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Technical Field
This invention relates to novel chemiluminescent dioxetane compounds. In

particular, this invention relates to 1,2-dioxetane compounds contalning an aryl
group which is substituted with certain electron-rich substituents for use in assays.

Back Invent)

The utilization of chemiluminescent compounds, such as 1,2-dioxetanes in
immunoassays, chemical assays, nucleic acid assays and other chemical/physical
probe techniques is well known. See, for example, U.S. Patent Number 4,931,223 to
Bronstein ef al. published June 5, 1990; U.S. Patent Number 4,931,569 to Brooks et
al. published June 5, 1990; U.S. Patent Number 5,013,827 to Schaap, et al.
published May 7, 1991; U.S. Patent Number 5,068,339 to Schaap, et al. published
November 26, 1991, and U.S. Patent Number 5,112,960 to Bronstein et al. published
May 12, 1992.

It is known that the stability and chemiluminescence of dioxetanes can be
altered by the attachment of specific substituents to the peroxide ring. See Zaklika et

al. in Photochem, Photobiol., 30, 35 (1979), Schaap et al, J. Amer. Chem Soc., 104,
3004 (1982), and Handley et al., Tetrahedron Lett., 3183 (1985). These authors have

focused on various ways of substituting and stabilizing the spiro-fused polycyeclic
alkylene group as a way of improving the shelf-life at ambient temperatures of such
compounds, as well as improving the chemiluminescent decomposition of the
stabilized dioxetanes. In particular, the focus has been the adamantyl group spiro-
fused to the 1,2-dioxetane. The compounds which have resulted suffer from the
disadvantage of longer than optimal period of time needed to reach constant light
emission. These compounds therefore are inadequate and suboptimal in assays
where such a rapid release of light is critical, such as in a bioassay.

No examples of 1,2-dioxetane compounds are known that possess the critical
property of rapid energy release in addition to providing for the kinetics of activation
of the luminescer molecule to be exactly controlled according to need. Thus, it
would be advantageous to provide such novel dioxetanes which provide for

controllable, rapid release of light. Such compounds would be useful in
immunoassays for various analytes and in probes using enzymes or other
chemicals for triggering the dioxetanes to produce light from the luminescent
portion of the molecule as a signal.
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Summaryv of the Invention

This invention provides a chemiluminescent compound of the Formula (1):

Q=0
OR?

Ar-OX

wherein Ar-OX represents an aryl group substituted with an X-oxy-group. The aryl
eroup is further substituted with one to four groups independentl;fiéelected from
the group consisting of C1-C10-alkyl, C1-C10-alkoxy, C1-C 10-all§§thio, halo-C1-C10-
alkyl, C1-C1ig-alkylamino, di-(C1-C10-alkyl)amino, aryl-C1-C16=alkyl and halogen;
OX is a chemically labile group wherein the removal of X by an activating agent
results in the formation of an aryl oxide intermediate; Rl is a polycyclic alkylene of
from 6 to 30 carbon atoms having at least two fused rings, which is optionally
substituted with up to ten groups independently selected from the group consisting
of C1-C10-alkyl, C1-C10-alkoxy, halogen, and halo-C1-C10-alkyl; R2 is
independently selected from the group consisting of C1-C10-alkyl, halo-C1-C10-
alkyl, C1-C10-arylalkyl, carboxy-C1-C10-alkyl, hydroxy-C1-C10-alkyl, aldehydo-C1-
C1io-alkyl, amino-C1-C10-alkyl, and thiol-C3-C 10-alkyl. The chemiluminescence of
Formula I is enzymatically or chemically induced to provide a rapid, controllable
and sensitive luminescent count.

The present invention further provides an indicator reagent for use in assays,
which indicator reagent comprises a chemiluminescent compound of the present
invention attached to a specific binding member. The so-formed conjugate does not
interfere with chemiluminescence measurement.

In one embodiment of the present invention, art-recognized assays that use
the chemiluminescent dioxetane compounds of the present invention to test for the
presence of an analyte which may be present in a test sample are provided. One
such method comprises (a) contacting the test sample with an indicator reagent
which specifically binds said analyte and is capable of generating a measurable
signal, said indicator reagent comprising an analyte-specific binding member
conjugated to a chemiluminescent compound of the present invention, and (b)
detecting the signal generated from the indicator reagent as an indication of the
presence of the analyte in the test sample.

In another embodiment, a method for determining the presence of an analyte
which may be present in a test sample comprises(a) contacting the test sample with
an enzyme conjugate which specifically binds said analyte, said enzyme conjugate
comprising an enzyme conjugated to an analyte-specific binding member.and
adding an indicator reagent which i1s capable of generating a measurable signal
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and which comprises a dioxetane compound of the present invention. and (b)
detecting the signal generated from the indicator reagent as an indication of the
presence of the analyte in the test sample.

