ReTAG 

ECLe The data indicate that Os(bpy) 3
2+ is well suited as an 

internal standard with ReTAG as the analyte. 
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EXA."!PLE IX 
·- .===:i;;-· Fi - F: ;;=;: 

se~rni ti vi ty of Detect.ion of Elect.roehemilumineseem:::e cf 

Rh~nium Labeled Rabbit Anti~Mouse Immuno9lobulin G (!gG) 

Antibody 

The electrochemiluminescenee of rabbit anti~mouse 

IqG antibody labeled with Fac~(Jbpy)Re(C0) 3 [J~(4 ... pyridyl}~ 

p~opionic acid]Clo4 •a2o (Compound VI) (rhenium~labeled 

rabbit anti~mouse I9G antibody) is measured in ~ 15 ml 

thr~~~neck, round bottom flask containing 10 ml of a 

~elution prepared as described below; a 1.5mm x lOmm 

wire couuiter electrode; and a working elect.rode consistinq 

of ~ 22 y~uge platin\mn wire welded to a 1 cm x 1 cm square 

piece of 0.1 mm thick, highly polished platintmt foil. (The 

workinq platinWll!. foil electrode is shaped into a l/16 of an 

ineh_di~meter smU.~circle surrounding the 28 gauge platinum 

wire counter electrode by J/32 of an inch equidistaDtlys) 

Th~ silver wire is conaected to the EG&G Model 178 

eleetromet~r probe of the EG&G Model 173 potentiostat/ 

pl~tinum working electrode are connected to the anode and 

c~thode r~spectively of the EG&G Model 173 potentio~tat. 

The d~vic~ is grounded. 

The electrochemi.l~minescence emitted from the 

--···~=·--=·-· =====--===== 



.. 
det~eted using an Hamamatsu R928 photomultiplier tube, set 

in~ide ~ Products for Research Model PR1402RF 

phot.omultipli~r tube housinq which is fitted with a Kodak 

i2JA gelatin ~red) filter. The photomultiplier tube housing 

i~ connected to ~n Oriel Model 7070 photomultiplier 

det~etion systemi. 

Eleet.rochemiluminescenee is induced by pulsing for 

one s~cond i:nte:rval.s, bet.ween zero and ~2. 0 volts cathodic 

potential. ElectroeheMiluminescent. mea~urements are 

performed by integrating the resulting 

~l~etroehemilumine9cent photomultiplier t.u.~e 9iqnal using an 

integrator connected to a Micronta Model 22191 diqital 

multimeter. The electrochemiluminescent siqnal is 

integrated for 10 seconds durinq the pulsin~ and recorded ir. 

millivolts .. 

A stock solution of l.25 x 10~7M rhenium~labeled 

rabbit anti~mouse IgG antibody is prepared from a 

concentrated solution (2 mg/ml, 1 .. 5 Re/antibody) of the - ~ 

labeled antibody by dilution in phosphate~buf fered saline 

(PBS). An aliquot of this solution (80 microliters) is - --
~dded to 10 ml of dimethylsulfoxide (DMSO)/deionized, 

distilled water (1:1) containinq 0 .. 1 M tet.rabu.tylamimonium 

t~trafb\~robor@.te· (TBA.BF 4} and 18 mM ~"'!tOnium persu.lfate in 

th~ r~aeticn vessel. The final rhenium~labeled antibody 

concentration is l x 10~9M. Electrochemilumine9cence is 
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Additional solutions representing various 

antibody ~tock solution are made and aliquots (80 

miercliters) cf these solutions are added to the swr.e 

~elution of rheniwn~la.beled antibody in the reaction vessel 

in increment.~ whieh result in the following concentrations 

of labeled ~ntibody: 5 x l0-9M, 1 x l0-8M, ~nd 5 x lO~eM. 

El~etrochemiluminescence measurements are made for each 

~olution as described@ These results indicate the 

sen~itivity of eleetrochemiluminescent detection of labeled 
~g 

~ntibody (l x 10 M), and the dependence of the intensity of 

electrochemiluminescence en the concentration of the 

-----
,,::-iiif 
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Homogeneous Electrochemiluminescent Iimmunoassay for Antibody 

te Bovine Serum Albumin 

albumin (BSA) labeled with Fae~(lbpy)Re(-C0~ 3 £3 ... (4 ... pyridyl)~ 

propionie aeid]Clo4 •e2o (Compound VI) (rhenium~labeled BSA) 

i~ prepared from a'stock solution of rheniwire~labeled BSA 

~2@5 mg/ml, 6 Re/BSA) by dilution in phosph~te~buffered 

~aline (PBS)e 26 microliters of this solution are added to 

10 ml of DMSO/deionized, distilled water (l:l) containing 

OolM TBABF4 and lBmM ammonium persulfate in the reaction 

v~~~el@ The final rhenium~l&beled BSA concentration is 2 x 

l0~8M.. Electroehemilumineseence- i~ measured as described in 

In an analogous manner, a solution containing 7.8 
... () 

x 10 M unlabeled BSA is prepared and added to the reaction 

ves~el to qive a final unlabeled BSA concentration of 5 x 

l0~8Me The electroehemilmninescence of this solution and of 

a similar solution without BSA i; measured. 

A solution containing 3e75 x lO~SM rabbit anti~BSA 

antibody is prepared from a stock solution cf rabbit 

anti~BSA an~ibody {6.0 mg/ml) by dilution in PBS, and an 

aliquot (26 microliters) is added to the solution of 

rhenii~~labeled BSA in the reaction vessel to give a final · 

rabbit.anti~BSA antibody concentration of l x 10~7M. 

- ----- --------·-·------
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Th~ electrcehemiluminescence of the resulting 

mixture of rhenium~l.abeled BSA antiqen and a:tibody (rabbit 

anti~BSA) is measured. The results indicate a reduction in 

the eleetrochemilumine~eence of the rhenium~labeled BSA upon 

~ddition of rabbit anti~BSA antibody ~nd demonstrate that a 

homogeneeu~ electroehemiluminescent detection of antibody to 

BSA may be achieved@ Based upon these results one skilled 

in the ~rt would know that a homoqeneous 

eleetroehemilumineseent immunoassay for detecting other 

~n~lyte$ of interest may be developed. 

----.----------
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EXAMPLE XI 
- . . EE"E:£: ;:-·;~ 

Heteroqenecu~ Electrochemiluminescent Immunoassay for 

Legione_ll,,! Osinq a Mouse Anti~~~9ion_ella Immuneglobulin G 

(IgG) Antibody and Rhenium-Labeled Rabbit Anti~Motise 

Immunoglobulin G (lqG) Antibody 

A formalinized suspension of the baeteriu.~ 

;Lesr;onel_la m~eda~e~ is adjusted to an optical density (at 

425nm) of 1.00 by dilution with PBS buffers Approximately J 

x 109 cells are added to a conical microcentrifuge tube. 

The cells are centrifuged (10 minutes, 10,000 RPM), the 

~upernat:ant decanted, and the cells :resuspended in a 1:50 
" dilution ef a mouse monoclonal IqG antibody, (l.45 mq/ml) 

r.1peeifie for ~e_g:~onel_l~ m~,dadei, in PBS U ml).. After 

incubation at room te.mperature fer l hour, the cells are 

centrifuged, the supernatant decanted, the cells re~uspended 

in PBS buffer and centrifuged again@ Following decantation 

·of the supernatant/ the cells are resuspended in a 1:50 

dilution (in PBS) of rabbit anti~mouse IqG antibody labeled 
-

with !'~c .... Cbpy) Re (CO) 
3 

[ :f .... ( 4 .... pyridyl) ... propionic &cid] Clo 
4 

H
2

o 

Compound VI, i@e@, rhenium~labeled rabbit anti~mouse lqG 

~ntibody, (2mg/ml, 7.5 Re/antibody). After incubation at 

room t~mperature for 1 hour, the cells are centrifuged, the 

~up@rnatant decanted, and the cells resuspend~d in PBS and 

wa~h~~ twice, with centrifugation, as before® Following the 

last w~sh the cells are resuspended in 200 microliters of 

PBS® 100 mic:rcliters of the cell suspension are added to 
---'---------
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the reaeticn vessel containing 10 ml of DMSO/deionized, 

di~till0d w~ter (1:1) containing 0.1 M TBABF4 and 18 mM 

ammonimta persulfate and transferred to the reaction vessel. 

