IN SI TU CHEM LUM NESCENT SUBSTRATES AND ASSAYS FI ELD OF THE | NVENTI ON
The invention relates generally to diagnostic assays and nore specifically
to Schemwormmrawesmt substrates. Di scl osed are net hods wegfuskoifiousorhe
generation of chem | um nescent substrates in situ and nethods for their use
in diagnostic assays. BACKGROUND OF THE | NVENTION d i ni cal diagnostic
assays now use chem | um nescence as the preferred state-of- 10the-art
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the field or in devel opi ng ddEhD QETHEHMEYENJT@Ndard | ab equi pnent,
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need for a nmethod of generating in situ di oxetane substrates using

pr ecur sofheMiling Aesief subKates in sierFRmedpabior thejr ussUMUARYOSER aTH4ES.| NVENTI ON
20ln a first aspect, the present invention provides nethods for generating
light, conprising the steps of (a) providing an oxidant; (b) providing an
enol ether having the st B&WIKGROUADRF BEE\INV-EDRZION

Clinical diagnostic assays now use chemiluminescence as the preferred state-of-
10 the-art detection technology. Assays with chemiluminescent readouts have the most
sensitive detection limits and widest dynamic range for analyte quantification.
Increasingly, there is a need to design simplified, miniaturized, self-contained, and/or
robust diagnostic platforms for use in the field or in developing countries, where standard
lab equipment, controlled environments, and technical support are minimal. The current
15  commercially available dioxetane substrates do not fare well where controlled storage
conditions are not readily available. Thus, there is a need for a method of generating in

situ dioxetane substrates using precursors which have better thermal stability.

SUMMARY OF THE INVENTION
20 In a first aspect, the present invention provides methods for generating light,
comprising the steps of (a) providing an oxidant; (b) providing an enol ether having the

structure:

B T—OR,. [1]

25  (c) combining an aqueous solution, the oxidant, and the enol ether to form an aqueous
solution comprising a 1,2-dioxetane enzyme substrate; (d) providing an enzyme complex
comprising an enzyme moiety which is capable of cleaving the 1,2-dioxetane enzyme

substrate; (e) contacting the enzyme complex with the aqueous solution comprising the



[1] 25(c) conbining an aqueous solution, the oxidant, and the enol ether
to forman aqueous solution conprising a 1, 2-di oxetane enzyne substrate;
(d) provivOnrgL2z06ismzyme conpl ex conpri sing an enzyme nDPETYUSMTI1OME076
capabl e of cleaving the 1, 2-di oxetane enzynme substrate; (e) contacting the
enzynme conplex with the aqueous solution conprising the 1, 2-di oxetane
enzynme substrate to forma reaction mxture; and (f) allow ng the reaction

m xture enerate |ight. The oxidant may be sel ected from hydragen
per oxi del-JsEeGHE FOF Y BB UR So FeS e epe O EC &s IS i Pl Bepsian
hypochl ogiitere (HyRREREGhe € and hydrogen 5 peroxide, aryl endoperoxide,
cal ci um per oxi de peroxyhydrate, and conbi nations thereof. In sone

enbodi ment s, Theoogidarmy beesylebedHivodr bybrnggepeosiide sodinmhpdiybdae, per oxi de and
sodi um npl ybdate. . In.the enal ether, [1], . A a may, be independently
el eot ed G RE g LORLT SefgusrhaRFubhl nGhZRforls B mtBeacdi nng 1 1o
20 cay boperatiaBFrylsdntiapcdbitid€ Raiciund bkeRride pREGRYELER] 41l cdnitindnS BicRf. at ons,

branched al kyl cont ai ni nqu to 20 carbon atons, branched al kenyl containing

3 to 20 beyosisremzhodiments s edfafmaydiethaidrass peroxisiepor vshiorsh parxde and

cycl oal k i.ning 3 to 20 carbon atons, cycl oheteroal kyl containing 3
to 20 cagg%hngﬁgﬂggﬂéycloheteroalkenyl containing 3 to 20 carbon atons,

pol ycycl oal kyln theai@iestien @l |4 Atand Bmaabb dilepéraiesily phégtad/bimwah& groyp cont ai ni ng

4 to 60 carbaon atons, 15pol ﬁéﬁ;d ohet er oal kyl containing 4 to 60 carbon
at oms anePPBHHE OLitneht shyarkahgenteishied; tQiE PN iEDs, cHrEBChainoHkenYany of

whi cfy Ca&r?ﬁgi?&?@%,@%bicﬁﬂ%ﬁqt&ﬁs,ﬁ éﬁé'dtalﬂkﬁ%maidi'ngﬂ‘?o (] cal?’%r?%;%bﬁ‘?t ron-active

groups, sol ubiFizing groups, or 1ight-enhancing groups, an ere A and B
t oget her bianched tabenglyaingaiiky B ,to 2§ chibah kiompsl ¢yqgbailyyd yohtomlikgy3 tao20 carbon

ol ycycl oal keny|, .. one of the carhon atons of t cycl oal kyl, .cycl oal kenyl ,
0 bol yegemsamtisitCE Goryfe f s endh Fordre el B ol S Ror i ng

t he doubtgbBPREIMSf vk MBeRRRIKAIN@ntaifthe Wzb@a@bﬁxion@p&?&mm{ﬂ to 20
carbon atons, aryl ‘containing”6 to 14 carbon atons, aralkyl containing 7 to

15 car boerndginimg 4 thébeptban ptoneo polacydlenkenyl eomr@ningrdoortOatadion atans,
het efpar 8(%15%!010%%{16%@41193;1 rcl:gntSair;[ir(ljg 42 Po &F éa?ﬁ)()r]nsatoms and polycycloheteroalkenyl
containing 4 to 60 carbon atoms, any of which can be unsubstituted or substituted with
one or more electron-active groups, solubilizing groups, or light-enhancing groups, and
where A and B together form the cycloalkyl, cycloalkenyl, polycycloalkyl or
polycycloalkenyl, one of the carbon atoms of the cycloalkyl, cycloalkenyl,
20  polycycloalkyl, or polycycloalkenyl is one of two carbon atoms forming the double bond
of the enol ether,
R1 may be alkyl containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms,
aralkyl containing 7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or
heteroaralkyl containing 5 to 20 carbons,
25 T may be an aryl or heteroaryl ring capable of emitting light, and
R> may be an enzyme-cleavable group that contains a bond cleavable by an enzyme
moiety to yield an oxygen anion on T.

In some embodiments, the enol ether may have at least one of A or B which is

, while in other embodiments, A and B together is



25T may be an aryl or heteroaryl ring capable of emtting light, and R2 may
be an enzyne-cl eavabl e group that contains a bond cl eavabl e by an enzyne
noi ety t owgizelaboessioxygen anion on T. In some enbodi nenPET/ush@ 101374 et her
may have at |east one of A or Bwhichis C, while in other enbodi nents, A
and B together is In some enbodi ments, Rl nay be al kyl
containing 1 to 2 carbon atons or 5trifl uoal kyl contal ning 1 to 2 carbon
atonms. I n sone enbodi ments, , with R3, R4, and
R5, independent| f . ansixing of H F, d, Br, I,
cyano, ni S e, 7 i fri

o, ch

In some embodiments, R; may be alkyl containing 1 to 2 carbon atoms or

5 trifluoalkyl containing 1 to 2 carbon atoms.

In some embodiments, T may be

\#" OR2

~ N

Rs , OR, Rs  or
f}s"
X Rj
R, OR,
Rs

, with R3, R4, and Rs, independently selected from the group

consisting of H, F, Cl, Br, I, cyano, nitro, sulfonate, sulfate, trifluomethyl, trifluroethyl,



straight chain alkyl containing 1 to 20 carbon atons, branched al kyl
containing 3 to 20 carbon atons, straight chain al kenyl containing 2 to 20
carbon atwoepi2wessehed al kenyl containing 3 to 20 car bomCatusasl1/0e30¢4 oal kyl
containing 3 to 20 carbon atons, cycl oal kenyl containing 3 to 20 carbon
atons, cycl oheteroal kyl containing 3 to 20 carbon 5at ons,
cycl ohet eroal kenyl containing 3 to 20 carbon atons, polycycloal kyl

rbon at ons

containing.4 to 60 c ~~pol ycycl oal kenyl t ai ni.n tg 60 carbon
atom ooy ERuRaUST BaTRY e aIaItRg Sertp bsueber HEN Grtirane 30 90 ©

pol ycycl ahed:esi0ak kemydnt 61044 aikBh 1 Gofttalitn SO 1 £20 ERPoPAORE, brdhdres YIKeRNt ai ning 1
to 20 carbon atonms, aryl containing 6 to 14 carbon atons, aryl oxy

cont ai ni eant@ning 31ta 20 xathon agmamsycledkdrecogantiag Aitmg0 carben &omsar bon 10 at ons,

trialkyla i um cont.ai ni to 30 carbon ato trial kyl phosphoni um
contai o gt ILEAR a8 28 cabol iRt TR donBiei¥e BRSIPEEE

at omss  aityandydbheRiaBieny Néntaihidg 390 0BRGN atodKS poldt yIbLiRy1Ram@MingLHNt ai ni ng
2 to 21 carbon atons, arylcarbanmoyl containing 7 to 15 carbon atons,

al kyl sul fodiPaetps aserns. dohichigloalkeryl Zontahyintoh tosebeasbonadtgms.ul f onami do
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carbon atons, aryl am dosul fonyl containi ng:t; 6 to 14 carbon atons,
al kyl sul $6PRA 2teBRt WY QKR gonraingizptockd BEP A RS eSiaF YNSRI L&At ning 6 to

14 cqy bpﬁoﬁtsptﬁ%}k{%hﬁﬂ&gﬂﬂn%ﬁ&ﬂﬁﬁé B“tcggo &arbSh %Qnﬁ%%gﬁﬁlﬁ%%nﬂﬂﬁ arylthio

containing 6 to carbon atons,"and X 1s a sulfur atom 20 oxygen atom or
ni t r ogencattoamng 3 to 30 chrbos amense aplkgbimmdn tetai@Rgriay Peapglvospdras, erylaoeloat e,
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B20 carbon atoms, arylsulfonamido containing 6 to 14 carbon atoms, trialkylsilyl containing 3
15  to 60 carbon atoms, triarylsilyl containing 18 to 42 carbon atoms, alkylarylsilyl
containing 7 to 32 carbon atoms, alkylamidosulfonyl containing 1 to 20 carbon atoms,
arylamidosulfonyl containing 6 to 14 carbon atoms, alkylsulfonyl containing 1 to 20
carbon atoms, arylsulfonyl containing 6 to 14 carbon atoms, alkylthio containing 2 to 20
carbon atoms and arylthio containing 6 to 14 carbon atoms, and X is a sulfur atom,
20  oxygen atom, or nitrogen atom.
In some embodiments, OR, may be phosphate, acetate, 1-phospho-2,3-
diacylglyceride, adenosine triphosphate, adenosine diphosphate, adenosine
monophosphate, adenosine, a-D-galactoside, f-D-galactoside, a-D-glucoside, B-D-

glucoside, a-D-mannoside, B-D-mannoside, B-fructofuranoside, f-D-glucuronide, or

=

CO,Na

0B,
NHAG
B,0

25 HO OB, , wherein, Bj, B, and B; are each independently H or an

alkyl (branched or straight chain) of 1-4 carbon atoms.



0133, wherein, Bl, B2 and B3 are each independently H or an al kyl (branched
or straight chain) of 1-4 carbon atons. |In sone enbodinents, R2 may be CH
OHOH 5vo 28@6dsmbodi ments, R2 nmay be E-L-Nuc-Z, wher @Cm/US201194374 - Nuc- Z,
wherein E is a group conprising an electrophilic atom which atom upon the
enzymatic cl eavage of the Z group is attacked by the electron pair of the
Nuc group and by anchineric assistance rel eases the 1, 2-di oxetane enzyne
substrate anipn; L i i nki roup; Nuc is nucl eophic atom and Z is an
enzymati cal | yfnﬁomoglﬁ?%ﬂ&qﬂﬂ%el?%i n E is 10carboxyl, carbonyl, methyl ene
substituted by a | eaving grouppHphosphate, carbonate, xanthate, sulfite,

sul fonate, bisulfite or bisghf/de; L is selecteshfromthe group consisting

of nethyl ene o pol ynet hyl ehefcontaining 1 to bon at ons,
-(CH2) m s (CH2) ., Ho NREX(CH2) 11-, wherein m

and n arg-6 QB a ' wheysei | containing 1 to 10
carbon atons ndiﬁﬁ% nki ng group amy § substitut eddby al kyl contai ni ng
1 to 24 carbofl at-ons’ al kenyl containing 2 to 24 carbon atons, alkyl
containing 1 to 24 carbon atons and ¢mR®- or di-substituted with acyl oxy

containing 1 to 24 carbon atonsé al containing 2 to 24 carbon atons

and nono- or

OH
HO OH
COZNa
\% )
. or HO OH
5 In some embodiments, R, may be E-L-Nuc-Z, wherein R; is E-L-Nuc-Z, wherein

E is a group comprising an electrophilic atom, which atom upon the enzymatic cleavage
of the Z group is attacked by the electron pair of the Nuc group and by anchimeric
assistance releases the 1,2-dioxetane enzyme substrate anion; L is a linking group; Nuc is
nucleophic atom; and Z is an enzymatically cleavable group; wherein E is

10 carboxyl,carbonyl, methylene substituted by a leaving group, phosphate, carbonate,
xanthate, sulfite, sulfonate, bisulfite or bisulfide; L is selected from the group consisting
of methylene or polymethylene containing 1 to 4 carbon atoms, -(CH2)m-O-(CHb»),, -
(CHy)m-S-(CH»),-, or -(CHj3)-NRg-(CH>»),-, wherein m and n are O to 3 and m+n is 2 or
3, wherein Rg is alkyl containing 1 to 10 carbon atoms and the linking group may be

15  substituted by alkyl containing 1 to 24 carbon atoms, alkenyl containing 2 to 24 carbon
atoms, alkyl containing 1 to 24 carbon atoms and mono- or di-substituted with acyloxy
containing 1 to 24 carbon atoms, alkenyl containing 2 to 24 carbon atoms and mono- or
disubstituted with acyloxy containing 1 to 24 carbon atoms, aryl containing 6 to 10
carbons, alkyl containing 1 to 24 carbon atoms and substituted with phenyl,

20  hydroxyphenyl, indolyl, mercapto, alkylthio containing 1 to 4 carbon atoms, hydroxy,
carboxy, amino, guanidino, imidazole or carbamyl, or alkenyl containing 2 to 24 carbon

atoms and substituted with phenyl, hydroxyphenyl, indolyl, mercapto, alkylthio



di substituted with acyl oxy containing 1 to 24 carbon atons, aryl containing
6 to 10 carbons, alkyl containing 1 to 24 carbon atons and substituted with
phenyl , 28bydraogishenyl , indolyl, nmercapto, alkylthio cearaisaéng4ib74o 4
carbon atons, hydroxy, carboxy, am no, guanidino, imdazole or carbanyl, or
al kenyl containing 2 to 24 carbon atons and substituted wth phenyl,

hydr oxyphenyl, indolyl, nercapto, alkylthio containing 1 to 4 carbon

atonms, hydraxy, .carboxy, am no, .quanidino, imdazole or carbanyl; Nuc is an
oxygen aVTHENE P AT GRS B oS bRy Suagiig ol o

phospho- &@ri 128yt & MCEYeSY htonPSlan st A8mt hhdP P03 PRSIpKbryl 2RERPSL NE

di phosphoryl "‘adenosi ne nonophosphoryl, adenosyl, a-D- gal actosyl,

f 3- D- gal plosplerP,3-dadylglyersosy. adefi@ineSDplyd spb oy aderpsiderdaptmsplydryl

f 3- - mannpsyl.. f 3-fruct,of uranosyl,, - | u idur ans 0133, ,wher ei n,
SR IR R SRR R T R R o
st r aight Dchadddyl, fD-nhn64 R D-AbMEy], BIneedTradbsyl feBegludosiduransyl or

COyNa

0B,
NHAc

©OBs wherein, By, B, and Bj are each independently H or an alkyl

(branched or straight chain) of 1-4 carbon atoms. In some of these, Z is ,
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OH OH
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~ 0 ~ 0 ~ 0]
OH OH
CO,Na
O
OH
NHAc
HO
or HO oH,
10
The enzyme moiety may comprise a hydrolytic enzyme. In some embodimetns,
the hydrolytic enzyme may be alkaline phosphatase, -galactosidase, 3-glucosidase, f3-
glucuronidase or neuraminidase.
15 In some embodiments, the enzyme moiety may be an enzyme.



10 The enzyne noiety may conprise a hydrolytic enzyne. In sone
enbodi net ns, the hydrolytic enzyne may be al kal i ne phosphat ase,

f 3- gal actwei2desw®e3si 3- gl ucosi dase, f3- glucuroni dase or meUMsAdModNgE. 151N
sone enbodi nents, the enzyne noiety nmay be an enzyne. In sone
enbodi nents, the nethods may further conprise the step of detecting any
light emtted fronlthe reaction mxture after addition of the aqueous
solution of t 1 2 i oxet ane enz%gg%sub trate, wherein the enm ssion of

light is indi odjpenty thertheds may furthey, somprise BS?HB?Q‘FFB%IHB of 1ight

emtted &r?yrhé?ﬁ eﬁlﬂ'ferd@r&h% fefetidRGnRARY RtterSQi ol & f BRZAGTBORI SRR of fhet he
sanpl e. In sone enbodi nents, the enzyne noiety may be an

enzyme- | 1 .Akdeeketaneieboyye @tmsﬁatﬁswhgem the emissiantofl bghiyis oulcative obfhebi ndi ng to

bs iyt BERsRRe (R RRANT Rod PR SR fuf B0 ANk B RIS RN SRV ™ |

some Pf @ﬂ]{h@@hmlﬁeseﬁqhﬁl thé g@hp@.ntl body may be covalently or non-covalently
linked to the enzyne. In sonme of these, the first antibody nay be

covalently linked to a | abel and the enzyne may be covalently linked to a

nmol ecul e capaf| f I e @Qﬂ% of these,
t he | abel mayﬂbsgr‘%l (#% ’Eiuﬁé’n‘{? tﬁg %(,I nge%&\%%%ft\)/éegl edzﬁ?@é n#;ﬁ'a ecdl e may be
avi di n otorsprisepey fickk nntlﬁoﬁy@hmr[esof Hilhding abht andgenbmdankapimacaatietdie

nol ecul e may be an anti body capabl e of binding to the hapten. In sone

enbodi nefEY1ng te n%?WéEF@nWYWrSPH%’Fat%%%BF‘i he swga@tdéﬁ%mmseﬁ &4 providing a

sanple susRestafnef conprising an antigen; (b) providing a solid phase
conprqasﬂ%%n a sseggond anti body capable of binding to the antigen; (c)

cont acti ng t hin sarpifent®damnhte teyfinst eintubbéyimnfwbo@enﬂﬁdr moheosdentty phase to

form an zyne conpl ex; —and detectin i m t he
Fonct Lon THeLRA SHPvar Mo Siihesr: bR rdubal bl oS tRkedt

1, 2- di OXRbaANAd IRZHIR S YRS Bl aleWE il tb faem@le@lﬁ@t@&b@foflnbg%vzuémwdl cative
of the presence of the antigen, and the anount of light emtted can be

corr el at bigding t@ He lalredufit scofe oftthesanthi drhel prag e htotmnOIt m@oga#pm@athsand sone
enbo% ma&le mol ?e may Ige ik sf[rléll;zgvrll ih. @ g@ﬁrerlsst%etlzﬁ)%l rsntaglge a haf)t%rqggd e
molecule may be an antibody capable of binding to the hapten.

In some embodiments, the methods may further comprise the steps of (a)
providing a sample suspected of comprising an antigen; (b) providing a solid phase
comprising a second antibody capable of binding to the antigen; (c) contacting the sample

20  and enzyme-linked antibody with the solid phase to form an enzyme complex; and, (d)
detecting the light emitted from the reaction mixture after addition of the aqueous
solution of the 1,2-dioxetane enzyme substrate, wherein the emission of light is indicative
of the presence of the antigen, and the amount of light emitted can be correlated to the
amount of the antigen present in the sample.

25 In some embodiments, the methods may further comprise the step of removing

any unbound enzyme-linked antibody from the enzyme complex.

In some embodiments, the enzyme moiety may be an enzyme-linked antigen
comprising an antigen and an enzyme capable of cleaving the 1,2-dioxetane enzyme

30  substrate so that the substrate decomposes and generates light.



any unbound enzyne-|inked anti body fromthe enzyne conplex. In sone

enbodi nents, the enzyne noiety may be an enzyne-1linked antigen
conpri si yoan2zznsisgen and an enzyne capabl e of cl eavi ngPCimaAIS2124d300K et ane
enzynme 30substrate so that the substrate deconposes and generates |ight.

I n sone enbodi nents, the antigen may be coval ently or noncoval ently |inked

to the enzyne. In sone enbodi nents, the antigen may be covalently
linked to a | abel and the enzyne may be coval en | i nked to a | ecul e
capabl e of nof-C8¥dl TPPH g ttse ﬂ@yé’elc%%llmthi @G%V%?nﬂtyt]r%gg 9 he | abel

nmay be bjethfmOr a biotin derlvatlve, and the nol ecul e may be avidin or
strepavidin. In others, the | abel may be a hapten and the nol ecule may be
an anti body chypsiieeengfodihents.rie @mlgﬁh@lahamtcenalemtwlsldwét@ﬁﬁ@ml aehthe, t he

of - compr 19 B WooRGRRLY RRyealB b RNy Shorele § R By DRRR g “2n

ant i pdylabapakkemebf e iirdabe nidya)eam@mg ®Ra b{dtih deaRht@Gt hiDtht Meolsanp! e and
enzyne-1inked antigen with the solid phase to form an enzynme conpl ex; and,

(d)~ det ey Agavien orjsgrPOAdNt dreathersothetahel maxbeiadupien apdiths melearic Wi ti on of
t he aque@y%laﬁ#ga%?aﬁg (kh%ﬂ%@f&ﬂh@ﬁﬁﬁ??e enzyme substrate, wherein the
€

anount o can corre d to the anmobunt of the antigen
present in thHlﬁfHﬂHm%OdﬁﬁhnsSmﬂﬁw&mﬂﬁﬂmyﬁmﬂ&rc@hﬁnﬁﬂmb@ﬂpsmay)further
conprise the step of renoving. any unbound enzyne | i nked antigen fromthe
enzyme cRiRpidég a sample syspeciemal OpRybiEsA Wtigehdb H?F?y%ﬁién fQidyp be an

Py i 2 b PG O TN B Ol e e
1, 2- d|oxeﬁanelemzﬁamnsmb@ﬂrdteoﬁ@phhawaﬁmeumumswmatwnﬁbxommbSbs and
generat e&etflxgti%gtthe light emitted from the reaction mixture after addition of the aqueous

solution of the 1,2-dioxetane enzyme substrate, wherein the amount of light emitted can

be correlated to the amount of the antigen present in the sample.

15 In some embodiments, the methods may further comprise the step of removing

any unbound enzyme-linked antigen from the enzyme complex.

In some embodiments, the enzyme moiety may be an enzyme-linked
oligonucleotide comprising an oligonucleotide capable of hydridizing to a nucleic acid
20  and an enzyme capable of cleaving the 1,2-dioxetane enzyme substrate so that the
substrate decomposes and generates light.
In some embodiments, the oligonucleotide may be covalently or non-covalently
linked to the enzyme.
In some embodiments, the oligonucleotide may be covalently linked to a label and
25  the enzyme may be covalently linked to a molecule capable of non-covalent binding to
the label. In some of these, the label may be biotin, or a biotin derivative, and the
molecule may be avidin or strepavidin. In others, the label may be a hapten and the
molecule may be an antibody capable of binding to the hapten.
In some embodiments, the methods may further comprise the steps of (a)
30  providing a sample suspected of comprising a nucleic acid; (b) immobilizing the nucleic

acid to a solid phase, (c) contacting the immobilzed nucleic acid and the enzyme-linked



In sonme enbodi nents, the oligonucleotide may be covalently or

non-coval ently linked to the enzyne. In sone enbodi nents, the

ol i gonuclwotn®onssy be covalently |inked to a | abel andP2¥/ush@iomoyse may
be covalently linked to a nol ecul e capabl e of non-coval ent binding to the
| abel . In sonme of these, the | abel nay be biotin, or a biotin derivative,
and the nolecule may be avidin or strepavidin. In others, the | abel may be

a hapten and the. nol ecule may be an anti y, capabl e of bindi to the
napt o PHOBHEC BT i ST AR oSS R JeRERTaLE TebHaTEd Hrbet cps of
(a) 30prRyihnngixdure ARl RIGEHIRTThE R uCHMIInTI M B2 RIS eIne effe (D)

i mobi l'izing the nucleic acid to a solid phase, (c) contacting the
i mobi | zedstiate! ehaeiadhaeransion hélighty meidatink elithe prdsganeund Itsoniciac a@df or m an

enzyme cQ ex; and (d), detecting the light emtted fromthe r.eaction

ot or e S SaBcye iehe FEhRE A B Rk i g A P A a0 e By e
subsﬁyatggy%mgf@b@mhﬁ@,enission of light is indicative of the presence of
the nucleic acid, and the anount of |ight emitted can be correlated to the
anount of t helngaleengboglisnents ghemethods may hathes gpmarise the step A regeniing

enbodi mefy, s, ph d%&%@ﬁﬁ%ﬁ%héﬁ%&??g&ﬁ%{#?grééﬁ?ec% e0f removing any

unbound enzyme-11 gonu enzy conpl ex. In sone
enbodi ments, the reaction mxture may further conprise an enhancer. 10In
some enbodi rreﬂlt ssohletqubo%?nqgnr‘]csc,eﬂrle rrfr:gc):/tio%orilrg(r‘ailrg ?na?f fl’i?tlllf):/rr{:%glip(r:isg gr? E:ne}{a?l?gry
10 In some embodiments, the enhancer may comprise a polymeric quaternary
ammonium salt, polymeric quaternary phosphonium salt, or a combination thereof. In
some of these, the enhancer may further comprise an acceptor dye. Among some of
these, the acceptor dye may be fluorescein.
In some embodiments, the polymeric quaternary ammonium salt may be
15  poly(vinylbenzyltrimethylammonium chloride),
poly[vinylbenzyl(benzyldimethylammonium chloride)],
poly[vinyl(benzyltributylammonium chloride)],
poly[vinyl(benzyltripentylammonium chloride)] or a combination thereof.
In other embodiments, the polymeric quaternary phosphonium salt may be
20  poly(vinylbenzyltrimethylphosphonium chloride), poly(vinylbenzyltributylphosphonium
chloride), poly(vinylbenzyltrioctylphosphonium chloride), a copolymer comprising
poly(vinylbenzyltributylphosphonium chloride) and
poly(vinylbenzyltrioctylphosphonium chloride), or a combination thereof.

In some embodiments, the enol ether [1] may be

25
OCH3 o)

) [2]



ammoni um sal t, polyneric quaternary phosphoniumsalt, or a conbination
thereof. In sone of these, the enhancer may further conprise an acceptor
dye. Anonyo=0rmo6isit hese, the acceptor dye may be fl uor @sTaiSR011/0u3030 e
enbodi ments, the polyneric quaternary ammonium salt may be 15

pol y(vi nyl benzyl tri met hyl ammoni um chl ori de),

pol y[ vi nyl benzyl (benzyl di met hyl amoni um chl ori de)],

pol y[ vi nyl (benzyl tri butyl anmoni um chl oride)] o,

pol y[ vi nyl (benzyl tri pentyl anmoni um chl ori dg)
ot her enbodi nents, the polyneric quaternarfy

or a conbination thereof. In
phosphoni um salt may be 20

pol y(vi nyl benz
pol y(vi nyl benz

pol y(vi nyl benz . spho |un1chlor|de) and
pol y(vi nyl benzyTtTi~6ct yl phoSpb@ni um chl oride), or a cgybination thereof. In
sonme enbodi nents, the enol ether [1] may bgHZS [2] OH OH
OCH, HO OH
—— o} 0}
OH
4]
OH
ﬁz
— O (6]
) [5]
OCH, COsNa
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In another aspect, the present invention provides assay methods for determining
the presence or amount of an enzyme in a sample, comprising the steps of: (a) providing
an oxidant; (b) providing an enol ether having the structure [1] and having the
substituents as described above; (¢) combining an aqueous solution, the oxidant, and the
enol ether to form an aqueous solution comprising a 1,2-dioxetane enzyme substrate; (d)
providing a sample suspected of comprising the enzyme which is capable of cleaving the
1,2-dioxetane enzyme substrate so that the substrate decomposes and generates light; (e)
contacting the sample with the aqueous solution comprising the 1,2-dioxetane enzyme
substrate to form a reaction mixture; and, (f) detecting the light emitted from the reaction
mixture after addition of the aqueous solution of the 1,2-dioxetane enzyme substrate,
wherein the emission of light is indicative of the presence of the enzyme, and the amount

of light emitted can be correlated to the amount of the enzyme present in the sample.

In another aspect, the present invention provides assay methods for determining
the presence or amount of an antigen in a sample, comprising the steps of: (a) providing
an oxidant; (b) providing an enol ether having the structure [1] and having the
substituents as described above; (¢) combining an aqueous solution, the oxidant, and the
enol ether to form an aqueous solution comprising a 1,2-dioxetane enzyme substrate; (d)
providing a sample suspected of comprising the antigen; (e) providing an enzyme-linked
antibody comprising a first antibody capable of binding to the antigen and an enzyme
capable of cleaving the 1,2-dioxetane enzyme substrate so that the substrate decomposes
and generates light; (f) providing a solid phase comprising a second antibody capable of
binding to the antigen; (g) contacting the sample and enzyme-linked antibody with the
solid phase to form an enzyme complex; (h) contacting the enzyme complex with the
aqueous solution comprising the 1,2-dioxetane enzyme substrate to form a reaction
mixture; and, (i) detecting the light emitted from the reaction mixture after addition of the
aqueous solution of the 1,2-dioxetane enzyme substrate, wherein the emission of light is
indicative of the presence of the antigen, and the amount of light emitted can be

correlated to the amount of the antigen present in the sample.
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[18] 10 I n anot her aspect, the present invention provides assay
nmet hods for determ ning the presence or anount of an enzyne in a sanple,
conpri si yorzhe/wsadps of : (a) providing an oxidant; (b) PpPCOWSAIINY43M4 eno

et her having the structure [1] and having the substituents as descri bed
above; (c) conbining an aqueous solution, the oxidant, and the 5enol ether
to forman aqueous solution conprising a 1, 2-di oxetane enzyne substrate;

(1 provi 6 ng, . SAPL o SU5RSCL o, o Come) 30, Lhe, SRZATE, WL ch L, capabl e
deconpos@is pAith GeRBhRRBf dntittived Ao GRAMIAEbIEsHESARIo?: (}M bidvidige aqueous
sol ution conprising the 1, 2-di oxetane enzyne subStrate to forma reaction
m xt ur e; amgrddants (p) destveding agend ether hning thictstraetufer [dfrandheaviegaibei on
substituents as described above; (¢) combining an aqueous solution, the oxidant and the
5 enol ether to form an aqueous solution comprising a 1,2-dioxetane enzyme substrate; (d)
providing a sample suspected of comprising the antigen; (e) providing an enzyme-linked
antigen comprising the antigen and an enzyme capable of cleaving the 1,2-dioxetane
enzyme substrate so that the substrate decomposes and generates light; (f) providing a
solid phase comprising an antibody capable of binding to the antigen; (g) contacting the
10 sample and enzyme-linked antigen with the solid phase to form an enzyme complex; (h)
contacting the enzyme complex with the aqueous solution comprising the 1,2-dioxetane
enzyme substrate to form a reaction mixture; and, (i) detecting the light emitted from the
reaction mixture after addition of the aqueous solution of the 1,2-dioxetane enzyme

substrate, wherein the amount of light emitted can be correlated to the amount of the

15  antigen present in the sample.