The present invention further provides for competitive assays for determining
the presence and/or amount of analyte which may be present in a test sample. The
method comprises (a) contacting the test sample suspected of containing the
analyte with an analyte-specific binding member and an indicator reagent which is
capable of generating a measurable signal comprising (i) said analyte or derivative
of said analyte; and (ii) a chemiluminescent compound of the present invention for
a time and under condiﬁons sufficient to form indicator reagent/analyte-specific
binding member and/or analyte/analyte-specific binding member complexes, and
determining the presence of analyte present in the test sample by detecting the
reduction in binding of the indicator reagent to the solid phase as compared to the
signal generated from a negative test sample to indicate the presence of analyte in
the test sample.

In yet another aspect, a competitive assay for determining the presence
and/or amount of analyte which may be present in a test sample is provided. Such
assay comprises (a) contacting the test sample suspected of containing the analyte
with an analyte-specific binding member and an enzyme conjugate comprising an
enzyme and said analyte or derivative of said analyte and adding an indicator
reagent capable of generating a measurable signal and which comprises a
dioxetane compound of the present invention for a time and under conditions
sufficient to form indicator reagent/analyte-specific binding member-enzyme
conjugate and/or analyte/analyte-specific binding member-enzyme conjugate
complexes; and (b) determining the presence of analyte present in the test sample by
detecting the reduction in binding of the indicator reagent as compared to the
signal generated from a negative test sample to indicate the presence of analyte in
the test sample.

In another embodiment of the invention, a competitive assay for determining
the presence and amount of analyte which may be present in a test sambple,
comprises: (a)contacting the test sample suspected of containing the analyte with a
solid phase to which an analyte-specific binding member has been attached and an
indicator reagent capable of generating a measurable signal, said indicator reagent
comprising (1) said analyte or analyte derivative and (ii) a dioxetane compound of
the present invention for a time and under conditions sufficient to form a mixture of
the test sample and solid phase and/or indicator reagent and solid phase: (b}
determining the presence of analyte present in the test sample by detecting the
reduction in binding of the indicator reagent to the solid phase as compared to the
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signal generated from a negative test sample to indicate the presence of analyte in

the test sample
The present invention also provides a test kit useful for detecting an analyte of

interest in a test sample, the test kit comprising a container containing a

chemiluminescent dioxetane compound of the present invention. The test kit
further comprises a means for generating a detectable chemiluminescent signal,
wherein said means is an enzyme or a chemical.
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he Drawing.
Figure 1A is a graph showing the time profile of the chemical triggering of 4-
(3-tert-butyldimethylsilyloxy-4-methoxyphenyl )-4-methoxy3i)iro[ 1,2-dioxetane-3,2'-
adamantane] with tetra-n-butylammonium fluoride in THF.
Figure 1B shows the level of detection of 4-(3-tert-butyldimethyisilyloxy-4-
methoxyphenyl)-4-methoxyspiro[ 1,2-dioxetane-3,2'-adamantane] in THF triggered
by tetra-n-butylammonium fluoride in THF.

ription Of

Figure 2 is the chemiluminescence time profile of 4-( 3-phosphate-4-
methoxyphenyl)-4-methoxyspiro[ 1,2-dioxetane-3,2'-adamantane}, tetra-
ethylammonium salt triggered by alkaline phosphatase.

Figure 3 is a graph showing the time profile of the chemical triggering of 4-
(3-tert-butyldimethylsilyloxy-4-methoxyphenyl)-4-methoxyspiro{1,2- dioxetane-3,2'-
(1'.7'.7'-trimethylbicyclo[2.2.1]heptane)} with tetra-n-butylammonium fluoride 1n
THFEF.

Figure 4 is a graph showing the time profile of the chemical triggering of 4-
(3-tert-butyldimethylsilyloxy-4-methylphenyl)-4-methoxyspiro{1,2-dioxetane-3,2'-
(1',7'.7-trimethylbicyclo[2.2.1]heptane)} with tetra-n-butylammonium fluoride in
THEF.

Figure 5 is a graph showing the time profile of the chemical triggering of a
control compound, 4-(3-tert-butyldimethylsilyloxyphenyl)-4-(4-
hydroxybutyloxy)spiro{1,2-dioxetane-3,2'-(1',7',7"-trimethylbicyclo[2.2.1]heptane }
with tetra-n-butylammonium fluoride in THF.