The el0ctrocherniluminescence is measured for the cell 

§U~p~nsion. Another 100 microliters of the cell suspension 

~re added to the reaction vessel and 

is me~5ured for the solution without cells as a control 

aeco~ding to the method described in Example IX. A 

h~teroqen~ous electrochemiluminescent immunoassay fer 
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EXAMPLE XII e= _ .. _ .-==i._·--- - ... ~ 

Prepar€ltion of 
~-;.J_J..., ( 4""'m!-~~yls.2 £ ;! _~.=J?i.exri4i~ie~~.::,propylJ ~?-.' 3_.w c'!,i~~o~a.ne 

Under_ an inert atmosphere of argon, JO ml of dry 

tetrahydrofuran (TBF} and 7.65 ml of dry di~isopropylamine 

~54@6 mmol} were added to a J~neck, 600 ml flask via syringe 

wit:h ~tirring.. The solution was cooled to -78°C by 

immer8ing the flask in a mixture cf dry iee~isopropanol in a 

low form beaker.. 21. 6 ml of 2 .. SM n~J:mtyl lithium (54 mmol) 

wer~ ~lowly added to the flask. The resulting solution was 

stirred for 15 min and a solution cf 9.58 g of 

4,4g~dimethyl~2,2~~bipyridine (52 mmol) dissolved in 100 ml 

of dry THF was added dropwise by cannula with stirring over 

l hr .. 

The resulting brown mixture was further stirred at 

~78°C fo~ 2 hrs., 10 q of 2~(2~bromoethyl)~l,3~dioxolane 

(55 mm.al) were added by syringe and the resulting mixture 

~tirred·at ~78@C for S mina The reaction vessel was then 

plae~d in an ice bath (10°C) and after 30 min began to 

change color. Aft~r 1 hr the colo.J: was dark violet, after 

2 hr~ the color was blue, after 2.S hrs the color was qreen, 

and aft~r J.25 hrs the color was lemon yellowe 

The reaction mixture was quen~hed with 30 ml of 

saturated NaCl followed by 10 ml of water and SO ml of 

ether@ The aqueous phase was extracted twice with JOO ml of 

eth~r and the combined ether phases were baek~extraeted with 

100 ml of water and dried over anhydrous sodium sulphates 

ii ii if 
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To purify the reaction product, the sample was 

•eparated en alumina CMerck) 90, activity Ill, neutr11l. The 

eluants used were petroleum ether/diethyl ether (l:l) (the 

starting material ~lutes completely with petroleum 

ether/diethyl ether (2:1), followed by the product. 

Proton NMR analysis confirmed that the structure 

of th~ i~ol~ted reaction product is 



• EXAMPLE_XIII 

Pr~paration and Purification 
gf 4eobu.t.~~:_leoa~)_ ... i,~=!!!~h,Il~2 £ ~ ~=bipyridi!!~ 

2 9 of 

2~[3-(4-methyl-2,2'~hipyridine~4w~yl)-propyl]~l,3 

dioxolan@ were dissolved in SO ml of lN Bel and heated for 2 

hrs ~t 50°Ce The solution was cooled, adjusted to between 

pH 1 and 8 with sodium bicarbonate and extracted twice with 

100 ml of chloroforme 

The combined chloroform phases were washed with a 

sm~ll amount. of water, dried over sodium sulfate, filt.e~ed 

and rotoevaporated to yield a yellow oil@ 

The yellow oil was purified on a silica gel column 

usinq ~thyl acetate/toluene (l:l) as the eluant, the 

impurity being eluted with methanol. 

Proton NMR analysis [ 1°96~2°11 (m,2H)J 2 8 43 

(s,3H)~ 2®46~2°50) (t,2H)~ 2°53~2·eo (M,2B); 7°12~1·14 

(m,2H): a 0 hl 7~s.21 (br. s,2H); 1·s2-e·ss (m,2H); 9•59 

( s, 110 ] confirmed. t.hat the structure of t.he reaction produet 

is 

----------
-----------------------------------

--'--~--- a----. ·-
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EXA..VLE XIV 
F -· . - -

Preparation 
oJ 4~ $_4.:!1eth_yl~2, 2 • ... :b~.P,Iri4~ne~~-~,-yl) )M1tx_ric acid 

0®5 q of 4~{butan-l-al)~4 1 ~methyl~2,2w~bipyridine 

(2o0 mmol) were dissolved in 10 ml absolute ~cetane. 225 mg 

of fin~ly powdered potassium permanganate (KMno4 ; 1.42 mmol) 

wer~ ~dded in portions to the solution with stirrinq. The 

.reaction wa~ followed by thin layer chromatography (silica: 

~thyl acetate/toluene 50:50), which indicated that while the 

ald~hyd~ qradually disappeared a bipyridine of low Rf was 

formed .. 

After the reaction reached completion, water was 

~dded and the Mn02 was filtered and washed with small 

portions of Na2co3 (aqe). The acetone was rotoevaporated 

and t.he rasidue extracted with ca2c12 to remove nonacidic 

bipyridin~~® The aqueous solution wa~ made acidic by 

careful ~ddition of l.ON Hcl to pH 4.8. The solution became 

partially cloudy upon reaching this pH, the suspension 

redissolving at fewer pH. The mixture was extracted five 

time9 with @qual volumes of cs
2
ci

2
, dried over Na2so4 and 

- rotoevaperated to an oil whlch promptly solidified in vacuo .. 

The crud~ solid was recrystallized from chloroform:: petroletl..~ 

ether to obtain white crystals .. 

Melting point: 1704 

Proton NMR analysis was consistent with the following 

structur~ ... 

------

ii iii if 
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EXAMPLE XV 
ZE2d - E • 

Modulation of El~etrolu.minescent Signal Generated By 

Re(I>~Th~cphylline Conjugate Using Antibodies Specific fer 

Thecphylline 

Compound VI covalently bound to thecphylline 

«Ccnjuqate) is diluted to a final concentration of 150 nM 

using OalM phosphate buffer, pH 6.0, containing Oe35 M 

~odium fluoride (PBF Buffer). Monoclonal antibody (clone 

number 9~49, ascites· lot number-WOJ99, cat number 046) 

specifie fer theophylline is obtained from Kallestad 

L&bor~tc~ie~, Ineo (Chaska, MN). The monoclonal antibody is 

diluted to different concentrations using PBF Buffer 

{b~twe~n 2lo9 micrograms of protein/ml to 100 

microqr«oui/ml) .. 

Another monoclonal antibody (control MAB) that is 

1 net. reactive with theophylline is obt&ined from Sigma (St. 

·! Louis, M) and is :diluted to different concentrations between 

21@9 microgram~ of protein/ml to 700 micrograms/ml using PBF 

- Buffer., A standard solution of -~heoP!lylline is prepared 

u~in9 theophylline obtained from Aldrich Chemical Co., 

(Milwaukee, WI, cat number 26~140~8, M.W. 180el7). 

Theophylline i~ dissolved in PBF Buffer to give a final 

ccneentr~tion of 75 micromclar and is diluted with PBF 

Buffer to 6 micrcmclar for use in as.says.. Prior to making 

electrochemilu.minescenee measurements a solution containinq 

250 nk~ oxalic acid and 5' (v/v) Triton~X 100 (ECl solution) 

iiiiia· 
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i$ added to the reaction mixture. Measurements are made 

using a Berthold luminometer that is mcdif ied to allow the 

placement of two platinum gauze electrodes into the test 

tube containing the reaction solution. The electrodes are 

connected to a potentiostat and the electrochwuiliminescence 

me~surement is made by sweeping an applied potential across 

th~ electrodes from 1.5 to 2.5 volts ~t a scan rate of 50 

mV/seeG The Bert.hold luminomet.er used for the measurement 

ha~ a high gain, red sensitive photomultiplier tube. The 

luminometer output to the recorder i6 adjusted to 105 

count~/vol~e The measurements are recorded on an X-Y~Y~ 

recorder and the peak height is U9ed as the measurement cf 

eleetrochemiluminescence. The electrodes are cleaned 

between measurements by rinsing with a buffer at pH 4.2 

cont~ininq O.l M phosphate, Oel citrate, 0.025 M oxalic 

~eid, and l' Triton x-100; pulsing the electrodes in this 

~elution between +2.2 ta ~2.2 volts for 60 see; and followed 
. 

by -2c2 voits for,10 seconds. Next the electrodes are 

removed from this solution, rinsed in distilled water and 

wiped dry. The experiment~is carried out as outlined below. 