In another aspect, the present invention provides assay methods for determining
the presence or amount of a nucleic acid in a sample, comprising the steps of (a)
providing an oxidant; (b) providing an enol ether having the structure [1] and having the
20  substituents as described above; (c) combining an aqueous solution, the oxidant, and the
enol ether to form an aqueous solution comprising a 1,2-dioxetane enzyme substrate; (d)
providing a sample suspected of comprising the nucleic acid; (e) immobilizing the
nucleic acid to a solid phase; (f) providing an enzyme-linked oligonucleotide comprising
an oligonucleotide capable of hydridizing to the nucleic acid and an enzyme capable of
25  cleaving the 1,2-dioxetane enzyme substrate so that the substrate decomposes and
generates light; (g) contacting the immobilized and enzyme-linked oligonucleotide to
form an enzyme complex; (h) contacting the enzyme complex with the aqueous solution
comprising the 1,2-dioxetane enzyme substrate to form a reaction mixture; and, (i)
detecting the light emitted from the reaction mixture after addition of the aqueous

30  solution of the 1,2-dioxetane enzyme substrate, wherein the emission of light is indicative

14



10m xture after addition of the aqueous solution of the 1, 2-di oxetane
enzyne substrate, wherein the em ssion of light is indicative of the
presence WO 20te0e3s2zyme, and t he amount of |ight em ttedPcash@ioasor«l at ed
to the anount of the enzyme present in the sanple. In another aspect, the
present invention provides assay nethods for determ ning 15the presence or
anount of an antigen in a sanple conprising the steps of: (a) providing an

oxi dant rovidi an.enol. er havin e str ture and haV|ng
Phe substh Phahecs T IRt iei aoo S ey Srbefi g E T esitEliac s on ot he
oxi dant, th@'&ﬁlohﬁﬁofqﬂ@hu&élb%&dtp‘?esfsﬁ’trlmtﬁ’&saﬁqﬂ'@ou5 sol ution conprising a

1, 2- dloxetane enzyne substrate; (d) providing a sanple suspected of

conprising the antigen; (e) providing an enzyne-linked 20 anti body
conprising a irs f bindin t ntigen _and an enzyne
capabl o of o1 o st b riPBRCH B om i ditder ety e s

substy at g AQCRIRMS 6Sarcd ] @e el aingse. | Tlﬁkhlhts i0éhd@soYkidhmigar aﬁmnbpletaaas e

conprising a second antibody capable of hinding to the anti

cont act i iyinhibe supgiie [éhwde%@munguthw@sﬁmmb@wes\ﬁpbw home s&h? Mar[bmﬁse to
forman gngy eﬁt?%P h%’%nof éﬁler%%o%ﬁl%téng& }J‘Qéﬁﬂ&}w@ub‘éﬁwhtﬁ ! &1@ )Eltl?
1, T ubstrat ‘0’ forma

25aqueous SO tane enzyne s

react i onalse mteuire@c;nban dbO\(eI a)nddleet apillpgpplivableitg e letyiant @tk thidds rof tﬂb@réﬁact i on

m xture after addition of the aqueous solution of the 1,2-dioxetane enzyne
subst rat BVeRif¥rei n the enission of |ight is indicative of the presence of

the gntigen, ANANE TGS Ahe ﬂq't by ﬁfﬂh%f %@%@ AHenfigicee! ated to the

anount of the antigen present in € sanpl e I n anot her aspect,
t he present ihwvente amandnmmtdehe aﬂmagermwfm)dg)rlfsaa pdbhericiquategnaihe presence

or anount of an ant| en i.n a sa onprising the steps qgf: (.a) providing
an oxt dateopiih Foormete sRERE Biosdiorhist s b heSebiraBonfsieel] mha havi ng
the subs{dntdsmnhsscate d8BGIEDALY ARAELohFseGRAHREH 1A RN [REIBOLShER, el ON, the
oxi dant and the 5enol ether to form an aqueous sol Ution conprising a

1, 2- d|oxéxamer@ﬁzmﬁﬁb@ﬂb®ﬁﬂaue (d) prOV|d|ng a sanple suspect ed of

conpyd sing the antige [ OV an .enz | inked antigen conprising
ChaPId Pl gt o3 b RhOVSnRe Al SR b S YRR onel 1

subst r at pols@idyiednzy IemstbrhinadButetMaeses and generates |ight; (f)
providing a solid phase conprising an antibody capable of binding to the

anti gen; quﬁbVlléélPﬁnéE]l(]P%@YHdﬁéethﬂaW@n shlgrideVtyme- | i nked antigen with the

w th o aeheB A MER ERETRLSRIMIKL™) 270 oxet ane enzyme substrate to

forma rmyﬂwm(benzgﬂmpentyhmdnomum cleiriele}]i ogp ¢dmebihatghttherot t ed fromt he

20 In other embodiments, the polymeric quaternary phosphonium salt may be

poly(vinylbenzyltrimethylphosphonium chloride), poly(vinylbenzyltributylphosphonium
chloride), poly(vinylbenzyltrioctylphosphonium chloride), a copolymer comprising
poly(vinylbenzyltributylphosphonium chloride) and
poly(vinylbenzyltrioctylphosphonium chloride), or a combinations thereof.

25 In some embodiments, the enol ether having the structure [1] may be any one of

the enol ethers, [2] through [18], as shown above.
In another aspect, the present invention provides a method for making a 1,2-

dioxetane enzyme substrate, comprising the steps of (a) providing an oxidant; (b)

30  providing an enol ether having the structure:

15



reaction mxture after addition of the aqueous solution of the

1, 2-di oxet ane enzyne substrate, wherein the anount of |ight emtted can be
corr el at edoo1Ate3sanount of the 15antigen present in theCTarspdia/043074 In
anot her aspect, the present invention provides assay nethods for

determ ning the presence or anmobunt of a nucleic acid in a sanple,
conprising the steps of (a) providing an oxidant; (b) providing an enol
ether having the structure [1]O%pd havi ng the 20substituents as descri bed
above; (c) conbini ng an aqueo dolution, the oxidant, and the enol ether
to forman aqueous so\ution onprising a 1, 2-di oxetane enzyne substrate;
(d) providing a sanmpl—suspested of conprising the nucleic acid; (e)

i mmobi lizing the n eic acidNo a solid phase; (f) providing an

enzyme- | i nked oliggnucleotide omp8ing anlldl kebnucl eot i de capabl e of

hydri di z} tp. the nucleic id and _an enz C bl f _25cl eavi ng the

1) 2- di oxist SHECBi ARG eiviens 8¢ Priseny R B BRI Yo ernioeing

gener at eslhtiddomfrBingGOND aEs e thgyrhddmbirktezed and enzyne- | i nked

ol i gonucl eotide to forman enzynme conpl ex; (h) contacting the enzyne
conplex with the aqueous solution conprising the 1,2-di oxetane enzyne
substyate to forma reacty \ : J cting the light emtted
fronf{he reaction nixturebgg?gpxgggf?Féﬁﬂ%Fﬁ?ﬁgqggﬁeous 30sol ution of the
1, 2- di oxet aneFEnZystews tilsikidion, schdies fir thet doaveriodif AMPPDlenglhithérs 1 ndi cati ve
of the presence of the nucleic acid, and the amount of |light emtted can be

corr el at BRPspRtE HAMERELRE) Brthe Hioxaans sibstrale; AMSFES et 21} #IUeRE ORHNe. | n
anot her aﬁﬁf&&oXRBEOQEﬁfﬁg fNQM@@@?E@OPé&H&ﬂE§ ts for detecting the

presence 5 and/or ano an analyte 1n a sanple. The kits include an
oxi dant, and Blty.@nohn &tPh€r trivawhigh shvevsshe elotion pedkldf stanidngamdtehialvi ng t he

subsijtu ribed above. i ous enbodi ments of the enol ether
haveﬂ{hegghﬁﬁgﬁﬂggi Tﬂ£5ﬁ8P¥?éﬁggﬁgfﬁgﬁéﬂvgﬁ'and the oxidant, also are

descri bed aboyg; ang aArgpIEa Yy BEPLIRARhEIA0 Poukkiflie @RdcariRegse of the
present inventjon. 10ln sone enbodi ments, the kits may further conprise an

enhancer AMPPD ™ Copfrgdone enbodi nents, the enhancer may conprise a polyneric
guaternary a iums?i o] ric.quat.ernar hosphqni u alt., or a
combi nation t hetéat 2 %&g% ac%g%% &b WShﬁ@mgﬁﬁé%@gwgﬁi@xF%FPH%?Btpnprise an
accept or AMYERD Efolsi® FHosphies @ MPRP-BE cat AMP#YY. may be fl uorescein.
15 FIG. 5 is an HPLC Trace showing the completed oxidation of AMPPD Enol Ether
Phosphate (AMPPD-EE) to AMPPD®.

FIG. 6. shows the reaction scheme for conversion of ADP-Srar Enol Ether
Phosphate (ADP*-EE) to ADP-Star® (ADP*-EE-0), in aqueous solution using the
oxidation system of Na,MoO4/H,0, at alkaline pH, followed by activation of the

20  dioxetane by alkaline phosphatase.

FIG 7 shows the ADP-Star® emission curves for the activation by alkaline
phosphatase of the ADP-Star® (ADP*) dioxetane control, two ADP-Star enol ether
(ADP*-EE-O1 and ADP*-EE-02) oxidations and commercially available CDP-Star®
(CDP*) dioxetane control.

25 FIG. 8 shows a graph of the thermal stability at 55°C of AMPPD®.

FIG. 9 shows a graph of the thermal stability at 55°C of AMPPD Enol Ether
Phosphate (AMPPD-EE).

FIG. 10 shows of the thermal stability at 40°C of AMPPD Enol Ether Phosphate
(AMPPD-EE) alone (left graph) and a mixture of AMPPD® and AMPPD Enol Ether
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151 n sone enbodi nents, the polyneric quaternary ammoni um salt may be

pol y(vi nyl benzyl tri met hyl amoni um chl ori de),

pol y[ vi nywobenydo¢isenzyl di net hyl amoni um chl ori de) ], PCT/US2011/043074

pol y[ vi nyl (benzyl tri butyl ammoni um chl ori de)],

pol y[ vi nyl (benzyl tri pentyl anmoni um chl oride)], or a conbination thereof.
20I'n other enbodi ments, the polymeric quaternary phosphonium salt nay be

pol y(vi nyl benzyl { rjnet phospho hl ori de

pol y( vi né}ll ﬂﬁtg K%M%—Eﬁg Hgg]?} qﬂr‘r?l]b &tehg gr)a h, the bars on the left are data

pol y(vi nylh@ezy AMPEst Winkose B&%sﬁ%cﬁﬂ% B4 Sethe rlghtcé?@ QAR ree@APd Si NG
pol y(vi nyl benzyl tri but’yl phosphoni um chT ori de) and

pol y(vi ngMIBHXYIEL ri oct yl phosphoni um chl oride), or a conbinations thereof.

2511 ome ST 5RSys SR b, aTEI8 ADBGR T eh bty o

anot her e@syIePD, EEheén he Ps@Bhcd shAhid Mdiykaatedes a nethod for meking a 1, 2-
di oxet ane enzyne substrate, conpr|5|ng the steps of (a) providin an

oxi dant; (b) rigvihamrgMethod Aol deghprehomaiion gt ph@p@atﬁ@a@w@r (A
2012/ 006%@5]‘5%1{29%%&%\9&1?’9] élqdae‘gﬂ oﬁﬁatlon-lio %{etane. [1] ; and

FIG. 13. shows the signal (in relative luminescence units, RLUSs) for alkaline

phosphatase dilution curves: Glow (in situ AMPPD generated by Method A) vs. Control
10  (AMPPD®) in Method A.

FIG. 14. shows the signal-noise ratio (S/N) for alkaline phosphatase dilution
curves: Glow (in situ AMPPD generated by Method A) vs. Control (AMPPD®) in
Method A.

FIG. 15. shows the effects of hydrogen peroxide and sodium molybdate on

15  Enzyme Activity.

FIG. 16. shows that lowering the sodium molybdate concentration restores
enzyme activity.

FIG 17. shows Method B: Aqueous oxidation of AMPPD Enol Ether Phosphate
(AMPPD-EE) to dioxetane (in situ AMPPD), followed by enzymatic dephosphorylation.

20 FIG. 18. shows the signal (in RLUs) for alkaline phosphatase dilution curves: in
situ AMPPD generated by Method B vs. Control AMPPD®.

FIG. 19. shows the signal to noise ratio (S/N) for alkaline phosphatase dilution
curves: in situ AMPPD generated by Method B vs. Control AMPPD®.

FIG. 20 shows the signal (in RLUs) for alkaline phosphatase dilution curves: in

25 situ ADP-Star (ADP-Star-EE) generated by Method B vs. CSPD®, ADP-Star® and CDP-
Star® controls.

FIG. 21 shows the signalto-noise ratio (S/N) for alkaline phosphatase dilution
curves: in situ ADP-Star (ADP-Star-EE) generated by Method B vs. CSPD®, ADP-Star®
and CDP-Star® controls.

30 FIG 22. shows the 30-minute IL-6 ELISA sensitivity curves: in situ AMPPD vs.
control AMPPD®.
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(c) conbining an aqueous sol ution, the oxidant, and the enol ether to form
an aqueous solution conprising a 1, 2-di oxetane enzyne substrate.

5DESCRI PTWON0QR0FIHE DRAW NGS FIG 1 shows the reaeCirams2eaioesves f or the
conversi on of AMPPD enol ether phosphate (AMPPD-EE) to the dioxetane
substrate, AVWPPD(r), in an aqueous sol ution using the oxidation system of
Na2Mb04/ H202 at al kal i ne pH. FIG 2 is an HPLC trace which shows

the elution p f starting material Et h
(AVPRD EE) ot o show e ek Ous i ppBYHD Resdgpire VU OF I e ut  on
peak of fhgalesired di oxetane, AVMPPD(r) Control. FIG 4 is an HPLC

Trace which shows the el ution peaks the M xed Controls, AMPPD Enol Ether
Phosphat e (Amahomdhmlbﬁﬂ%swm@m@fOBlniSstua%DPtﬁL@ #Ddtstashbwing t he

conpl et ed [ j on ® hat I\/PPD o_A\VPP
Fa 6 R AR e N Cerhe T o R AT S o e mes ey e
Phosphat ﬁlh(aﬁ@i’*s'@ﬁhlré gTM\DP— St ar(r) (ADP*-EE- 0) in aqueous sol ution using

t he oxi dation stem of Na2Mb04/ H202 at al kaline pH, followed by activation
of the 20di oxEKaré Sb9Wth@an@m@uﬁﬂéﬁ1§ﬁléﬂé§@qul(@) PYeHBwS fortie si tar(r)

em ssi on r y al e¢,Qf®

ADP- St ar‘gt(&kJ %ﬁ%&% Ec# )oxe %}t}ﬂgl’@tg% o‘%j C? t\;\fg A%P%S? Qr@sgno E%’te tgf' Elg%ﬁ* EE- 01
and ADP* piekend? pf theictahilomineadetcecaimamed) $dppytiravidy] abl e CDP- Star(r) (CDP*)
di oxet ane control. 25FI G 8 shows a graph of the_ therpal stabi I|t at 55C

of AWPPD(r). FIG.26. shows the dlbisElalSgy ‘FFUBP CHREST ey et DB taHi W?y 55C of
A'VPPfq Enpky & taattrdi’*a?a&tt%@ W%ﬁ CD'[_" ﬁaﬁ})ﬂl a@%@ @J ther mal
PD- E one

stability at 40C of AWMPPD’Enol ate (Al | ef t
gr aph) asienalumin¢saereechhaPRBapphigend’ NAI\/PPD Enol Et her
FIG. 27. shows the signal to background (S/B) kinetics for ADP-Star (ADP*),
generated in situ, in the presence of TBQ enhancer (poly[vinyl(benzyltributylammonium
chloride)]).
15 FIG. 28. shows the IL-6 ELISA sensitivity comparison at a 30-minute time point
for ADP-Star (ADP¥*), generated in situ, in the presence of TBQ Enhancer.
FIG. 29. shows the IL-6 ELISA sensitivity comparison at a 60 minute time point

ADP-Star (ADP*), generated in situ, in the presence of TBQ Enhancer.

20 DETAILED DESCRIPTION OF THE INVENTION
Before describing the present invention in detail, it is to be understood that this
invention is not limited to the embodiments disclosed herein. Further, while the methods
and kits are described in terms of “comprising” various steps or components (intrepreted
as meaning, “including, but not limited to”), the methods and kits can also “consist
25  essentially of” or “consist of” the various steps and components, such terminology should
be intrepreted as defining essentially closed-member groups. Finally, it is be noted that,

as used in this specification and the appended claims, the singular form “a”, “an” and

“the” include plural referents unless the context clearly dictates otherwise.

30 Definitions:
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Phosphate (AMPPD-EE) (right graph). In the right graph, the bars on the
| eft are data relating to AMPPD(r), while the correspondi ng bar on the

ri ght arewbanizmsasirel ati ng to AMPPD- EE. FI G PCT/tshaw®43ohe
thermal stability at 40C of AWPPD Enol Ether Phosphate 5 (AMPPD-EE) in the
Presence of Sodi um Mol ybdat e. FIG 12. shows Method A

dephosphoryl ati on of phosphate enol ether (AMPPDEE) by enzyne foll owed by
aqueous oxidation to di gxetane. . FIG 13. shows the s'.gﬂak %linn
relative | uni NESPEICEC fHPEL0 2 RIUESHIS Bhich cR% 7R %&Ypﬁ%ﬁe&%yh utP
curves: £ (i Ht-&hftﬁnﬁ@fé@ul@%ﬂ@ﬁ@{u%ﬁe@}t IVRERBR efbroySagdOPlef@hbl Pioht.
(AMPPD(r)) in l%/éthod . FIG 14. shows the signal-noise ratio ( /l%l) for

al kal i ne phosphalytegefedi fout substaragroy sbemGhbgengiityensithat indpeDigetieraat ed by

Met hod A . ntrol (AMPPD(r)). in Method A. . . . FIG 15..shows the
o foct's. StisalB i AVRE! fekdins Bat i Mot an mih, sl Isivi Ty

FI G 416. om%d}t,hat | oweri ng the sodi um nol ybdate concentration restores
enzyne activity. FIG 17. shows Method B: Aqueous oxidation of AMPPD
Enol Et her PhoBperatsfersnioPPDbatEncety viligkat ayibody panshings AMPPD) , f ol | owed by

enzymati c dep i Q 0 . i | (1 gﬁgUs) for
al kal i ne phos%ﬁtg?&z}]g’re%%ﬁw& (r)nr?%ac lrbig/%ehsn:]ﬁ‘io%éﬁsgﬁﬁ% aﬁ&%ﬂghg‘g@é’?g?g% y Method B
vs. Cont balilyANRRDffrertebrates, ankdl e uded. byshoiwsmuiessiegnal idémifpand eeutalize ( S/ N)

for al kaline phosphatase dilution curves: in situ AMPPD generated by Mt hod
B vs. Colfrgigh ogespp(ysyised herein, the tgrmancipgess Rl npHdmEedioafny polyeensd) ~ f or

al kajg ne BEQ&&%%@&nIﬂhérﬂ%h%ﬁr‘fﬁ%ﬁqem Rt é@&l&icﬁ% lﬁhéﬁn% enSt ar - EE)
gener at elél y Method B vs. CSPD(r), ADP-St ar?r and CDPStar(r) controls.
FI G 21 showsEnlmacsirgfeal toa-waeslulde subs(aBtdhaf ocreabdsapeaiBe pplosph@tyase

0Lt o0, SN A0 B A RLAGD) spcharted B Ao © v
30- m nut gnd iks KibEleusit REARPSIBh ! Wh&H M B htl pRodictibn 6MRRIRAS above that
observed in the absence of the enhancer.
15 Enzyme refers to proteins that catalyze chemical reactions.
Hapten refers to a small molecule that can elicit an immune response only when
attached to a large carrier such as a protein.
Hydrolytic enzyme or hydrolase refers to an enzyme that catalyzes the hydrolysis
of a chemical bond and would be classified as EC 3 in the EC number classification of
20  enzymes.
Nucleic acid refers DNA, RNA or fragment thereof.
Oligonucleotide refers to a short nucleic acid polymer. As used here, the term
includes, but is not limited, to a nucleic acid polymer comprising 2 to 1000 nucleic acids.
Oxidant is a chemical compound that readily transfers oxygen atoms, or a
25  substance that gains electrons in a redox chemical reaction. As used herein, term is used

interchangably with terms, oxidizing agent or oxidizer.

The present invention provides methods for generating a chemiluminescent
enzyme substrate in situ in aqueous or other conditions, and/or using this substrate to
30  generate light. The generation of light can be used to determine the presence in a sample

of an enzyme, antigen or a nucleic acid. These methods relate to a stabilized enol ether
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control AMPPD(r). FIG 23 shows the tine course of in situ AVPPD
production, evaluated by IL-6 ELI SAs. FIG 24. shows the |ight

em ssi on WOtz in situ ADP-Star (ADP Star EE) vs. eomtuseé11ADRIEt ar (r),
CDP-Star(r), and CSPD(r), in the presence of the chem | um nescence
5enhancer, Sapphire |1 TM FIG 25 shows the maxi mum |ight signal
curves (% over tine for in situ ADP-Star (ADP Star EE) vs. control

di oxetanes, CSPD(r), .ADP-Star ()., d COP-Star(r), i.nt resence of the
chor | unf HEUCRBRaHHaRBE St R i pyagceous Sotuti o1 3B ERue ¢ e
rhiL-6 EldS5Medab&fakd. OTheChb@BinvERtichH didh ABRUSE Bits oAl of Mk FElents -
control di oxetanes, CSPD(r), ADP-Star(r) and CDP-Star(r) , in the presence

of the chnskoramdunesicanaalyen amserple. Shivplitsy eompripp/ stabilized Enahettey and ows t he

signal to .hackgr.oun S/B). kinetics for ADP-Star : enerated in situ,
Tnothe pradEeghiel Mt RRhinth B ForyRbe e BuRD o e R Tk RE R et
chl org degyb)tratd 5SFhése RBhodsh@well hetht kit, Haké SMNi§anSitirbaigh)ze€ @bgags.i son at a

30-minute tine point for ADP-Star (ADP*), generated in situ, 1n the
presence of TBQ Enhancer. FIG 29. shows the IL-6 ELISA sensitivity

conpari son at 1 i i - r A%D* jn situ, in
t he presence X&@Q%Hgﬁ%%F&E%%ﬁk?@%ﬁgéé P SC&F%%WI ON

Bef or e digar iThe ng:thdae cpmessnthe istepeot proniding dedxaddnt; grovidBigtan ehel etheter st ood
that this invention is not Iimted to the enbodi nents discl osed herein.

Fur t her , haWig e sHecthistshows bslod ki ts are described in ternms of "conprising"
variqgys steps or conponents (intrepreted as nmeaning, "including, but not
limted to"), the nethods and kits can al so "consi st 25essentially of" or
"consist of' the vAKi ous stepsORad conponents, such term nol ogy shoul d be
intrepreted as defin ially closed-nmenber groups. Finally, it is be
noted that, as used i pecification and the appended cl ai ns, the
singular form"a", he" include plural referents unless the
context clearly di8tates otherWseORI0Def i njitji.ons:

combining an aqueous solution, the oxidant, and the enol ether to form an aqueous
solution comprising a 1,2-dioxetane enzyme substrate; providing an enzyme complex
comprising an enzyme moiety which is capable of cleaving the 1,2-dioxetane enzyme

15  substrate; contacting the enzyme complex with the aqueous solution comprising the 1,2-
dioxetane enzyme substrate to form a reaction mixture; and allowing the reaction mixture

to generate light.

In one step of these methods, an oxidant is provided. This oxidant would be one
20  that can convert the enol ether [1] to its corresponding 1,2-dioxetane enzyme substrate.

In some embodiments, the oxidant may be selected from hydrogen peroxide,
sodium molybdate, hydrogen peroxide and sodium molybdate, hypochlorite, hypochlorite
and hydrogen peroxide, aryl endoperoxide, calcium peroxide peroxyhydrate, and
combinations thereof. In some of these embodiments, the oxidant may be hydrogen

25  peroxide, or hydrogen peroxide and sodium molybdate.

The oxidant may be provided as a solution or as a powder. Where the oxidant

comprises multiple components, one or more, but not all, of these components may be

combined with or without the enol ether.
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Acceptor dye refers to a nol ecul e which can accept energy, especially
light, fromanother light-emtting nolecule and in turn emt detectable
ener gy, ayeaizoizpedser ably |ight. Anal yt e refers toPaTAlsb&itlAmnes or

chemi cal constituent that is determined in an analytical procedure. As used
herein, the termincludes, but is not limted to, an antigen 5or antibody.
Antigen refers to a substance to which an anti body can bi nd. Ant i body

refers to ga |.obul i n_proteins  that e f d in.blood or other bodily
fluids of ver MEBPYFESCh ghiiess Betiodt sBynehhrbiking ey&om t o i dentify and
neutralize fofgiogR @RdREhsnts Ae MR EHBENGInhy HabE ah AT iR BGhudese but is not

limted to, any polyclonal, 10 nonocl onal, "reconbi nant anti body or
f ragnment md@mdemfy swhictd foam thsi grduperraiting ehstraight chaigphghctrighe¢lsis to a

t Ly bst hat | fi t ti
Fesul 11 gt PRBrTE R ABy bt end ShTRTESs RS chanh Bl ReB RS e bost rat o
and i3s guhseeekendE GRRROSIHAIRNL, pwtyey&oaumnsjl Ipog}&tyclbhaem@ndypﬁhdobser ved is

above that observed in the absence of the enhancer. 15Enzyne refers to

pr ot ei nspaleiclehatespalianyb eyt whicheae be yhgibstituted or jpstisticd witBo8e P a sl |
nol ecul e ) n I C | ar ge
carrier ?&%ﬂ&e&%ﬂ & 1b§g1tou§§‘ Sbm{}%g{#@g&gﬁ 81[eh eeﬁlzlmr%g&og 5\%@% rglg(?g}slgre?%f ers to
an enzynend Badgedet édr;mﬁs cyd“lealhyldcyzdlqzﬁ]t@ynfpoa/cgzﬂeﬂkyladr pobyegiclaniitenydul d be
classified as. EC 3 in the EC nunber classification of 20 enzynes. Nucleic
aci d r ef ¥fesofhgcarppipatgins of fsrrvpoatkyb cagpalkenyl, polygyelpaliytPeot i de refers to a

shorfy nuﬁélgéﬁ:l nucﬁgﬂ?'eﬁ%f tw rb&?ﬂoﬁ?%&mlﬁgﬁletd%ﬁﬂﬂe'b%ﬁ& Hﬁﬁéen&“éthérs not

limted Ic acid polynmer conprisi 2 to 1000 nuclelc aclds.
Oxidant is a Ekmnplcad)f aicmmtmdw b@ups mathdbyFt Cansf ecgaoxygensdfore, or a
ﬁgfglbrslt ag rzfﬁlh)g tﬁyle Itr? &ol}ger%ﬁyll nra?gl{t%gglﬁ a&@?g?)n%?ilmncgeacuo carbo'?l‘s used

atoms, branched alkyl containing 3 to 20 carbon atoms, straight chain alkenyl containing
2 to 20 carbon atoms, branched alkenyl containing 3 to 20 carbon atoms, cycloalkyl

15  containing 3 to 20 carbon atoms, cycloalkenyl containing 3 to 20 carbon atoms,
cycloheteroalkyl containing 3 to 20 carbon atoms, cycloheteroalkenyl containing 3 to 20
carbon atoms, polycycloalkyl containing 4 to 60 carbon atoms, polycycloalkenyl
containing 4 to 60 carbon atoms, polycycloheteroalkyl containing 4 to 60 carbon atoms,
polycycloheteroalkenyl containing 4 to 60 carbon atoms, alkoxy containing 1 to 20

20  carbon atoms, aryl containing 6 to 14 carbon atoms, aryloxy containing 6 to 14 carbon
atoms, ester containing 2 to 21 carbon atoms, trialkylammonium containing 3 to 30
carbon atoms, trialkylphosphonium containing 3 to 30 carbon atoms, alkylamido
containing 2 to 21 carbon atoms, arylamido containing 7 to 15 carbon atoms,
alkylcarbamoyl containing 2 to 21 carbon atoms, arylcarbamoyl containing 7 to 15

25  carbon atoms, alkylsulfonamido containing 1 to 20 carbon atoms, arylsulfonamido
containing 6 to 14 carbon atoms, trialkylsilyl containing 3 to 60 carbon atoms, triarylsilyl
containing 18 to 42 carbon atoms, alkylarylsilyl containing 7 to 32 carbon atoms,
alkylamidosulfonyl containing 1 to 20 carbons, arylamidosulfonyl containing 6 to 14
carbon atoms, alkylsulfonyl containing 1 to 20 carbon atoms, arylsulfonyl containing 6 to

30 14 carbon atoms, alkylthio containing 2 to 20 carbon atoms and arylthio containing 6 to

14 carbon atoms.
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i nterchangably with terns, oxidizing agent or oxidizer. The present

i nvention provides nethods for generating a chem | um nescent enzyne
subst r at ewDOrzopleBsin aqueous or ot her conditions, and/ oPCWAISR@ 110IF034
substrate to 30generate light. The generation of |ight can be used to
determ ne the presence in a sanple of an enzyne, antigen or a nucleic acid.
These nethods relate to a stabilized enol ether and an oxidant, which when

conbi ned form.in an gfgsu %glesﬁ.sol ution f 1, 2- di oxet ane enzyme . ubstrate. The
present | nventFBAPIST SopawiBeE kP SeRgF Geteelf B mANEC Bridsence and/ or
amount  ofyR8xANaL s, isMlfShaSRMPRRphaté€ akd LANPAMRY b28pd pdlyabhbipedoapo! et her
and an oxi dart, whi ch when conbined formin an agueous sol ution a

1, 2- di oxktGiidlebldyde. Bhaubstr k6. terMhigsted hpchbdsylicarsidsemaloage adid kits, have
utility in art-re ni_zed assays. Vi ewed from one , the present
Mvent | ol FBUT BN RE AR P Semurser g G BRI T o8 the
st eps of whéR\ni=0li 30g tedmirxdd rbdxyRY helti§ gnAshie Beil, BidAeylavifaes, t he structure
shown bel ow. 10 ACRi B> < T-0R2 conbi ning an aqueous sol ution, the oxidant,
and t he ghipnates papsphgtesoghammeWaRLeuRsol uti on conprising a 1, 2-di oxet ane

i en i capant SeFt @it PRARR IR (AR SRR RAE ™

cont act i fghtabalkgummenicwnpkelphsdphbniuhe akglseosiusodrotipson conpri sing the 1, 2-
di oxet ane enzyme substrate to forma reaction m xture; and allow ng the
react i ondlkylgf TAMPEBIUk ﬁgﬁy]éﬁrgph?sgh?r_uum, and alkylaryl sulfonium groups; or

10 arylammonium, arylphosphonium and arylsulfonium groups; and poly(alkylammonium),
poly(alkylphosphonium), poly(alkylsulfonium) groups; poly(alkylarylammonium),
poly(alkylarylphosphonium), and polyalkylaryl sulfonium groups; or
poly(arylammonium), poly(arylphosphonium) and poly(arylsulfonium) groups.