Detailed Descripti

We have unexpectedly discovered that the substitution of electron-donating

eroups, substituted for hydrogen on the aryl group of a 1,2-dioxetane, drastically
changes the light-emitting pattern of the dioxetane compounds of the present
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Invention. Such a pattern is exemplified by detecting within 0.1 to 0.5 seconds a
value of 17,000 counts (which accounts for more than 95% of the total light) from a
test sample of 5 x 10-18 moles of a compound of the present invention after
triggering with 1 M tetra-n-butylammonium fluoride in tetrahydrofuran (See
Figure 1A).

'The chemiluminescent profiles of exemplary electron-rich aryl-substituted
dioxetanes of the present invention were compared to a control dioxetane compound
comprising an unsubstituted aryl. The time course of luminescence for the known
art compound 4-(3-tert-butyldimethylsilyloxyphenyl)-4-(4-hydroxybutyloxy)spiro{1,2-
dioxetane-3,2'-—(1',7',7'-triméthylbicyclo[ 2.2.1lheptane)} is shown in Figure 5. The
control demonstrates a broad emission curve, with emittance from 0 to 50 seconds.
In contrast, the dioxetane compounds of the present invention have very short
emission curves. Maximum luminescence of the compounds of the present
invention in each case was approximately 0.5 seconds as illustrated in the Figures.

Very high luminescent counts that provide for sensitive and precise assays in
which the timing of the luminescent reaction can be exactly controlled are obtained
by utilizing the dioxetanes having the structure of the Formula (I):

Q=20
OR?

Ar-OX
. (I)

wherein Ar-OX represents an aryl group substituted with an X-oxy group. The aryl
group 1s further substituted with one to four groups independently selected from
the group consisting of C1-C10-alkyl, C1-C10-alkoxy, C1-C 10-alkylthio, halo-C1-C10-
alkyl, C1-C10-alkylamino, di-(C1-C1¢-alkyl)amino, aryl-C 1-C10-alkyl and halogen;

OX is a chemically labile group wherein the removal of X by an activating agent
results in the formation of an aryl oxide intermediate:

Rl is a polycyclic alkylene of from 6 to 30 carbon atoms having at least two fused
rings, which is optionally substituted with up to ten groups independently selected
from the group consisting of C1-C10-alkyl, C1-C1g-alkoxy, halogen, and halo-C1-
C1o-alkyl; R2 is independently selected from the group consisting of C1-C 10-alkyl,
halo-C1-C10-alkyl, C1-C10-arylalkyl, carboxy-C1-C10-alkyl, hydroxy-C1-C10-alkyl,
aldehydo-C1-Cj0-alkyl, amino-C1-C10-alkyl, and thiol-C1-C10-alkyl.

More preferably, the dioxetane compounds of the present invention have the

structure of Formula (II):
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(Y=

(II)

wherein R1, R2, and X are as defined above and R3 is up to four groups selected
from C1-Ci0-alkyl, C1-Ci0-alkoxy, C1-C 10-alkylthio, halo-iji-C 10-alkyl, C1-C10-
alkylamino, C1-C10-dialkylamino and aryl-C1-C10-alkyl.

In a more preferred embodiment, R1 of Formula II is substituted or
unsubstituted adamantyl or bicyclo [2.2.1] heptyl, and R3 is at position 4 and is
C1-C10-alkyl or C1-Ci0-alkoxy. In a most preferred embodiment, R3 is methyl or
methoxy.

Another preferred embodiment of the present invention is represented by the

compoﬁnd of Formula (11I):

R4

\

O

| 6

R20 °
e R 2

4
3
O-X (III)

2

wherein R4 is from zero to nine groups independently selected from the group
consisting of hydrogen, C1-Ci0-alkyl, C1-C 10-alkoxy, halo-C1-Cjig-alkyl and
halogen, RO is hydrogen, C1-Ci0-alkyl or C1-C 10-alkoxy and R4, R2 and OX are as
defined. In a more preferred embodiment, RO is at position 4 and is methyl or

methoxy.
Yet another preferred embodiment of the present invention 1s represented by

Formula (IV):
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More preferably, R3 of Formula IV 1s C1-C1¢-alkyl or C1-Ci0-alkoxy; R2 is
methyl, -(CH2)hOH or -(CH2)n,CHO, wherein n is from one to nine: and R4 and OX

are as defined. Most preferably, RS is at position 4 and i1s methyl or methoxy.
Another preferred embodiment of the present invention is represented by

Formula (V):

R4

\
O
6
l X 5
| R
B 1/4
OX (V)

wherein RO is hydrogen, C1-C10-alkyl or C1-Cig-alkoxy, and R4 and X are as
defined. Most preferably, RO is at position 4 and is methyl or methoxy.

In general, the adamantane- or norbornane-containing dioxetanes of the
present 1invention are synthesized as shown in Schemes I and II below.