A solution of control monoclonal antibodicrui, 

antibodies to theophylline or PBF Buffer is added to a set 

cf t~st tubes (Step 1). To the tubes,~ solution of 

theophylline or PBF Buffer is added (S~ep 2). The solutions 

are mixed by briefly shaking the test tubes and allowing 

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

solution cf Conjugate is added to the tubes (Step J) • The 
-·--·-·---------
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min@ Finally, 100 microliters of the ECL solution is added 

to each tube and electrochemiluminescenee is me&sured as 

Experiment~l Desiqn for Studying the Effect of 
Antibody~ Re(I)~theophylline conjugate (Conjugate) 

Interactions on Electroluminescence 

·---------.=· 

Step I Step 2 Step 3 
100 micro.liter~ 

of:: 
200 :microliters 

of: 
100 microliters 

of: 

A .. Control mono~ Buffer Conjugate 
clomil antibody 
(2.,19 microgram~ 
to 70 micrograms) ., 

er 

B .. Anti~theophylline Buffer or Conjugate 
antibody Theophylline 
(2 .. 19 microgrum 
to 70 microqrams) 

or 

c© PBF Buf :fer Buff er Conjugate or 
·- , 

Buffer 

The experiment shows that a.monoclonal antibody 
~ - ... 

which specifically recognizes thecphylline , when contacted 

with thecphylline to which a rhenium compound {Compound Vl) 

i~ attached, e.;q .. , Re(I)~theophylline cc:mjuga.te, will 

decrea~e the eleetrcchemiluminescence. The decrease in 

eleetrcehemiluminescence is proportional to the antibody_ 

concentration when the conjugate concentration is held 

-·-----·------
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eon~tante When an antibody.is used which does not react 

with theophylline, only a slight decrease in the 

eleetroehemilumineseence is seen at the highest 

concentration of antibody. 

The data also show that when theophylline is 

eontact~d with the anti~theophylline antibody and then the 

conjugate is added to the mixture, the amount of 

electrochemiluminescence is qreatere This demonstrates that 

theophylline competes for the binding of antibody resulting 

-.... 
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As~ay for Theophylline in Serum Based on a Homogeneous 

Based on the results described in Example XV, a 

homogeneous i:mmunoassay for theophylline i$ developed using 

~ntibody to theophylli~e and the Re(I)~theophylline 

conju~~te (Conjugate) described in Example XV in a 

comp~titive binding format. The materi~ls used are 

described in Exa.,ple XV except the PBF buffer is O.lM 

pho~phate buffer, pH 6.0, containing O.lM sodium fluoride. 

Fo:r thi~ :~s~ay, a specific com:ent:ration of monoclonal 

antibody to theophylline is chosena The ~ntibody 

eoncentr~tion is 55 mieroqrams/mla The conjuqate 

l eonealmtrlltion is adjusted to 175 nM.. Theophylline is added 

to human s~rum to qive final concentrations of 2e5, 5, 10, 

20 &nd 40 microgrmuis ot theophylline/ml of serume 
~. ~· 

The assay is performed by adding 10 miercliters of 

s@rum to 290 microliters of anti~theophylline monoclonal - -... 
antibody and holding the solution at room temperature for 25 

min. Then 100 microliters of conjugate were added to each 

tube.to qiv~ ~ final concentration of 35 nM and this 

solution i~ held at room temperature for 15 min.. 100 

microliter~ of the ECL solution described in Example 34 are 

t~~n add~d.to e~eh tube and eleetroehemilu.mineseent 

prop~rtie~ ·of the sclutians are measured as previously 

d~scribed u~in9 a sweep mode for 1.5 volts to 2e5 volts at 

·iliiii-
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50 mV/see~ The results demonstrate that there is a 

correlation between the concentration of thecphylline in a 

s~ru.m sampl~ and the amount of eleetrochemiluminescence that 

i~ emitted by t.he reaction mixture. Thi$ observation 

demonstrates that. it is possible t:o develop an assay for 

th~ophylline. 

B«uu:~d on these results, one skilled in the art 

would be able to develop a homogeneous 

el~ctrochemiluminescent i,mmunoa5say for detecting and 

qu~ntifying ~n analyte of interest. in a biological matrix. 

----------

ii ii if 
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EXAMPLE XVII 
Ii': --=zz---. - - :0 

As~~y for Theophylline in Hemolyzed, Lipemic, Icteric and 

Normal Serum Samples Based en a Homoqeneous 

Electroehemiluminescent Immunoassay and Comparison to a 

Fl~orese~nce.Polarization Assay 

The concentration of theophylline in different 

type~ of ~erum samples is determined using a homogeneous 

electroch~milwninescent immunoassay. The format for the 

as~ay 1$ a competitive binding assay using a monoclonal 

~ntibody ~pecific for theophylline and the Conjuqate 

described in Example xv. The reagents and methods for 

eleetroeh~miluminescence are described in the previous 

The fluorescence polarization assay \Used 'to 

mea~ur~ the concentration of theophylline in the different 

~erum samples is carried out. usi11g an automated TDX 

instrument from Abbott Laboratories (North Chieaqo, IL) .. 

Hemolyz~d, lipemie, ieterie and normal ~era were u~ed in the 

a~5~Y~ ~nd data for the abnormal sera are listed below. 

. Homoqeneous Theophylline Ass~y 
Chara~_teristics .}>f PQt_~n1;_ia_!lJ!._]rob~emat.i_g Serum 

§.erU!! 

H~:molyzed 
Lipemie 

mg/dl 

Factor Concentration 
.-· - - -·· -

12e4 mq/dl hemoglobin 
405 mg/dl triglycerides 

196 mg/dl cholesterol 

10 mq/dl bilirubin 
--------- --- ----- -

ii1iiir 

0-J .. 2 mq/dl 
10 ... _190 mg/dl 
120~200 
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Different amounts of theophylline are added to the 

se~ ~amples to give final concentrations between 2.5 

micro9ram~ theophylline/ml and 40 miercqrmus 

theophylline/ml. Data are obtained for the homogeneous 

el~ctroehemilu.minescent immunoassay. 

Each serum sample is al~o analyzed for the 

concentration of theophylline by a fluor~seenee polarization 

a~~~y. The concentration of theophylline measured by the 

homoqeneou~ eleetrochemilumineseenee immunoassay and the 

fluorescence polarization assay are compared. The data are 

plotted a9 a ~cattergram. The data point~ are analyzed by 

linear regression and the correlation eoef ficients are 

c~lculatede The analysis demonstrates an exc~llent 

correlation between the two assays. The correlation 

normal, hemolyzed, and lipemic serum sample~ are between o.a 
and 1©2, dem~nstrat>n9 excellent recovery of theophylline 

from these serum samples. 

Althouqh the ~lectEochemiiuminescence emitted by 

the icteric ~ertml samples eontaininq theophylline are higher 

than for the other serum ~amples, it is proportionally 

higher ~t each theophylline concentr~tien. The correlation 

co~ffiei~nt is high for the data points comparing 

electroeh~:milumineseenc~ and fluoreseiemee polarization; 

how~ver, the slope demonstrates higher recovery for the 

theophylline in the ieteric serum sample. 

1iiiiiffi 



Based on these results, the concentration of 

theophylline in an ieteric sample may be determined by 

establishing a standard curve for the sample by adding known 

amounts of the Conjugate to aliquots of the icteric serum. 

elect.roch~milumineseent i1mmunoassay im.ay be used to measure 

th~ conc~ntration of theophylline present in serum samples 

cc:mt.aininq abnormal levels of hemoglobin /1 lipid and 

bilirubin .. 

A homogeneous electrochemiluminescent ir.mmnoassay 

offer~ advantaqes over a fluorescence polarization method 

~~n~it.ive detect.ion at higher concentrations of biological 

A homcqenous electrochemilu..~ineseent im.~unoassay 

of fer~ further advantages over a fluorescence polarization 

method bee~u~e no incident light source is required; 

el~etric~l excitition being the only requirement for 

0ffieient light~generatione Consequently, no sophisticated 
-

optic$ ~~e necessary. Since the-measurement principle is 

purely ~p~cifie photon emission induced by electrochemical 

stimulation, the sensitivity of the system is potentially 

much gr~~t~r than fluorescence polari~ation ~nd a wider 

dynamic range will be aehievablee Al~o, measurement of a 

much gx@~t~~ variety of &nalytes is possible with a 

provided by the fluorescence polarization and a wide~ 

-------·- - -- ---------



.. 
dynamic range will be achievables Also, measurement of a 

much great~r variety of analytes is possible witb a 

homoc;eneous electrochemiluminescent immunoassay than is 

provided by th~ fluorescence polari2ation technique, due to 

the s~leetive modulation of elect.rically~stimulated 

ch~milwninesence by biomolecular recognition events, e.g .. , 

ant.ibody~antiqen interactions .. 