In some embodiments, A and B may be independently selected from the group

15  consisting of straight chain alkyl containing 1 to 20 carbon atoms, straight chain alkenyl
containing 2 to 20 carbon atoms, branched alkyl containing 3 to 20 carbon atoms,
branched alkenyl containing 3 to 20 carbon atoms, cycloalkyl containing 3 to 20 carbon
atoms, cycloalkenyl containing 3 to 20 carbon atoms, cycloheteroalkyl containing 3 to 20
carbon atoms, cycloheteroalkenyl containing 3 to 20 carbon atoms, polycycloalkyl

20  containing 4 to 60 carbon atoms, polycycloalkenyl containing 4 to 60 carbon atoms,
polycycloheteroalkyl containing 4 to 60 carbon atoms and polycycloheteroalkenyl
containing 4 to 60 carbon atoms, any of which can be unsubstituted or substituted with
one or more electron-active groups, solubilizing groups, or light-enhancing groups, and
where A and B together form the cycloalkyl, cycloalkenyl, polycycloalkyl or

25  polycycloalkenyl, one of the carbon atoms of the cycloalkyl, cycloalkenyl,
polycycloalkyl or polycycloalkenyl is one of two carbon atoms forming the double bond
of the enol ether.

In some embodiments, at least one of A or B may be
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In one step of these nethods, an oxidant is provided. This oxidant woul d be
one 20t hat can convert the enol ether [1] to its correspondi ng

1, 2- di oxewarre12¢m083sme substrat e. I n sonme enbodi nenPsT/ush@ 1oxiodant nmay
be sel ected from hydrogen peroxide, sodi um nol ybdate, hydrogen peroxi de and
sodi um nol ybdat e, hypochl orite, hypochlorite and hydrogen peroxide, aryl
endoper oxi de, cal ci um peroxi de peroxyhydrate, and conbi nations thereof. In

some of he e e di ments, e oxj dant y be hydrogen 25 peroxide, or
hydrogen ﬁ%%?ﬂgﬁgﬂﬂ“§ i’ E?%ﬁﬁ?%ﬁgmi The oxi dant may be provi ded

as a solution or as a_powder. Were OX|dant col ises nultiple
conponents, one_e but / ept s may be conbi ned
with or wthog HC et _ t hese net hods, an enol

e enol ether [1] may
om t he group consisting
of straight chain 2 ' y gr anched al kyl, branched
al kenyl , cycl oal Kyl , cycloalkenyl, cycloheteroalkyl SCycIoheteroaIkenyI,
pol ycycl oal kyl, pol ycycl oal kenyl, pol ycycl ohe eroalkyl and
pol ycycl ohet er oal kenyl , any of whi ch can be undybstituted or substituted
with one or nore el ectron-active groups, solubt1izing groups, or
| i ght - enhanci ng groups, and where A and B toQ§ether formthe cycl oal kyl,
cycl oal kenyl , pol ycycl oal kyl or pol ycycl oal keN one of the carbon atons

ether [1] is

of the cycl oal pol yg 10 pol ycycl oal kenyl is
one of two cafbon aty 1 ng thefdoubl e s¢of the enol ether. Exanples
of electron-aftive g DS ; dyano, nitro, sulfonate,
sulfate, trifluoronej ' 'uorovthyl S ain alkyl containing 1

> car bon atons,

strai ght chai n al kenyl contalnlnng to 20 car bon at'ons, branched alkenyl
containing 3 to 20 carbon atons, cycloal kyl 15containing 3 to 20 carbon
atons, cycl oal kenyl cont ai ni ng 3 to 20 carbon atons,

5 In some embodiments, the enol ether [1] will have an R; which may be an alkyl,
aryl, aralkyl, heteroaryl, or heteroaralkyl. In some of these, R; may be an alkyl
containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms, aralkyl containing
7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or heteroaralkyl
containing 5 to 20 carbons. In some these, R; may be an alkyl containing 1 to 2 carbon

10 atoms or trifluoalkyl containing 1 to 2 carbon atoms.

In some embodiments, the enol ether [1] will have a T which may be an aryl or
fused polycyclic ring compound which includes, but is not limted to, a heteroaryl ring,
which is capable of emitting light. T is chosen so that it does not interfere with the
production of light and satisfies the valence of the 4-carbon atom of the dioxetane ring to

15  which it is attached. T represents any of a number of light-emitting fluorophore-forming
fluorescent chromophore groups that permit the corresponding dioxetane decomposition
fragments to absorb energy and form an excited state from which they emit optically
detectable energy to return to their ground state. T is also substituted with an enzyme
cleavable group that contains a bond cleavable by an enzyme to yield either directly or by

20  subsequent adjustment of pH an electron-rich moiety, for example, an oxygen anion, a

sulfur anion or a nitrogen anion, bonded to the dioxetane ring.
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cycl ohet eroal kyl containing 3 to 20 carbon atons, cycl oheteroal kenyl
containing 3 to 20 carbon atons, polycycloal kyl containing 4 to 60 carbon
atons, powvgeydmwedskenyl containing 4 to 60 carbon at onsPCT/US2011/043074

pol ycycl ohet eroal kyl containing 4 to 60 carbon atons,

pol ycycl ohet er oal kenyl containing 4 to 60 carbon atons, al koxy containing 1
to 20 20carbon atons, aryl containing 6 to 14 carbon atons, aryl oxy

containing 6 to 14 ¢ on at , ester ontalnln 0.21 c rbon at ons,
Cr1al kyl amon PSSR g 1oy BB B APbORCAPoRENE MHNGPFER osphont ur

cont ai ni BsBruted with SRERMa@E Foupd| doWIbaisloe I%Qﬁsté’ﬂll'%h'ﬂgnl%ntcﬁl oGRlI bon
atoms, arylam do containing 7°to 15 carbon atons kyl car bamoyl™ cont ai ni ng
2 to 21 carbol s@n@rmnb@nmrdaﬂbmylfuscrdmmcmlwgl% cqntdiginSardpbareat ons,

alkylsulfon do_cont ai ni Isulfo am do

cont ai i WD b g AL B Do e Bt SRR eV P B R 3 RE60 car bon
atomss  twhRhywhéd dlbave@mblahRhAgnd, 8eﬂdars4t3e €@l 9ol ai;@fmno@iykeyéo@ronlrﬁjhl ty!
containing 7 to 32 carbon atons, al kyl am dosul containing 1 to 20
car bons, indpip rsRdad G diputigne coroand dekgnposebla %ﬁﬁ@h atons, al kyl sul fonyl
containing 1 Rsl} d ar bon
at ons, aIkyIt%B%%go% H%?ﬁ%ﬁ%ﬂﬁ%ﬂ§%¥%§#ﬁ%9&¥ %%@Qg%’ %F?%f%nigiééfnlng 6
to 14 catolform @iiefieorophore mmet&)a&nﬁ:lsﬁsp@pc;&hb uhjnhatmhygrcgarbupslmgncl ude:
carboxylic acids, malonic acid, hydroxyls, sulfates, sulfonates,

phos phat BYOroRRRIICGMAN I afinag 981 § %‘i‘%’?&ik?/g ring yHeR atomsginglsiveypich 117 |
wher & n asélﬁgmbhgrnlnated by carboxylic acids, malonic acid, hydroxyls,
sul f at es 8 onat es, phosphates, and anmoni um groups; pon[-O-(CHZ-)ll],
5where n=1-30, term natgd by carboxylic acids, malonic acid, hydroxyls,
sul fates, sulfonatgs, phosphates, and annnniun1groups. Exanpl es of

| i ght enhanci ng Y- ude: cationic or polycationic noieties such as
al kyl anmoni um gl.kyl p pbni um al kyl sul f oni um groups; al kyl aryl anmoni um
al kyl aryl phosphoRi iy 3~al kyl aryl sul foni um groups; or 10 aryl ammoni um
aryl phosphoni um and aryl'sul’f oni um groups; and pol y(al kyl anmoni um ,

pol y( al kydnphesp hantdemheptBend, aghladess!|stiRdicend, basHeHPShe, per lene

pol y(al kyl aryl ammoni um, pon(aIkyIaryIphosphonlun) poiyalkylaryl

sul f oni umegmmlpssleneophqs@nsh(ffsneyatrahﬁamﬂeumephwnsh(rﬂﬁw @h@@ﬁﬁﬂnnwm and

pol y(ar y npﬂ Qﬂeug?rreg cHPysene, naphthacene, and the like, as well as derivatives thereof

15  substituted with one or more non-labile substituents such as a branched or straight chain
alkyl group having 1 to 20 carbon atoms, inclusive, e.g., methyl, n-butyl or decyl, a
branched or straight chain heteroalkyl group having 1 to 7 carbon atoms, inclusive, e.g.,
methoxy, hydroxyethyl or hydroxypropyl; an aryl group having 1 or 2 rings, e.g., phenyl;
a heteroaryl group having 1 or 2 rings, e.g., pyrrolyl or pyrazolyl; a cycloalkyl group

20  having 3 to 7 carbon atoms, inclusive, in the ring, e.g., cyclohexyl; a heterocycloalkyl
group having 3 to 6 carbon atoms, inclusive, in the ring, e.g., dioxane; an aralkyl group
having 1 or 2 rings, e.g., benzyl; an alkaryl group having 1 or 2 rings, e.g., tolyl; an
electron-withdrawing group, such as a perfluoroalkyl group having between 1 and 7
carbon atoms, inclusive, e.g., trifluoromethyl; a halogen; CO,H, ZCO,H, SO;H, NO,,

25  ZNO,, CN, or ZCN, where Z is a branched or straight chain alkyl group having 1 to 7
carbon atoms, inclusive, e.g., methyl, or an aryl group having 1 or 2 rings, e.g., phenyl;
an electron-donating group, e.g., a branched or straight chain C;-C; alkoxy group, €.g.,

methoxy or ethoxy: an aralkoxy group having 1 or 2 rings, e.g., phenoxy; a branched or
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In sonme enbodi nents, A and B may be independently selected fromthe group
15consi sting of straight chain alkyl containing 1 to 20 carbon atons,

st rai ght wbanr/mbisenyl containing 2 to 20 carbon at ons, PoTArsetiem43rky|
containing 3 to 20 carbon atons, branched al kenyl containing 3 to 20 carbon
atonms, cycloal kyl containing 3 to 20 carbon atons, cycloal kenyl containing
3 to 20 car bon atons, cycloheteroal kyl containing 3 to 20 carbon atons,

| ohet 3 to 20 carbon at ol | qal kyl
Sy cont ai MHEATE G caRBOr S e ahg ey o ey b BGHY aldg it 60
carbon a,0EngBly Gheh el BrAahdddr sﬁ@@h%mm £, @19d1@9yé1@§1b£6h;ﬁ%%;fﬁcand

pol ycycl oheteroal kenyl containing 4 to 60 carbon atons, any of h can be
unsubst i hydrexyrarth i syiltosyeshlywp hdrongarpk cropp badhg ¢ or dmingstd.&e g roups,

| ubi | ht A &) th
£ or m t hel PR bRhet s ERRRAETC 8 AR ey o st R kB
one of t&eereasRhvaieoNsr Dfingde. gC%hilﬁké(Xélrahét\éﬁHa@@gk@iPM{aVlrngﬂ Mcygah@al Kyl or

pol ycycl oal kenyl is one of two carbon atonms form ng the doubl e bond of the
enol et heg. b?ﬁ?%@ﬂ%‘v batrsbinpriptbenzigiidazeleser bsperiatola or B may be I n ot her

enbodi nent s, P’ﬁ:[ﬂf | ether
[1] will have an E{fﬁmﬁ&gﬁb@ggyﬁ%ﬁ%oﬁdﬁ mﬁ??ﬁ%gg% étyﬁ%eé}gsreg{ayrayl or
het er oar By Kyhn also bs deeresitiud h[&sﬁlsed:{iolwhbarcaﬂatﬁme;dro@ohé ang tlngrophbiic 20
carbon atonms, aryl containing 6 to 14 carbon atons, aral kyl containing 7 to

15 car bofPTBRYWE; € fre DAV BB (Prorbispt Ar P ARl 24- Pléhlgﬂl%aftb@ﬁthé%néenzefuran
het efpar gLkl o eI 8hididide X ahthehO %éﬁcgalng?e gﬁ n%ﬁﬁ@ ildaGse1inRL may be an al kyl

containing 1 to 2 carbon "10at ons or tr aining 1 to 2 car bon
at ons. phenanthridine, phenazine, phenoxazine, phenothiazine, phenanthrohne 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, and containing from 9 to about 30 ring atoms,
15  inclusive, the bulk of which are carbon atoms.

In some embodiments, T may be

\#" OR2

~ N

R; OR, Rs  or

X
psl
&

R, OR,

Rs , wherein Rj, R4, and Rs, are independently selected from the
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I n sone enbodi nents, the enol ether [1] will have a T which nmay be an aryl
or fused pol ycyclic ring conpound which includes, but is not linmed to, a
het er oar yWor2oregoeastni ch i s capable of emtting light. T PETAISO®I@04304t hat it
does not interfere with the production of light and satisfies the val ence
of the 4-carbon atom of the dioxetane ring to 15which it is attached. T
represents any of a nunber of light-emtting fluorophore-formng

fl uorescent chronoph g s that permt _the cqrrespondi ng di oxetane
deconposFEPBROTTAGRRATS Ft b1 diiobFHien By WFREIRof i ok VAR ISt at o 11 om

whi ch t heyuestttyl Oftal g khain A& e Gtakhes AR QtYalglﬁ chehWienD bkdhehéd ground
state. Tis also substituted’with an enzyme €l eavabl e group that contains a

bond cl edkehil.ecyblpakyl, e‘mlymltiemsd gickihdteetallipdscydlohetetdalikenyl, pylyeodetisdquent

adj ust nent et an_oxygen ani on,

2t fur " ans ekl B BEUOR bR DB s Rl ea e S HETNTY Sone”

enbods rTEéHteﬁr; trikIKyBnAEnia, &[a}ﬂkylpmgﬁb@mpmwhudd/\/amﬁmﬂayaﬂaﬁc@umbylt ut ed

with electron-acti ve}% oups,  sol ubilizing groups or g]ét enhanci ng groups.
Y

I'n some asethament alkylsulfaparaidoyarstsulionapeide trialkylsHyl semylsilyli ng f 1 uor ophor e

i et h t t
T bony STKpREISRSAKIRLLAR N SLERYAIL AP NG SR HSRLIAHAT Cot 2™ "
noi ety ehlkgzlﬂno and altyitthioo Th Rotthe b theed) &y R, hed &isaxej MQde@mﬁmI}cheuﬁcednpos abl e

to emt cl uded anong the fused pal yc clig ri ng ngounds
whose re%rplad%%g@aﬁ CB%Slﬁgléd)ftfb B &t hicyara. 08 pHée ey Ity tifleomeiaply

pO' YRY Cl i1 @S iRt dii dhY gﬁﬁﬁﬁfkg%'or{télﬁﬂllgfﬂ tH%QQﬁBB'a@on%O'EPﬁHﬁkﬁﬁahﬁfnt aining from

to about 30 ring carbon at , i1 ncFusive, such 10as na ene:
containing 3 to 20 carbon atoms, straight chain alkenyl containing 2 to 20 carbon atoms,

branched alkenyl containing 3 to 20 carbon atoms, cycloalkyl containing 3 to 20 carbon
atoms, cycloalkenyl containing 3 to 20 carbon atoms, cycloheteroalkyl containing 3 to 20
carbon atoms, cycloheteroalkenyl containing 3 to 20 carbon atoms, polycycloalkyl

15  containing 4 to 60 carbon atoms, polycycloalkenyl containing 4 to 60 carbon atoms,
polycycloheteroalkyl containing 4 to 60 carbon atoms, polycycloheteroalkenyl containing
4 to 60 carbon atoms, alkoxy containing 1 to 20 carbon atoms, aryl containing 6 to 14
carbon atoms, aryloxy containing 6 to 14 carbon atoms, ester containing 2 to 21 carbon
atoms, trialkylammonium containing 3 to 30 carbon atoms, trialkylphosphonium

20  containing 3 to 30 carbon atoms, alkylamido containing 2 to 21 carbon atoms, arylamido
containing 7 to 15 carbon atoms, alkylcarbamoyl containing 2 to 21 carbon atoms,
arylcarbamoyl containing 7 to 15 carbon atoms, alkylsulfonamido containing 1 to 20
carbon atoms, arylsulfonamido containing 6 to 14 carbon atoms, trialkylsilyl containing 3
to 60 carbon atoms, triarylsilyl containing 18 to 42 carbon atoms, alkylarylsilyl

25  containing 7 to 32 carbon atoms, alkylamidosulfonyl containing 1 to 20 carbon atoms,
arylamidosulfonyl containing 6 to 14 carbon atoms, alkylsulfonyl containing 1 to 20
carbon atoms, arylsulfonyl containing 6 to 14 carbon atoms, alkylthio containing 2 to 20
carbon atoms and arylthio containing 6 to 14 carbon atoms.

In some embodiments, the enol ether [1] may have an OR; that is phosphate,
30  acetate, 1-phospho-2,3-diacylglyceride, adenosine triphosphate, adenosine diphosphate,

adenosine monophosphate, adenosine, a-D-galactoside, -D-galactoside, a-D-glucoside,
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pent al ene, azul ene, heptal ene, asindacene, s-indacene, biphenyl ene,

peryl ene, acenapht hyl ene, phenant hrene, anthracene, acephenanthryl ene,
aceant hr yWerre12/@s3sphenyl ene, pyrene, chrysene, napht haceo®/usand/osdea4s | i ke,
as well as derivatives thereof 15substituted with one or nore non-labile
substituents such as a branched or straight chain alkyl group having 1 to
20 carbon atons, inclusive, met hyl, n-butyl or decyl, a branched or

st rai ght aIk having 1 to 7_.carbo ons, inc)usive,
SO e et e %flge%ﬁg}a?m%?o%?nm&ﬁaw Fulefiewsdidegon o 2
rings, e.g., phemgl; a heteroaryl group having 1 or 2 rings, e.g., pyrrolyl
or pyrazol a cycIoaIkyI group 20having 3 to 7 carbon atons, inclusive,
inthe ri .g., cyclohexyl; a heterocycl oal kyl group having 3 to 6

car bon atons, clusive, in the ring, e.g., dioxane; an aral kyl group
having 1 or 2~ e.g., benzyl; an al karyl group having 1 or 2 rings,
e.g., tolyl; ctpN- mnthdramnng group, such as a perfluoroal kyl group
havi ng between 1fa %grbon atons, inclusive, e.g., trifluoromethyl; a
hal ogen; h% H NO2, 25 ZNO2, CN, or ZCN, where Z is a branched
or straight ¢éhain Jpup haV|ng 1 to 7 carbon atons, inclusive, e.g.
met hyl, or an aryﬁ)group hav;w@ﬂmno&thfmnbﬁgmeeqﬂnnéhemﬁﬁﬁbdﬁorm1

el ect ron-donat | he trai chajn. Cl1- C7 al koxy

o oup. el il SBrenfostan. 42T EPEIRROS o FLIER IR b 2 T hgs.
e.g., phenoxy, a branched or strai gHt chain Cl-C7 al koxy group, e.g.,

nmet hoxy or ethoxy; an aral koxy goeup having 1 or 2 romgs, e.g., phenoxy; a
branched or straight chain Cl-C7 dr oxyal kyl hydroxynethyl or

hydr oxyet hyl ; hyAdr ox - avi ng 1 war hydr oxyphenyl ;

a branched or- Toht est , . acetate an
aryl b5ester group \javing @Hy. , zoat e; or aOhet er oaryl
group having 1 or ri'ngs, e.g., benzoxazol e,” benzt hi azol e, benzi m dazol e

or benztriazole. Further, the fusegopel ycyclic ring portion of the
fl uorophore noiety represented by T %an al so be the residue of a fused

pol ycyclic aromatic heterocyclic rin uor ophori c conpound, e.g.,
benzo[ b] t hi ophene, napht ho[ 2, 3-b] t hi t hi ant hrene, benzof uran,

10i sobenzof ur an, chroneﬂe xant hene, p i ne, quinoline, isoquinoline,
phenant hri di ne, phenazine, phenoxazi ne, ph @zl ne, phenant hroli ne,

puri ne, 4FnuiH8I|Z|ne Ceizi ne, naphthyridine indole, indolizine,
chroman, isoc [ i fHee |i ke, unsubstituted or
substi t ut ed mﬁ?g or more of the af@enent/oned non-labile substituents,
and cpntaining from9 to about 3@ ring atomsg 15incrddjve, the bul k of

whi ch are carbon atons.

R», the enzymatically cleavable substituent, may include phosphate ester groups

represented by the general formula:

10 wherein M+ represents a cation such as alkali metal, e.g., sodium or potassium,
ammonium, or a C;-7 alkyl, aralkyl or aromatic quaternary ammonium cation, N(DR3)4 +
in which each Dj can be alkyl, e.g., methyl or ethyl, aralkyl, e.g., benzyl, or form part of a
heterocyclic ring system, e.g., pyridinium, and particularly the disodium salt. Such
quaternary ammonium cations can also be connected through one of their quaternizing

15  groups to a polymeric backbone, viz.
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In some enbodi ments, T may be ssS"SOR2 1 R3 , Wherein R3, R4, and R5,
are independently selected fromthe group consisting of H F, d, Br, I,
cyano, niwpapizwbisenate, sulfate, trifluonmethyl, trifl urostusgdi/ogiorai ght
chain al kyl, branched al kyl, straight chain al kenyl, branched al kenyl,
cycl oal kyl, cycl oal kenyl, cycl oheteroal kyl, cycl ohet eroal kenyl

pol ycycl oal kyl , pol ycycl oal kenyl, pol ycycl ohet eroal kyl ,

pol ycycl ohet er oal kenyl , al koxy, aryl, aryloxy, 5ester, trialkylanmoni um
trial kyl phosphoni um al kyl am do, aryl am do, al kyl carbanoyl, aryl carbanoyl,
al kyl sul f onam aryls%Lfon ' ' |, txiarylsilyl,

do, tnrt al kyl si
nyI,—iLyLanhdgg

al kyl arylsily Har , al kyl sul fonyl,
aryl sul fonyl, al kyltlhio and anylthio] | of these, R3, R4, and R5, may
be i ndependentlly s the gfo oNgi sting|of H F, d, Br, I,
cyano, nitro, sul fate,, triff N\uomet iyl , 10tlri fl uroethyl, straight
chai n al kyl conptdini carbon a « branchegd al kyl containing 3 to

to 20 carbon atons,
cl oal kyl containing 3
carbon atons,

20 carbon at ons, ht. chai|ln al kepyl cont\ai ni ng
branched al kenyl cont aicriNagp:8 |t 0 20 ¢ar bon atens,
to 20 carbon atons, cycl oal keayl containing 3 to 2

cycl ohet eroal kyl cont.aining 3 . to 20 carbon atons, cycl oheteroal kenyl
cont ai ni R mib e Ui OLe e P ek Bl 1eBli R Gt o 60 car bon
atoms, pRhysYsdipakkenyl containing 4 to 60 carbon atons,

c

5 In some embodiments, R, may be E-L-Nuc-Z, wherein E is a group comprising an
electrophilic atom, which atom upon the enzymatic cleavage of the Z group is attacked
by the electron pair of the Nuc group and by anchimeric assistance releases the 1,2-
dioxetane enzyme substrate anion; L is a linking group; Nuc is nucleophic atom; and Z is
an enzymatically cleavable group; wherein
10 E may be carboxyl,carbonyl, methylene substituted by a leaving group,
phosphate, carbonate, xanthate, sulfite, sulfonate, bisulfite or bisulfide;

L may be selected from the group consisting of methylene or polymethylene
containing 1 to 4 carbon atoms, -(CH;),-O-(CH;),, -(CH3),-S-(CH»),-, or —(CH»)m-NRg-
(CH3),-, wherein m and n are O to 3 and m+n is 2 or 3, wherein Rg is alkyl containing 1 to

15 10 carbon atoms and the linking group may be substituted by alkyl containing 1 to 24
carbon atoms, alkenyl containing 2 to 24 carbon atoms, alkyl containing 1 to 24 carbon
atoms and mono- or di-substituted with acyloxy containing 1 to 24 carbon atoms, alkenyl
containing 2 to 24 carbon atoms and mono- or disubstituted with acyloxy containing 1 to
24 carbon atoms, aryl containing 6 to 10 carbons, alkyl containing 1 to 24 carbon atoms

20  and substituted with phenyl, hydroxyphenyl, indolyl, mercapto, alkylthio containing 1 to
4 carbon atoms, hydroxy, carboxy, amino, guanidino, imidazole or carbamyl, or alkenyl
containing 2 to 24 carbon atoms and substituted with phenyl, hydroxyphenyl, indolyl,
mercapto, alkylthio containing 1 to 4 carbon atoms, hydroxy, carboxy, amino, guanidino,
imidazole or carbamy];

25 Nuc may be an oxygen atom or sulfur atom; and
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pol ycycl ohet eroal kyl containing 4 to 60 carbon atons,

pol ycycl ohet er oal kenyl containing 4 to 60 carbon atons, al koxy containing 1
to 20 carwonomtoonssi aryl containing 6 to 14 carbon at onPCTAISYd10:0y3074
containing 6 to 14 carbon atons, ester containing 2 to 21 carbon atons,
trial kyl ammoni um containing 3 to 30 carbon atons, trial kyl phosphoni um 20
containing 3 to 30 carbon atons alkylanido containing 2 to 21 carbon

at ons, aryla ont ai 5 ca to al kyl car banmoyl cont ai ni ng
3 0" 21 o bofi T RIS Laishitol PhEGHE o HiG) BSOS, SERBRH at o,

al kyl sul ﬁ@ﬂ@éﬁh@%l%@h@élﬁﬁ dllghélsph&yl?ﬁ’de%@ﬁﬁé)ﬁm%?xfﬂé ph@yl hésokanam-do
containing 6 to 14 carbon atoms, trial kylsily ontainin to 60 carbon

at ons, t galaatgdysif-Deatagkassl, mlaghmsyloB@ghlao%m Broamnosgl g;ﬂ’ -araphesyl.y|
25containing 7 to 32 carbon atons, alkylanldeéq@;onyl containing 1 to 20
carbon atons, arylam dosul fonyl containing 14 carbon atons,

al kyl sul fonyl containing 1 to 20 carb , arylsulfonyl containing 6 to
14 carbon atons, alkylthio containing 2 to|20 carbon atons and arylthio
containing 6 to 14 carbon atons. In sone e nts, the enol ether [1]
may have an OR2 that is phosphate, 30acetaPes
1- phospho- 2, 3-di acyl gl yceri de, adenosine triph
di phosphat e, adenosi ne nonophosphat e, adenosin
f 3- D-gal act osi de, a-D-glucoside, HO OB3
Bl, B2 and B3 are each independently H orBa al kyl ranched or straight
chain) o t he

4 .carbo ons. In so of t hese,
enzynatl&5??9f@P@§Wg6?§1§%§§FWFﬂ' ' may |ncIu§%Ophosphate eé?%?mﬂroups
5 Bi, By and B; are each independently H or an alkyl (branched or straight chain) of 1-4

a 8 adenosi ne
ﬂalact03|de
, Wwherein,

carbon atoms.

In some embodiments, Z may be

OH
OH OH
(0]
#47 _ HO HO or
S \—O ~ 0 ~ o]
- OH OH
O 2 2 2
CO,Na
OH
COzNa NHAc
HO
HO OH '
10
In some embodiments, the enol ether [1] may be
OCHs
-
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represented by the general fornmula: ol _ 0 M+ 10wherein Mt represents a
cation such as alkali nmetal, e.g., sodiumor potassium ammonium or a Cl-7
al kyl , arwaibkyi2/o635ar omat i ¢ quat ernary amoni um cati on, RCDR3e11/H430m4 whi ch
each D3 can be alkyl, e.g., nmethyl or ethyl, aralkyl, e.g., benzyl, or form
part of a heterocyclic ring system e.g., pyridinium and particularly the
di sodium salt. Such quaternary ammoni um cations can al so be connected

t hrough one of their quaternizing 15groups tg,a polyneric backbone, viz.

or CH2N H2(D3)3 where n is greater than lg, ¢r can be part of a

pol yquat ernary ammonium salt, i.e. pol ymer. 5l n sone

enbodi nents, R2 is a group conprising an

el ectrophilic NC cl eavage of the Z group
is attacked by B"and by anchineric

2

assi stance rel g s 1 ‘ poxet ane enzyne substrate anion; L is a
| i nki ng group: C atom and Z is an enzymatically cleavable
group; wherein
OH
OCH;, HO OH
— (0] O
OH
OH
— o o 2
OCH, COsNa
— 0]
e}
OH
NHAc
HO
HO OH ,
OCH, o
— )
\P<LO _
-
5 cl ,
OCH2CF3 [e)
— O p /L i

Cl
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10E may be carboxyl, carbonyl, nethyl ene substituted by a | eavi ng group,
phosphat e, carbonate, xanthate, sulfite, sulfonate, bisulfite or bisulfide;
L may be wel2ecxmessir om t he group consi sting of nethyl enecoruspalipwarhyl ene
containing 1 to 4 carbon atonms, -(CH2)mO-(CH2)", -(CH2)m S-(CH2)11-, or
-(CH2) m NR6- (CH2) 11-, wherein mand n are 0 to 3 and mn is 2 or 3,
wherein R6 is al kyl containing 1 to 1510 carbon atons and the |inking group
may be substituted by alkyl containing 1 to 24 carbon atons, alkenyl
containing 2 to 24 carbon atons, alkyl congaining 1 to 24 carbon atons and
nono- or di-substituted with acyloxy cont , 1 to 24 carbon atons,

al kenyl containing_2 to Zlo@arbon a@-‘ﬁ atd /mopo- or di substituted mnth
acyl oxy cont ai )5 0ar
al kyl cont ai ni 0 24 c.rbon atons 20and subs?ltuted wi th phenyl,
hydr oxyphenyl , '
hydr oxy, carb.' o3l REAT Noy, | m dazol e or carbanyl, or al kenyl
containing 2 to 24 carbon atoms and substituted with phenyl hydr oxyphenyl ,

i ndolyl, nercapto, alkylthio containing 1 {0 4 carbon atons, hydroxy,
carboxy, am no, guan|d|no,Obyldazolfgjiﬁé%zzgggf; 25Nuc may be an oxygen

atom or sul fur Z ray) horyl, acetyl,

1- phospho- 2, 3- adenogt'ne tri phosphoryl, adenosi ne

di phosphoryl horyl, adenosyl, a-D- gal actosyl,

f 3- D-gal act os E3- D- gl ucosyl , a-D-mannosyl, f3-D mannosyl,
Cl

2

OH
[ﬁ] —\OH
OCHs HO
o o CO,Na
Cl ,
OCHs CO5Na
— 0
o)
cl OH
NHAC
HO
HG OH,
OCHj3 o]
— o /4 -
e
-
N
L/
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f 3-fruct of uranosyl,
I ndependently H or an al kyl

f 3- D- gl ucosi dur ansyl,

orHO 5Bl1, B2 and B3 are eac
(branched or straight chain) of 1-4 carbon

h

atons. | rweane/@ntsedi nents, Z may be COH I n sone enbodi meoTAlS2athe43nol et her
[1] may be OH OoH OH
OCHjs o o
o \P</—O_
-
N
L/
/ \
N
OCH; O
O\p/Lo‘
(¥ >
OCH,CF4 0O
O\P/LO_
(¥ >
OCH; O
O\p/Lo‘
(> v
Cl
5 or
OCH; 0

In another step of these methods, an aqueous solution, the oxidant, and the enol

10 ether are combined to form an aqueous solution comprising a 1,2-dioxetane enzyme

substrate. The aqueous solution may comprise water, one or more buffer components,

one or more organic solvents, one or more coloring agents, one or more preservatives, or
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combinations thereof. The determination of the concentrations of the oxidant and enol
ether in the aqueous solution needed to provide a 1,2-dioxetane enzyme substrate is

within the skill of one with ordinary skill in the diagnostic arts.