Referring to Scheme I, the phenolic group of 3-hydroxybenzoic acid which
may be substituted with up to four electron-donating groups is selectively protected,
preferably, but not exclusively, as the tert-butyldimethylsilylether. Esterification of
the free acid with an alcohol (R20H) gives the corresponding ester which, after
coupling to an optionally substituted bicyclic ketone such as camphor or a tricyclic
ketone such as adamantanone, is photooxygenated as described in U.S. Patent
Number 5,013,827 to produce the desired 1,2-dioxetane.

Alternatively, the protecting group in the enol ether can be removed and the
liberated phenolic group phosphorylated as described in U.S. Patent Number
0,013,827. Photooxygenation of the enol-phosphate affords the dioxetane which can
be triggered by enzymes such as alkaline phosphatase and the like. Scheme I
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illustrates the coupling of the camphor moiety with the enol ether. It1is within the
scope of the present invention that analogous conditions would apply for the

coupling with adamantanone.
The general method for synthesizing the bridged dioxetane compound 1s

illustrated in Scheme II. Referring to Scheme II, when the alcohol group is built in
the polycyclic moiety, such as the bicyclic system shown, the coupling becomes
intramolecular, and the reaction gives a cyclic enol ether. Photooxygenation of the
coupled compound produces the chemical-cleavable or enzyme-cleavable dioxetane

as shown in Scheme II.
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Definitions

As used herein, the following terms shall have the following meanings:

"Aryl substituted by OX" is phenyl, biphenyl, 9,10-dihydrophenanthryl,
naphthyl, anthryl, pyridyl, quinolinyl, isoquinolinyl, phenanthryl, pyrenyl,
coumarinrinyl, carbostyrl, acridinyl, phthalyl or derivatives thereof, substituted
with an OX group removable by an activating agent to form an unstable 1.2-
dioxetane derivative which decomposes to generate light energy.

"C1-C10- alkyl" refers to saturated or unsaturated, branched or straight

chain alkyl groups having 1 to 10 carbon atoms, e.g., methyl, n-butyl or decyl.
"C1-C10- alkoxy" refers to an alkoxy group in which the alkyl portion is

saturated or unsaturated, branched or straight chain of 1 to 10 carbon atoms, e.g.,

methoxy or ethoxy.

"Halo-C1-C10- alkyl" refers to a haloalkyl group in which the alkyl portion is
a saturated or unsaturated, branched or straight chain of from 1 to 10 carbon
atoms, e.g., iodomethyl.

"Hydroxy-C1-C10-alkyl refers to hydroxyalkyl group, in which the alkyl
portion 1s branched or straight chain, saturated or unsaturated of 1 to 10 carbon
atoms, e.g., hydroxymethyl or hydroxyethyl.

"Aldehydo-C1-Cj0-alkyl” refers to an aldehydo group, in which the alkyl
portion is a saturated or unsaturated, branched or straight chain of 1 to 10 carbon
atoms, e.g., hydroxymethyl or hydroxyethyl.

"Polycyclic alkylene of from 6 to 30 carbon atoms" refers to a stability-
providing, fused or unfused cycloalkyl, cycloalkylidene or polycycloalkylidene group
bonded to the 3-carbon of the dioxetane ring carbon atoms, inclusive of,
adaniantane, camphorane, norbornane, pentalene, and the like, as well as
derivatives thereof. The fused polycyclic ring portion of the fluorophore moiety
represented by R1 also can be the residue of a fused polycyclic aromatic or
nonaromatic heterocyclic ring fluorophoric compound, such as, benzo[blthiophene,
naphtho[2,3-blthiophene, thianthrene, benzofuran, isobenzofuran, chromene,
xanthene, phenoxathin, quinoline, isoquinoline, phenanthridine, phenazine,
phenoxazine, phenothiazine, phenanthroline, purine, 4H-quinolizine, phthalazine,
naphthyridine, indole, indolizine, chroman, isochroman, indoline, isoindoline, and
the like, unsubstituted or substituted, with one or more of the aforementioned non-
labile substituents.

“Chemically labile group” is a group capable of forming an anion upon
enzymatic or chemical cleavage. Chemically labile groups include but are not
limited to hydroxyl, alkyl or aryl ester, inorganic oxyacid salt, alkyl or aryl silyloxy
and oxygen-pyranoside.
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“Indicator reagent” is a conjugate formed by coupling a chemiluminescent
dioxetane compound of the present invention to a specific binding member, as
defined below. The coupling may occur through an amine, an aldehyde, a
sulfhydryl, a maleimide, a carboxylic acid group, a hydroxyl group, and the like.