Based on these results, one skilled in the art 

would know th~t homogeneous electrachemiluminescent 

immuno~ssays for detecting other analytes of interest in 

abnormal ~erum samples may be developed@ 
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As9ay for theophylline in se~""Um ba9ed on a heteroqeneous 

electroeh~miluminescent assay 

Using an immunometric assay format, a 

hetero9~n~ou~ assay fer theophylline is developed using a 

Compound VI labeled anti~theophylline antibody and 

theophylline BSA immobilized en Biomag magnetic partielese 

The antibody concentration is 20 micrograms/ml. The 

magn~tie particle concentration is li ~olids (wt/vol). 

Theophylline is added to a final concentration of 10 and 40 

miero9ram~/ml of serum. The theophylline serum standards 

ar~ diluted 1000 fold in PBF Buffer (sodium phosphate 

buff~r, pH 1@0; O.l M sodium fluoride) containing 0.1% BSA. 

The assay is performed by the addition of 75 

mieroliter~ of the diluted serum standards to 75 microliters 

of antibody conj~qated ~o Compound VI and incubating the 

$elution ~t room temperature for 20 min. Then SO 

microliters of the theophylline-BSA~Biomag particles are - --
added and th~ suspension is allowed to stand for 5 min. The 

particle~ are separated maqnet.ieally and 100 mie:rolite:rs of 

the ~upernatant are measured for electrochemiluminescence. 

Ba~ed on the results, one skilled in the art would 

be ~ble to develop a heterogeneous eleetroehem.iluminescence 

immuno~ssay for other analytes of interest in a bioloqieal 

----=--
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Labellinq DNA with an electrochemiluminescent moiety 

The following method has been used to label DNA 

with an eleetrochemilumineseent moiety. 

TCACCAATAAACCGCAAACACCATCCCGTCCTGCCAGT* 

where T* is thymidine modified at carbon 5 with 

are dissolved in 100 microlite~s of 0.01 M phosphate bu~fer, 

pH 8@7c 100 microliters of a solution of 

fac~€bpy)Re(CO)J[3~(4-bipyridyl)~propionic acid]Clo4 ea2o 

(Compou..~d VI) ~(2.3 my in 300 micrcliters of 0.01 M potassium 

phosphate buffer, pH 8e7) are added. The contents are 
-

stirred and allowed to stand at room temperature overniqht. 

100 microliters of a saturated aqueous solution of 

sodium borohydride are added to the mixture to convert th~ 

rever~ible imin~ Schiff's base linkaqe into non~reversible 

wnine linkage@ The reaction is allowed to run ~t room 

tempera~ure for 2 hrso The solution is then treated 

car~fully with a few drops of dile acetic acid to quench 

exce~s of sodium borohydride. The reaction solution is 

11iiff 
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load~d into ~ P~2 gel filtration column (18 inches x 1/2 

inch) which is preequilibrated with 0.1 M triethylammonium 

acet~te~ pH 6.718 The colur~ is eluted with the same buffer 

and 2 ml fractions are collected at a flow rate of 20 ml/hr. 

DNA eluted in fractions 9 and 10 are well separated from 

unreacted ~henium complex. The collected DNA sample 

exhibit~ typical UV absorption and additionally shows 

fluor~~eent ~mission spectrum when exeit~d. The fluorescent 

emi~~ion shows the presence of the rhenium moiety in the DNA 

sampl~. Th~ product travels as single fluorescent band on 

polyaeryimniide gel electrophoresis. The elect:rophoretic 

mobility of the labeled DNA (MBI JS-Compound VI Conjuqate) 
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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 

~l~ct~ochemiluminescent properties. Various concentrations 

of labeled DNA are dissolved in Oo5 ml of Col M phosphate 

buffer, pH 4@2, containing Oel M citrate, 25 mM oxalate and 

1.0\ T~itcn x~100 and measured on a modified Berthold 

luminometer@ The electroluminescent signal is responsive to 

v~riou~ DNA concentrations~ 
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EXAMPLE XXI . . -

Uybridi~ation studies of Compound VI-labeled 

oliigonucleotide 

The complementary strand to the 38 mer described 

in Exmupl~ XX is synthesized using the A.BI model 380 B DNA 

synthesiz~r and i5 designated MGEN~JSe 

To determine if the covalent attachment of 

Compound I to the oliqonucleotide affected the hybridizmticn 

~ propertie~ of the Y~I 38 oligonueleotide, the following 

~xperi~nt is devised. Various concentrations of the target 

fraq~nt (MGEN-38) are spotted on a sheet of Gelman RP nylon 

membr~n~, fixed ar..d probed with either MDI JS or )1'.JSI 

JS~Compound VI. Both fragments are treated with T4 

polynueleotide kinase and.gamma 32P[ATP] and labeled with 
32P ~t th~ s~ end. The hybridization sensitivities of DNA 

and Compound VI~labelled DNA are then compared. · 

Concentrations of MGEN~JS DNA, ranqinq from 50 ng 

down to OoOS ng, are spotted on a nyl9n membrane and allowed 

treated tor 2 min each in : l.SM NaCl~0.5 NaOB to fully 

denatur~ the DNA1 l.SM, NaC1-0.5M TR!S to neutralize the 

blot, and finally in 2X SSCs The blot is baked in a vacuum 

oven ~t 80®C for 2 hr~. 

The hyrbridi~ation probe is prepared as follows: l 

micro9ram~ bf MBl 38 and M.BI JS~Compound I are kinased with 

-------------
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Th~ percentage of isotope incorporation into DNA is 

detendned .. 

Prehybridization and hybridization solutions are 

prepared accordinq to Maniatis (24)o Blot~ ~re 

prehyb:idized for 4 hrse at 53@c with 50 micrograms/ml of 

calf thymus DNA. The blots are tl1en placed in hybridization 

solution containing the respective probes at 10,000,000 cpm, 

and allowed to hybridize overnight U2 hrs) at SJ°C. The 

following d~y, the blots are washed as follows: 

- twice with 2 X SSC + O.liSDS at SJ°C for lS minutes each 

~ twice with 0.2X SSC + O.ltSDS (same as above) 

- twice with 0.16i X SSC + O.llSDS (same as above) 

The blots are then air dried and exposed to Xodak 

x-cmat film at ~70°C@ 

Analysis of the x~ray shows that very similar 

hybridization patterns are observed between the MBI 38 and 

MBI Je .... compcmmi VI probe. In both cases hybridization ef 

probe to OoS ng of target is observed, and faint traces of 

hybridi~ation are observed down to 0.05 nq cf target DNA. 

No hyb~idization activity by the probe is detected for the 

n~qativ@ control DNA (phaqe lambda ONA spotted at 50 ng}. 
-------~-------
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The 38~mer E. coli probe labeled with 

a~ de~crib~d in Exa.mple XXI was hybridized with a sample cf 

E.. coli nucleic acids according to Maniatis. [Maniatis, T.,, 

Frit.~eh, E .. F .. and Sambrook, J .. , Molecular Cloning: A 

laboratory ~anual, p. 150-160, Cold Spring Harbor Press, 

Cold Spring Harbor, NY (l982}]u The hybridized complex was 

then captured by another solid support bound probe 

eomplem~nt.ary to another sequence of Eo coli DNA adjacent to 

the signal probe. The capture procedure used the ~a.me 

hybridigation conditions as used for the first part of this 

protocclo The hybridized complex wa9 separated from the· 

single stranded nucleic acids by centrifuqation and repeated 

W&$hings9 The isolated complex was t~en heated at 100°C in 

water for S mino to dissociate the complex& The labeled 

prob~ now released into solution was transferred into 

appropriate cocktail for measurement of 

elcctrochcmtiliminescent signal. The intensity of the siqnal 

corresponded to the quantity of the target DNA in a linear 

A·sample of a.minolinked DNA(~ 38~mer containing 

15 nucleotide consensus sequence from E. coli) was dissolved 

------------------
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in 100 ul of OeOl M phosphate buffer, pH 8.7.100 ul of a 

solution of the 09mium complex 

QoeCH2~cH2 ... CHO 
• 

(M~2lbpy)20s(~2PCH2~ca~ca2 ... P02)-(Cl04)2 

(2 .. J mg in JOO microliters of 0 .. 01 M pctas~iwm phosphate 

lbuff~r, pH 8.1) were added. The contents were stirred and 

~llow~d to stand at room temperature overnight. 