In another step of these methods, an enzyme complex is provided which is
comprised of an enzyme moiety which is capable of of cleaving the 1,2-dioxetane
enzyme substrate. The enzyme moiety may be an enzyme, enzyme-linked antibody,
enzyme-linked antigen or enzyme-linked oligonucleotide.

The enzyme moiety comprises an enzyme which is capable of cleaving the 1,2-
dioxetane enzyme substrate. In some embodiments, the enzyme may be a hydrolytic
enzyme. A hydrolytic enzyme includes enzymes which cleave ester bonds and is
classified as EC 3.1 or cleave sugar bonds and is classified as EC 3.2, and includes, but is
not limited to, alkaline phosphatase, -galactosidase, -glucosidase, f-glucuronidase or

neuraminidase.

Samples will be assayed which are suspected of comprising an enzyme, antigen or
a nucleic acid. The sample may be of a biological or non-biological origin. Where the
sample is of a biological origin, it may be blood, serum, plasma, urine, feces, saliva,
mucus, seminal fluid, tissue, a tissue extract, cell culture media, cells, cell extracts, and

the like.

In some embodiments, the enzyme moiety may be an enzyme. In these
embodiments, the enzyme in a sample will comprise the enzyme complex. The enzyme
complex is contacted with the 1,2-dioxetane enzyme substrate to form a reaction mixture
and the reaction mixture is allowed to generate light.

In some embodiments, the emission of light may be detected and such emission
will be indicative of the presence of the enzyme, and the amount of light emitted can be

correlated to the amount of the enzyme present in the sample.

In some embodiments, the enzyme moiety may be an enzyme-linked antibody.

The enzyme-linked antibody comprises a first antibody capable of binding to an antigen
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5 In anot her step of these nmethods, an aqueous sol ution, the oxidant,
and the enol 10 ether are conbined to forman aqueous sol ution conprising a
1, 2- di oxewarre12¢m0g3sme substrate. The aqueous sol ution mapCraspeliloesorat er,
one or nore buffer conponents, one or nore organic solvents, one or nore
coloring agents, one or nore preservatives, or conbinations thereof. The
determ nation of the concentrations of the oxidant and enol ether in the

aqueous so] uti on need t rovi de , 2-di oxet ane enzyne substrate is
ML e EPPTB SR e e Ay AR e Sy T S A b dhar Cs 51
anot her gleRai@leddMgsiReIBIdRMSrated BN 21 MRes6 @ABLE NS, BleQVfiaelinRéLh s
conprised of an enzyne noiety whi ch is capable of of cleaving the

1, 2- di oxattiedy.anigers asdibseqoat entiitely velmely mecapdile piybindipgitee amigenaydre,
enzyrre-ljnkelgl.aergibog%i ﬁp%yge-l%gggpfgntigeg I e@%g”ﬁ;'kﬁ%ﬁ@ ex i

ol i gonuci dBPPHA RS ETRNRE AIMELS® HG HA R O BRI En 2 Dre R R Spabl e of
cl eaV§ ngcdntel, With 4 102-a1REARE e AR RbSHIS {0 RIE a rbdttidAMEx &AM dent s, the
enzynme may be a hydrolytic enzynme. A hydrolytic enzyne includes enzynes

whi ch cl Easonegpéire o psvesria SPreraP 4isBi-f i ed as EC 3.1 or cleave sugar bonds
e 1 N e . AR
neur am neédh@seed Wibh an enzyme-linked antibody comprising a first antibody and an enzyme and

a solid phase comprising a second antibody, where both antibodies are capable of binding

10 the antigen to provide an enzyme complex which is capable of of cleaving the 1,2-
dioxetane enzyme substrate so that the substrate decomposes and generates light. The
sample, enzyme-linked antibody and solid phase may be combined in any order.

In some embodiments, the method may further comprise the step of removing any
unbound enzyme-linked antibody from the enzyme complex by washing the enzyme

15  complex. This may be performed by addition and removal of a buffer compatible with
the components of the enzyme complex. Such buffers are well known in the diagnostic
arts. Additional wash steps of the solid phase may be performed.

The first antibody, second antibody, or both may be a polyclonal, monoclonal or
recombinant antibody.

20 The solid phase may be a bead, test tube, multi-well plate, microarray, gel,
membrane, microparticles, nanocrystals, quantum dots and the like. The materials from
which these solid phases are made are known in the diagnostic arts.

The second antibody may be immobilized on the solid phase by non-covalent or
covalent attachment of the antibody to the solid phase, by techniques known in the

25  diagnostic arts.

The first antibody may be linked to the enzyme covalently or non-covalently.
When linked non-covalently, first antibody is covalently linked to a label and the enzyme
is covalently linked to a molecule capable of non-covalent binding to the label.
In some embodiments, the label may be biotin, or biotin derivative, and the
30  molecule may be avidin or strepavidin. A biotin derivative is a biotin molecule which

has substitutions. A biotin molecule wherein a portion of biotin structure is missing is
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Samples will be assayed which are suspected of conprising an enzyne,
antigen or a nucleic acid. The sanple may be of a biological or

non- bi ol ogocal2/w63sgi n. Where the sanple is of a biol ogi ealr/useeigiom3o7ét may
be bl ood, serum plasm, urine, feces, saliva, mucus, semnal fluid,
tissue, a tissue extract, cell culture nedia, cells, cell extracts, and
20t he |i ke. In sonme enbodi nents, the enzyne noiety nay be an enzyne.

I n these enbodi ts,. the enzynme_in a sanple wil| co ise the enzyme
Compl ox. ThETSIHE oA L o Bt e gIe s TOaRh Breranet By e
substr at g& Q1 AOyRRE 8R%h WHcHhrélsUbRitde@nd the reaction mxture is allowed
to generate light. In sonme enbodi nents, the em ssion of |ight may be

det ect ed and bBuomeambodiroentnithd label maydbecahipren ofd theeoprcaleneeboin t he

enzynme, and the ampunt .of |jght,emtted can.he correlated to th nmount of
the” ey HmgHE EupPR T ryiling Lot a8t FR D AasS R el WEARE o ety
ey I® afigeRigyiTR ab tHekesleant isdedyn id e @AZOREC hithked anti body conprises a
first antibody capable of binding to an antigen and an enzyne capabl e of
cl eaving the 1, 2-di oxetane enzyne substrate so that the substrate

deconposes ang, GENEL M AfmbiidMhe ed? {nlteglgﬁgtyaﬂ%%! e, meh{h%e%?&%éﬁa iaked

anti body, antigen, and a second a I's capab ing the
anti gen angmerinkbd hntzga compaisaathe dntideasad aorprymesaphble of okeyviag clenpl2ex. The
enzynme conplex is 5contacted with the 1,2-di oxetane enzynme substrate to
forma reQsERENHRE TP IR 1pRkese emopdlisientsy thegnayme cynpishsampsegdbter at e

l'igh | -§ggg I : &gﬁﬂi : : I-Si an

ant i fgoen fr:rrwlazymgelﬁlclz%ﬁtgg% e gmh{irﬁd}%&nldéﬁgyne- I? ﬁ&@:ﬁglﬁgd dyhfég%ﬁp ?l)l%g)fa first
ant i bodybiadigigalre anzyme Tha dnzynealonthlephia sentectng miithithg 1.2-dectmd canyrndody,
where both anti bodi es are capable of binding.10 the antigen to prqvide an
enzyme. COIRSIES SR e oRgABTE® 39 the PeiCHR0 FHEEHS aHOWed B EhperihiEhin 2 y e

substrate so fhametdhebcauhstit, at @nPRCANRRERSr20MH paisig hatBEedd @Ry . The sanpl e,
enzyme-|inked anti body and solid phase may be conbined in any order. In

some embeditrest with theenmpnerdidkerhgntizan tand the sohidrihgse eomeprisingmnaintibedovi ng any
15  capable of binding to the antigen. The sample, enzyme-linked antigen and solid phase
may be combined in any order.

In some embodiments, the methods may further comprise the step of removing
any unbound enzyme-linked antigen from the enzyme complex by washing the enzyme
complex. This may be performed by addition and removal of a buffer compatible with

20  the components of the enzyme complex. Such buffers are well known in the diagnostic
arts. Additional wash steps of the solid phase may be performed.

The antibody may be a polyclonal, monoclonal or recombinant antibody.

The solid phase may be a bead, test tube, multi-well plate, microarray, gel,
membrane, microparticles, nanocrystals, quantum dots and the like. The materials from

25  which these solid phases are made are known in the diagnostic arts.

The antibody may be immobilized to the solid phase by non-covalent or covalent
attachment of the antibody to the solid phase.

The antigen may be linked to the enzyme covalently or non-covalently. When
linked non-covalently, the antigen may covalently linked to a label and the enzyme may

30  be covalently linked to a molecule capable of non-covalent binding to the label.
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unbound enzyme-1|inked anti body fromthe enzyne conpl ex by washing the
enzyne 15 conplex. This may be perfornmed by addition and renoval of a

buf fer cowpabigioessmi t h t he conponents of the enzyne conpCagftiS28uobuf fers
are well known in the diagnostic arts. Additional wash steps of the solid
phase may be perforned. The first antibody, second antibody, or both
may be a pol ycl onal, nonocl onal or reconbi nant anti body. 20The solid phase
may be a bead, test tube, nulti-well plate, mcroarray, .gel, nenprane,

ot opart i o o Sof st ety R iR Ot i AR dor ke W RS TERBK ol s from
whi ch t hgsgesAldie RRASER AL ELRUENF SurdAOWI.i N the diagnostic arts. The
second anti body nmay be i mmobilized on the solid phase by non-coval ent or

coval ent at t abeeetengfodithentarthd lbbelymayoba hbapsol angd thtamdeculpymaebhai ques known
in the 25di agnost i rts,. The fi.rst ti.body may be linked to the
enzyne. cBULPERERPo: s oe ki Thehiewea et bod Brakligd abf o1

ant i pdydiigsxigeneat &nthk yndléduked khowa ih BReliagabstid 418, enzyne is covalently

| inked to a nol ecul e capabl e of non-covalent binding to the label. In sone
enbodi nents, the | abel nay be biotin, or biotin derivative, and the

30nol ecul e ma Mol i.d L Qti . i yatl L.5.arplotin
nol ecul e mhicﬁl%ﬁgﬁ%ﬁggﬁP%ﬁ%?%%§E§§kgﬁgppﬁs%%ﬁé%ﬂw%$§ﬁ%%é#%ﬁghggr |%n of

bi oti n sénzyaiedirked sligbssleogdé somplise ag oligoreleeddacdpiableiofi hgérdiviagitve. Bi otin
derivatives,include_naturally-occurring biotin as_ well as synthetic biotin
whi ch ar @re{bdtdlgic e and an enZyme; G3palgral eriing HenksdioxgEnt g¥eMemay be a

hapt gn aﬂﬂ)sttrg&g. f@%@%@n%d%etﬁ?, tﬁ@e&@ﬁe%@%l%rﬁe?ihegh O.X@—ﬂnlgézi the

hapten. The use o i goxi genin as a hapt anti-5 igenin as the
mol ecul eoligonkelowinde hybridezed tagpast plasacdmprising the nhclesowsl. Efeadizymat s, t he

enzynme noi ety nmay be an .en -1.i nked antigen. The enzyne-ljnked antigen

Compr i seCOTHES PP BERIIT TR | ondpRate-GIBIE By RdaIP Ay (HEIIN B Giox et ane
enzyme sybsthé adaBriod MitthRSE alsRioNRAL G 1idAe enzyme conpl ex conprises the 10
enzynme-|inked antigen bound to solid phase conprising an antibody which is

capabl e of bi hdiomg anhzodaneitedhe mEhedemay fierthes apinpxsd he sigpt elchredidwigah t he
1, 2- 'oxetaqe en;y ﬁubstrate to,form,a req;fLon nixtPre and the fgaction
IS ée of co 111 c 1

moxt Uy e TR PERE oG JIpLisine 1111%06%% 'f1c1d; immobilizing the nucleic acid onto a $o
phase; contacting the immobilzed nucleic acid and the enzyme-linked oligonucleotide to
form an enzyme complex; and, detecting the light emitted from the reaction mixture after
addition of the aqueous solution of the 1,2-dioxetane enzyme substrate, wherein the
emission of light is indicative of the presence of the nucleic acid, and the amount of light
20  emitted can be correlated to the amount of the nucleic acid present in the sample.

In some embodiments, the method may further comprise the step of removing any
unbound enzyme-linked oligonucleotide from the enzyme complex by washing the
enzyme complex. This may be performed by addition and removal of a buffer
compatible with the components of the enzyme complex. Such buffers are well known in

25  the diagnostic arts. Additional washes of the solid phase may be performed.

The solid phase may be a bead, test tube, multi-well plate, microarray, gel,
membrane, microparticles, nanocrystals, quantum dots and the like. The materials from
which these are made are known in the diagnostic arts.

The oligonucleotide may be linked to the enzyme covalently or non-covalently.

30  When linked non-covalently, the oligonucleotide may be covalently linked to a label and
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I n sone enbodi nents, a sanple suspected of conprising an antigen nmay
contacted with the enzyne-linked antigen, and the solid phase conprising an
ant i body wbeapabbisiof bi nding to the antigen. The sanpl eCcTarsz¢mmw4iornked
antigen and solid phase may be conbined in any order. In sone

enbodi nents, the nmethods may further conprise the step of renoving any
unbound enzyne-|inked antigen fromthe enzyne conpl ex by washi ng the enzyne

conpl ex. .This may be perforned by addition and repoval o byf fer

onbat 1 b6 SNOTE H6v BrESCTBaNEY of motrsSle Shihe EERr e Sleal bRtERP er s are
wel | knomg 1431t he diagnostic arts. Additional wash steps of the solid phase
may be perfornmed. The anti body may be a pol ycl onal, nonocl onal or

recombi nant ahtsobwdynbofiees|thallaptlasey braljiote i bemdierivaste, pudescribad ti - wel |
pl ate, ni.croarr | .. .menbrane,. microparticles, nanocrystals, quantum
dots andaqﬁg’?Fﬁ%?mgﬁﬁu%ﬁ?%ggﬁFngf%ﬁq %ﬁ?%h t hese solid phases are nade
are known in fhentd agashéfs,ahd Bbel may be d it@Niddaaeholayldifay BOBDI | i zed to
the solid phase by non-coval ent or coval ent attachnent of the antibody to

t he sol i ¥tpREy eapable of bindimhie thahapjeh Heguisdhe digreigenip ap pbaptpn. e agbval ent | y

or non-c - - ' - - he antigen may covalently
i nked t%&2%@%%%?a%%g%?ﬁ%hgﬁg%ﬁggﬁggﬁ%g%gﬁ%%égightIy | inked to a nol ecul e

capabl e of non-coval ent binding to the |abel. In some enbodi nents,
the | abel nmay_be hiotin, or biotin derivative, as described above, and the
mol ecul e may BerneihedstRP 8F thit mefhadi e mample is contactpdapiththe REBIAYSANEON t he

| abe : tieng; I capabl e of
1o rmao&ﬁ%@gggélegﬂaﬁ@&z%gﬁ%gtﬁt%xfoﬁ@a%acaaﬁ dhe.

binding to e use I goxi genin as a hapten, and
ant i - 5di goxi ghrene easbadireents | tiee sdngplée smak bowddddrnottheaqlicagnodition art s.

I n sone enbodi.nents,, t.he enzyne noiety is.en -1i nked ol igonucl eoti de.
The ey HEIRTRGH® A UOREERcuEy o Lo Sa80 S 05t Bt Ea: ARaaieg ol o o
hydri di Z{ddgtidnQeorrtstithO Yol EbLetdfel - ANE s@ugRINNELLARROL SRl ampRaVI Ng the

1, 2-di oxetane enzynme 10 substrate. In these enbddi ments, the enzyme conpl ex
conpri ses t helnevomerasmbadirkends.dhd rpaeiil eotird enayyfbrtheficoagrisoamertwhid. phase

SO o 3, 1oy S s SRSl ISR 11 o
m Xt ur e inscedlbforvedg bwhsgRBEY. althRe dnh@iter may comprise a polymeric quaternary

ammonium salt, polymeric quaternary phosphonium salt or a combination thereof. The

polymeric quaternary ammonium salt may be poly(vinylbenzyltrimethylammonium

chloride), poly[vinylbenzyl(benzyldimethylammonium chloride)],

20  poly[vinyl(benzyltributylammonium chloride)], poly[vinyl(benzyltripentylammonium
chloride)] or a combination thereof. The polymeric quaternary phosphonium salt may be
poly(vinylbenzyltrimethylphosphonium chloride), poly(vinylbenzyltributylphosphonium
chloride), poly(vinylbenzyltrioctylphosphonium chloride), copolymer comprising
poly(vinylbenzyltributylphosphonium chloride) and

25  poly(vinylbenzyltrioctylphosphonium chloride), or a combination thereof.

In some embodiments, the enhancer may further comprise an acceptor dye.

Amongst these embodiments, the acceptor dye may be a fluorescent dye. In some of

these embodiments, the fluorescent dye may be fluorescein.

30 In another step of these methods, the reaction mixture is allowed to generate light.
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In sonme enbodi ments, the nmethods may further conprise the steps of

provi ding a 15sanpl e suspected of conprising a nucleic acid; immbilizing

t he nucl ewo 2atide3smt 0 a sol i d phase; contacting the i mpbirlusea/ouwdlei c aci d
and the enzyne-|linked oligonucleotide to forman enzyne conpl ex; and,
detecting the light emtted fromthe reaction m xture after addition of the
aqueous solution of the 1, 2-di oxetane enzyne substrate, wherein the

em ssion of ljght is indicative.qof the presence.of the nucleic acid, and
the amount  of I gt THimet e dhE heht SR e ALy Fidhe £ ATREee RS

nucl ei ¢ RKohd fiph &8 GtrulRnlsREp AP Retectife AIMRENPRG I HEASIR cchdified®t hod MY
further conprise the step o? renovi ng any unbound enzyne-|i nked

ol i gonuclnewbingats £apahie dfaletgtipgrantcmnpiueng the light senegatehwilbmeinde, onpl ex. This
may be pg&ﬁpng%ﬂ Q%I%gdh£&pp angareﬁpﬁﬁloof %'Qgﬂ;e&:c%ggggible with the
conponent® EpSEe, EWMIMAESHEga VAL 0% § GG e Qibled i un i n 25t he

di agmpstic arts. Additional washes of the solid phase may be perforned.

The solid phase may be a bead, test tube, multi-well plate, mcroarray,

gel , menbr aneViaywedfya protberaspechdhe pioyatt A1ventioaioy ides Em forglagctimethpi ke. The
mat eri al ' t - r [ | ' rts.

The ol | GSLarast Ly bR EnliR RSP RokBNYe uR kSR A et

non- covahatiigd the sctiledn], bothkdxdinadns stawal ent |y, the ol i gonucl eoti de may be

covalently linked to a | abel and  the enzynme may be covalently |linked to a
mol ecul e capab ©msrenRAGIBERF i o XA drayPetssleetsd TroapRydrogen perofide.s one

enbod e 1L | (WoNiN] el i i bed
abovg% aﬁ%ﬁwﬁe ]%%Ehkgﬁﬁé§ﬁﬁggg§%g?%“g%ngP?%%g@?ﬁ?%¥ﬁékﬁﬁ%gggxéﬁﬁgéinents,
t he | abeindigylrdgenpetapdes aryhadidphexnds, edabm peagxitbe panxgndidedyd capabl e of

bi nding to t.he. hapten.. The use.the digoxi genin as .a hapten, .and
ant i goSPBRRBIH: JE TiHe IROTECcl BoReRAGHACT The G UGRBCE IR 1 n
an;)t [l_er Sdr6Rideforthhi D eBR paedide & s&aiR! folyBdsoNt act ed with the aqueous
sol utl on
In some embodiments, the kits may further comprise an enhancer as described
15 above. In some embodiments, the kits may further comprise an acceptor dye as described
above.

In some embodiments, the kit may further comprise instructions for using its

components.
20 The following examples are intended to illustrate but not limit the invention.

Example 1
General Synthesis of Enol Ether Phosphates.

25 a Synthesis of Enol Ether Triester Phosphate.

A OR, 1. POCls, Py/THF A OR,
2. Hydroxyproprionitrile

> —_—
B OP(0)(OCH
5 / \ OH / \ CHCN)y
,\( ’x(
Re Re
Enol Ether Phenol Enol Ether Triester Phosphate
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10conprising the 1, 2-di oxetane enzyne substrate to forma reaction m xture.
In sone enbodi nents, the sanple nmay be added to the aqueous sol ution

conpri si yorzhe/Me&Z1di oxet ane enzyme substrate, whil e i nPorhiseolemieds ment s

t he aqueous solution conprising the 1,2-di oxetane enzyne substrate nay be
added to the sanple. In sone enbodi ments, the reaction m xture may further
conpri se an enhancer. 15 The enhancer may conpri se CTAB

(cetyltrlneth bro her cel.l e-form subst ances. The
Chancer may SofRt S B 5605 Heed i r Ras DB SaRTve Oy mor o
quaternary phP&RBH&hHH&ﬁﬁhﬁu@Rl%cﬁﬁ i NRIE® BloWeToaRfidinth®. 728l Mgld C
quaternary anmonium salt nmay be pol y(vinyl benzyl t ri'net hyl anmoni um

chl or i dephenpbé¢ng] gihay Hbe@zwr(bb@nzwrmnmtdxwemﬂmgmmtcﬂ% |Conndge pi arge0

poly[vin nz I I ni , hi

ol o1 vi nyTERESY | S ieh o TR MR e AP B b g P b, T8 Eher eof . The
pol yreri pomasbﬁfu@aﬁs/acma@a@bmbu Y &@'Iiheﬁﬂi)énbleether (30 mmole, 1 equiv) in

pol y(vinyl benzyl tri met hyl phosphoni um chl ori de)

pol y( vi ngihyerexy (HE Gunyinpiedesphranl el eleQpiaidppping funnel over 90 minutes.

I
e L R T R R R
25po|y(vTHthanﬁybhhkmméykm@m&mhﬁnhﬂnhcmmmgﬁﬂm&hamimﬁbdmmﬁknakmom t her eof .

In sone enbodi nents, the enhancer further conprise an acceptor dye.

Amongst PHREUE. dReSHiRTRHeR IS sifed a&%eﬁé ‘Hr15d9]é1uFFé§7‘n%é°°én fmpsFRREdnt 3 HVe I n
sone; pf Hengseen Ie. Ol n
s LA L A L R S
l'i ght. maddaiﬂbwhsomﬂhmnb@dnmunusmgthéﬂbrghhngayUhéﬂnHSmnwmﬂ thet h the eye

or measured usin filmor instru ca abI . of detecting and
o acor s T I PR &b ke et R e PG ARRT wRif braE P EE g R

measur i nghd hecipltibtis &%{&é@bf@imdoh ahB¢inkeewitRBIOAS ilMRxahédifiRd to, a

| um nometer, canmera with filmor a charge-coupled canera. 5 Vi ewed
from ano@mbm@sﬁlémtes atdw@npﬂwé@ﬂundnvmduc@rprpﬁsum tdeslkpdight ysilogedibet i ng t he
pres ce or nt o ana I i S n ant, and an
enolﬁgther hngﬁb‘¥¥ﬁe ?ﬂ% %%@e?i%uﬂ%gﬁﬁﬁgg? Uon %%@3“me:q§one

enbodi megdos ethehearikthel@iideqiy wakers ehatet @6l dfsksve lily}diaQQﬁébeﬁterm@ #d@eouk0 sodi um
nol ybdat e, hydrogen perOX|de and sodi um nol ybdat e, hypochlorite,

hypochl otdlEonas gxtidcddot e with B0FEIQhg/In heparsse THR co@bined PESadiR per oxi de

Peroxy hyg)rh?t&oefl’s aWashed sequentially with water and brine, dried over anhydrous Na>SOy,

and concentrated by rotary evaporator. The gummy crude product is triturated three

20  times with 5% EtOAc in hexanes (heated, cooled to room temperature, then 0° C). TLC
shows that most of the residual pyridine, and traces of the unreacted starting phenol enol
ether and the minor bis-aryl mono-cyanoethyl phosphate triester byproducts, are removed

by trituration. The product is then pumped under vacuum to a gum of constant weight.

25 b, Synthesis of Enol Ether Phosphates.
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conbi nati ons thereof. In sone of these enbodi nents, the oxidant may be

hydr ogen peroxi de, or hydrogen peroxi de and sodi um nol ybdate. In sonme
enbodi mrerwe,20tfmeisiit s may further conprise an enhancer R€TAS3EIi0MEDA4
15above. In sonme enbodinents, the kits may further conprise an acceptor dye

as descri bed above. In sonme enbodi nents, the kit may further conprise
I nstructions for using its conponents. 20The foll ow ng exanpl es are
intended to illustrate but not limt the i,nvention. Exanple 1 Gener al

Synt hesi 8. of Eno)OWt her Ph%%%ﬂ@h%iH 25a. SyN hesi %% Enol Ether Triester
Phosphat e. ol Ether_Pheno —B wR1l a are as defined in the
Detail ed i of the Invention. Phos s oxychloride (1.5
equiv) i 8 added Py PEriEheN{ 0. 7 nF/nnDIe nolet'Her, dried
over basic al um{hum oxi de overnight) at 0 C under{an,  afgon atnosphere. A
little bit of whi E\ ke is noticed, but no precip&etate forns. To this

Re

Enol Ether Triester Phosphate Enol Ether Phosphate

A, B, R; and R¢ are as defined in the Detailed Description of the Invention.

To a solution of the phosphate triester enol ether (28 mmole, 1 equiv) in
anhydrous MeOH (3 ml/mmole triester phosphate), is added 4.37 M NaOMe in MeOH

S solution (2 equiv) in a thin stream via syringe at 0° C under an argon atmosphere. The

mixture is stirred at 0°C for several minutes and then warmed to room temperature.
Heavy precipitation forms while stirring at room temperature. The flask is tapped
occasionally to knock the depositing solid back into the stirring solution. The thick
suspension is stirred overnight. The reaction mixture is placed on a rotary evaporator to

10 remove approximately half of the MeOH volume, and to the remaining suspension is
added 1.5% water/acetone (7 ml/mmole triester phosphate). An additional volume of
acetone (7 ml/mmol triester phosphate) is added to transfer most of the powder to a filter.
The filter cake is rinsed with cold acetone (2 ml/mmole triester phosphate), and pumped
to dryness in a vacuum desiccator to yield white powder.

15 The crude powder is further purified by dissolving it in water (0.35 ml/mmole
triester phosphate), and filtering the solution on a Buchner funnel. An additional volume
of water (0.35 ml/mmole triester phosphate) is used to rinse the storage container and
filtration funnel, and is filtered. The combined filtrates are then transferred to a freezer
bottle, and an additional volume of water (0.35 ml/mmole triester phosphate) is used to

20  rinse the filter flask and added to the solution. When the combined aqueous solutions are
added to acetone (13 ml/mmole triester phosphate), a heavy precipitate drops out of the
solution. An additional volume of acetone (1.4 ml/mmole trieser phosphate) is added to
dilute the suspension for easier filtration. The suspension is allowed to stand on the
bench for 30 minutes, and the white precipitate is then collected by filtration. The filter

25  cake is washed with acetone multiple times and dried in a vacuum desiccator to a white

powder of constant weight.
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5POC13 solution is added a solution of the phenol enol ether (30 mmole, 1
equi v) in anhydrous THF (3 m/mmol e phenol enol ether) via dropping funnel
over 90 mvouroesnocishi t e pyridi ne hydrochl ori de precipitatreTfuseoug/ogiors ng t he
addition. An extra volume of THF is used to rinse the storage bottle and
droppi ng funnel, and added to the reaction m xture. The suspension is
stirred at 0 C for 15 mnutes and roomtenperature for 3 hrs. 10The
reaction mxture is then cooled back to 0 C. and 3-hydroxypropionitrile
(3.95 equiv) is added slowy in a thin streamvia syringe. After stirring
at 0 Cfor 5 mnutes, the mxture gxagpldZed at room tenperature overnight,
while nore white precipitate drops out. The precipitate is renoved by
filtration and rinsed wynthesis OAA MRPREml dghermPlaospbatsi ned filtrates are
concentrated under reduced pressure to yield a light yellow oil. 15To the
crude product is added saturated NaHCO3 sol ution (13 m /ol e phenol enol
ethery, and tfathadeqNEre BasdlHthdrPhasslad dported BSOS Pateat¥osal 17, Miesent . The
aqueous solution is extracted 3 tines with 60% Et 0Ac i n hexanes. The

conmbi ned organi c solutions are washed 2 entially with water and brine,

dri ed over anhydrous Na2SO4, a engd A rotary evaporator. The
gunmy crude product is trituriat mes with 5% Et OAc i n hexanes
(heated, cooled to roomtenpgrs 3 (

). TLC shows that nost of the
residual pyridine, and traces o he unreaCted starting phenol enol ether
and the m nor bis-aryl nono-cyanoethyl phosphate triester byproducts, are
renmoved by trituration. The product is then punped under vacuumto a gum of
constant wei ght. 25b. Synt hesiaMrrD ERoOEth&tHhedol Phosphates. A, B, Rl and R6
are as defined in the Detailed Description of the Invention. To a sol ution
of the phosphate triester enol ether (28 mmle, 1 equiv) in anhydrous MeOH
(3 m/mple t%'n%ﬁés srofpﬁ%ﬁﬁaér?o)laztﬂe%ﬁ?ﬁgﬂ%%s (M NaOMe i n MeOH 5sol ution (2
equiv) in at T Stream vi a syringe a under  an argon atnosphere. The
m xture is stirred at OC for several mnutes and then warmed to room
tenperature. Heavy pr ecipitation forms while st'MI;ri ng at room tenperature.
The flask is tappe occasOiHthDFIy, t o knock the depositing §Qi/d\bc%ck into
the stiflimg spFuti.e e t bk S5 perst ~eY¢erni ght”" The
reaction ced on otary| e 0 10 |[remowe —cN
appr oxi d S he MeQH volune/ _and emai Ai ng suspension is
added 1.5% wat er/acetone (7 m/mole triester phosphate). An additi onal
vol uje ofMarEEorEehe(Phenad / Dl t ri est er Aphosbiathe) Tribsgr Bdgeek t 0 transfer nost
of the powder _to a filter. The filter cake is rinsed with cold acetone (2
m /ol e tri eBREPhYHESHYARIUIde (Andaptimbertided Sl&W}X\@S&quHlea(OJdBMWH‘ﬁ“esi ccat or

to yiel dplY@ﬂiof Enol Qt\fﬁe, dried over basic aluminum oxide overnight) at 0°C under an argon

a

atmosphere. No precipitate forms. To this POCls solution is added a solution of the
AMPDD Enol Ether Phenol (30 mmole, 1 equiv) in anhydrous THF (3 ml/mmole phenol

15  enol ether) via dropping funnel over 90 minutes. White pyridine hydrochloride precipitate
forms during the addition. An extra volume of THF is used to rinse the storage bottle and
dropping funnel, and added to the reaction mixture. The suspension is stirred at 0°C for
15 minutes and room temperature for 3 hrs. The reaction mixture is then cooled back to
0°C and 3-hydroxypropionitrile (3.95 equiv) is added slowly in a thin stream via syringe.