“Enzyme conjugate” is a conjugate formed by coupling an enzyme to specific
binding member as defined below or to an analyte or derivative of that analyte. The
coupling may occur through an amide, ester, thioether, Schiff base, substituted
amine, disulfide, and the like o

"Specific binding member," is a member of a specific B‘irfding pair. That 1s,
two different molecules where one of the molecules through chemical or physical
means specifically binds to the second molecule. Therefore in addition to antigen
and antibody specific binding pairs of common immunoassays, other specific
binding pairs can include biotin and avidin, carbohydrates and lectins,
complementary nucleotide sequences, effector and receptor molecules, cofactors
and enzymes, enzyme inhibitors and enzymes, and the like. Furthermore, specific
binding pairs can include members that are analogs of the original specific binding
member, for example, an analyte-analog. Immunoreactive specific binding
members include antigens, antigen fragments; antibodies and antibody fragments,
both monocional and polyclonal; and complexes thereof, including those formed by
recombinant DNA methods. Antigen and antigen fragments include any which
can be derived or produced and are useful in assays, including viral and native

lysates, synthetic peptides, recombinant proteins and the like.
“Polynucleotide” is a polymer of many nucleotides, e.g., RNA and DNA.

"Analyte," is the substance to be detected which may be present in the test
sample. The analyte can be any substance for which there exists a naturally
occurring specific binding member (such as, an antibody), or for which a specific
binding member can be prepared. Thus, an analyte 1s a substance that can bind to
one or more specific binding members in an assay. As a member of a specific
binding pair, the analyte can be detected by means of naturally occurring spicific
binding partner (pairs) such as the use of intrinsic factor protein as a member of a
specific binding pair for the determination of Vitamin B12 or the use of lectin as a
member of a specific binding pair for the determination of a carbohydrate. The
analyte can include a protein, peptide, an amino acid, a hormone, a steroid, a
vitamin, a drug including those administered for therapeutic purposes as well as
those administered for illicit purpose, a bacterium, a virus, and metabolites or or

antibodies to the above substances.
“Analyte-specific binding member” refers to a member such as an antibody or

receptor that specifically binds to the analyte. 1t cothonly refers to a group
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consiting of an antigen, an antibody, a hapten, a polynucleotide, carbohydrate. and
a small molecular weight analyte.

“Hapten” refers to a partial antigen or non-protein binding member which is
capable of binding to an antibody, but which is not capable of eliciting antibody
formation unless coupled to a carrier protein.

"Solid phase” refers to any material which is insoluble, or can be made
insoluble by a subsequent reaction.

“Capture reagent” refers to an unlabeled specific binding member which
which is specifc either for the analyte as in a sandwich assay, for the indicator
reagent or analyte as in a competitive assay, or for an ancillary specific binding
member, which itself is specific for the analyte, as in an indirect assay. The
capture reagent can be directly or indirectly bound to a solid phase material before
the performance of the assay or during the performance of the assay, thereby
enabling the separation of immobilized complexes from the test sample.

oneral Descrintion of A _
The chemiluminescent, aryl-substituted 1,2-dioxetane compounds of the

present invention are useful in assays, including assays for detecting analytes in
test samples, as constituents in test kits useful in such assays, and for like uses

and means for accomplishing such uses.

In general, art-recognized assays using the dioxetane compounds of the
present invention can be performed as follows. A test sample suspected of
containing an analyte is contacted with a buffered solution containing an enzyme

bonded to a specific binding member for the analyte to form a mixture. This
mixture 1s incubated for a time and under conditions to allow the analyte to bind to

the analyte-specific binding member-enzyme compound, thus forming
analyte/analyte-specific binding member-enzyme complexes. After washing a
dioxetane having a group cleavable by the enzyme portion of the analyte-specific
binding member-enzyme compound is added to the mixture. The enzyme cleaves
the enzyme-cleavable group, causing the dioxetane to decompose into two carbonyl
compounds (e.g., an ester, a ketone or an aldehyde). The chromophore to which the
enzyme-cleavable group had been bonded thus is excited and luminesces.
Luminescence is detected (using, e.g., a cuvette, or light-sensitive film in a camera
luminometer, or a photoelectric cell or photomultiplier tube), as an indication of the
presence of the analyte in the test sample. Luminescence intensity is measured to
determine the concentration of the analyte.

The assay preferably is performed as an immunoassay, although the present
Invention is not limited to immunoreactive assays. Any assay utilizing specific
binding members can be performed. As a member of a specific binding pair, the
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analyte, as defined above, can be detected by means of naturally occurring specific

binding partners (pairs) such as the use of intrinsic factor protein in the capture

and/or indicator reagents for the determination of vitamin B9, or the use of a lectin
in the capture and/or indicator reagents for the determination of a carbohydrate.