100 micreliters of a saturmted aqueous solution of 

~odium borohydride was added to the mixture to convert the 

rever~ible imine Schiff's base linkage into non~reversilble 

amine linkage. The reaction was allowed to run at room 

temper~ture for 2 hr. The labeled probe was purified !by gel 

filtration chromatography. The labeled DNA probe exhibited 

spectroscopic pxoperties consistent with attachment of the 

cumdum complex .. 

The probe labeled with osmium complex was 

hybridized with a sample of E. coli nucleic acids according 
.... ..o 

to Maniatis, ~~pra. The hybridized complex is then captured 

another Gequenc~ of E. coli DNA adjacent to the siqnal 

probeo The capture procedure uses the same hybridized 

conditions as used for the first part of this protocol. The 

hybridiz~d complex is separated from the sinqle stranded 

nucl~ic acids by centrifugation and repeated washingss The 

i~olated·eomplex is then heated at 100°C in water for 5 min. 

to di~~ociate the complex. The labeled probe now released 

into solution i~ transferred into appropriate cocktail for 
------------ .. -·-··-------·---·--

.. 
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~ measurem~nt of electrochemiluminescent siqnale The 

int~nsity of the siqnal corresponds te the quantity of the 

tarq@t DNA in a linear fashion. 

The rhenium complex 

(bpy) Re (CO) l R~ - (CB2 ) 2-co2H 

i~ fir@t converted into an N~hydroxysuceinimide derivative 

by dissolving 3 mq in 60 micreliters of anhydrous 

dim~thylfoxmamide and treating it with a solution of 

N~hydrexy~uccinimide (52 mq) in 200 mieroliters of anhydrous 

DMF in the presence of 94 mg dieyclohexylearbodiimide (DCC). 

The reaction is allowed te proceed for 4 hrs at 0°C. 

Precipitated dicyelohexylurea is removed by centrifugation 

and the ~up~rnatant (200 microliters) is added to the 

§elution of amino~linked DNA (a 38~mer containing 15 

nucleotide consensus sequence from E. coli) in eCl M 

phosphate buffer pH 8 .. 77 C2A260 in 100 mieroliter~ cf 

buffer~ o The reaction is allowed to proceed overnight at· 

room temperature. A considerable amount of solid appears in 

th~ reaction which· is removed by filt~ation through glass 

wool. The filtrate is concentrated and dissolved in OaS ml 

of 1 M triethylammoniwn acetate (pH 6 .. 8). The reaction 

.mixtur~ i~ then chromatographed on a qel filtration column. 

The label~d DNA probe exhibits spectroseopie properties 

consistent with attachment cf the rhenium complex ( em 594 

nm)., 

T~e probe labeled with rhenium is. hybridized with 

a sample of Eu coli nucleic acids according to Maniatis, 

--·-··------·----------------
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~upr~. The hybridized complex is then captured by another 

solid support bound probe complementary to another segment 

of Ee coli DNA adjacent to the ~iqnal probe. The capture 

procedure uses the same hybridization conditions as used for 

the first part of this protocolo The hybridized complex is 

sep~rated from the sinqle stranded nucleic acids by 

c~ntrifugation and repeated washings. The isolated complex 

is th~n heated ~t 100°C in water for 5 min. to dissociate 

the complexo. The labeled probe now released into solution 

i~ transferred into appropriate cocktail for measurement of 

electrochemiluminescent signale The intensity of the signal 

corr~5pcnds to the quantity of the target DNA in a linear 

fashion@ 

The 38~mer DNA probe from Ee coli independently 

lalb~led with ruthenium, rhenium and o~~~um complexes is used 

in ~~parate experiments to hybridi~e with its complementaxy 

~equences. The electrochemiluminescent signal of the duplex 
' .. 

is compared with electrochemiluminescent sign&l of the 

eorre~ponding labeled s~ngle~str~nded probee A modulation 

of the electrochemilumineseent signal i~ observed in each 

ca5e for the duplex. 

-~-------· 
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Wh~t is elaimed is: 

1.. A chemical moiety hav.ing the formula 

P is a polydentate ligand of R~; 

L1, L2, L3, L4, LS and L6 are liyands 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 

cor.juqated to one or more of P, L1 , :t 2 , 1.3 , L4, L5 

or L6
1 

m is an integer equal to or qr~ater thu~ l; 

each of n, o, p, q, r and s is zere er an integer; 

u is an integer equal to or qreater than l; 

------
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Ll. L2. l ( 5 LE ~nd B·. P, . . L , L , L , a being of ~uch 

compo~ition 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 beinq equal to the coordination 

of Re. 

2.. A chemical moiety according to claim l 

wh~r~in P i~ an aromatic heterocyelic ligand® 

J • A chemical moiety according to ela.-im 2, 

,. .. A chemical moiety according to claim 3, 

wherein P is bipyridyl, bipyra~yl, terpyridyl, 

phenanthrolyl, a porphyrin, a substitut~d bipyridyl, a 

sub~titut~d bipyrazyl, a substituted terpyridyl, a 

~Ulb~titut~d phen~nthrolyl or substituted porphyrino 

o<:7' -"(5;P 

5~ A chemical moiety according to claim 4, 

wher~in P is substitut~d with an alkyl, substituted alkyl, 

~:ryl, ~ub~tituted aryl, aralkyl, substituted aralkyl, 

earboxyl~t~, earboxaldehyde, carboxamide, eyano, amino, 

hydrcxy 8 imino, hydroxyearbonyl, aminocarbonyl, amidine, 

9uanidinium, ureide, a sulfur~containinq qroup, a 

-----------------
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6e A chemical moiety according to claim l, 

wherein at. lea~t one cf L1 , L2 , :t3 , L4 , L5 and L6 is a 

polyd~ntate aromatic heterocyclic ligand~ 

1s A chemical moiety acco:din9 to claim 6, 

wherein at least one of L1 , L2 , L3 , L4 , L5 and L6 contains 

80 A chemical moiety according to claim 7, 

h • t. l t . yl y2 L3 L4 LS ~ L6 . W.1u~~rein a eas . one o:t JY , JI& , _ , ,, anu _. is 

bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl, ill porphyrin, 

a ~ub~tituted bipyridyl, a substituted bipyrazyl, a 

~ubstituted terpyridyl, a substituted ph~nanthxolyl or a 

9@ A chemical moiety aecordinq to claim 8 

b • ~~ 1a~eh - Ll L2 yl L~ ~5 ~~~ L6 ~.~ W1u.erein ""u.. "'a.,.~ one or , II """ II ' II .;y ............ ... ... 

sub~tituted with an alkyl, substituted alkyl, aryl, 

sub~tituted aryl, aralkyl, substituted aralkyl, carboxylate, 

carbexaldehyde, carboxamide, eyano, amino, hydroxy, imino, 

hydroxyearbonyl, aminocarbcmyl, am.idine, quanidinium, 

ur~id~, a sulfur~eontaininq qro~p, a phosphorus~ecntaininq 

group, er the carboxylate ester of N~hydroxysuccinimide. 

10. A chemical moiety according to ·claim l 

cont~inin9 2 bidentat~ ligands w~~rein eaeh bidentate ligand 

i~ bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl, -------------------
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~ub9tituted bipyridyl, substituted bipyrazyl, substituted 

t~rpyridyl, or ~ubstituted phenanthrolyl .. 

11.. A chemical moiety according to claim l 

·containing J bidentate liqands, wherein each hidentate 

liqand i~ bipyridyl, bipyrazyl, terpyridyl, phenanthrolyl, 

~ubstitut~d bipyridyl, substituted bipyrazyl, substituted 

terpyridyl, or substituted phenanthrolyle 

12.. A chemical :moiety aeeordinq to claim 11 

eontaininq two bidentate bipyridyl ligands and one 

13.. A chemical moiety according to clain1 1, 

wher~in B is a whole cell, virus, subeellular particle, 

protein, lipoprotein, qlycoprotein, peptide, r.ucleie acid, 

poly~aecharide, lipopolysaccharide, lipid, fatty ~cid, 

c~llular metabolite, hormone, pharmaccloqical agent, 

tranquilize~, barbiturate, alkaloid, ~t~roid, vitamin, amino 

--acidf su9ar ox no1lbiolo9ical polymer. 