20  After stirring at 0°C for 5 minutes, the mixture is stirred at room temperature overnight,
while more white precipitate drops out. The precipitate is removed by filtration and
rinsed with EtOAc in hexanes. The combined filtrates are concentrated under the

reduced pressure to yield a light yellow oil. To the crude product is added saturated
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15The cr
m / mol e
funnel .
used to
The conb
addi ti on
20ri nse
aqueous
heavy pr
acet one

30 m nut
filter 2
desi cxeat
AMPPD En

in US Patcaweratge, then

slowy t

al um num oxi
forns. Toictter ByfP&iks, aed rainooed bystraddedn. aTkoprotiu@rs tkn phepédviaider Enol
(30 mol e, 1 equiv) in anhydrous THF (3 m/mmol e phenol 15enol

Phenol

ude powder is further purified by dissolving it in water (0.35

triester phosphate), and filtering the solution on a Buchner

Anoadtywsasmal vol ume of water (0.35 ml/mmol e triPestuseopladphate) is
rinse the storage container and filtration funnel, and is filtered.

ined filtrates are then transferred to a freezer bottle, and an

al volunme of water (0.35 m/mole triester phosphate) is used to

filter. fl ask, and_ added.to.t he sol ion. When the c i ned
SBAG0 siBlind L RUBR S PETE! bt eihen” fad hhd feea e out s SRBERS ) a

&GddNd @yRalHRRSN O Uthe Ahjud I8 sSIALiBE s iradBd 3 s vARAbO¥ PO AR iPf

(1.4 ni/mol'e trieser phosphate) is added to dilute the suspension
f or easi kaxafigd. thhgtdombineRhraganic pawsingard wasied sewidntidlyswidlinwvaten andhbriench f or

S whi eci,pi.t at t hen co

filtrat,ion.

d t.h i | | b
&0 A RN s B Rab B e bl R eSSl Ry bRk 0 10

The

Plodt@ iatridiiated tRRWHETes §fithCTPD FH@AE iNBEGRES ﬁhezﬁ&@,rﬂ@b%dZo 2om hesi s of

ol Ether Phosphate. 5Synthesis AVPPD Eno

Qnrgyc%&fjgtﬂ%n %?ré%te)mgé ?H%{g? ar?cb%@%ingpgils—a I%J#gécg/hié(?egl}ﬁ@()s ] gt%' ¢

e over under an ar goIir a

Et her Phenol is reported
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Et her

et her) vV3UBINIPFISH PIAPRERNOVERNO0 i nutes. Wiite pyridine hydrochl ori de
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c. Synthesis of AMPPD Enol Ether Phosphate.

OMe OMe
= O\P/O\/\CN NaOMe = OPO;Na,
N o
§ o7 —N MeOH
AMPPD Enol Ether Triester Phosphate AMPPD Enol Ether Phosphate

To a solution of the AMPPD Enol Ether Triester Phosphate (28 mmole, 1 equiv)
in anhydrous MeOH (3 ml/mmole triester phosphate), is added 4.37 M NaOMe in MeOH
solution (2 equiv) in a thin stream via syringe at 0° C under an argon atmosphere. The
mixture is stirred at 0°C for several minutes and then warmed to room temperature.
Heavy precipitation forms while stirring at room temperature. The flask is tapped
occasionally to knock the depositing solid back into the stirring solution. The thick
suspension is stirred overnight. The reaction mixture is placed on a rotary evaporator to
remove approximately half of the MeOH volume, and to the remaining suspension is
added 1.5% water/acetone (7 ml/mmole triester phosphate). An additional volume of
acetone (7 ml/mmol triester phosphate) is added to transfer most of the powder to a filter.
The filter cake is rinsed with cold acetone (2 ml/mmole triester phosphate), and pumped
to dryness in a vacuum desiccator to yield white powder.

The crude powder is further purified by dissolving it in water (0.35 ml/mmole
triester phosphate), and filtering the solution on a Buchner funnel. An additional volume

of water (0.35 ml/mmole triester phosphate) is used to rinse the storage container and
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forms during the addition. An extra volune of THF is used to rinse the
storage bottle and dropping funnel, and added to the reaction m xture. The
suspensi owoi2e128m06351ed at OC for 15 m nutes and room t enpemrAaiSeoia/ of3mr4 3 hrs.
The reaction mxture is then cool ed back to 0OC and 3-hydroxypropionitrile
(3.95 equiv) is added slowy in a thin streamvia syringe. 20After stifling
at OC for 5 mnutes, the mxture is stirred at room tenperature overnight,

whi |l e nor. e e The rec itate i s re ved by
R R AN R i R S R I M S
concent rgae a‘ﬂﬂqgrad@hlﬁgnzﬂ%Hﬁl‘?éjoﬂ%@céﬁ(ﬁrﬁ hPmA R Sicde} %IQJ%E)hM@)' kawdabl . To the

crude product i s added saturated CO8 solution (1 / mmol e phenol enol
et her), wanyg thhEherdtpsoad eddedite the sluipde (thm thc sewbined agyeogabalujperssent . The

conti nea ok Rl B MRS SR e RER A P SRS ET e

dri eds ovelutashhyAli @d@u&ﬁr‘?s&mmeaﬂdc&@frmﬁmmhﬁ@blwlerset;ﬂr }fa‘(@ﬂﬁécﬁie@rto The
gunmmy crude 5 product is triturated three times with 50})Et0Ac i n hexanes

(heat ed, diddp thecutrenrign rencanisetiiraiipe, Thngsporjon TRECRPHIRsSANAN hest of the
resi dual I I phenol
and the Beh oGBS, MASEIEL oo TR RON kAL by BROR, TRLRRE: £ °0re
renoved &ketiy wha]reatwm]rncet'ﬁhe njtslel Gimek and Beed mmmdumraldebcamauurwm& a gum of
constant weight. 10 AVPPD Enol Ether Triester PhosphateAVPPD Enol Et her
Phosphat%owrgfg@rsﬁﬂrﬁtﬁ’ﬁl@f the AVPPD Enol Ether Triester Phosphate (28
5) 1 equiv) 15 in anhydrous MeOH (3 ml/nmole triester phosphate), is
added 4.37 M NaOMe in MeOH solution (2 equiv) in a thin streamvia syringe
at 0 C under an argon atnosphere. Fxempledure is stirred at OC for several
m nut es and t hen war,med m t t v i |t®at|onforrrs
while stirring aty p%sp@%ﬂ%ﬁ%{qﬁ&%%ﬁ@eqﬁ%@ﬁe@ %ﬁg fcasional ly to
knock the depositing solid back into the stifling solution. The thick

Phosphonate synthesis is reported in U.S. Pat. No. 5,582,980, col. 5, lines 18-62.

OEt

EtO\Fl,

V/4
)

H
OCH,4

OCH,4
15 Cl

c. Synthesis of ADP-Star Methoxy Enol Ether.

Me

OMe  n-BuLi ' n-BuLi(16M)
+ EtO/P
| THF, TTHF, 78°C
0 to reflux

A solution of diethyl l—methoxy—l—(4—chloro—3—methoxyphenyl)methane
20  phosphonate (21.1 g, 65.4 mmole, 1.1 equiv) in 140 ml of anhydrous THF was cooled to
-78° C under an argon atmosphere and treated with 41 ml (1.6 M, 65.4 mmole, 1.1
equiv) of n-butyllithium in hexanes via dropping funnel for over 20 minutes. The
resulting orange reaction mixture was stirred at -78° C for 15 minutes and then powdered
2-adamantanone (8.93 g, 59.5 mmole) was added in one portion. The reaction mixture

25  was stirred at -78° C for 40 minutes, then warmed to room temperature and finally heated
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20suspension is stirred overnight. The reaction mxture is placed on a
rotary evaporator to renove approximately half of the MeOH volune, and to
t he remaiwDnrgI2sizensi on i s added 1.5% wat er/ acet one ( 7Pair/uspeli®43or4 est er
phosphate). An additional volune of acetone (7 mi/muol triester phosphate)
is added to transfer nost of the powder to a filter. The filter cake is
rinsed with cold acetone (2 m/mmole triester phosphat e), and punped 25to

dryness in vac desi ccat or i el ite po The .crude
poutier i 6t Re DR i asgeoeaty Vioigt Petore SQUER. (e st FHoHE
triesterywROQshAt Rk to Adth fell i%ﬁl!u@gn& E@pt%@{ﬁfi feftpeRiturd oBbiaiyner NExnnel . An
addi tional volune of water (0.35 m/mople triester phosphate) is used to

ri nse t heostieg, dlrevaatesintbe reagidon miytuieaydre renfianed dly rotarydeviagofaiipn.efeel. The

conbi ned fl trat s_ar the transf and an

Coa i oneklay i BpaftolEl b BEP LR N0 LGRS gl Efa BBl S0 4
ri nses t hgexhhéd elrhef gﬂ@dﬁs@ﬂﬂl‘u@ﬁld@g ek@adidteth &Rl thhidsGiith Whanonkan Gexdiened aqueous
solutions are added to acetone (13 m/muole triester phosphate), a heavy

preci pi t @2 ofpYpmlbukhegombiredsseanic sadwtionanveseitiathedrvath gy deedpveicet one
m / d f
(1.4 iﬂ@hﬁ‘ou& Nae§(%]a ?%g&'a%l%h ﬁsﬁf@?g& v%gg NG ceo g&gﬁaﬁpﬁg? ton for

easier f rati enS|o s a to's ench for 30
m nut es, fikrek, hlyellw%aloﬂe;vqsr@mumdt dthe cingletpreduct olab elq/tstaﬁlzb& if 30 tnl &f i on. The
filter cake is washed with acetone rrultlople times and dried in a vacuum

desi ccat $eOth AftgiHhe secoBireryoRllzgiat Bml MepigHeOH &1 BR &P €73 %Egnt hesi s of

fgg;)lfe% 2&“%&9& yﬁl&? rsol'f’ch%?@l%ﬁe&l n@hé@?nﬁfl@c{ 1%{ )HCF E@%REI g@gcé ﬁnﬁ%ﬁ‘ﬁlﬂﬁpﬂ;&f OI S

8POCH3 by silica gel chromato graphy (0 4% EtOAc in hexané:s) and crystallization twice in § ml
of MeOH, to yield the second crop of product, 1.74 g (9.2%) as a slightly yellow solid.
IR (CHCI3): 3005, 2910, 2850, 1590, 1573, 1482, 1463, 1448, 1398, 1308, 1280, 1248,
1098, 1090, 1080, 1063, 1028, 865, 824 cm™. 'H NMR (400 MHz, CDCls): & 7.31 (d,
15 J=8.3 Hz, 1H), 6.92 (d, J=1.8 Hz, 1H), 6.84 (dd, J=8.2, 1.8 Hz, 1H), 3.90 (s, 3H), 3.31 (s,
3H), 3.25 (br. s, 1H), 2.64 (br. s, 1H), 1.72-2.03 (m, 12 H).

d. Synthesis of ADP-Star Enol Ether Phenol.

OMe
mo _ NaH EtSH m
DMF, heat
20 cl

NaH (60% in mineral oil, 1.63 g, 40.8 mmole, 1.3 equiv) was rinsed with hexanes
3 times (3x15 ml), the resulting wet NaH powder was blown to dryness by a stream of
argon air and pumped under vacuum briefly for 5 minutes. To a suspension of powdered
NaH in anhydrous DMF (35 ml), was added EtSH (3.1 ml, 42.3 mmole, 1.35 equiv)

25  dropwise via syringe over 10 minutes at 0° C under an argon atmosphere. Violent
gaseous evolution occurred immediately during the addition; the resulting clear sodium
ethylthiolate solution was stirred at 0° C for 5 minutes and room temperature for 25
minutes. The solution was cooled back to 0° C, and the sodium ethylthiolate solution was

treated with solid ADP-Star methoxy enol ether (10 g, 31.4 mmole) in one portion. The
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0 15C1 c. Synthesis of ADP-Star Methoxy Enol Ether. A sol ution of

di et hyl 1-net hoxy-1-(4-chl oro- 3-net hoxyphenyl ) net hane 20 phosphonate (21.1
g, 65.4 mwol2e12/@e351equi v) in 140 m of anhydrous THF wagCtash@d/oszm74 78 C
under an argon atnosphere and treated with 41 m (1.6 M, 65.4 mvole, 1.1
equiv) of n-butyllithiumin hexanes via dropping funnel for over 20

m nutes. The resulting orange reaction m xture was stirred at -78 C for 15

m nut es and then wder ed 2-adanpnt anone (8.93 g, was added in
one. por t1BReT RO RO R o 20 pg Solag Bompestious e eorghd JBTHE nut o,
then war i@helithd St AAPELAL Plater ANEnS tH’é%ﬂhYmHgaP\ﬁ@rzhé’urE of lamuxf@r 1.5 hour s
taking care for any violent butane evolution. The reaction m xture was

cool ed b&bK Sh@wc®61mr@a@ttpe mas gpapkid Repeaciionmhikgire @Jﬁ@ecrtmctuba@kmecrqm ght .
Next m)r{é t he %o at ved by rotary

cvapor at Faerplre Spd i Bishe FRuh b ATSRIChE Rl AR PR s
sol ut3 oneandted% tEh&AGith D0% EtOAc in hexanes (a total of 150 ml). The combined organic
solutions were washed with brine, dried over anhydrous Na,SO, and passed through a
coarse silica gel (40-140 mesh) plug. The filtrate was concentrated by rotary evaporation
to yield a white powder with a mild stench. The crude product was purified by
trituration. Upon heating with 30 ml of hexanes, followed by cooling and storing in
10 refrigerator overnight, 8.78 g (91.8%) of the product was obtained as a white solid after
filtration.
IR (CHCI3): 3540, 3280, 2998, 2910, 2850, 1573, 1482, 1445, 1342, 1309, 1192, 1170,
1090, 1080, 1046, 1007, 876, 821 cm™. 'H NMR (400 MHz, CDCl5): § 7.28 (d, J=8.1
Hz, 1H), 6.98 (d, J=2.2 Hz, 1H), 6.84 (dd, J=8.1, 2.2 Hz, 1H), 5.58 (s, 1H, OH), 3.30 (s,
15 3H), 3.23 (br. s, 1H), 2.65 (br. s, 1H), 1.71-2.00 (m, 12 H).

e. Synthesis of ADP-Star Enol Ether Triester Phosphate.

1. POClj,
pyrldme/THF N O\/\CN
| So\_-CN

20 Phosphorus oxychloride (4.2 ml, 46.3 mmole, 1.5 equiv) was added slowly to
pyridine (22 ml, dried over basic aluminum oxide overnight) at 0° C under an argon
atmosphere. A little bit of white smoke was noticed, but no precipitate formed. To this
POCl; solution was added a solution of the ADP-Star Enol Ester Phenol (9.41 g, 30.87
mmole) in 94 ml of anhydrous THF via dropping funnel over 90 minutes. White pyridine

25  hydrochloride precipitate formed during the addition. An extra 10 ml of THF was used to
rinse the storage bottle and dropping funnel, and added to the reaction mixture. The
suspension was stirred at 0° C for 15 minutes and room temperature for 2 hours and 40
minutes. The reaction mixture was then cooled back to 0°C and 3-hydroxypropionitrile

(8.3 ml, 122 mmole, 3.95 equiv based on the phenol) was added slowly in a thin stream
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5 hexanes. The aqueous solution was extracted three tines with 5% Et0Ac in
hexanes (a total of 300 ml). The conbi ned organic sol utions were washed

wi th bri e 2drimesover anhydrous Na2SO4 and passed t hr orgh/us26titiousas gel
plug. After concentration of the filtrate, a yellow oil was obtained. The
crude product was crystallized in 30 mM of MeOH After the second
re-crystallization in 20 m of MeOH 11.99 g (63.2% of a 10 slightly

yel | ow sol i d.was t ai.ned. i.ned her | i uor.s re further

Do D1 ear By RS g olar s RaC G SBHY ity g Bt U Red S Bep and

crystall !e?—rfg%faﬂﬁe oVeaeoht N-18.Ihoudd), Wﬁﬁé"mo}@oﬂ’\bﬁiltéé)_{&ﬁglt%@ c&b@PTRé product,
1.74 g (9 as a slightly yellow solid , 2910, 2850,

1590, 15F713C1P1]§'418 vas 18@ved A8 {rati®@o81d 1308 Wlch@UIﬂ Q@E@Aqlﬂ%xa@@ dthe 1080,
1063, 1028,,.86 824 cm N 5J=8.3 Hz,
1H, 6. 9P nzl‘t():}necgﬁ raé ly&ere ci?_lbcerk%a %ﬂz rﬁ %egrﬂ_%uc;z pieSéllrﬁZO y]f a llglqélsﬁ?\g 3H)

3.314s,0i8H), 3.25 (br. s, 2.64 (br. s, 1H), 172203(m 12 H).
d. Synt hesi s of ADP- St ar EnoI Et her Phenol. Owe 20le 0 Owve Cl NaH, EtSH DWVF,
heat NaFhq 698 Prednstietsaidded (o 400 miofgatumedNaHes sohutign apdifhen was

rinsed w{ Hu&l@’éx%&%%va% ah{i&?t% d@s%?l%@ Hjxé)salt Hagen':[ eghl %@gu% uhHpowder was

bl own to rynes ream o under vacuum briefly
for 5 m enttaeed 3'|’cﬁnas Witls ﬁ@%sﬁt%mﬁ hpmme(ﬂdtdlxlaf-m)mm@n e roonidatfor¢adic m ) ,
was added EtSH (3.1 ml, 42.3 mol g, 35 equi v)) dropwi se via Sg(l‘l nge

over 10 AIMiRNSIvess Wesheddﬁabwatsha%%w (Ao MBY gy elriedi ayPeithYgEsie MieS @y ol ut i on
OCCU{d ed, r}cf%gérﬁ{a?éd gﬁm[alrpgvé @m%gd gﬁmn‘% &@ﬁdhﬁét%s%ﬁ%ﬁw& Qgleum
o) Cftor 5

ethylthiolate soluti was stirre nutes and room
t enper at umes wgh 4Q5n1manlubé§;% EXfé.cso Ithanam(hnawdp@@leeido bewk t¢nopedat@e, and t he
sodi um Sl B0, 2 SR S P SR L L S G AR B A RGP el

starting material ADP-Star enol ether phenol and the minor bis-aryl mono-cyanoethyl

phosphate triester byproduct were removed by these triturations. The product was then
15  pumped under vacuum to a constant weight; 13.4 g (92%) was obtained as a light yellow

gum.

IR (CHCI3): 3005, 2913, 2850, 2258, 1566, 1481, 1398, 1288, 1177, 1092, 1079, 1045,

1008, 993, 965, 953, 910, 830 cm™. 'H NMR (400 MHz, CDCl,): 3 7.40-7.45 (m, 1H),

7.35-7.39 (m, 1H), 7.12-7.18 (m, 1H), 4.38-4.55 (m, 4H), 3.32 (s, 3H), 3.24 (br. s, 1H),
20 2.79-291 (m, 4H), 2.63 (br. s, 1H), 1.73-2.04 (m, 12 H).

f. Synthesis of ADP-Star Enol Ether Phosphate.

OMe
= o O~""CN NaOMe OPO4Na,
T\O/\/CN MeOH

25 To solution of the ADP-Star Enol Ether Triester Phosphate (13.83 g, 28.2 mmole)
in 85 ml of the anhydrous MeOH, was added 4.37 M of NaOMe in MeOH solution (12.9
ml, 56.3 mmole, 2 equiv) in a thin stream via syringe at 0° C under an argon atmosphere.
The mixture was stirred at 0° C for 2 minutes and then warmed up to room temperature.

Heavy precipitation formed while stirring at room temperature. The flask was tapped
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suspensi on was heated to reflux at 120-125 C, a honpbgeneous m xture
resulted during the heating and becane cloudy |ater during the refl uxing.
After 2 hworgi2afeysef | uxi ng, TLC showed the reacti on wasPCOMsk@&Et®430The
reaction m xture was cool ed back to roomtenperature and quenched with
saturated NaHCO3 sol uti on. The aqueous solution was 5 extracted 3 tines
with 20% Et OAc in hexanes (a total of 150 m). The combi ned organic

sol utions were mashed

t hrough YAl 1knpdyt agppqsg@glsggdtp@%?%og{hﬁgﬁﬁ 0 oK haTRORand passed

concent r alschshdn WAL @k¥d SVaRhatdan § urd. eAfaldidhPt e RO W dikb @em | d
stench. The crude product was purified by trituration. Upon heating wth 30

m of hexamesn adetsinitoved ald¢ O guddiang shawed tmrdeﬁltged prod@nt ef 8. Bg@matte@,r over ni ght,

8.78 g (91.8% .of the .product was obt ai as a ite.soli.d. af

Cil e o ol Rgi e Y3Rs L GIRT s GRe A BLb SRR A G R T5 61 45
1342,5 13Q%h; b}pRAuct bt Oy 1§ Qhaté@&@ter 10469 mlDQRd ABYI6.518DheidTeiol cidrMVR (400
MHz, CDC13): 6 7.28 (d, J=8.1 Hz, 6.98 (d, J=2.2 Hz, 1H), 6.84 (dd,

J=8.1, 2196mn. Thy reastl%megurems P@qf:d 0B A301A[BCVAPGBHY 0 BBHE(br. s, 1H),

2. 65 (br H) Et her
Triester OXIJHL_QC%Y&S é%lgﬁ %h%%csi%%&h VeRT glrn ?y&rg tulf‘l[%% El%n%asfgﬁ)?%mﬁ%log&g

equi v) V\aﬁitaeidemi) sllloﬁvho,atdne e Isﬁlutien (vafilttred dniacRhchn@rfutmesd anal um num oxi de
overnight) at O C under an argon atnosphere. A I|ttIe hit of white snoke

was not i (EIBLL0 Y opaker pias 4t tPélrnﬁ%Hle stegagafiogtaprstpad SYration Spnghsnddded a
sol utg on, dttyﬁle’%l:ﬂ:r)a@t ghe E&‘ﬂ{)m hﬁfﬁtc? l\g&g lthe(ngtraf}lgfeﬁ’ed ’t?’cpa gﬂe H{E?h%éz n 94 m

of an ydrous THF vi a dropping funnel over m nutes. White pyridine 25
hydr ochl duyedeottie.@niagditiana lfOGnhtﬁciwa:iwwaBglst&ea Ao the Oher flaskerd nddetiGonml  of THF

was used.to ri.ns he st or ebottle nd dro and added to the
et onthRgliPE Whit R ShBRE SRS sEhftof bEPRILE A ARr e BEEE and 1 bom
t enper at piegipftoe déopped 'bﬁt mﬂe Qutid N UA £8ddit il U6 ARt APetBASH I RIdM@%H t hen

cool ed back to 0C and 3-hydr ox?/pr opionitrile (8.3 m, 122 mole, 3.95 equiv

based ondlﬂlﬁeﬂ}?h‘@mn)lomé@f fa@hdeﬁ @tlowlgter; r'hg stspiensisn M@aﬁﬂow@tog‘yﬁmr@e After

Stll’ f n thLII’ Wwas tll’ t erature
overf Eh ?jelicél(ig ggﬁnrnsn;?es \l/g\5f11lnlsdée gP re1mpv\?f11 aspcroe?:‘ftpl E%l{lﬁr & oppedtel géﬂt The
preci pl t &dke wis SyasRADV BRI addforde rhtlll’u@Iel tofesa@dotal ¥ ritl) id B8edvin Ofackt@Ac i n
hexanes. The conbined filtrates were concentrated under the reduced
pr essur edasiscyioppefila qongtant Weirhtak 1947 g (83.9%) of prhigs pryedep wag abtaingd $s added t o
400 m  of, .qatuy JoNRFCA sol ution and then adequate water was added to
di ssol ve any sé)lar%f%p? esent. The aqueous solution was extracted 3 tines with
60% Et OAc in ]IHENME$4(I(HMHZI DhO))fS ADD (b 9, 1H}'h7338:(djﬁd:81@d-lzollﬂarﬂ @ @ol uti ons
wer e vvashed Wt ter e (15 each), dri \ nhydrous Na2SO4
Ho s e Wt e A RokE. (139, 85,88 1 1 689 V&L By
While the filtrate cooled in the refrigerator, more of precipitate dropped out in the
solution. An additional second crop of product, 1.388 g (11.6%) was obtained by
filtration. Its proton NMR spectrum was identical to that of the first crop product. The
analytic HPLC peak integrals of product from both crops were greater than 99.4%.
25
g Synthesis of ADP-Star®.
ADP-Star® is synthesized, following the synthesis for CDP-Star®, reported in US Patent
No. 5,582,980, by substituting 2-Adamantanone for 5-Chloro-2-Adamantanone in the
procedure for compound 5, columns 5-6. All other steps are identical to those reported

30  for CDP-Star®.
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10 and concentrated by rotary evaporati on. The gumry crude product was
triturated three times with 40 m each of 5% Et 0Ac i n hexanes (heated,
cool ed t owpaorvawessper ature, then to 0 C). TLC showed noeCTafS2e4the4302si dual
solvent pyridine, trace of the unreacted starting material ADP-Star enol
et her phenol and the m nor bis-aryl nono-cyanoethyl phosphate triester
byproduct were renoved by these triturati ons. The product was then 15

punped under cuumt ht 929 S obtajned as a
|ight yellow e’fﬁﬁllt%ﬁ%c Petg @gaie;,s thf’ég%bgﬁ%@ééi %ateslﬂ?éifg €1398,
1288, 11g17t,ar61@§almlgﬁg7tg 1045 1008 993, 965, 953, 910, 830 cm 1. 1H NMR

(400 MHz, CDCL3): 740745(m1H) 7.35-7.39 (m 1H), 7.12-7.18 (m
1H) 438455(m4|—|) 3.32 (s, 3.24 (br. s, 1H), 202.79-2.91 (m

B hor - pobetailipaste EAS T o o) %%”%naf%s@ digst S B Pk NP St o

Phosphat@35§_34ﬁ3 g, 28. 2 nmmole) in 8 m of the anhydrous MeOH, was added
4.37 Mof NaOMe in MeOH solution (12.9 ml, 56.3 nmole, 2 equiv) in a thin
stream vi a syri nge at 0 C under an argon atnosphere. The m xture was

stirred t}l) &%Jrglr gp}{\?hnwﬁlg&[ogwe&lgﬁﬁ warnmed up to roomtenperature. Heavy

precipit roomtenperature. The flask was
tapped ogds{hally]tidedkndake tdiedilepesi.t Ursy Psehi Nob@ek 876 o the stifling
solution. The thick suspension was stirred overnight for 17.5 hours.

Anal ytic HPLC nonitoring, usi ng the using an acetonitril e/ NaHCO3 gradi ent,

showgd the. ﬂﬁ’%Fﬁﬁ‘ghﬂ&@%W% ﬁu(%@tﬂgg}gmelt Qpl ete reaction internedi ate

nono- cyanoet sp ate diester at 13.6 5m n; byproduct

bi s- ary|trpydsmt1e02&|]e@eea 7agne] GisdiminrsaltafbS ADRSNax 6Ehe886. enol et her at
19.6 mn. The reaction m xture was placed on a rotary evaporator to renove
approximately 45 m of MeOH, and to the remaining suspensi on was added 3 ni

of wat er (3ghspEPo20A-H0re h %Xﬁ@gl yRQkWdRm Was filtered on a Buchner
funnel . An add|t| onal 10 ter was used to rinse the storage

cont ai nel’7.ah8.stp Rt7r Jatdesr2, 7ﬁn¢n§1ll8,0damdsa10éid‘élé&t€tn©1\&0hé,4ﬁi Bi%.ate. The conbi ned
fil tfsates were then transferred to a one-liter freeze

[(4-Methoxy)-4-(3-phosphoryloxyphenyl)]spiro[ 1,2-dioxetane-3,13'-(8-n-prop
yDhtricyclo[7.3.1,0.sup.2,7 Jtridec-2,7-ene], disodium salt. U.S. Patent No. 6,461,876.

(3-phosphoryloxyphenyl) methoxymethylene
20  adamantan-4,5-ene, disodium salt. U.S. Patent No. 6,461,876.

Example 4
General Synthesis of Enol Ether Glycosides
by Phase Transfer Catalysis.

1. Peracyl bromoglycoside, Buy,NBr

1N NaOH, CH,CI,, r.t. R OR,
2. NaOH, THF/MeOH 1:1, 0°C

» pr—

OH R / \ O-Glycoside
o —=NF
Y \Re
Re
25 Enol Ether Phenol Enol Ether Glycoside
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dryer bottle, an additional 10 m of water was used to rinse the filter
flask and added to the solution. Wen the conbi ned agueous sol uti on was
added 360woi20f0o0edset one, heavy precipitate dropped out @CTiUse0130k3e74 ON. An
additional 40 nml of acetone was added to dilute the suspension for easier
filtration later. The suspension was allowed to stand on 15 the bench for
30 mnutes, then the white precipitate was collected by filtration. The
filter cake was washed with acetone nultiple tines (a total of 200 nl) and
dried in a vacuum desi ccator until a constant weight of 10.07 g (83.9% of
a white powdetg \é@igo‘?&}s% Qebdasipilr nli%ur@BPQC%BCMIQQM@[M%HC 400 Mz,
D20): 6 7.42 (br. s, 1H), 7.38p(d, J=8.2 Hz, 1H), 6.96 (d, 20J=8.2 Hz, 1H),
3. 35 (s, PBHcatalysoBugSBr (1s05 adqdiy), in smixtie of N N#PH solugign and SHM, 41 2H) .