The analyte can include a hapten, polynucleotide, small molecular weight analyte,

a protein, a peptide, an amino acid, a hormone, a steroid, a vitamin, a drug

including those administered for therapeutic purposes as well as those

administered for illicit purposes, a bacterium, a virus, and metabolites of or
antibodies to any of the above substances.

10 The test sample can be a mammalian b,iltg’l‘Ogical fluid such as whole blood or
whole blood components including red blood célls, white blood cells including
lymphocyte or lymphocyte subset preparations, platelets, serum and plasma;
ascites: saliva; stools; cerebrospinal fluid; urine; sputum; trachael aspirates and
other constituents of the body which may contain or be suspected of containing the

15 analyte(s) of interest. The test sample also can be a culture fluid supernatant, or a
suspension of cultured cells. Mammals whose body fluids can be assayed for an
antigen analyte or an antibody analyte according to the present invention include
humans and primates, as well as other mammals who are suspected of containing
these analytes of interest. It also is contemplated that non-mammalian biological

o0 fluid test samples and non-biological fluid test samples can be utilized.

The indicator reagent comprises a specific binding member of the analyte
conjugated to the label which is a chemiluminescent dioxetane of the present
invention. The indicator reagent produces a detectable signal at a level relative to
the amount of the analyte in the test sample. It is contemplated and within the

o5  scope of the present invention that more than one analyte can be assayed
simultaneously. For example, the indicator reagent, while comprising a specific
binding member of a different analyte, can be conjugated to the same signal
generating dioxetane compound, which 1s capable of generating a detectable signal.
In general, the indicator reagent is detected or measured after it is captured on the

30 solid phase material. In the present invention, the total signal generated by the
indicator reagent(s) indicates the presence of one or more of the analytes in the test
sample. It is contemplated that any of the chemiluminescent dioxetane
compounds of the present invention can be utilized as signal generating

St

compounds. The preferred labels include:

4-(3-tert-butyldimethylsilyloxy-4-methoxyphenyl)-4-methoxyspiro[ 1,2-
dioxetane-3,2'-adamantane] corresponding to
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4-(3-phosphate-4-methoxyphenyl)-4-methoxyspiro[ 1,2-dioxetane-3,2'-
adamantane], tetra-ethylammonium salt, corresponding to

T ocH,

- OPO;~(EtyN),*

CH,

OCH,

OSi(Ms),-t-Bu

2

OCH,

4

4-(3-tert-butyldimethylsilyloxy-4-methoxyphenyl )-4-methoxyspiro {1,2-

dioxetane-3,2'-(1',7',7'-trimethylbicyclo[2.2.1]heptane)) corresponding to
CHj CH,

CH O
CH,0

OCH,

OSi(Me),-t-Bu
10

4-(3-tert-butyldimethylsilyloxy-4-methoxyphenyl )-4-(4-

hydroxybutyloxy)spiro{1,2-dioxetane-3,2'-(1',7",7'-trimethyl bicyclo [2.2.1 lheptane))
corresponding to |
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CH, CH,
\
CH4 O
HOCH,(CH,)30

OCH,

OSi(Mse),-1-Bu

4-(3-tert-butyldimethylsilyloxy-4-methoxyphenyl)-4(-

hydroxybutyl)oxyspiro[1,2-dioxetane-3,2'-adamantane] corresponding to
oL l®.
O(CH,),CH,0H

sy

OCH,4

OSi(Me),-t-Bu

?

4-(3-tert-butyldimethylsilyloxy-4-methoxy)jphenylispiro){4,1 epoxymethano)-

1,2-dioxetane-3,2'-(7',7'-dimethylbicyclo[2.2.1]1heptane)} corresponding to
CH, CH,

OCH,

OSi(Me),-1-Bu . and
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4-(3-tert-butyldimethylsilyloxy-4-methylphenyl)-4-methoxyspiro(1,2-dioxetane-

3,2'-(1',7',7-trimethyl bicyclo[2.2.1]heptane)} corresponding to
CH, CH,

CH,O

CH,

OSi(Me),-t-Bu

It is also contemplated that different luminescent compounds can be utilized
as the signal generating compounds, one for each indicator reagent, and detection
then could be determined by reading at different wavelengths or at different times.
For example, a dioxetane compound of the present invention can be used in
combination with a slower acting label known in the art, such as those described in

U.S. Patent No. 5,112,960 and U.S. Patent No. 4,931,223.

A wide variety of other assays exist which use visually detectable means to
determine the presence or concentration of a particular substance in a test sample.
The above-described dioxetanes can be used in any of these assays. Examples of
such assays include immunoassays to detect antibodies or antigens, e.g., 8-hCG;
enzyme assays, chemical assays to detect, e.g., potassium or sodium ions; and
nucleic acid assays to detect, e.g., viruses (e.g., HIV-I or cytomegalovirus), bacteria
(e.g., E. coli), and certain cell functions (e.g., receptor binding sites).