~. 

140 A chemical moiety according to claim 13, 

wherein B is a ~~rum~derived antibody or monoclonal 

ant.ibedy. 

15. A chemical moiety according to claim 1, 

1 2 J 4 L5 
wh~r~in ~ is bound to one or more of P, L , L , L , L , 

~nd L6 through· one or more direct amid~ linkages& 
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16. A chemical moiety having the structure 

17. A chemical moiety having the structure 

18. A salt comprising a ehernical :moiety of claim 

16 er 17 ~nd a counterione ------------ ~ 
· Sheet lDS Been 

\8811 

1
-. .-" . 
. 

. 

~ 

I 
·~ 
-~ . ·~~ 

·.:~ 

t~ .. . ; 
·:4 

' ·' 



I I 

I 
11• 111111 11111lflll11111 

* C L ~ . s • 

19. A salt according to elaim 18 wherein the 

counterion is a cation selected from the group consisting of 
'llO'i?'!I:~ ii+.. 'd. ' A + L. + 19.'f + ,,,+ c 2+ M 2+ v 2+ dbU•~ • qtuuu. inimlU, g , :n. , db'lla , JI'- , a , i;.'"dbq , .. ""An or 

cd2+6 er ~n anion selected from the group consi9ting of 
2~ so4 , a h~lide, carbonate, hexafluorophosphate or 

t~t.r~fluorobo:rate perchlorate. 

20. A method for determining the presence of a 

chemic~l moiety according to claim l which comprises forming 

~ reagent mixture containing the chemical moiety and 

21. A method according to elain 20, whe:ein 

det.~:rmining t.he presence of the moiety eomprise5 an emitu1icn 

22. A method according to ~laim 20, wherein - -... 
det~rm.ining the presence of the moiety eomprise9 inducing 

the chemical moiety t6 emit electromagnetic radiation and 

deteetin9 the emitted electromagnetic radiation. 

23. A method of determining the presence of a 

ch~mieal moiety having the formula: 



P i~ a polydentate ligand of Rei 

L1, L
2

, L3 , L
4

, L
5 

and L6 are ligand~ of Re, each 

of which may be the same as or diffe;:-ent fr.om each 

at.her ligand; 

B is a suhsta..~ce which is a ligand cf Re or is 

conjugated to one or more of P, L1, L2, L3, L4, LS 

or L6 ; 

m is an integer equal to or gre~ter than l; 

each of n, o, p, q, r and s is zero o~ an integer; 

t i~ an integer equal to or qreater than 11 and 

composition and number that the chemical moiety 

can be induced to emit electromaqnetic radiation 

and the total number of bonds to Re provided by 

the ligands of Re beinq equal to the coordination 

iii iii-



129 

·~ th~ met.hod comprising: 

(a) fo:rminq a reaqent mixture under suitable 

ecndi tions containing the chemical moiet:~t" 1 

(b) inducing the chemical moiety to emit 

elect.romaqnetic radiation by exposing the reaqent 

mixture to chemical, electrochemical, or 

electromagnetic energy; and 
~ . 

{c) detecting the emitted eleetromaqnetie radiation 

and thereby determining the pxesence of the 

chemic~l moiety. 

24. A method according to cl~im 23, wherein said 

moiety i~ capable of binding to a chemical agent. 

25e A met.hod of determining the presence cf ~n 

an~lyte of interest which binds to a chemical moiety, said 

moiety havin9 the .formula 

P is ~ polydentate ligand of Re1 

L1 , L2, L3, L4, L5 and L6 are ligands of Re, each 

of which may be the same as or different from each 

other ligand; -·---------·------· ---
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B is a substance which is a ligand of Re or is 

conjuqated to one or more of P, L1 , L2 , L3 , L4, LS 

or L 6; 

m is an integer equal to or greater than l; 

t is an integer equal to or qreater than l; and 

u is an integer equal to or qreater than l; 

1 2 3 4 5 G P, L , L , L , L , L , L and B being of such 

composition and numbe% that the chemical moiety 

can be induced.to emit electromagnetic radiation 

and the total number of bonds to Re provided by 

the liqands of Re beinq equal to the coordination 

(a) contacting the analyte with the chemical moiety 

unde~ suitable conditions so as to form a reagent 

:mixt.urt:; 

(b) inducing t.he ehe:mical moiety to emit 

electromagnetic radiation by exposing the reagent. 

mixture to chemical, electrochemical, o~ 

electromagnetic energy: and 
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(e) detectinq the emitted electromaqnetic radiation 

Wld thereby determining the presence of the 

analyt~ of" interest .. 

26@ A competitive binding method of determining 

th~ pre~ence cf an analyte of interest wherein the analyte 

~nd a eh~mical moiety bind competitively to a complementary 

material, the eheDical moiety have the formula: 

Re is rhenium: 

P is a polydentate ligand of Re; 

l 2 J 4 5 6 L , L , L , L , L and L are ligands of Re, each 

of which may be the same ~s or different from each 

other ligand; 

B i~ a substance which is a ligand of ~e or is 

· d - ~ ~ Ll ~2 LJ ~4 ~5 conJ uga te to one or mere OJ!. .. , , ~ , , JY , .!& 

or L 6 ; 

------·-------
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each of n, o, p, q, r and s i~ zero or ~n inte;er; 

t is an integer equal to or greater than l; and 

u is an integer equal to or greater than l; 

P, L1, L2, L3, L4, L5, L6 and B beinq of such 

composition and number that the chee,ical moiety 

c~n be induced to emit electromag·netic radiation 

and the total rmmber of bonds to Re provided by 

the ligands cf Re being equal to the coordination 

~aid method comprising: 

(a) contacting the complementary material, the 

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 expcsinq the reagent 

mixture to chemical, electrochemical, or 

electromagnetic enerqy~ and 

(c} detecting the emitted electromaqnetic r&diation 

and thereby determininq the presence of analyte cf 

interest. 

----------
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27. A method according to claim 23, 24, 25, o~ 26 

wherein B is a substance covalently bound to one or more of 

p, L1 , L2 ~ L3, L4, L5 , or L6 through cne or more amide or 

amin~ linkages .. 

280 A method accordinq to claim 23, 24, 25, or 

26 wherein B is whole cell, virus, suhcellular particle, 

nucleie aeid, polysaccha.ride, protein, qlycoprotein, 

lipoprot~in, lipopclysaccharide, lipid, fatty acid, peptide, 

e~llular metabolite, hormone, pharmaceutical agent, 

tranquili~er, barbiturate, alkaloid, steroid, vitamin, a..~ino 

acid, ~ugar or nonbiological polymer. 

29. A method according to elaim 28, wherein B is 

a nucl~otide or polynucleotide. 

JO@ A method according to claim 28, wherein B is 

a ~ermn~derived antibody or a monoclonal antibody. 

31@ A method accordinq to claim 24, wherein said 

chemical ag~nt i~ a whole cell, virus, subcellular particle, 

nuel~ic acid, polysaecharide, protein, 9lycoprotein, 

lipoprotein, lipcpolysaecharide, lipid, fatty acid, peptide, 

cellular metabolic, hormone, pharmacological agent, 

tr~nquilizer, barbiturate, alkaloid, steroid, vitamin, amino 

aeid, ~uqar·, or non.biological polymer .. 

ii ii if 
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32. A method according to claim 24, wherein said 

chemical agent is immobilized en th~ surface of an assay 

33@ A method according to claim 24, wherein said 

chemical agent is a serum~derived antibody or a monoclonal 

antibody. 

J4e A method according to claim 26, wherein B is 

the s@me substance as said analyte. 

35. A method according to claim 25 or 26, wherein 

~aid analyte i~ a whole cell, virus, subcellular particle, 

nuel~ic aeid, polysaccharide, protein, lipcprotein, 

lipopoly8aeeharide, lipid, fatty aeid, glyeoprotein, 

peptide, cellular.metabolite, hormone, pharmaeoleqieal 

ag~nt, tranquilizer, barbiturate, alkaloid steroid, vitamin, 

amino acid, .S'f!lqar or .o:ncnbiological polymer .. 