VWiile the filtrate coaled in the . refsigerat re of precipitate dropped
out ¢ Ao QBT P Etal e i OB M ST Dt BB 411 0P85,
was apt atodaelpefadrtr The Bxtutel Wwasitidile® ToNVFNSREG! ISHf-Wes NaHEW;is6Ritioh 0 t hat

of the first crop product. The anal ytic HPLC peak integrals of product from
bot h cr opas ysled tgythegeastionad thosdugomwasextpgich ddinesarithhOHCharlhe ADP- St ar (1)
is synthesj.z i I ry . CoP- rted in US
pat ont 1 ErEsGHEek 00 bACH UGS Jalsialion e b irbus NSRS

5- Chl or coedrcétiaaahiralpamniict bytshizapebdeon®gfaphy cogipe thethrbtected lglyensyl 5- 6. Al |

ot her steps are identical to those reported 30 for CDP-Star(r)

Ot her ex8IPBFBE"of enol ether phosphates that can be used for substrates

i nclyge, but gfeo0lylolyTbeEdndiQther (1 i i zokeiFNerHE/heRbIEhosphat e and
anal ogues ci te% B\né}t(f?'i ﬁ}%bég rI%‘at enqtr(NS&ﬁ%l, 355, 441% ’
( 3- phos pteprgteary ppneddihy mitNa(h me01G; laed thetreaatipe liofhen $atméPtoapdbmi dec- 2, 7- ene,
di sodiumsalt. U.S. Patent . 6,461,876 . . . . .
10[ ( 3- Ph@%@?‘if?o@%ﬁ%%tg yg%r,of-cfli’l?’ftﬁ%%ﬁa‘bté‘%%>‘3§‘)‘tF?é1tZﬁ?/ Pifeplid NaHCO;
stripped of solvents by rotary evaporation, and purified by reverse phase
chromatography.
15 *Examples of peracyl bromoglycosides are: alpha-D-glucopyranosyl bromide,
2,3.,4,6-tetraacetate (CAS# 572-09-8); alpha-D-galactopyranosyl bromide, 2,3,4,6-
tetraacetate (CAS# 3068-32-4); alpha-D-glucopyranuronic acid, 1-bromo-1-deoxy-

methyl ester, 2,3,4-triacetate (CAS# 21085-72-3).
20 Example 5
Synthesis of Glucon-Star Enol Ether Tetraacetate

by Phase Transfer Catalysis.

a. Synthesis of Glucon-Star Enol Ether Tetraacetate.

49



tricyclo[7.3. 1.02:7]tridec-2,7-ene, disodiumsalt. U S. Patent No.

6, 461, 876. (3-phosphoryl oxy-4-chl orophenyl ) net hoxynet hyl ene tricyclo

[ 7.3. 1. 0.wopo2/op6dsuri dec- 2, 7-ene, disodiumsalt U S. Paremtushiol/030461, 876.
15

[ (4- Met hoxy) - 4- ( 3- phosphor yl oxypheny1) 1spi ro[ 1, 2- di oxet ane- 3, 13' - (8- n-prop
yl)tricyclo[7.3.1,0.sup.2,7 Jtridec-2,7-enel, disodiumsalt. U S. Patent
No. 6,461, 876. (- phosphoryl oxyphenyl) met hoxynet hyl ene

20adanant an- 4, B-ene, disodi um ¥8P¢{. U. S. Patent No. 6,461,876. Exanple 4

General Synthegisof Endl© st+des, by Phase Transfer Catalysis.
} i 0 Qge phenol enol ether (1 equiv)
N—+A~8q m xture of 1N NaOH sol ution and
BT OTYR

To a vi gy
and PTC cat al yst,
CH2C12, a solution Hf peelacyl =gl ycosyl fde* (1.5 equiv) in CH2Cl2 was
added in a thin streamat 5 roomtenpera dre. The m xture was stirred for
60 m nutes. Saturated NaHCO3 sol ution ‘added to the reaction, and the
sol uti on was éxtBracthedH.8HLkmes with CHAC12. The conbiged CH2C12 sol ution
was washed wi f'¥9RAter, driedgovera® §\ Naz504, condent rated and

purified by silica gel chronatograﬁhy €t he )

et her. 10The peracyl glycosyl enol ether (1°quiv
THF/ MeOH, deprotected by adding 1IN NaOH at OC, o afONLhE reacﬂ]ﬂﬁ.\‘ t hen

warmed to roomtenperature. Upon conplete deprotection, the reaction is
neutral i zed wie h vigsirousNetied@nisture pheBPofrasenal ethes pignol 0t &r ¢ Jevmpdat i on,

and purifi reverse, phase chronat o . *Exanpl es , of I
b orog! yesE He e By e R PE G T A3 DY, 310 FEROE) ¥ ARRHI T cet at o
( CASH#H 5721 Qd8M; mieC BhE B 1@ahmasin@eyituaé Gsdsl adBsDap e D- dudopdrfosylefrsrarieet at e
(CAS# 3068-32-4); al pha-D-glucopyranuronic acid, 1-brono-1-deoxynethyl

est er), 22340 feflparesrtat et mASRIPIQan 6 1l Ghl,Clp o Ehiepstionswas stirred for 30

minutes until the tlc showed very little starting material left. The reaction was quenched

with saturated NaHCO; solution. The aqueous layer was extracted with CH,Cl, three
times, and the combined organic layers were washed with brine and dried over anhydrous
Na,SO,. Four drops of triethylamine were added to the solution, and the solution was
10 passed through a short silica gel column, eluting with 100 ml of 40% EtOAc/hexanes, to

yield an orange gum.

After overnight storage at 4°C, the crude product was dissolved in a small amount
of CH»Cl,, and chromatographed with silica gel, eluting with 20% - 50%
EtOAC/hexanes. Fractions with coupled product were collected and concentrated to

15  yield alight yellow gum (2.31 g, >100%).

b. Synthesis of Glucon-Star Enol Ether.
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Synt hesis of d ucon-Star Enol Ether Tetraacetate by Phase Transfer

Catal ysis. a.Synthesis of ducon-Star Enol Ether Tetraacetate. To a
vi gor ouslwyosbizvaessim xt ure of CDP-Star enol ether phenolPCTAISOR18H43034 ol e)
and PTC catal yst, tetrabutylamoni um bromde (1.02 g, 3.15 mmvle), in 1IN
NaOH (20 m) and 14 ml CH2Cl12 at room tenperature, was added

al pha- D- gl ucopyranosyl brom de, 52, 3,4,6-tetraacetate (2.47 g, 6 nmole) in
6 mM CH2Cl2. The,reaction was stirred for 30 mnutes until the tic showed
very little starting material left. The reaction was quenched wth
saturated NaH olution. The, aqueous | ayer was extracted with CH2C12
three tifgs, ﬁt{ >layers were washed with brine and

dried over g of triethylam ne were added to the
sol ution, and the $ol uti 5 assed—tfrough a short silica gel colum,
el uting with 100 ot W!\ to yield an orange gum

After overni ght storage at 4C the crude, product was dissolved in a small
anount of CH2C12, and chromat ogr aphed th silica gel, eluting with 20% -

50% Et OAC/ hexanes Fractions w t h\coupl ed produmtowere collected and
concentrated t o"AGMEYY 3 | pght yed s (2.31
d ucon-Star Enol Ether. To a sol utiomo € crugd

Tetraacetate (1.5 g theoretical yield, 3 r’r‘r?ﬁ'l)
NaOMe in MeOH by pipette at roomtenperature. g A
overnight, wth mninmal acetate hydrolysis. An 5 add|t| onal 30 drops of
4. 37M NaOMe i ho MeolMtiomsf thd dawle Glheonner Bnel EthembBairapeasate (1.5 g theoretica

yield, 3 mmol), was added 15 drops of 4.37M NaOMe in MeOH by pipette at room

temperature. The mixture was stirred overnight, with minimal acetate hydrolysis. An

5 additional 30 drops of 4.37M NaOMe in MeOH was added, the mixture turned from
yellow to orange, and the hydrolysis was complete after 4 hrs by TLC. Ammonium
chloride (1 g) was added to quench the reaction, and the solution was stirred for 1 hour.
Methylene chloride was added to precipitate product, and 5% MeOH/CH,Cl, was added
until no more precipitate dropped out. The precipitate was collected by filtration and

10 washed with 5% MeOH/CH,Cl,. The crude gum was purified by silica gel

chromatography, eluting first with 30% EtOAc/hexanes to recover CDP-Star Enol Ether
Phenol, and then flushing the column with 5-10% MeOH/CH,Cl, to yield Glucon-Star
Enol Ether as a light yellow foam (1.18 g, 79%).

15 Example 6

General Synthesis of Enol Ether Glycosides
by Schmidt Glycosidation.
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yell ow to orange, and the hydrolysis was conplete after 4 hrs by TLC
Ammoni um chloride (1 g) was added to quench the reaction, and the sol ution
was stirrwo 2bhovoodssmour. Met hyl ene chl ori de was added t oPpraSRil0aioes
product, and 5% MeOH CH2Cl12 was added until no nore precipitate dropped
out. The precipitate was collected by filtration and 10 washed with 5%
MeOH CH2C12. The crude gumwas purified by silica gel chromatography,
eluting first with 30% Et 0Ac/ hexanes to recover CDP-Star Enol Ether Phenol,
and then flushing the colldiffrolidyRossimidais MeOH CH2C12 to yield A ucon-Star
Enol Ether as a |ight yePRewBfo@hh (CH-28 g, 79% . 15Exanple 6 General

Synt hesi s of Enol Ether @syeodPdes by Schm dk G ycosi dation. WO

2012/ 006 1/ 043N&bH, THEmMebHEt hett Ph To a stirred
sol ution of\the —glycosyl trichlomoacet te* (1.2-1.5 equiv) in
CH2C12 (6 4fl / equy t he phenol) was added gdlid ph nol et her

O-Glycoside

1
equiv) iR one por sphere. The

m xture was cool f BF30Et2 (0.2
equiv) in CH2C12 0.\ /equiv of the phenol) slowy 10 m nutes. The
reaction m xture bec cl oudy during BF30Et2 addition, amd was slowy

war med tgﬁcg?%h%yﬁqreng.l. 5 hours. The reaction méno?.ﬁﬁ@r‘%\gcgfi%th Et 3N (5 equiv

of B_FSQE and stirred at OC for 10 m'nut_es. ere ron m'xt_ure was
partitioned bgpweeRedalluticH SthdNBERER oHRM1itAEhavdcddbidfidate* QUI-I f5 @iy

silica gel 10chromatography, and the cPer acyl ated gl ycosyl enol ether was
col | ect et @423 fomifequiv of the phenol) was added solid phenol enol ether (1 equiv) in one
portion at room temperature under an argon atmosphere. The mixture was cooled to -

5 23°C and treated with a solution of BF3*OEt; (0.2 equiv) in CH,Cl, (0.6 ml/equiv of the
phenol) slowly over 10 minutes. The reaction mixture became cloudy during BF;*OEt,
addition, and was slowly warmed to 0°C over 1.5 hours. The reaction was quenched with
Et;N (5 equiv of BF;*OEt,) and stirred at 0°C for 10 minutes. The reaction mixture was

partitioned between saturated NaHCOj3 solution and CH>Cl,, purified by silica gel

10 chromatography, and the peracylated glycosyl enol ether was collected as a foam.

The peracyl glycosyl enol ether (1 equiv) is dissolved in 1:1 THF/MeOH,
deprotected by adding 1N NaOH at 0°C, and the reaction is then warmed to room
temperature. Upon complete deprotection, the reaction is neutralized with solid NaHCO3

15  stripped of solvents by rotary evaporation, and purified by reverse phase

chromatography.

*Peracyl glycosyl trichloroacetoimidate syntheses are reported in a review by R.
R. Schmidt, Adv. Carbohydr. Chem. Biochem., 1994, 50:21, and references cited therein.
20
Example 7
Glucuronosyl Enol Ether Synthesis
by Schmidt Glycosidation.
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The peracyl glycosyl enol ether (1 equiv) is dissolved in 1:1 THF/ MeOH,
deprotected by adding 1N NaCH at O0C, and the reaction is then warned to
room t enpwoan1wm@e3sipon conpl et e deprotection, the reactipom/tsgsomaysoral i zed
with solid NaHCO3 15stri pped of solvents by rotary evaporation, and
purified by reverse phase chronatography. *Peracyl gl ycosyl

trichl oroacetoi mdate syntheses are reported in a review by R R Schm dt,

Adv. Carbohyd Chem |oc 199 references cited therein.
20 Exarrp?eExaéﬁfﬂ thests Qf ﬁ&fﬁ’gﬁ&won@ IA]%?REE@ df}?é& s by Schni dt

G ycosidation. WD 2012/ 006351PCT/ US2011/ 043074 a. Synt hesi s of Peracyl

Qd ucuronosyl AWVPPD Enol Ether. NH To a solution of the peracyl glucuronosyl
trichl oroaget o™i date (1.2 eq) drsr@i3Cl2 56 ?’H'/eqw v), |, added solid
phenol enol ether (1 eqw F} at mmmterrpera e (under an ar\gon at nosphere.
The i xt tRB_ ol ed+ QV-2bC atith e ¥eat e Rl hh—a \CrH: ;

trifluoride ethgrpte (0. Vi eqe) added slowy over 30 m
cl oudy m xture isoit&ucmed at tenperature gradients of

hour, -20 Cto -10 for 30 mnutes and -10C to +50C for 30 m nutes. The
reaction is quencheg, with Et3N 10 for 15 mnutes at +5 C, fol |l owed by

addition of saturated NaHCO3 sol ution. The mxture is extracted wth
CH2Cl12, washe#o @isPiNtiqapkthe paracellpsspnagihyighlsiracaiamsidate (AReaainseHp¢l:

S (24 ml/equiv), is added solid phenol enol ether (1 equiv) at room temperature under an
argon atmosphere. The mixture is cooled to —25°C and treated with a CH,Cl, solution of
boron trifluoride etherate (0.2 eq) added slowly over 10 min. The resulting cloudy
mixture is stirred at temperature gradients of -23 °C to -20 °C for an hour, -20 °C to -10°C
for 30 minutes and -10 °C to +5 °C for 30 minutes. The reaction is quenched with Et;N

10 for 15 minutes at +5 °C, followed by addition of saturated NaHCQ; solution. The mixture
is extracted with CH,Cl,, washed with water, dried over anhydrous Na,SQO,, and a small
amount of Et;N is added to the organic solution. The crude product is obtained after

rotary evaporation and silica gel chromatography.

I5 b Synthesis of Glucuronosyl AMPPD Enol Ether.

1N NaOH

ONa
0 MeO
MeQ 1:1 THF/MeOH o
0°Ctort HO 0
AcO HO
CAcO \
OH

The peracyl glucuronosyl AMPPD enol ether (1 equiv) is dissolved in 1:1
THF/MeOH, deprotected by adding 1N NaOH at 0°C, and then warmed to room

temperature. Upon completion of the deprotection, the reaction is neutralized with solid
20  NaHCOs, stripped of solvents by rotary evaporation, and then purified by reverse phase
chromatography.
Example 8
Conversion of Enol Ethers to Dioxetanes
in Aqueous Solutions.
25
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amount of Et3N is added to the organic solution. The crude product is

obt ai ned after rotary evaporation and silica gel chromatography. 15

b. Synt heswe 20f2/08k35¢ur onosyl AMPPD Enol Et her. Thecparsaeiylo43074

gl ucuronosyl AWMPPD enol ether (1 equiv) is dissolved in 1:1 THF MeOH,
deprotected by adding 1IN NaOH at OC, and then warned to room tenperature.
Upon conpl eti on of the deprot ection, the reaction is neutralized with solid

20 NaHCQG3, Ji,ﬁ of solvents by rotary.evaporatio and then. purified by
reverse phasel ¥RFBNARYP B?R?’ate@%v& fuscesEly P e et foreAnEng ¢ o

Di oxet anes. dl&eﬁgl'é%ﬂ&ﬁnc?‘?h&{phé’cﬂs% suBfrates by oxidWRn8R A uRLbYasipResNRsies were
successful |y converted gelr correspondlng 1, 2- di oxet ane al kal i ne

phosphat Ekel gtﬁb@teﬁ@@esAMﬂ?P&( iadd ALy Sian, wqu@@u@ratedémm e wthiet prgasrsoFhe

1, 2-di oxet a t th
o ecur sonts e e BRS4eSh Rl BB RUARREZ s b AEBIZORA Ton assays
and an | @nﬁy@llﬁ&&hﬁﬂm&bbhm )| MBdep&aaipitcoagisions and\ish@ns@xtighat i on

conditions and denonstration of di oxetane formation are detail ed bel ow a.
Oxi dat i off EeXANPHDIERHEIN ¢ Aetpilgohedhat e to AMPPD(r). 10AMPPD enol et her
phosphate (AMPPD-EE) was efficiently oxidized to the 1,2- dioxetane
substrate, AMPPD(r), in aqueous solution using the oxi datl on system of
Na2Mb04/ #H202 @akidatibkiabi AMBME) Easl Fxhevithosphatdte AMRPD0on scheme depicted in
FIG 1. The reagents used for this were: AWVP Buffer: 0.1M

am nonet hyl propanol buffer, pH 9.5.

10 AMPPD enol ether phosphate (AMPPD-EE) was efficiently oxidized to the 1,2-
dioxetane substrate, AMPPD®, in aqueous solution using the oxidation system of
Na,Mo0.4/H,0, at alkaline pH, as shown in the reaction scheme depicted in FIG. 1. The
reagents used for this were:

AMP Buffer: 0.1M aminomethylpropanol buffer, pH 9.5.

15 AMPPD® (Life Technologies), 1mg/mL in AMP Buffer
AMPPD-EE, Img/mL (2.3mM) in AMP Buffer (2.5mM).
H,0; stock: 10% (3M) in water (from 50% solution, Aldrich).
Na;MoOy stock: 4.8mg/mL (Aldrich), ~20mM.

20 10uL. AMPPD-EE (0.23 mM), 40uL. AMP Buffer, 40uL H,O; stock(1M) and
20pL Na;MoQ; stock (3.6mM) were combined and allowed to react at 37°C for one hour,
then at 55°C for ten minutes. The progress of this reaction was followed by HPLC. The
HPLC trace of the elution peak of the starting material (AMPPD-EE) is shown in FIG. 2
as the control trace. The HPLC trace of the elution peak of the desired 1,2- dioxetane

25 (AMPPD®) is shown in FIG. 3. HPLC traces of FIG. 4 and FIG. 5 show the progression
of oxidation of AMPPD-EE (8.1 min) to the desired dioxetane substrate, AMPPD® (7.3

min). The reaction cleanly gave one product (AMPPD®) in one hour and ten minutes.

b. Oxidation of ADP-Star Enol Ether Phosphate to ADP-Star®.
30
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15AMPPD(r) (Life Technol ogies), Ing/nmL in AMP Buffer AVPPD-EE, | ng/nL
(2.3mV) in AMP Buffer (2.5mM. H202 stock: 10% (3M in water (from 50%
sol ut i on,wel2driwb3s1 Na2Mbad stock: 4.8nmg/nL (Al drich), PEOMSR012040p4 L
AVPPD-EE (0.23 nmV), 40[tL AWP Buffer, 400_, H202 stock(1M and 20[tL
Na2Mba4 stock (3.6mV) were conbined and allowed to react at 37C for one
hour, then at 55C for ten n1 nutes. The progress of this reaction was

foIIovvedb trac the elu the &

mtertal (avPBERESn PEADRGH e eer prvals HASRLRES fy Rre LB ¢ ace
of the ebuiNaNoOFAKODAt Jllth@mQ?H \Kz%ddojﬂe%Ccdileﬂé% ARGeeioh AMRRI( dhblvniig shown in
FIG 3. HPLC traces of FIG and FIG 5 show the progression of oxidation

of AVPPDFEE 8T1161rwgf)ntﬂﬁetirv@r@e3| red di oxetane substrate, AMPPD(r) (7.3
mn). The rea | ea ave o rodu )) in one hour and ten
ni nut es. Cﬁd\%}p? ﬁ 1&{3%11%03}@ PPEY E%‘i’ %FhBE‘?(%te to ADP-Star(r). 30
Oxi dag i on of @mﬁamo@p@hd@@mer phosphate (ADP*-EE) to ADP-Star(r) (ADP*)
by Na2Mb04/ H202 at al kal 1 ne pH was done according to the reaction schene

shown in Fl G APP*HHE( degke ADmauslal WEria 2mipnet Yk Byffer cgmpiped with S0uL.

ook 10wy AR RN o DI RO VR ENRSSS GR ReRER) OF o Tvi
Na2Mb04 st ocKHEQ stk ADBNE) BEwatel kfrdm S0mM dNa@M) 0ddrichi202 st ock: 10% ( 3M)

in water (from 50% solution, Aldrich). 10 100p,L of ADP*-EE-0 stock was
conbined with 400 , H202 stock and the m xture allowed to react at 55C for

one fypur loog\lLt & AbB %Et O Wockhif c%ﬁl%%eﬁq’ﬂtﬂ@ﬂw;-@()m&kdéﬂdl{h@gu%feh 0.5m. AMP

Buf f er ve a solution containing t the resulting
1, 2-di oxdlcarml tamchcOat5YPRC Naivie Owbur. TAfter thrsltune cblmnesctroafmmn&d wae dﬂsted he ADP* -

Egr’mor(lls'([j ?tgitggigryf tA'lUIﬁ Buirfjgre toog)ixlfedéle gél&t?onogonfé%g EhE 1t mg/m [f (? gmﬁ\&)rgf the
resulting 1,2-dioxetane and 0.5mM Na;MoQ,. This solution is referred to as the ADP*-
EE Oxidation mixture. The oxidation of ADP* EE to ADP-Star® was demonstrated by
15  activating the resulting dioxetane with alkaline phosphatase and measuring the light
emission on a Turner luminometer. The following reagents were used for this:
0.1M aminomethylpropanol buffer, pH 9.5 (AMP Buffer),
CDP-Star® (CDP*, Life Technologies): 6.2mg/mL (12.5mM) in AMP Buffer,
ADP-Star® (ADP*, Life Technologies): 1mg/mL (2.2mM) in 0.1M AMP Buffer,
20 ADP*-EE Oxidation mixture: lmg/mL (2.3mM) in 0.1M AMP Buffer,

TBQ: 10X Sapphire II™ chemiluminescence enhancer (Life Technologies), and

Alkaline Phosphatase stock (AP): 8ng/mL (from 17.4mg/mL concentrate).

10uL, ADP* or ADP*-EE Oxidation mixture (0.22 or 0.23mM, respectively), 10uL TBQ,
25  80uL AMP Buffer and 10uLL AP were combined and the luminescence from the mixture

was measured continuously at 37°C for 25 minutes. 1.6uL CDP* (0.2mM), 10uL TBQ,

80uL AMP Buffer and 10uL. AP were combined and the luminescence from the mixture

was measured continuously at 37°C for 25 minutes.
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15activating the resulting di oxetane with al kali ne phosphatase and
nmeasuring the light em ssion on a Turner |um noneter. The follow ng

reagent s wenrelnmwessif or this: 0.1M am nonet hyl propanol betCTasopludrd ( AMP
Buffer), CDP-Star(r) (CDP*, Life Technologies): 6.2ng/nL (12.5mM) in AW
Buffer, ADP-Star(r) (ADP*, Life Technologies): Ing/nL (2.2 in 0.1M AW
Buf fer, 20ADP*-EE Oxidation m xture: Ing/n (2.3mV in 0.1M AWP Buffer,
TBQ 10X Sapphj | TM chemi | um nescence enhancer (Life Technol ogi es), and
A kel ine PhoobIthrAbe v kDR TR P rRR O L P AR SE CMEBRE ot 0y 10p. L
ADP* or - AlTot B Qd S88hQ@ B AP S 1drLndRetEr fhod @i oXi@RRAGE dNbRkd highdPO_,

TBQ 25 80[tL AWP Buffer and 100_, AP were conbined and the |um nescence

f rom t helightemisséonihan thesonmesiciglby e vailablgTYP-atar3 d@xewne 2entmlnut es. 1. 6p, L
CDP* (0.2mV), 10p,L TBQ 80[tL AWP Buffer and 100_, AP were conbi ned and
the | um nescence fromthe m xture was neasured continuously at 37C for 25
m nutes. FIG 7 shows the APRa 9light em ssion curves (for

ADP- St ar di oxetane control and two product of the ADP-Star enol ether
phosphat e oxi dations) showedhpimaleytabilighof Reagestson t han the commercially
avail abl e CDP-Star(r) dioxetane control. 5Exanple 9 Thernmal Stability of
Reagents. The thernal stabilities of aqueous sol utions AMPPD(r), AMPPD enol

et her phosphaTke (hAMRRBaERtica bl ag\BRDsdREidn AMEPPP eARTRPD afol MhaMbad wer e
exam ned. 10 The thermal half-life of AWPPD(r) at 40C is -40 days, and the

hal f-1i f QP (AMPPRoERhgd AMBPERR-ERN the pipsipe piNeMeOgvergxaniaed10. | n
CONPRY | SPfk kR AR SP Avissryes: @;@%gﬂﬁé @a,y%%‘@flsth%/héﬂf—ﬂ?él cllré}é@% L iedayel

deconposition at 40C over 4+ nont m-ni ma er ma conposi tion at
55C over at58°Gontshbowns in FIG Hoamdl FIf. F0.GIn rapedistih,Gre AVIPPIMendlirérenal stability

of AVPPD-EE in the presence of Mbad at. 40C al so 15 exam ned and no
Cher mal EECBHBT OO BT S ANEPETER JP LM BRS AT ed & K pEBLence. of
Na2Mbad M@ maP&eF A dedsimpitRMOMB 5t Motdr G+ Mdnthd 4 iadglwd ANFI othe Fenol et her
phosphate thermal stabili t}/ eval uation, the reported
10. The thermal stability of AMPPD-EE in the presence of Na,MoQy at 40°C was also
15  examined and no thermal decomposition of AMPPD enol ether phosphate in the presence

of Na,MoQ, was observed as is shown in FIG. 11.

In addition to the enol ether phosphate thermal stability evaluation, the reported
thermal stabilities for Na,MoQ,, H,O; and urea H,O, (a common H,O, substitute in
20  commercial applications) were examined. Sodium molybdate and hydrogen peroxide did

not show any significant thermal decomposition as is shown in Table A.

Table A. Evaluation of Oxidation Reagent Thermal Stabilities.

Reagent Stability/Storage Conditions
H,0, solution 35% soln: >99.3% in 1 yr, 25°C;
>96.0% in 24 hr, 100°C
Urea H,0,, solid Store in dry location away from heat; Store at 15-
25°C

Urea H,O, buffer, tablet {Store at 2-8°C
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thermal stabilities for Na2Mb04, H202 and urea H202 (a conmon H202
substitute in 20 commerci al applications) were exam ned. Sodi um nol ybdat e
and hydr oyerropanadside di d not show any significant ther ral/u$ecionwsssti on as
is shown in Table A Table A Evaluation of Oxidation Reagent Ther nal
Stabilities. Reagent H202 solution Urea H202, solid Stability/Storage

Condi tions 35% sol n: >99 3%i n 1 yr, 25C >96 0% in 24 hr, 100C Store in

dry | ocat away—f-rem-he Lr-ea-H202 buffer, tabl et
SR sy 7 MR unﬁ%ﬁablar%ﬁwaqrgﬁn&%yn%ﬂnmﬁ% obysefe & sforage":

Condi tidns_to avoi d: noi sfigraeehdeaqnditions to avoid: moisture/heat
AMPPD-ee Minimal loss in 1 month, 55°C

The stability of the in situ generated dioxetanes, such as AMPPD® and ADP-
Star®, is expected to have similar stability to manufactured dioxetanes. The in sifu

generated dioxetanes can be stored for future use with the usual limitations, e.g., storage

5  at4°C for 6 months.

Example 10
Chemiluminescent Assay Design
with Enol Ether Substrates — Method A
10
To adapt in situ 1,2-dioxetane substrate formation to assay design, it is possible to
incorporate in situ substrate formation in several ways. For example, the assay can be
run where the enzyme activity or enzyme label generates the 1,2-dioxetane substrate
precursor (an enol ether phenolate) as the first step, and then the detected signal is
15  generated in the second step with in sifu oxidation to the 1,2-dioxetane which upon
formation decomposes to give the chemiluminescent signal readout (Method A). In this
method, the oxidation step can be thought of as a “stop” solution. Alternatively, the
assay can be run where the in sifu oxidation of the 1,2-dioxetane precursor to the 1,2-
dioxetane is the first step and where enzyme activity or enzyme label generates the 1,2-
20  dioxetane phenolate as the second step (Method B). The second assay method, Method
B, where the first step is oxidation, followed by enzyme detection, is described in Section
IV (Potential Quenching Effects of Na,MoQO, and H,0, on Alkaline Phosphatase
Activity).

25 Method A (Enzyme Activation followed by Oxidation):
1) Enzyme activation of enol ether precursor of a 1,2-dioxetane substrate (e.g., by
alkaline phosphatase in AMP Buffer to yield a enol ether phenolate).
2) Oxidation of enol ether phenolate (e.g., by H,02/Na;MoOy in buffer, pH 10).

57



Mnimal loss in 1 nonth, 55C The stability of the in situ generated
di oxet anes, such as AMPPD(r) and ADP- Star(r), is expected to have simlar
stabi | i t ywOaorzemodsact ur ed di oxetanes. The in situ gener @CeaiSdéioxneioanes can

be stored for future use with the usual limtations, e.g., storage 5at 4C
for 6 nonths. Exanple 10 Chem | um nescent Assay Design with Enol Ether
Substrates - Method A 10 To adapt in situ 1, 2-di oxetane substrate

formation to assay design, it is possible to incorporate in situ substrate
formation in several ways. For exanple, the assay can be run where the

enzynme acti vi ipaRd £NZHERnliRPRE. @engi@t aRtidieedzydredicA¥AIANE FARRINAL e
precursor (an enol ether phenolate) as the first step, and then thé

det ect edinsiiigreaidation 1Ggpbniaata tidch qantbe@dapiedrdenslpeipt gisthraadouss.twheoxd dat i on t o
the 1, 2-di oxlett ane i ch ugog fftor nat i on gle onﬁgsesdtto qi vebt[he |

cheni | unfHesEeht > EgRarPeaadut’ (Methss IX{?Y: T PHTEORE? RO T REPSKi%at i on
step yanflﬁeﬁ@ﬂfgcalggﬁtasgagf s&P selutidhop” solution. Alternatively, the assay can
be run where the in situ oxidation of the 1,2-di oxetane precursor to the

1,2- dioxetane is the first step and where enzyne activity or enzyne | abel

gener at eﬁeigﬁtsjusgd: 20 di oxet ane phenol ate as the second step (Method B).

The seco thod, Method B, where the first step is oxidation,
fol l oned by eAMmBuffet 6dM amjndnstiddpiopaine duifer, pHct.8.on 1V (Potenti al
Quenching Effects of Na2Mba4 and H202 on Al kal i ne Phos,Phat ase Activity). 25

Met hod A ( EnzVRE: ABXiSeaRRitsnl Fosheavienipgscenae gapansay (Life Technologies),
10 AP: Alkaline Phosphatase stock at 8, 1.6, 0.32, 0.064ng/mL (made from

17.4mg/mL concentrate),
AMPPD-EE: 1mg/mL (2.5mM) in AMP Buffer,
H,0, stock: 10% (3M) in water (made from 50% solution, Aldrich),
Na;MoQy stock: 0.5M Na;MoO, (Aldrich),
15 Phosphate: 2M K,HPO,, pH 9.6, and
Control:
10uL. AMPPD® (0.21mM), 10uL TBQ, 80uL. AMP Buffer and 10uL AP (at
various concentrations), were combined and the luminescence from the mixture
was measured continuously at 37°C for 30 minutes.
20
In situ oxidation of AMPPD-EE:
10uL. AMPPD-EE (0.21mM) + 10uL TBQ + [10uL AP (at various
concentrations) + 10uL. AMP Buffer, @ 37°C, 1 hour], + [8.5uL Na,MoO,
(35mM) + 50uL Phosphate + 25uL H,O,; stock (0.63M), sonicate 30 seconds, at

25 37°C], 90 minutes, read ~5 minutes (glow).