In addition to being either an antigen or an antibody member of a specific
binding pair, the specific binding member of the indicator reagent can be a member
of any specific binding pair, including either biotin or avidin, a carbohydrate or a
lectin, a complementary nucleotide sequence, an effector or a receptor molecule, an
enzyme cofactor or an enzyme, an enzyme inhibitor or an enzyme, and the like. An
immunoreactive specific binding member can be an antibody, an antigen, or an
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antibody/antigen complex that is capable of binding either to the analyte as in a
sandwich assay, to the capture reagent as in a competitive assay, or to the ancillary
specific binding member as in an indirect assay. If an antibody is used, it can be a
monoclonal antibody, a polyclonal antibody, an antibody fragment, a recombinant
antibody, a mixture thereof, or a mixture of an antibody and other specific binding
members. The details of the preparation of such antibodies and their suitability for
use as specific binding members are well known to those in the art.

The capture reagents of the present invention comprise a specific binding
member for each of the analytes of interest which are attached to at least one solid
phase and which are unlabeled. Although the capture reagent is specific for the
analyte as in a sandwich assay, it can be specific for indicator reagent or analyte in
a competitive assay, or for an ancillary specific binding member, which itself is
specific for the analyte, as in an indirect assay. The capture reagent can be directly
or indirectly bound to a solid phase material before the performance of the assay or
during the performance of the assay, thereby enabling the separation of
immobilized complexes from the test sample. This attachment can be achieved, for
example, by coating the specific binding member onto the solid phases by absorption
or covalent coupling. Coating methods, and other known means of attachment, are
known to those in the art.

The specific binding member of the capture reagent can be any molecule
capable of specifically binding with another molecule. The specific binding member
of the capture reagent can be an immunoreactive compound such as an antibody,
antigen, or antibody/antigen complex. If an antibody is used, it can be a monoclonal
antibody, a polyclonal antibody, an antibody fragment, a recombinant antibody, a
mixture thereof, or a mixture of an antibody and other specific binding members.

The solid phase is not critical and can be selected by one skilled in the art.
Thus, latex particles, microparticles, magnetic or non-magnetic beads,
membranes, plastic tubes, walls of wells of reaction trays, glass or silicon chips and
tanned sheep red blood cells are all suitable examples. Suitable methods for
immobilizing capture reagents on solid phases include ionic, hydrophobic, covalent

interactions and the like.

It is contemplated that if combinations of solid phases are
utilized in an assay, then all solid phases be present during the quantitation of
signal, thus eliminating the need to separate solid phases for detection of signal.

The solid phase can be chosen for its intrinsic ability to attract and
immobilize the capture reagent. Alternatively, the solid phase can retain an
additional receptor which has the ability to attract and immobilize the capture
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reagent. The additional receptor can include a charged substance that is oppositely
charged with respact to the capture reagent itself or to a charged substance
conjugated to the capture reagent. As yet another alternative, the receptor molecule
can be any specific binding member which is immobilized upon (attached to) the
solid phase and which has the ability to immobilize the capture reagent through a
specific binding reaction. The receptor molecule enables the indirect binding of the
capture reagent to a solid phase material before the performance of the assay or
during the performance of the assay. The solid phase thus can be a plastic,
derivatized plastic, magnetic or non-magnetic metal, glass or silicon surface of a
test tube, microtiter well, sheet, bead, microparticle, chip, and other configurations

known to those of ordinary skill in the art.
It is contemplated and within the scope of the invention that the solid phase

also can comprise any suitable porous material with sufficient porosity to allow
access by detection antibodies and a suitable surface affinity to bind antigens.
Microporous structures are generally preferred, but materials with gel structure in
the hydrated state may be used as well. Such useful solid supports include: natural
polymeric carbohydrates and their synthetically modified, cross-linked or
substituted derivatives, such as agar, agarose, cross-linked alginic acid, substituted
and cross-linked guar gums, cellulose esters, especially with nitric acid and
carboxylic acids, mixed cellulose esters, and cellulose ethers: natural polymers
containing nitrogen, such as proteins and derivatives, including cross-linked or
modified gelatins; natural hydrocarbon polymers, such as latex and rubber;
synthetic polymers which may be prepared with suitably porous structures, such as
vinyl polymers, including polyethylene, polypropylene, polystyrene,
polyvinylchloride, polyvinylacetate and its partially hydrolyzed derivatives,
polyacrylamides, polymethacrylates, copolymers and terpolymers of the above
polycondensates, such as polyesters, polyamides, and other polymers, such as
polyurethanes or polyepoxides; porous inorganic materials such as sulfates or
carbonates of alkaline earth metals and magnesium, including barium sulfate,
calcium sulfate, calcium carbonate, silicates of alkali and alkaline earth metals,
alumimum and magnesium; and aluminum or silicon oxides or hydrates, such as
clays, alumina, talc, kaolin, zeolite, silica gel, or glass (these materials may be used
as filters with the above polymeric materials); and mixtures or copolymers of the
above classes, such as graft copolymers obtained by 1nitializing polymerization of
synthetic polymers on a pre-existing natural polymer. All of these materials may
be used in suitable shapes, such as films, sheets, or plates, or they may be coated
onto or bonded or laminated to appropriate inert carriers, such as paper, glass,