360 A method accord-ing-to claim 26, wherein said 

complementary material is a whole cell, virus, subcellular 

particle, nucleic acid, polysaccharide, protein 

glyceprotein, lipcprotein, lipopolysaccharide, lipid, fatty 

acid, peptid~, cellular metabolite, hormone, pharmaceutical 

agent, tranquilizer, barbiturate alkaloid, steroid, vitamin, 

amino ~eid,· sugar or nonbioloqical polymere 

--·-·--·-···------
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31e A method aceordinq to claim J6, wherein said 

chemical material is a serwn~derived antibody or a 

monoelon~l antibody. 

JS. A method according to claim 36, wherein said 

chemical material is a DNA or RNA fragment. 

l9s A method· according to claim 24, 25 or 26 

wherein the method is a homoqeneous method and the suitable 

condition~· are sueh that bound chemical moiety and unbound 

chemical moiety are not separated before the reagent mixture 

is ~xpo~ed to the energy soureee 

400 A method according to claim 24, 25 or 26 

wher~in the method is a heterogeneous method and the 

~uitable coneitions comprise the separation of bound 

ehe~ie~l moiety and unbound chemical moiety prior to 

expo~ur~ cf the reagent mixture to the energy source. 

41s A method acc~rding-to Claim 25 or 26, wherein 

the an~lyt~ i~ fixed to an insoluble matrixe 

42@ A method according to claim 41, the method 

being a s~dwieh method. 

4Je A method according to elaim 24, wherein the 

chemical ~qent is fixed to an insoluble matrix, and the 
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chWllfoic~l moiety is a component of a biological fluid.or 

synthetic reaction mixture. 

44. A method accordinq to claim 26, the method 

bein~ a competitive binding method wherein the complementary 

:material is fixed to an insoluble matrix. 

45. A heterogeneous :method according to claim 44, 

wherein the complementary material is a monocloirnal antibody 

and the insoluble matrix is the ~urface cf an assay vessel. 

46. A homogeneous method according to claim 44, 

wher~in the complementary material is a monoclonal antibody 

and th~ insoluble matrix is the surfac~ of an a9say vessel. 

470 A method according to cla.:L~ 2J, 24, 25 or 26 

wherein the reagent mixture is exposed to a combination of 

~leetromagnetic radiation, chemical energy, and 

electroehemieal energy. 

48. A method according to claim 23, 24, 25 or 26 

wher~in the chemical moiety is oxidized by the exposure to 

49. A method according to claim 23, 24, 25 or 26 

wh~rein· the chemical moiety is reduc~d by the exposure to 

-----·-----------
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50@ A method according to claim 23, 24, 25 or 26, 

wher@in the reagent mixture contains oxalate, pyruvate, 

laetat~, malcmate, citrate, t:artrate or peroxyd.isu.lfate .. 

51. A method according to claim 49, wherein the 

ener~y ~ouree is a chemical reducing agent. 

52. A method according to elaim 51, wherein the 

ehemieal reducins agent is magnesium. 

53@ A method according to claL~ 48, wherein the 

54@ A method aeeordinq to claim SJ, wherein the 

o~idi~inq agent is a Ce (IV) salt or Pbo2 • 

55. A_method.accordin9 to claim 49, wherein the .. . 

SGe A method according to cl~im 48, wherein the 

578 A method according to claim 23, 24, 25 or 26, 

wh~rein th@ reagent mixture is continuously exposed to an 

el~etrod~ who~e potential oscillates between a potential 

sufficient to eff~ct the reduction of said chemical moiety, 
----·· ---· -----··----
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a~d a potential sufficient to ef feet the oxidation of the 

chemical moiety. 

58. A method according to claim 48, wherein the 

en~rgy source is an electrode whose potential oscillates 

above and b~low a potential suf fieient to oxidize the 

chemical moiety and the reagent mixture contains oxalate, 

pyruvate, lactate, malonate, tartrate or citrate. 

5So A method aceordin; to claim 48, wherein the 

E:mer9y source is an electrode whose potential is cons:tant 

and ~ufficient to oxidize said chemical moiety, and the 

r~~q~nt mixture contains oxalate, pyruvate, lactate, 

m~lon~te, tartrate, or citrate. 

60@ A method according to claim 49, wherein the 

@nergy source is an electrode who~e potential oscillates 

above and below a potential suf fieient to reduee said 

chemical moiety and the reagent ~ixture contains 

Slu A method according to claim 49, wherein the 

energy source is an electrode whose potential is constant 

and ~ufficient to reduce said chemical moiety, and the 

reagent mixture contains peroxydisulfate. 

-----------~ 
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62. A oystem for determining the presence of a 

ehemie~l moiety h~ving the formula: 

P is a polydentate ligand of Rer 

of which may be the same as or different from each 

other ligand; 

B is a substance which is a liqand of Re or is 

l 2 3 4 conjuqated to one or more or P, L , L , L , L , 

L5 , or L6 ; 

m is an integer equal to or greater than 1; 

each of n, o, p, q, r, and s is zero or an 

t is an integer equal to or 9~eater than i; and 

u is an integer equal to or greater than 1, 

---------- -- --------
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P, L1 , L2, L3, L4, L5 , L6 and B being of such 

ccmpo~ition 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 equ&l to the coordination 

th~ system comprising: 

(a) a reagent mixture comprising the chemical moiety; 

(b} means for inducing the chemical moiety to emit 

electromagnetic radiation; and 

~e) m~ans for detecting the emitted 

electromaqnetic radiation. 

63* A system for determining the presence of an 

analyte of interest which binds to a chemical moiety, the 

moiety havinq t~e structural formula 

wherein: 

L1 , L2, L3 , L4, L5, and L6 are ligands of Re, each 

of which may be the same as or dif fe~ent from each 

···-·----··-·--·------· 

iliimf 



PCT/USIS/03941 

n 4 1 

B is a substance which is a ligand of Re or is 

conjugated ~o one or more of P, L1 , L2 , L3 , L4 , 

L5 , or L6 throuqh one or more w~ide or amine 

m i~ an integer equal to or greater than 1; 

each of n, o, p, q, :r and s is ~ero or an integer; 

u i5 an integer equal to or greater than l, 

p, r..1 , L 
2 

, L 3 , L 4 
11 L 5 , L 6 and B beinq of such 

composition and number that the chemical moiety 

can be induced to emit eleetromaqnetic radiation 

and t.he total number of bends to ~e provided by 
. . ~· 

the ligands of Re beinq equal to the coordination 

the sy$tem ccmpri~inq: 

{a) the chemical moiety 

~b) a mean~ ·for contacting the chemical moiety with 

the analyte of interest to form a reagent mixture; 

{c) & means for inducing the chemical moiety to emit 

e1ectromaqnetie radiation; and 

radiation .. ----------------
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64©. A composition which comprises the chemical 

moi~ty of elaiw l and one or mere different. chemical 

moieties each of which can be induced to emit 

el@ctrcmaqnetic radiation of a different wavelenqth. 

65. A composition of claim 64, wherein the 

chemical moieties are each attached to different analytes of 

interest .. 

66. A method of determinq the presence of the 

chemical moieties of claim 64, which comprises: 

" 
fo:ming a reaqent mixture under suitable 

conditions ccntaininq the chemical moieties1 

{b) inducing the chemical moietie~ to emit 

electremaqnetic radiation by exposing the reagent 

mixture to electrcmaqnetie energy, chemical energy 

or electrochemical ener9y1 and 

<c) detecting the emitted electrcma9netic radiation of 

different wavelengths and thereby determining the 
-

presence of tlle chemical moieties@ 

61. A method of determining the presence of one 

or more analytes of interest which bind selectively to the 

diffe~ent chemical moieties of claim 64 which comprises: 

(a) contacting the analyte~ with the chemical moieties 

under suitable conditions so as to form a reagent 

mixture; --------·-·-----------
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(h) indueinq the chemical moieties to emit 

~lectromaqnetic radiation by exposing the reagent 

mixture to electromaqnetie energy, ehe..mical energy 

or electrochemical energy; and 

(c) detecting the emitted electrcmaqnetic radiation of 

different wavelengths and thereby determining the 

presence of each of the analytes of interest. 