Using Method A, AMPPD enol ether phosphate (AMPPD-EE) was 1) dephosphorylated
by alkaline phosphatase (across a dilution range) (10puL. AMPPD-EE (0.21mM) + 10uLL
TBQ + [10uLL AP (at various concentrations) + 10uL. AMP Buffer, @ 37°C, 1 hour]), 2)
30 oxidized in situ to AMPPD® [8.5uL Na;MoQO4 (35mM) + SOuL Phosphate + 25uL H,O,
stock (0.63M), sonicate 30 seconds, at 37°C],, and 3) light emissions from the in situ
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1) Enzyne activation of enol ether precursor of a 1,2-dioxetane substrate
(e.g., by alkaline phosphatase in AMP Buffer to yield a enol ether

phenol at eyo 28)2/00835dat i on of enol ether phenol ate (e.g., Poy/u202/0k24bad in
buffer, pH 10). Method Ais showmn in FIG 12. In this method,
enzynme activation is followed by in situ oxidation to substrate which can
be adapted to endpoi nt assay readouts, where a cunul ative signal is

neasur ed ® enz lvidy. The oxidation to bstrate step al so
oF amet + oSBT RS TR ARMMSE Yonil G kOB e B bR St BR > 0. 1
am nonet Ayl REQOPFBAI siRUhS Blear BN 1Bnind Bt rdQSuRaBPINe afkalihd Phosphatase

chem | um nescence "enhancer (Life Technol ogi es), 10AP. Al kaline Phosphatase
st ock atdi@ytion.c@rved W82 gdne(dthigpmithe imesdle AYIERDI 2nd thy/ gpintrobAYETHRD atsey

AMPPD- EE;, | no/ (2,5 i n,AVMP Buffer, H202 stock: 10% (3M in water (nade
from 50()/3115"8‘1%3?{'?39; %ﬁmlgﬂl,‘" Na2Mba4 stock: 0.5M Na2Mba4 (Al drich),

15Phgsphate: 2M K2ZHPO4, pH 9.6, and Control: 10p,L AMPPD(r) (0.21nmV),
100 , TBQ 80[tL AWMP Buffer and 100 , AP (at various concentrations), were
conmbi ned and the | uninescence fronk¥atBpliblt ure was neasured continuously at

37C for 30 mnutes. Potential Quenching Effects of Na,MoO,4 and H,0,
on Alkaline Phosphatase Activity

10 Before developing assay conditions with Method B in sifu dioxetane generation,
we investigated whether the reagents from the oxidation system adversely affected
alkaline phosphatase activity. Experimental results indicated that hydrogen peroxide
does not affect alkaline phosphatase activity, but sodium molybdate significantly
quenches alkaline phosphatase activity, with up to 85% light reduction (see FIG. 15).

15  Lowering the concentration of sodium molybdate to <1 mM restores most of the alkaline
phosphatase activity (see FIG. 16). Based on these results, Method B in sifu dioxetane
generation was developed using much lower sodium molybdate concentrations for the
oxidation system. Any quenching effects from a singlet oxygen generation/reaction
system may be enzyme-specific, and would have to be evaluated for any

20  enzyme/detection substrate pair. For example, Na,MoQO,4 quenching may be specific to
alkaline phosphatase enzyme and/or related enzyme families, and may not exhibit

quenching effects for other hydrolytic enzymes.

Reagents used:
25 AMP Buffer: 0.1M aminomethylpropanol buffer, pH 9.8,
AMPPD®: 1 mg/mL AMPPD (Life Technologies) in AMP Buffer
TBQ: 10X Sapphire II™ chemiluminescence enhancer (from Life Technologies),
AP: alkaline phosphatase stock, 40 ng/mL (from 17.4mg/mL concentrate),
H,0; stock: 10% (3M) in water (from 50% solution, Aldrich),
30 Na;MoQy stock: 0.5M (Aldrich),
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20 In situ oxidation of AMPPD-EE: 10p,L AWPPD-EE (0.21mM + 100_, TBQ +
[100 , AP (at various concentrations) + 10p,L AWP Buffer, @37C, 1
hour], + WO.28py/do63¥a2MD04 (35nmV) + 500_, Phosphate + 25[ PCT/US202/08300€ K
(0.63M, sonicate 30 seconds, at 2537C], 90 mnutes, read -5 m nutes
(glow). Using Method A, AMPPD enol ether phosphate (AMPPD-EE) was 1)
dephosphoryl at ed by al kal i ne phosphatase (across a dilution range) (10p,L
AMPPD- E o.21m\9] + é.0.0 , TBQ + [100_, AP (at various concentrations) +
100, AVPESEHRRRfal GangiieTs:y hour]), 2) 30 oxidized in situ to AVPPD(r)
[8.50_, Naz2Meggnitsi5m) + 500_, Phosphate + 25[11, H202 stock (0.63M,

soni cate 30 seconds, at 37C]" and 3) light em ssions fromthe in situ

AMPPD(r) versus t heOpVAPRRD® CohnMol 10ukeFBQc byds AYIR Buker @d 19ubuARs, read

every 5 mnutes). r imlar |jnear em | um nescent readouts for the

o) kel i ne phosphat abgnmicrh cetbOEd “oE e Ty SReE P hghe BRI
AVPPI¥r) and the cpeiduedd AMBRENI)y AS7¢G f&BOwRinuResFI G 13 and FIG 14. 5
Exanpl e 11 Potential Quenching Effects of Na2Mb04 and H202 on Al kal i ne
Phosphat ase A&estvity 10Before devel opi ng assay conditions with Method B in

situ di oxet ane gen ti J t{gat h romthe
oxi dation system agd erégfgpfgfgéﬁ(g@’ %@E‘aﬁ?g\ggﬁ%g%%P ggféﬁggﬁpvtkf{z%
Experimental resul §tsck (1070 aireld OuhaAP yaheagenwperoxibileddadshenot  af f ect

al kal'i ne phosphatase activity, but sodi um nol ybdate significantly quenches
al kal i ne phosphat aS&1BESEFRFELTPM Herpixte Pas B95UFFNtnEeRY Mol ¢ &6’ G
15) .15 Lowering tg@mf;%ncent ration of sodium nolybdate to <1 nMrestores
nost of the al kali ne phosphatase activity (see FIG 16). Based on these
results, Method B 10uIsAMPRD O2etaMe, HedefBOI divniad MRBeffopeaiasi ng nuch

| ower sodi um nol ybdat e concentrations for th i dation system An
quenchi ng effects ?IP%‘?ﬂt%loglﬁ?Fg\%[%@ %M%&hﬁ&%ﬁ%ﬁﬁ?@d@??&ﬂ@%ﬁéﬂ&may be
enzyme-speci fic, apd nathksteRayvRomandmiaurl WatBehshiRl cBMYnuously at 37°C for

30 minutes.
15
Example 12
Chemiluminescent Assay Design
with Enol Ether Substrates — Method B
20 An alternative approach to incorporating in situ dioxetane substrate generation in

an assay oxidizes the enol ether phosphate in the first step, which can be done in an assay
well or in a discrete container from which the substrate is added to the assay well. This
step is followed by enzyme activation (e.g., dephosphorylation in alkaline phosphatase-
based assays) of the in sifu dioxetane substrate, with chemiluminescent readout. Method
25 B can be used for kinetic-mode assays to measure assay signal as it is generated. Method
B also allows the user to carry out the first step (in situ dioxetane generation) in advance

of the assay, if this workflow flexibility is needed.
Method B (Oxidation followed by Enzyme Activation):

30 1) Oxidation of an enol ether precursor of a 1,2-dioxetane substrate (e.g., by

H,0,/Na;Mo0; in buffer, pH 10 to yield the 1,2-dioxetane substrate).
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20 enzyne/ detection substrate pair. For exanple, Na2Mb04 quenchi ng may be
specific to al kaline phosphatase enzyne and/or related enzyne famlies, and
may not ewbi2biZoogasenchi ng effects for other hydrol ytic eozTyusesLl/oR®agent s
used: 25AWVP Buffer: 0.1M am nonet hyl propanol buffer, pH 9.8, AWPD(r): 1
mg/ mL AVPPD (Life Technologies) in AMP Buffer TBQ 10X Sapphire 11 TM

chem | um nescence enhancer (from Life Technol ogies), AP: al kaline

phosphat ase stock, 40 ng/ from17. 4ng/ oncentrate), H202 stock: 10%
(30 "1 Okt er EAPISHASEIEGITIbS bt gearaer 2 SOREONb P R -G °
(Aldrich), ExpesifhosphatR0eH AMIMBuf&aBtyidd o 1108ioketiNR0bth 2. 3MM) , 10p, L
TBQ 120[tt AMP Buffer and 10p,L AP (40ng/m.) were conbi ned and the

| um nescence fromthe nixture was Sneasured continuously at 37C for 30
rnues, Teet g0 b MEER Bl (2 My ot SR 0 S R 2222
f romg heoxtiixbdiiEsiMas Amappi@;uifﬁ@%phbﬂmewby alhligd/ShokfHata30 (dQ83snuiRsion 10p, L
AVPPD(r) (2. 3n1\clf ., 10p, L'g)/-lr-ugg 150_, AMP Buffer, various apgounts of Na2Mba4d
st ock anting®pand light emavsgmmiionwdied sondMD avgesusibe AR s e@tod Werem t he
m xture X@ﬁpaﬂrg@s&éﬁ& \%99&1hﬂﬂp Hﬁéa)f cﬂémﬁ‘t?r%n%?gena%agglﬁﬁo?ﬁle alkaline
phosphatase dilution curves were generated from the in sitru AMPPD® and the control
AMPPD® (see FIG. 18 and FIG. 19). The experimental conditions used are described
10 below.
AMPPD enol ether was oxidized to AMPPD® by combining 200uL of 5 mg/ml
(9mM) AMPPD-EE in 0.1M aminomethylpropanol buffer, pH 9.8 (AMP Buffer) + SuL.
0.1M Na;MoOy (1.8mM) + 75uL 10% H»0, (0.8M) and incubating the mixture at 55°C
for 1 hour. AMP Buffer was the added to a final volume of 1mL to give a solution
15  containing the oxidized AMPPD-EE (AMPPD-EE-O) at a concentration of ~1mg/mL
(2.5mM) and 0.5mM Na;MoQ,. The luminescence properties of AMPP-EE-O was

compared to that of AMPPD®.

Reagents used for assay:
20 AMP Buffer: 0.1M aminomethylpropanol buffer, pH 9.8,
AMPPD: 1mg/mL (2.3mM) AMPPD (Life Technologies) in AMP Buffer,
AMPPD-EE-O: ~Img/mL (2.5mM) in AMP Buffer,

TBQ: 10X Sapphire II™ chemiluminescence enhancer (Life Technologies),
AP: alkaline phosphatase at concentration of 40, 8, 1.6, 0.32, 0.064ng/mL (made

25 from 17.4mg/mL concentrate).

Luminoskan measurement (measured in triplicates):

20uL (0.46mM) AMPPD, 10uL TBQ, 60uL. AMP Bufer and 10uLL AP (4, 0.8,

0.16, 0.032, 0.0064ng/mL)) were combined and the luminescence from the

30 mixture was measured continuously at room temperature for 2 hours.
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15 Exanpl e 12 Chem | um nescent Assay Design with Enol Ether Substrates -
Met hod B 20An al ternative approach to incorporating in situ dioxetane
substr at ewgeney@msison i n an assay oxidizes the enol etherCphissphat®7in the
first step, which can be done in an assay well or in a discrete container
fromwhich the substrate is added to the assay well. This step is foll owed
by enzyne activation (e.g., dephosphorylation in al kaline phosphatasebased

assays) of the in sj i oxetane syhstrate, Wt .1 um. nes t readout.
vernod 26 B oty test ey dOREaT Gkt SvE Wil P RERY & Gnal s
it is generatgd, oMo, Boabs/AlL) Mk ddAbiH&PInd Re GRfihYscOttl Fdi8 tfd rst step
(in situ di oxetane generation) in advance of the assay, if this workflow

flexibility isiveeded. nduseieddoBiuonslgat icom fegiperamed fgy2 Bnzyyme Acti vati on) :
301) Oxi dation of an enol ether precursor of a 1,2-dioxetane substrate
(e.g., by H202/ Na2Mb04 in buffer, pH 10 to yield the 1, 2-di oxetane

substy ate). V24 G684 R bS8 Edk 04 301 dend)aiiod YA D b iy aflb@NADP- t he in
situ generated 1, 2-di oxetane substrate (e %@ }bg al kal i ne phosphatase in
gye

AVP Buf f & eeplyiher ghesphatp agHisgessechprepieaisi hERiRgen BUVes Kol sith Fl G

17. In tRQi aqd, n ] hat Saxidijzed in situto
AMPPD( 1) gb?e‘gﬁ%s%ﬁocroéngf‘gg%b%b%ﬁigf Or%lgﬁl‘gﬁgis z’nag? g@%“?%rs %déé g dilution
range), modifich@ht ofevitthed B abc@nmbiiae ADES Siau e AR phospante uslublizy MYPPD( 1)
control, were conpared. Again, very simlar linear chem | um nescent

r eadout sd9M5r2s dRETRFK 8FIPWe phosphat ase dil ution curves were generated from
the jn situ AMPPD(r) and the control AWPPD(r) (see FIG 18 and FIG 19).
The experinental conditions used are descri bed

Reagents Used:
Solution A: 23.3 mM ADP-Star-EE in 30% acetonitrile/70% sodium carbonate

solution*, with 12.5 mM Na;MoQ,.
Solution B: 10% H-0..

15 *Sodium carbonate solution: 32 gm sodium bicarbonate + 12 gm sodium
carbonate in 10 liters water
ImL Solution A and 0.7ml Solution B were combined and heated at 55°C for 15
minutes (until color disappears) to generate 13.7 mM in situ ADP-Star stock
solution.

20

Tests:

1.7mL of in situ ADP-Star stock solution was combined with 56.3mL 0.1M
aminomethylpropanol buffer, pH 9.5 and 1 mg/mL Sapphire [I™
chemiluminescence enhancer (Life Technologies), to generate a solution

25 containing 0.4 mM in situ ADP-Star and 1 mg/ml Sapphire II™. The
performance of in situ generated ADP-Srar, compared with dioxetane controls
CSPD, ADP-Star and CDP-Star in alkaline phosphatase dilution curves, was
similar to the control dioxetanes (see FIG. 20 and FIG. 21).

30 Generation of similar enzyme dilution curves with in sifu generated AMPPD and

control AMPPD, using two different assay/substrate generation methods (Method A and
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10bel ow. AVPPD enol ether was oxidized to AMPPD(r) by conbi ni ng
200p,L of 5 mg/m (9mM AMPPD-EE in 0.1M am nonet hyl propanol buffer, pH 9.8
(AVP Buf fwo)or/@8bist 0. 1M Na2Mbad4 (1.8mM) + 75[t.L 10% HPOZ/US@018/0}30and

i ncubating the mxture at 55C for 1 hour. AMP Buffer was the added to a
final volunme of InL to give a solution 15 containing the oxidi zed AMPPD- EE
(AMPPD- EE-0) at a concentration of -1ng/nL (2.5m\VM and 0.5nM Na2Mo04. The

| um nesc e erties o P-.EE s conpared to that of AMPP

Reagent sﬁ@@&%&@%é%%}eﬂ %HKRP/P“%‘E}P & 2t P Retng - R C F]Z er, pH
9.8, AW

5 ) S oS, TR 0k o 08, Bl

chem | unMstwddhtoe lleWﬁ&ﬁ@é’i‘St@Laﬁcfecdhér@hdl@k@ign@s§33PDg (Life Technoliesal kal i ne

phosphat t@o r t|®o of 4 e 25from
D gy bR o gl ditsudle adieBiioliand asdy BRUAT G RS RSy ey
20[ t L5 ( Od&dherV)radlyRRIER, allle@ﬁe IphEF@@ata@eQQJb,stré’eb/f)arﬂkfsgz[ys315113{ cd®Pe keral(y4, O. 8,
0.16, 0.032, 0.0064ng/mL) were conbi ned and the | um nescence fromthe

30ni xt ur dapiged tﬁémw@@ sesHaieh ashiasgysder e xdeohyte anaymessoeh 2s Bours. 20[t L
AMPPD- EE- 10p, L AP (4, 0.8, 0.16,
0. 032, gagﬂ)cg a;@rf?_%_gﬂ]vvg]?rgmé%%gpFé%iogtdg%g%%%%%g@g%ncepf romt gle m xt ure was

measured continuously at roomtenperature for 2 hours. 5Method B was al so
used to evaluate in situ generation of ADP-Star(r) from ADP- Star enol
et her phosphate as di scussed previ%’é?‘ﬂ‘?l Bhe 1ight enission curves fromin

t DP- St dng :
si tup ar(r) an ?Hk?:atlon 0 é@ﬁ&‘(ﬂn'ﬂrﬁL%% are

super i nposabl e. A nodi to accommobdat e ADP- Star enol
et her phosphat e sol ubil it yElEs\ W(iheEmﬂ Elh&c&ﬂubmcht@el OW.

1. rhIL-6 ELISAs with in situ AMPPD Detection.

15 Model recombinant rhIL-6 detection ELISAs were run side by side with in situ
AMPPD and control AMPPD®, to evaluate the performance of in sifu AMPPD in an
immunoassay. Experiments showed that AMPPD generated in situ performed as well as
control AMPPD® in the assay using “equal” molar amounts of substrate, assuming 100%
conversion of the enol ether phosphate (See FIG. 22). The in situ AMPPD could be

20  prepared during ELISA incubation steps, did not add extra time to the assay, and was not
any more inconvenient than the ELISA assay itself. The overall assay sensitivity and
dynamic range compared well to internal rhIL-6 ELISAs detected with CDP-Star”®
(CDP*).

25  rhIL-6 ELISA Plate Prep (96-well microtiter plate):

1. Coat ELISA plate overnight w/ capture antibody (2mg/mL anti-human IL-6).
2. Wash plate well.
3. Block plates with 300pL/well blocking buffer (1x PBS/0.02% Tween 20/1%
BSA).
30 4. Wash plate well.
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10 Reagents Used: Solution A: 23.3 nM ADP-Star-EE in 30% acetonitrile/ 70%
sodi um car bonate solution*, with 12.5 nM Na2M)04. Sol ution B: 10% H202.
15* Sodi urwoantrmoaise sol ution: 32 gm sodi um bi car bonat e PCTAISGMIHAIDITLM
carbonate in 10 liters water InmL Solution A and 0.7nmL Sol ution B were
conbi ned and heated at 55C for 15 mnutes (until col or disappears) to
generate 13.7 nmMin situ ADP-Star stock solution. 20 Tests: 1.7nmL of in

situ ADP- r stock solution was conbined with 56.3nL 0. 1M

am norret@‘—%&%%‘%%ol buffer, pH 9.5 and 1 ng/nL Sapphire |1 TM

chem | um ngscrpge h i f IR T)-0). r aeSQ) ki on
25cont ai ni g 0o R o O B G ke

per f or mance ofilitipns) touwadls ned &t debupDP-astoam teopripad@imitethh di oxet ane control s
CSPD, ADP- %ta aand a%:DPé1 tar in al kaline phosphatase dilution curves, was
simlar toth 8163{ ol'“'di oxet anes (see FIG 20 and FIG 21). 30Generation
of sign | ar 7enzyaB0Gikl. bt 105 n&Mi1\6EBioMnk ftdddesdctivn GRMEL @ hatbodyRRDAN cont r ol

AVPPD, using two different assay/substrate generation nethods (Method A and
Met hod B) dendyrsepuiaad ingyhete aheoopy feawifpr & sinytes Washplafe 3%t ane substrate

ti ' - | i ' . Co bl
Pootl 15 wers. BEeS0HEE0 M AR itateR PO PRSP AR G AR T oner ot o
di oxet anes, COSkatpriéd)iaf &£4TO0OMALIDEI. es), ADP-Star(r) and CDP-Star(r). These

substrate %ener ation and assay design principles were
. Wash plate well.
10 10. Add 100ul of Substrate Solution to each well, and incubate for 30 min room temp.

11. Measure RLU of each well at 30 minutes, with temperature at 25°C, using a

luminometer.

In situ Dioxetane Preparation of AMPPD:

15
Solution A was prepared by combining the below solution to give a stock solution of
AMPPD Enol Ether Phosphate at 12.7 mM.
5 mg/mL. AMPPD Enol Ether Phosphate (from Example 2; MW 394).
2 mL 0.1M aminomethylpropanol buffer, pH 9.8 (AMP Buffer).
20 50 puL 0.1M Na;MoOQOy,

Step 1 — made Solution B.
100 pL Solution A
38 uL 10% H,0, (makes 9.2 mM AMPPD®, MW 426)
25 Heat solution at 55°C for 1 hour (O, bubbles outgas, color change to clear)

This is Solution B. A chemiluminescence enhancer can also be added at this step.

Step 2 (2.54 mM) — made Solution C at 2.54 mM AMPPD.
138 uL Solution B (has 9.2 mM AMPPD®, generated in situ)
30 362 uL 0.1M AMP Buffer, pH 9.8
This is Solution C, at 2.54 mM AMPPD®.
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5 denonstrated with al kali ne phosphat ase substrates and assays, but can be
general |y adapted to di oxetane substrates and assays for other hydrolytic
enzymes, WOeh122®6353- gal act osi dase, f3-glucuroni dase, f BCglusecamsiogmse and
neur am ni dase. Exanpl e 13 10Model reconbi nant human interleukin 6 (rhlL-6)
ELI SA with Enol Ether Substrates 1.rhlL-6 ELISAs with in situ AMPPD

Det ection. 15Mbdel reconbinant rhlL-6 detection ELI SAs were run side by
side with in situ AMPPD and control AMPPD(r), to evaluate the performance
of in situ AMPPD in an i mmunoassay. Experinments showed that AMPPD gener at ed

in situ gephqnied) asmameldonaRnOMS Avi ANIEYr) in the assay using "equal "
nol ar amounts of substrate, assum ng 100% conversion of the enol ether
phosphat e ( Se&3§KicSolpipn Brthes 9.3 neVi AMRIPPDeowtiter! esiad prepar ed duri ng

ELI SA i ncubat | S e a xtra time to the assay, and was not
any nore inco%@;%\Hgﬁwmgt]ﬂlg%eﬂﬂqg&%assay itself. The overall assay
sensig i vi ty amkis Ry G016 CangemvPANaEP wel | to internal rhlL-6 ELI SAs
detected with CDP-Star(r) (CDP*). 25rhlL-6 ELISA Plate Prep (96-wel |

mcrotiter plate): 1. Coat ELISA plate overnight w capture antibody
S007AL vt P aaeh BoreSPy T Rat) 5} BOYRIERS: 20/ 196 B8N . 304, vesh pl ate
wel | . 1 mL Solution C (2.54 mM AMPPD®)
1 mL10X Sapphire II (Life Technologies)
10 8§ mL 0.1M AMP Bufter, pH 9.8
This is Solution D, at 0.25 mM AMPPD®
Add 100 pL of Solution D to each well.

*Step 3 (0.4 mM) — made Solution D at 0.4 mM AMPPD.

15 1 ml Solution C (4 mM AMPPD®)
I ml 10X Sapphire II (Life Technologies)
8 ml 0.1M AMP Buffer, pH 9.8
This is Solution D, at 0.4 mM AMPPD®
Add 100 pL of Solution D to each well.

20
*This sets up comparative assay conditions, since a standard assay detection is

with 0.4 mM 1,2-dioxetane & 1 mg/ml enhancer

In another set of experiments, the oxidation time to generate in situ AMPPD was
25  varied, and then substrate performance was evaluated by rhIL-6 ELISAs, with control
AMPPD®. Time course experiments showed that by 30 minutes most of the AMPPD
Enol Ether Phosphate appeared to be converted to in situ AMPPD. There was very little
compromise in immunoassay performance (sensitivity and dynamic range) using 15
minute in situ generated AMPPD vs 60 minute in situ generated AMPPD. There was
30  also very little difference in detection signal (RLUs) with 30 minute in sifu generated

AMPPD vs 60 min in situ generated AMPPD. Some conversion of AMPPD enol ether
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rhiL-6 Assay: 5. Add 1001AL of sanples or standards (3000 pg/[tL-0.0003
pg/mL of rhlL-6, w 1:6 dilutions) to wells and let incubate at roomtenp
for 30 mwoter/006351\Wash plate well 57. Add 1001AL of 12PETAig20m1/0af074

bioti nyl ated detection anti-1L6 anti body (R&D Systens) and i ncubate at room
tenp for 15 m nutesWash plate well. 8. Add 1001AL of al kaline

phosphat ase- conj ugated Streptavidin (Jackson Laboratories) at 1: 40,000
dilution. 9. Wash 010. Oul of Suhstrate Solu n to each
wel 1 onehaHib i e e MEP R RgS b aine B s aracHeEP ST BatI Bt | Cat 30
m nut es,pm.tzb%.terrperature at 25C, using a lumnoneter. In situ D oxetane
Preparation of AMPPD: 15 Solution A was prepared by conbining the bel ow
solution to give a stock sol uti on of AMPPD Enol Ether Phosphate at 12.7 nM

5rrg/n1_ | ha fr MAN 394). 2 nL 0.1M
ani nonet fiy| pr%lggr?i; PR Lr}giH }‘én%}i}i/%%? RS ina0 1AL b 1M Na2NbO4 St ep
1 - made Sol ution B. 1001AL SoI ution A 381AL 10% H202 (makes 9.2 nM
AVPPD(r), MN426) | o |
Benchmarking experiments compared the light emission (in RLUs) and signal to
noise (S:N) of in situ ADP-Star with control dioxetanes CSPD®, ADP—Star®, and CDP-
Star®. Maximum light emission varied with dioxetane substrates, with CSPD® reaching

glow at 30 minutes, CDP-Star® reaching glow at 45 minutes, and ADP-Star® reaching
10 glow at 60 minutes (see FIG. 24 and FIG. 25).

Model rhIL-6 ELISAs were run side by side with in situ ADP-Star, and control
dioxetanes CSPD®, ADP-Star® and CDP—Star®, to evaluate the performance of in situ
ADP-Star in an immunoassay. Experiments showed that ADP-Srar generated in situ

15  performed comparably to control dioxetane substrates. The assay sensitivity (lower end
detection of IL-6), S/N, and dynamic range were similar for all substrates, including the

in situ generated ADP-Star (see FIG. 26).

It may be desirable in application development to eliminate one or more of the

20  solution preparation steps A-D described above. It may also be desirable in certain
applications to modify solution components. An example of modified solution
components was demonstrated by preparation of the detection solution, with the enhancer
present in the oxidation step, prior to dilution with buffer to assay conditions. Using the
modified in sifu dioxetane preparation, alkaline phosphatase detection curves show

25  similar sensitivity with in situ ADP-Star (dark blue and yellow light emission curves),
compared to ADP-Star® controls (red and light blue emission curves) (see FIG. 27). In
fact, the in situ ADP-Star detection solution gives steadier light emission upon reaching
emission maximum, compared to the controls. In addition, the modified in situ ADP-Star
dioxetane preparation gives immunoassay detection sensitivity comparable to control

30 dioxetanes for an IL-6 ELISA (see FIG. 28 and FIG. 29).
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25Heat solution at 55C for 1 hour (02 bubbl es outgas, color change to
clear) This is Solution B. A chem | um nescence enhancer can al so be added
at this swopn28nes12 (2.54 nmM - nade Solution C at 2. 52CKWNSANMPPIR074
1381AL Solution B (has 9.2 mM AMPPD(r), generated in situ) 303621AL 0. 1M
AWP Buffer, pH 9.8 This is Solution C, at 2.54 mM AMPPD(r). Step 2 (4 mM -
made Solution C at 4 nM AMPPD. 1381AL Solution B (has 9.2 mM AMPPD(r),
generated in S|tu . . MAIVP Buffer pH 9.8 5This is Solution C, at
4 M AVPRBER)Ar ggrcrates igiiygh Ly Mol ution D at 0.25 mM AVPPD. 1 ni
Sol ution C (2. 54 n1VI ANPPD(r)) 1 mL10X Sapphire Il (Life Technol ogi es) 108
m. 0. 1M AMP Buffer, pH 9.8 This is Solution D, at 0.25 mM AMPPD(r) Add
1001AL of 8dl Qxideriompertoraed hat Wel MMASDBF:@ Kol EthenPhosphalgdlisol Exdnpie D at
.?. eé"hnmc\)/: 'g‘g/rgg) 1a5n%1 lwmg(r)nllétap&anQIQﬂlfWechnoFDgesg Qn AMrp Bl}f?er +%Q li{tfo(se ' (Life
5 After oxidation, the solution is diluted to 1x with AMP Buffer. Final solution

concentration: 0.58mM in situ generated ADP-Star/0.5mg/ml Sapphire II.

b) Oxidation performed at 4 mM ADP-Star Enol Ether Phosphate (from Example 3)
and 10 mg/ml Sapphire in AMP Buffer + Na,MoO,. After oxidation, solution
10 diluted to 1x with AMP Buffer. Final: 0.4mM in situ generated ADP-
Star/1mg/ml Sapphire II.