plastic films, or fabrics.
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The porous structure of nitrocellulose has excellent absorption and
adsorption qualities for a wide variety of reagents including monoclonal antibodies.
Nylon also possesses similar characteristics and also i1s suitable.

It is contemplated that such porous solid supports described herein above are
preferably in the form of sheets of thickness from about 0.01 to 0.5 mm, preferably
about 0.1 mm. The pore size may vary within wide limits, and is preferably from
about 0.025 to 15 microns, especially from about 0.15 to 15 microns. The surfaces of
such supports may be activated by chemical processes which cause covalent linkage
of the antigen or antibody to the support. The irreversible binding of the antigen or
antibody is obtained, however, in general, by adsorption on the porous material by

poorly understood hydrophobic forces.
Preferred solid phase materials for flow-through assay devices include filter

paper such as a porous fiberglass material or other fiber matrix materials. The
thickness of such material is not critical and will be a matter of choice, largely
based upon the properties of the test sample or analyte being assayed, such as the
fluidity of the test sample.

To change or enhance the intrinsic charge of the solid phase, a charged
substance can be coated directly to the material or onto microparticles which then
are retained by a solid phase support material. Alternatively, microparticles can
serve as the solid phase, by being retained in a column or being suspended in the
mixture of soluble reagents and test sample, or the particles themselves can be
retained and immobilized by a solid phase support material. By "retained and
immobilized" is meant that the particles on or in the support material are not
capable of substantial movement to positions elsewhere within the support
material. The particles can be selected by one skilled in the art from any suitable
type of particulate material and include those composed of polystyrene,
polymethylacrylate, polypropylene, latex, polytetrafluoroethylene, polyacrylonitrile,
polycarbonate, or similar materials. The size of the particles is not critical,
although it is preferred that the average diameter of the particles be smaller than
the average pore size of the support material being used. Thus, embodiments
which utilize various other solid phases also are contemplated and are within the
scope of this invention. For example, ion capture procedures for immobilizing an
immobilizable reaction complex with a negatively charged polymer, described in

EP Publication No. 0326100 and EP Publication No. 0406473

can be employed according to the present invention to effect a fast solution-phase
immunochemical reaction. An immobilizable immune complex is separated from
the rest of the reaction mixture by ionic interactions between the negatively charged
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poly-anion/immune complex and the previously treated, positively charged porous

matrix and detected by using various signal generating systems previously
described, including those described in chemiluminescent signal measurements as
described in EPO Publication No. 0273,115.

The present invention provides homogeneous and heterogenous assay which
utilize the novel compounds described herein. While many assays described herein
utilize solid phases, solid phases are not required to perform many of these assays.
Also provided are direct, sandwich and competitive assays. For example, art-
recognized assays that use the chemiluminescent dioxetane compounds of the
present invention to test for the presence of an analyte which may be present in a
test sample are provided. One such method comprises (a) contacting the test
sample with an indicator reagent which specifically binds said analyte and is
capable of generating a measurable signal, said indicator reagent comprising an
analyte-specific binding member conjugated to a chemiluminescent compound of
the present invention, and (b) detecting the signal generated from the indicator
reagent as an indication of the presence of the analyte in the test sample.

Another method for determining the presence of an analyte which may be
present in a test sample comprises(a) contacting the test sample with an enzyme
conjugate which specifically binds said analyte, said enzyme conjugate comprising
an enzyme conjugated to an analyte-specific binding member; adding an indicator
reagent which is capable of generating a measurable signal and which comprises a-
dioxetane compound of the present invention. and (b) detecting the signal generated
from the indicator reagent as an indication of the presence of the analyte in the test
sample.

Competitive assays for determining the presence and/or amount of analyte
which may be present in a test sample are also contemplated to be within the scope
of the invention. Such a method comprises (a) contacting the test sample suspected
of containing the analyte with an analyte-specific binding member and an indicator
reagent which is capable of generating a measurable signal comprisi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>