6So A method ~ccor~in9 to claim 23, wherein the 

r~a9~nt mixture comprises one er more different chemical 

maieti~~ ~ach of which can be induced to emit 

eleetrom~qnetic radiation of a different wavelength. 

69. A method according to claim 25, wherein .the 

reaq~nt mixture comprises one or more different chemical 

moieti~~ ~aeh of which can be induced to emit 

electromagnetic radiation of a different wavelength, each 

moiety being attached ta a different analyte of intereste 

70.. A method aceardin9"'tO cl~im 25, wber~in the 

re&qent mixture also comprises one or more different 

chemical moieties e~ch of which can be induced to emit 

el~etromaqnetie radiation of a different wavelenqth. 

71@ A system according to claim 63, wherein the 

reagent mixture comprises one or more different chemical 

moi~ti~~ eiil.t:h of which can be induced te emit 

-----·---~-·-----------· 
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~l~ctromaqnetic radiation of a dif fer,rit wavelength, each 

moiety beinq attached tc a different analyte cf interest • 

. 72c A composition of claim 64, wherein the 

different chemical moieties are induced to emit 

electromagnetic radiation by exposure to enerqy of a 

different value from a different source@ 

13s A composition of claim 12, wherein the 

chemic~l moieties are each attached to a different 

74. A method of deter:ming the presence of the 

che~ical moieties of claim 72, which comprises: 

(A) forming a reaqent mixture under suitable 

conditions containing th~ chemical moieties; 

£b) inducinq the chemical moieties to ~mit 

electroma9netic radiation at different times by 

exposing the reagent mixture at different times to 

energy of differenf~values or from different 

sources; and 

(c) detecting the emitted electromagnetic radiation 

after exposing the reagent mixture to each of the 

different values or different sources cf energy 

and thereby determining the presence of each of 

the chemical moietiese 

iliiir 
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75@ A method according to claim 23, wherein the 

· reaqent mixture comprises cne or more different chemical 

moi~ties ~ach of which can be induced to emit 

el~etromagnetie radiation by exposure to energy of ~ 

different valt.~e or from a different source. 

760 A method according to claim 25, wherein the 

moieties each of which can be induced to emit 

~lectromaqnetic radiation by exposure to energy of a 

different ~cures, each moiety being attached to a different 

11. A system according to claim 62, wherein the 

reaqent mixture also comprises one or more different 

chemical moietie·s each cf which can be induced to emit 

electromaqnetic radiation by exposure to energy of a 

diff~ren~ value or from ~ different source. 

186 A system aeco%ding_to elaim 63, wherein the 

reaq~nt mixture comprises one or more different chemical 

moi~ties each of which can be induced to emit 

electromagnetic radiation by exposure to ener9y o! a 

different value or from a different source, each moiety 

being att@ched to a different analyte of interest. 

iiiiU 
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79. A chemical moiety havinq the structure 

wh~r~in X and X' and Y and Y~ may be the same or different, 

X ~mi xw may be N(CH2H5 ) 2 , CH3 , CH30, C6H
5

, Cl, co
2

ce:
3

, CN, 

or N02 , and Y and Y' may be either H or cu3 , provided that 

if X ~nd x1 and Y and yr are the s~e and X is co2cH3 , Y is 

not H and further provided that if X and x• and y and ys are 

80.. A m~thed of deteetinq in a predetermined 

volume of a multicomponent, liquid sample an analyte of 

inter~~t pre~ent in the sample at a concentration below - -... 
... 3 

about 10 molar which comprises: 

(o) contacting the sample with a reagent comprising an 

electrochemiluminescent chemical moi~ty eontaininq 

a rhenium~containinq erqanie compound and wherein 

said reagent is (i) capable of being induced to· 

repe&tedly emit eleet.romagnetie radiation upon 

exposure to an amount of chemical, elect~ 
--------

iliili-
===·· -~=-=-=-~= 



fi41 

rochemieal; 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 beinq .effected under appropriate 

conditions such that the analyte and reaqent 

(b) exposing the resulting sample to ·an amount of 

chemical, electrochemical, or electromaqnetic 

energy from a suitable source effective to induce 

the reagent to repe&tedly emit radiation, the 

~xposure being effected under ~uitable conditions 

so as to induce the reagent to repeatedly emit 

electromagnetic radiation; and 

(c) det~cting electromagnetic radiation so emitted and 

thereby detecting the presence of the ~nalyte of 

int~rest in the sample. 

Slo A method for estahlishinq an internal 

stand~rd for an electroehemiluminesc@nt assay system 

compri~ing th~ steps of 

(1) forming a solution containing 

(a) an analyte comprising a first 

·eleetrcchemiluminescent moiety, and 

(b) c:m internal stamiard comprisinq a second 

electrochemiluminescent moiety, 

~&id first and second moieties having 

ililU 
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electrochemiluminescent characteristics 

substantially independent cf one another that 

~iqnif icant interference between them is not 

encountered, and having electrochemiluminescent 

emissions at sufficiently different wavelengths 

that each can be viewed independently of the 

other, and 

(2) independently measuring the 

eleetrochemilW!linescence of the analyte and the 

internal standard. 

82@ A method as recited in claim 81 wherein the 

an~lyt~ is a rhenimn containing moiety and the internal 

standard i~ an osmium containing moiety. 

83. An electrachemiluminiscent rheniu..~~containinq 

moi~ty havinq the formula 

- ... 

. ; 
!' 

--------------··-·-·--·---··-
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wherein W is selected from t.he qroup consisting of CHO, 

COOH, Nl!2 ~nd Br, R is an anion, n is an intege1:, m is l, 2 

or 3 and t.h~ bipyridyl y~oup is substituted or 

11u·umb~t.i tuted .. 

84. A method as recited in claims 2J, 26, or 80, 

wher~in ~ plurality of analytes are in a multicomponent 

mixtur~ and the assay is carried out simultan~ously with 

re5pect to ~aid plurality of analytes usi~g a eo~bination of 

eleetrochemiluminiscent moieties cont~ining 

(l) ruthenium and rhenium, 

~2) e~mium and rhenium, or 

(J} ruthenium, osmium, and rhenium. 

es@ A composition of matter having the formula 

[X~(Y)u~z]V+(R)w 
.. 

X is o~u~ or more nucleotides which are the 

same or different, one er more a.~ino acids 

which ~re the same or different, an antibody, 

an analyte of interest or an analo9 of an 

analyte of interest; 

----:-------
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Y is a linker group; f If II Jiiii. 
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z is a chemical moiety having the fo:mula 

[Re{P) U:~ 1 > CL 2} (L 3 ) (L 4) p· 5 ) CL'» 1 m n o p q ~ r s•t 

P is a polydentate liqand of Rei 

l 2 3 4 5 6 L , L , L , L , L and L are liqands of Re, 

each of which may be the same as or different 

from each other ligand; 

JR is an anion; 

m is an inteqer equal to or greater than l; 

inteqer; 

t is an inteqer equal to or qreater than l; 

and 

u is O or an integer: 

-------·--·-·---
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v is o, 1, 2 or 31 

w is 0 or 11 

1 2 J 4 5 6 P, L , L , L , L , L and L being of such 

composition. and number t."lat the chemical 

moiety can be induced to emit electromagnetic 

radiation and the total nu~ber of bonds to 

Re provided by the ligands of Re beinq equal 

to the coordination of Re, provided that w is 

0 when v is O. 

86~ A composition of matter _as claimed in claim 

SS wh~r~in Y is ~(cH2 )n~, ~H~cu~co~NH~(cH2 >n~NH~co~(CH2 )m~, 

~«CH) ~co~NH~{CH) ~ or ~(CB2)--C{CH3)~(CH2)ft~co~NH~ · 2m 2n ... llo .... 

(CH~> and m~ n and rare all the same or not all the.same 
c. r 

~nd e~eh i~ an integer greater than er equal to l@ 

870 A composition of matte~ as claimed in claim 

es wherein z is bi~ (2,2m~bipyridine) [4~butan~l-al)~ 

4~methyl-2,2'bipyridine] rhenium, (2,2~-bipyridine) 

ma.leimidohexanoie acid, 4~methyl~2,2'bipyridineee 

4w-butyla:mide rhenium, or bis(2, 2 1 ~bipyridine) {4~:methyl~2, 

2°-bipyridine~4 1 -yl]rhenium. 

-------------
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88. A composition of matter as claimed in claim 

85 wh~rein X is theophylline and u, v and w are l. 