Having described specific embodiments of the present invention with reference to
the accompanying drawings, it will be appreciated that the present invention is not
15  limited to those precise embodiments, and that various changes and modifications can be
effected therein by one of ordinary skill in the art without departing from the scope or

spirit of the invention as defined by the appended claims.
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8 mM 0.1M AWP Buffer, pH 9.8 This is Solution D, at 0.4 nM AMPPD(r) Add
1001AL of Solution Dto each well. 20 *This sets up conparative assay

condi ti or®Q 28i7Mwe35a st andard assay detection is with 0.2CEuS212/0di00ket ane &
1 ng/ M enhancer In another set of experinents, the oxidation time to
generate in situ AVPPD was 25 varied, and then substrate performance was
eval uated by rhlL-6 ELI SAs, with control AMPPD(r). Tinme course experinents
showed that by 30 m nutes nost of the AMPPD Enol Ether Phosphate appeared
to be converted to in situ AMPPD. There was very little conpronmi se in

i mmunoassay performance (sensitivity and dynam c range) using 15 mnute in
situ generated AMPPD vs 60 mnute in situ generated AMPPD. There was 30al so
very little difference in detection signal (RLUs) with 30 mnute in situ
generated AMPPD vs 60 min in situ generated AMPPD. Some conversion of AWPPD
enol ether phosphate to in situ AMPPD likely occurs during the assay as
indicated by To results (see FIG 23). 2.rhlL-6 Detection ELISAs with in
situ ADP-Star Detection. 5 Benchmar ki ng experi ments conpared the

| ight emssion (in RLUs) and signal to noise (S:N) of in situ ADP-Star with
control dioxetanes CSPD(r), ADP-Star(r), and CDPStar(r) . Maxinumlight

em ssion varied with di oxetane substrates, with CSPD(r) reaching glow at 30
m nutes, CDP-Star(r) reaching glow at 45 mnutes, and ADP-Star(r) reaching
10gl ow at 60 mnutes (see FIG 24 and FIG 25). Model rhlL-6 ELI SAs
were run side by side with in situ ADP-Star, and control di oxetanes
CSPD(r), ADP-Star(r) and CDP-Star(r), to evaluate the performance of in
situ ADP-Star in an i mmunoassay. Experinments showed that ADP-Star generated
in situ 15 performed conparably to control dioxetane substrates. The assay
sensitivity (lower end detection of IL-6), S/N, and dynam c range were
simlar for all substrates, including the in situ generated ADP-Star (see
FIG 26).
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It may be desirable in application devel opnent to elimnate one or nore of
the 20sol ution preparation steps A-D described above. It may al so be

desi r abl ewprzoens3miin appl i cations to nodify sol uti on comrponseais/43ms exanpl e
of nodified solution conponents was denonstrated by preparation of the
detection solution, with the enhancer present in the oxidation step, prior
to dilution with buffer to assay conditions. Using the nodified in situ
dioxetangfpﬁe aration, al kaline phosphatase detection curves show 25sim | ar
sensi ti viMaF h in situ ADP-Star (dark blue and yellow Iight em ssion
curves), 1 COMPANRLGhS PN PR« i dht CAPrRIS thé §dpedyd |1 ght bl ue enission
curves) (see FIG 27). In fact, the in situ ADP-Star detection solution

gi ves st eadi ef@)| i ghtovigiigsai ondanton reachi ng eni ssi on maxi num conpared to

t he controls.l$n aqgi%@on é@f @ppafgeqhintagg%,ADP-Star di oxet ane
preparation gfves PﬁﬁhH35¥§§§ 8 Fe%ﬁ%ﬁlgéﬁgl?iVity conparable to contro

30 di oxetanes for an IL-6 ELI SARjsee FIG 28 and FIG 29). ADP-Star
generated in situ i M\Enhancer/solution: a) Oxidation perforned at 11.7 mV
ADP- St ar Enol Ether P (from Exanple 3) and 10 ng/ M Sapphire |
(Life Technol ogi es) 4 fer + Na2Mb04. S5After oxidation, the solution
is diluted to | x wgth AWP Buf f g——dRjal sol ution concentration: 0.58mMMin
situ generated ADP-Star/0.5ng/ ml Sapphire I1. b) Oxidation perforned at 4
mV ADP- Swhere@nol Et her Phosphate (from Exanple 3) and 10 ng/ml Sapphire in
AMP Buf f gr 20Mb04. After .oxidati solution. 10di Juted .to | x with AWP
ut for . BRAE 6 R tei R Eba e AR O T Rl " 1 Favi ng
descr i begbrsfig@iflit6 26 whMdh wRIM S s@ziiFmtfmamra@mm cdnMBIAE 208 20ichfbohaf@ignce to

t he acconpanying drawings, it will be appreciated that the present
i nvent i obrapehied@lkyl containing 3 to 20 carbon atoms, branched alkenyl containing 3 to 20

carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3 to
20 carbon atoms, cycloheteroalkyl containing 3 to 20 carbon atoms, cycloheteroalkenyl
containing 3 to 20 carbon atoms, polycycloalkyl containing 4 to 60 carbon atoms,
polycycloalkenyl containing 4 to 60 carbon atoms, polycycloheteroalkyl containing 4 to
60 carbon atoms and polycycloheteroalkenyl containing 4 to 60 carbon atoms, any of
which can be unsubstituted or substituted with one or more electron-active groups,
solubilizing groups, or light-enhancing groups, and where A and B together form the
cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl, one of the carbon atoms of
the cycloalkyl, cycloalkenyl, polycycloalkyl, or polycycloalkenyl is one of two carbon
atoms forming the double bond of the enol ether,
R is alkyl containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms, aralkyl
containing 7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or
heteroaralkyl containing 5 to 20 carbons,
T is an aryl or heteroaryl ring capable of emitting light, and
R» is an enzyme-cleavable group that contains a bond cleavable by an enzyme moiety to
yield an oxygen anion on T;

(c) combining an aqueous solution, the oxidant, and the enol ether to form an
aqueous solution comprising a 1,2-dioxetane enzyme substrate;

(d) providing an enzyme complex comprising an enzyme moiety which is

capable of cleaving the 1,2-dioxetane enzyme substrate;
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15limted to those precise enbodi nents, and that various changes and
nodi fi cations can be effected therein by one of ordinary skill in the art

wi t hout owpantdaesirom the scope or spirit of the inventconsas 1deforned by

t he appended clains. WD 2012/ 006351PCT/ US2011/043074 W claim 1. A method
for generating light, conprising the steps of: (a)providing an oxidant;

(b) provi ding an enol ether having the structure: ACRi >< BT- 0 R2 wherein,

A and B are ipdependent selected fromt rou si.sting of straight
Chain ol Ky Rt o FHG 09 5 0V e BRI DA (e SR G AL EaF e

cont ai ni NG-RotePand@nERhO AbsBhEONS forkf AREAEH ﬁix'ﬁ)ﬂ: &RNtaining 3 to 20 carbon
atoms, branched al kenyl containing 3 to 20 carbon atons, cycloal kyl
containing 3 ¢ ZOMhHﬂbgﬂwat©W®nn@y@ﬁb&“ﬁ@@?ﬁ”@ﬁﬁtaln|ng 3 to 20 carbon
atons, cycl oheteroal kyl containing 3 to 20 carbon atons, cycl oheteroal kenyl
containl 0 20.c on. a cyc/l oal taining 4 to 60 carbon
atons, | poty oy RoEPIRERT SRR aVRiRE 4 PUOBS 16 AT Ay ggarotei perdxide

pol ycycl Qlaete e tdile, 6RNbaddpdIskide it &RIGR RlOAPpRArite, hypochlorite

pol ycycl ohet er oa kenyl contalnlng 4 to 60 carbon atonms, any Of which can be
unsubst i angt ledlregenaresidet altyédndmpmxuh'ecaiq:lumeémedfemrp@ﬁlyémtch\aedgr oups,
solub|I|Z| roups,  or | i ght - enhanci ng groups, and where A and B together
form the* é@@P%ﬁFﬁEﬁlﬁoycloalkenyl, pol ycycl oal kyl or pol ycycl oal kenyl, one
of the carbon atons of the cycloal kyl, cycl oal kenyl, polycycl oal kyl, or

pol ycycl oal kenyl is one of two carbon atons form ng the doubl e bond of the
enol et hdr, Rihgmegiof pf clagparvhersty the puidan is Aydegernapespside.ang hy@iogemi ni ng 6

to 14 Caﬁ98§d?5&g§xhﬁ£?$ﬁ%km?Onta'n'ng 7 to 15 carbon atons, heteroaryl
[ 0

contain arbon’ atons, or heteroaral kyl containing 5 to 20
car bons, is an aryl or heteroaryl ring capable of emtting light, and
4, The method of claim 1, wherein at least one of A or B is
5. The method of claim 1, wherein A and B together is
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R2 is an enzyne-cl eavabl e group that contains a bond cl eavabl e by an enzyne
noi ety to yield an oxygen anion on T; (c)conbining an aqueous solution, the
oxi dant, woadotdmemmol et her to form an aqueous sol uti onPCOMSLIIi0NIY7H

1, 2-di oxet ane enzyne substrate; (d)providing an enzynme conpl ex conpri sing
an enzyme noi ety which is capable of cleaving the 1, 2-di oxetane enzyne
substrate; WO 2012/ 006351PCT/ US2011/043074 (e) contacting the enzyne

conplex with e aqueous, sol utjon. conprjsing the 1 2-di oxetane enzyne
cobatratt to TH edoT SRk, Wi Rahs! Sohudinthe b5 Lherin ATt R 1 eact i on
m xture @Q8mer @nerihin@Nto 2 ArbohRoEt hod of claim 1, wherein the oxidant
is selected from hydrogen peroxi de, sodi um nol ybdate, hydrogen peroxi de and
sodi um nol ybdat e, hypochl orite, hypochlorite and hydrogen peroxide, aryl
endoper oxi de, cal ¢cj,u r oxi.de. per hydrate, and conbi nati ons thereof. 3.
The nethzd ofT@T%?ﬁpgpPﬁﬁg?éiWhgﬁgpgﬁidant i s hydrogen peroxide, and
hydrogen peroxi de and sodi um nol ybdate. 4. Thg $vethgd of clgrin 1, wherein
at least one of Aor Bis 5. The met hod of cls Al

together is 1og \sé

R; OR, Rs  or

X
psl
&

R, OR,

Rs

wherein,

R3, R4, and Rs, are independently selected from the group consisting of H,
F, Cl, Br, 1, cyano, nitro, sulfonate, sulfate, trifluomethyl, trifluroethyl, straight chain
alkyl containing 1 to 20 carbon atoms, branched alkyl containing 3 to 20 carbon atoms,
straight chain alkenyl containing 2 to 20 carbon atoms, branched alkenyl containing 3 to
20 carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3
to 20 carbon atoms, cycloheteroalkyl containing 3 to 20 carbon atoms,
cycloheteroalkenyl containing 3 to 20 carbon atoms, polycycloalkyl containing 4 to 60
carbon atoms, polycycloalkenyl containing 4 to 60 carbon atoms, polycycloheteroalkyl
containing 4 to 60 carbon atoms, polycycloheteroalkenyl containing 4 to 60 carbon
atoms, alkoxy containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms,

aryloxy containing 6 to 14 carbon atoms, ester containing 2 to 21 carbon atoms,
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, or WD 2012/ 006351PCT/ US2011/ 043074 6. The nethod of claim1, wherein Rl
is alkyl containing 1 to 2 carbon atons or trifluoal kyl containing 1 to 2
car bon atwomn12/00635The nmethod of claiml1, wherein T is ®eTHSIORD43D7R3
wherein, R3, R4, and R5, are independently selected fromthe group
consisting of H F, d, Br, |, cyano, nitro, sulfonate, sulfate,
trifluonmethyl, trifluroethyl, straight chain alkyl containing 1 to 20

carbon ato branched al.kyl .containing 3 to. 20 _carbon.atons,. strai ght
Chai - IR AR A oRGiBYE 3 1580 EuPb AR MO M CREAPR DIt ai ni ng

3 to 20 s@Edesh AbRARBalkANGIRAKMINiEODERD NeABos afots28yEAiBOBoRLAIB 7 t0
cycl oal kenyl containing 3 to 20 carbon atons, cycioﬁ’eteroal kyl containing 3

to 20 catbenbet gaws. dydraohaneylsahkinyd 2 ¢ont edrhometodist aylzarbemopbn at ons,

pol ycycl oal kyl ntai ning 4 to 60, carbon atomns., .po cl gal kenyl cont ai ni ng

o b0 Stine ZBS Ml ofipte” st ERAERR Rt KRG bon at o,

pol ycycl aigﬁhﬂ%mﬂnkleayﬁtam@t@ionjmmbnt@orﬁﬁ), tHalkpeNyldoatEnindB kOBY cadsh ai ning 1
r

to 20 carbon atoms, aryl containing 6 to 14 carbon_ atons, ‘ar%/I 0X
cont ai ni HgMe, trigrylalyt geieiRingtISrig 42sathep atkm: alkylapysipylcontaming at ons,

carbon atoms, alkylamidosulfonyl containing 1 to 20 carbon atoms, arylamidosulfonyl
containing 6 to 14 carbon atoms, alkylsulfonyl containing 1 to 20 carbon atoms,
arylsulfonyl containing 6 to 14 carbon atoms, alkylthio containing 2 to 20 carbon atoms
and arylthio containing 6 to 14 carbon atoms, and

X is a sulfur atom, oxygen atom, or nitrogen atom.

8. The method of claim 1, wherein OR; is phosphate, acetate, 1-phospho-2,3-
diacylglyceride, adenosine triphosphate, adenosine diphosphate, adenosine
monophosphate, adenosine, a-D-galactoside, f-D-galactoside, a-D-glucoside, B-D-

glucoside, a-D-mannoside, B-D-mannoside, B-fructofuranoside, f-D-glucuronide, or

=

CO,Na

0B,
NHAG
B,0

HO OB, , wherein, Bj, B, and B; are each independently H or an

alkyl (branched or straight chain) of 1-4 carbon atoms.

9, The method of claim 8, wherein R, is
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trial kyl ammoni um containing 3 to 30 carbon atons, trial kyl phosphoni um
containing 3 to 30 carbon atons, al kylam do containing 2 to 21 carbon

at ons, arwbanizdweisont ai ning 7 to 15 carbon atons, al kyl earThsawylo43vent ai ni ng
2 to 21 carbon atons, arylcarbanoyl containing 7 to 15 carbon atons,

al kyl sul fonam do containing 1 to 20 carbon atons, aryl sulfonam do
containing 6 to 14 carbon atons, trialkylsilyl containing 3 to 60 carbon
atons, triarylsilyl containingyl8 to 42 carbon atons, alkylarylsilyl
containing 7 to 32 carbon afong, alkylanidosulf&{yl containing 1 to 20
carbon atons, arylam dosulf containing 6 t 4 carbon atons,

al kyl sul f,onyl Contaj ning 1 20 carb at ons, Hf onyl containing 6 to
14 carboﬁ%a&ééﬁo—a kp Ndi ng atons and arylthio
cont ai ni 6\to 14 , X\é oxygen atom or
nitrogen aton® 8. TheS met hod of claim,l, Swherein OR2 i s phosphate, acetate,
1- phospho- 2, 3- di acyl gl yceri de, ade Nme triphosphate, adenosine

di phosphat e, adenosi ne nonophgsghate, adenosi ne, a-D- gal act osi de,

f 3- D- gal act osi de, a-D-gl ucosi de, Dgl ucosi de, a-D-mannosi de,

f 3- D-mannosi de, f 3-fructofuranosid 3-D-gl ucuronide, or CO2Na OBl NHAc
B20 0133, wherein,, Bl, B2 and B3 a¢ i ndependently H or an al kyl
(branched or straifg chain) of 1-4 c g4 ons. 9. The nmet hod of claim 8,
Mwmﬂ1§is i erein R is E-L-Nuc-7Z,

rou 4 sing an C

wherein Y hi'fT'c atom which atom upon the
enzymati c é age of the Z groupHPs att ZcRed by the electron pair of the
Nuc group and by anchineriq(ﬁssistanceHDeIeasesOWhe 1, 2- di oxet ane enzyne

substrate anion; L is a linking group; Nuc is nucleophic atom and Z is an

enzymatical ly cl eavabl e group; wherein E is carboxyl, carbonyl,
net hyl ent)-sub&ks mgthed obglagm [lewhesin Ryris fipl-Noisobphizarein Eolgalgsen e, xant hat e,

sulfite, coﬁ%ﬁs%&agtneelem‘of)ﬂhfci att(%n,o\;;lhigfl %1{6'11{ h;goer‘l the enzymatic cleavage of the Z
group is attacked by the electron pair of the Nuc group and by anchimeric assistance
releases the 1,2-dioxetane enzyme substrate anion; L is a linking group; Nuc is
nucleophic atom; and Z is an enzymatically cleavable group; wherein

E is carboxyl,carbonyl, methylene substituted by a leaving group, phosphate,
carbonate, xanthate, sulfite, sulfonate, bisulfite or bisulfide;

L is selected from the group consisting of methylene or polymethylene containing
1 to 4 carbon atoms, -(CH,),-O-(CH,),, -(CH»)y-S-(CH,),-, or —(CH»)n-NRe-(CH,),-,
wherein m and n are O to 3 and m+n is 2 or 3, wherein
R is alkyl containing 1 to 10 carbon atoms and the linking group may be substituted by
alkyl containing 1 to 24 carbon atoms, alkenyl containing 2 to 24 carbon atoms, alkyl
containing 1 to 24 carbon atoms and mono- or di-substituted with acyloxy containing 1 to
24 carbon atoms, alkenyl containing 2 to 24 carbon atoms and mono- or disubstituted
with acyloxy containing 1 to 24 carbon atoms, aryl containing 6 to 10 carbons, alkyl
containing 1 to 24 carbon atoms and substituted with phenyl, hydroxyphenyl, indolyl,
mercapto, alkylthio containing 1 to 4 carbon atoms, hydroxy, carboxy, amino, guanidino,
imidazole or carbamyl, or alkenyl containing 2 to 24 carbon atoms and substituted with
phenyl, hydroxyphenyl, indolyl, mercapto, alkylthio containing 1 to 4 carbon atoms,

hydroxy, carboxy, amino, guanidino, imidazole, or carbamyl;
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L is selected fromthe group consisting of nethylene or polynethyl ene
containing 1 to 4 carbon atons, -(CH2)mO-(CH2)", -(CH2)m S-(CH2)11-, or

- (CH2) m NRO-20H@¥351-, wherein mand n are 0 to 3 and m+RCTAIS2010/04874 wher ei n
R6 is alkyl containing 1 to 10 carbon atons and the |linking group nay be
substituted by alkyl containing 1 to 24 carbon atons, al kenyl containing 2
to 24 carbon atons, alkyl containing 1 to 24 carbon atons and nono- or

di -substituted with ac Io&y contginin .1(}0 24 carbon atomns, al kenyl
cont ai ni ng 2 t8¢ PANEYBIh BIHS ' dNAAEN®2Y or di substituted with acyl oxy
containing 1 yg sﬁ%r??ﬁc@%l?%ho%b,?—@&k IoNcBEbs Bl h@ndBiné BifHREShordl KY!
containing 1 to 24 carbon atons and substitut'ed with phenyl, hydroxyphenyl,
i ndol ylI , adeepgiapdiphosphiiyl péinesive maiophesghdryt, @danaszh bda-galaoiesyl, Prftir oxy,

car boxy, _am.no ani di im dazqgl e or carb ..or alk |, containing 2
Co 20 Lar oSt AL MNP UER R ERET GreaBRLRT PO iy s R Ty
nmer capt o, al kylthio containing XICama4 carbon atons, hydroxy, carboxy,

am no, guani dino, imdazole, or/carbanyl; Nuc is an oxygen atom or sul fur
atom and Z is phosp , acetyl, 1-phospho-2, 3-di acyl gl ycerosyl,
adenosi ne tri phosphoryl, adendsNge di phosphoryl adenosi ne nonophosphoryl,
adenosyl, a-D-galacto syl, f3- osyl, a-D-glucosyl, f3-D glucosyl,

a- D-mannosyl, f3-D mannosyl, f3- uranosyl, CO2Na OBl NHAc B20

f 3- D- gl ucosi duransyl, or HOOB3, wherayjn, dBi, B2 and B3 are each

i ndependently H or an al kyl (branche Niaai ght chain) of 1-4 carbon
atons. 11. The net hod of claiﬁ%é in Zis OH OHOH 12. The met hod of
claim1, wherein the enzyne 'ses(g hydrol yti c enzyne.

B-D-glucosiduransyl, or HO 3 wherein, By, B, and Bs are

each independently H or an alkyl (branched or straight chain) of 1-4 carbon atoms.

11. The method of claim 10, wherein Z is

OH
OH OH
O
H
/ _ HO HO °
- _\_O \% 0] \g (6]
- OH OH
O 2 2 2
CO5Na
0]

OH
OH
HO OH NHA
CO,Na c
~ O HO
OH

, Or HO

12. The method of claim 1, wherein the enzyme moiety comprises a hydrolytic

enzyme.

13. The method of claim 12, wherein the hydrolyic enzyme is alkaline phosphatase,

B-galactosidase, f-glucosidase, f-glucuronidase, or neuraminidase.
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13. The method of claim 12, wherein the hydrolyic enzyne is al kaline
phosphat ase, f3-gal act osi dase, f3-glucosi dase, f3-glucuroni dase, or

neur am niwexe12/006¥312012/ 006351PCT/ US2011/ 043074 14. Thecwaishad/oefo7€l ai m
13, wherein the enzyne noiety is an enzyne. 15. The nethod of claim 14,
further conprising the step of detecting the light emtted fromthe
reaction mxture after addition of the aqueous solution of the

1, 2-di oxet ane enzyne substrate, wherein the em ssion of light is indicative
of the presence of the enzyne, and the anmount of light emtted can be

correl ated toThh@eMERYRLIaRh 18NEhERRNARVRREAbIclys henSampl e.  16. The
met hod of claim13, wherein the enzynme moiety i s an enZyne-|inked anti body

conprising a first anti body capable of binding to an antigen and an enzyne

Cubetrat B dec hpieaet By d QBN e SURRLOGEE S Ind Bl chffar o

wher ei n 6@ thé featti@hi-ReOEYfteSadidval @Mhd YqRbuh@gnadfend | -dibked to the
enzyne. 18. The nmethod of claim 17, wherein the first antibody is

coval ent ¢8zypierskbyrate whereib e eanepiqrhel lighs {sadicativepfdhepressnce phtbéd to a

nmol ecul e b - C - ndi . e t hod of

ol ai m 16 AREr R, 8¢ ARSI RAE 8 3eh BOcS kB d A8 honniah i BB N

mol ecul epiesenai theRamaplest r epavi din.  20. The nethod of claim 18, wherein the
| abel is a hapten and the nolecule is an anti body capable of binding to the
hapten. 21. The nmethod of claim 16, further conprising the steps of:

(a) provigi ngrge S2fRlior SRS ! whkeiOh HOMRAhR! MG NEASRE linked, (D)

provi ding a soﬁ?glgﬁase conprisﬁﬁg a secghﬁ anfﬁgggy o pab?%c%f binding to
t he antigﬁﬁmdywamﬁﬁﬂﬁg@ﬁ@ﬁﬁﬁﬁ@I&U@ﬁﬂﬂdbﬁ@ﬁ@ﬁgtganamuﬁopndammemMng t he
zggg: gxaga%ﬁ gzo¥ gﬁ:ﬁ\lfilng t eedl ,E—rgitléxtf):?a% e}llmz;nbe sturl])gtrgcg lsé glaPHl%SsngttI%tef &)erc[)nmtpgseesenzyrre

and generates light.

17. The method of claim 16, wherein the first antibody is covalently or non-

covalently linked to the enzyme.

18. The method of claim 17, wherein the first antibody is covalently linked to a label
and the enzyme is covalently linked to a molecule capable of non-covalent binding to the

label.

19. The method of claim 18, wherein the label is biotin, or a biotin derivative, and the

molecule is avidin or strepavidin.

20. The method of claim 18, wherein the label is a hapten and the molecule is an

antibody capable of binding to the hapten.

21. The method of claim 16, further comprising the steps of:
(a) providing a sample suspected of comprising an antigen;
(b) providing a solid phase comprising a second antibody capable of binding

to the antigen;
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(d) detecting the light emtted fromthe reaction mxture after addition of
t he aqueous solution of the 1,2-di oxetane enzyne substrate, wherein the

em ssi on WO 2bigles3sis i ndi cative of the presence of the &oTiuseo,1/0a3vd4 t he
amount of light emitted can be correlated to the anbunt of the antigen
present in the sanple. 22. The nethod of claim 21, further conprising the
step of renoving any unbound enzyne-|inked anti body fromthe enzyne

complex. 23.,The nethod of claim 13, wherein th nzyne. noi e i S an
enayimo- | i nkedAnt | GUVACCORH ST S <ot POORKEhERTRCE A rRe S ftoes
cl eavi ngrdrhd erfryfle@6BIANE afiNzyMe Ssubstrate so that the substrate

deconposes and génerates light. 24. The nethod of claim 23, wherein the
antigen i s cotdal enddtgcting theohght swalteshirom the reRetebnt oixture atiprzadegion gshe The

net hod of cl ai 4 ereiLn.antigen i s coval ent linked.to a.l.abel and the
enzyrre 1 ERRLn MR o s Sesclc RNRAE e GRG0 37 LBRG: D ng
to the | @drhtive Sbthe phgedebh @R} Hkigsl, AhntEmovhebelighttehttddi@lbel s bi otin, or
a biotin derivative, and the nolecule is avidin or strepavidin. 27. The

met hod oforedlapdhiopBe appentelf the adigen pesentdn thetsa®plen and the nol ecul e is an
anti body capable of binding to the hapten. 28. The nethod of claim 23,
further conprising the steps of: (a) providing a sanpl e suspected of

conpri si 2@ anTheainethed of claim 21 (fa)ther @wipdising the sop bfireplvase; agnmbbeidig an

anti body capahble of binding to the antigen; WO

2012/ 0063BYPET N2 811h 9y tore the enzyme g9mplsyt act i ng t he sanpl e and
enzyne-|inked antigen with the solid phase to forman enzyne conpl ex; and,
(d) detecting the light emitted fromthe reaction mxture after addition of
t he aquedis sthametiododf dhm 18, hdicox die @neyreampmty sulnsheane linkdrbagigant he
amount of light emtted can be correl ate ]to.th%»nggnt of the antigen
present THRFINSY PSS aHHIN FRIMGLARPUC 8 C'eP TS 8, - FIaFEHET SE8MSr i sing t he
step of {@BMERE tRMheLIBARIIRBAYER:ahakegkaRt jigan from the enzynme conpl ex.
30. The nethod of claim 13, wherein the enzyme noiety is an enzyne-I|inked

ol i gonucl eoti de conprising an oligonucl eoti de capable of hydridizing to a

nucl ei c id da nzyme pabl e. cl.eavi.ng the. 1l 2-di oxetane enzyne
cubstratsrso TRereRRd SRR PAPER ST, SUERY L ghRay uf all PRGNS
linked to the enzyme.

25. The method of claim 24, wherein antigen is covalently linked to a label and the

enzyme is covalently linked to a molecule capable of non-covalent binding to the label.

26. The method of claim 25, wherein the label is biotin, or a biotin derivative, and the

molecule is avidin or strepavidin.

27. The method of claim 25, wherein the label is a hapten and the molecule is an

antibody capable of binding to the hapten.

28. The method of claim 23, further comprising the steps of:
(a) providing a sample suspected of comprising an antigen;
(b) providing a solid phase comprising an antibody capable of binding to the

antigen;
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31. The nethod of claim 30, wherein the oligonucleotide is covalently or
noncoval ently linked to the enzyne. 32. The nethod of claim 31, wherein
ol i gonuclwotnbaosbasicoval ently |inked to a | abel and thePemaysn®1i0$3074
covalently linked to a nol ecul e capabl e of non-coval ent binding to the

| abel . 33. The nethod of claim 32, wherein the |abel is biotin, or a
biotin derivative, and the nolecule is avidin or strepavidin. 34. The

net hod of claim 32, wherein the |abel is apten and .t he cule is an
T body capalfle atonieag i rl sy s tnkaBhthed Vit e sOTBt FErG o 30,
further geMRNicsLRge thapRkens, of 1 (a) providing a sanple suspected of

conprising a nucleic acid; (b) immobilizing the nucleic acid to a solid
phase, WD 202/ 00&3&1RCTIAUGRD emi0ABDI the reactiqnohix¢wra et dddgiontd thamobi | zed

nucleic acid and the enz =11 nked oligonucleotide to forman,.enzyme
conpl ex; tisgus Setution of g ZidionelhE S Rl E wbrein s SRbT HERET | on
m xture @hied cased toredated td the aAUROIIhS Ytidkeh Presert ih A shmdiddi oxet ane enzyne

substrate, wherein the em ssion of light is indicative of the presence of
the nucleic acid, and the amount of light emtted can be correlated to the

t th l.gi ' | | i f clai
35, Tur Cher oy aast il BB SRRl ol e RER ot i o RO g ™

ol i gonucéegticdmkbd antiddndran henamzemapbaglex. 37. The nmet hod of claim 1,
wherein the reaction m xture further conprises an enhancer. 38. The net hod
of claim 37, wherein the enhancer conprises a polyneric quaternary amoni um

sal t, pobymerig &H%Qr&acﬁm%mpﬁ%m'@%ﬁﬂ AN he m%Eetf‘s%@ﬂ&ﬂ%&-!hﬂﬁe& hereof . 39.
The net hod of é?a|n138, erein the enhancer fur her cohpri ses an accept or
dye.  40oligoneclret deombngfrisglgaanmlig®nuakreide icapabieofdgclegizorg yaenuckid daidr escei n.

and an enzyme capable of cleaving the 1,2-dioxetane enzyme substrate so that the

substrate decomposes and generates light.

31. The method of claim 30, wherein the oligonucleotide is covalently or non-

covalently linked to the enzyme.

32. The method of claim 31, wherein oligonucleotide is covalently linked to a label
and the enzyme is covalently linked to a molecule capable of non-covalent binding to the

label.

33. The method of claim 32, wherein the label is biotin, or a biotin derivative, and the

molecule is avidin or strepavidin.

34. The method of claim 32, wherein the label is a hapten and the molecule is an

antibody capable of binding to the hapten.
35. The method of claim 30, further comprising the steps of:

(a) providing a sample suspected of comprising a nucleic acid;

(b) immobilizing the nucleic acid to a solid phase,
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41. The nethod of claim 38, wherein the polyneric quaternary amoni um sal t
I's pol y(vinyl benzyl tri met hyl ammoni um chl ori de),

pol y[ vi nywobenydo¢isenzyl di net hyl amoni um chl ori de) ], PCT/US2011/043074

pol y[ vi nyl (benzyl tri butyl ammoni um chl ori de)],

pol y[ vi nyl (benzyl tri pentyl anmoni um chl oride)], or a conbination thereof.
42. The nethod of claim 38, wherein the polyneric quaternary phosphoni um

salt is poly(vinylbenzyltrinethyl phosphani um chl oride), .

ol y(vi ny | bty { r PO AR G GG Hignd the ensShe linked

pol y(vi nyli Qpnabidd 8Fbxh RhesRRRMpIGHLAGT de), a copol ymer conpri sing

pol y(vi nyl'benzyl tri butyl phosphoni um chl ori de) and '

pol y(vi nyl ben@yl t r desectipie ghroligiti oniiited febrndid wegtiononixgure aftbi additicarpfitheer eof .

43.The rrz?c}ugglgs 2 utlcolnaolf %611,2%06{6?21% e%?yemee af lstra?t%,hxgﬂerlei% thf%_lmlgs_{on of Qg,;ilt isO_I
indicative of the presence of the nucleic acid, and the amount of light emitted can be

correlated to the amount of the nucleic acid present in the sample.

36. The method of claim 35, further comprising the step of removing any unbound

enzyme-linked oligonucleotide from the enzyme complex.

37. The method of claim 1, wherein the reaction mixture further comprises an
enhancer.
38. The method of claim 37, wherein the enhancer comprises a polymeric quaternary

ammonium salt, polymeric quaternary phosphonium salt, or a combination thereof.

39. The method of claim 38, wherein the enhancer further comprises an acceptor dye.
40. The method of claim 39, wherein the acceptor dye is fluorescein.
41. The method of claim 38, wherein the polymeric quaternary ammonium salt is

poly(vinylbenzyltrimethylammonium chloride),
poly[vinylbenzyl(benzyldimethylammonium chloride)],
poly[vinyl(benzyltributylammonium chloride)], poly[vinyl(benzyltripentylammonium

chloride)], or a combination thereof.
42. The method of claim 38, wherein the polymeric quaternary phosphonium salt is

poly(vinylbenzyltrimethylphosphonium chloride),
poly(vinylbenzyltributylphosphonium chloride),
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poly(vinylbenzyltrioctylphosphonium chloride), a copolymer comprising
poly(vinylbenzyltributylphosphonium chloride) and

poly(vinylbenzyltrioctylphosphonium chloride), or a combination thereof.

43. The method of claim 1, wherein the enol ether is
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, or 44. An assay nethod for determ ning the presence or anount of an
enzyne in a sanple, conprising the steps of: (a) providing an oxidant;
WO 2012/006351 PCT/US2011/043074
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(b) providing an enol ether having the structure: WO

2012/ 006351PCT/ US2011/ 043074 AORi B> < T-OR2 wherein, A and B are

i ndependewOl2g129@b3set ed from t he group consisting of stracghis2ahaiivzal kyl
containing 1 to 20 carbon atons, straight chain al kenyl containing 2 to 20
carbon atons, branched al kyl containing 3 to 20 carbon atons, branched

al kenyl containing 3 to 20 carbon atons, cycloal kyl containing 3 to 20
carbon atons, cycloal kenyljcontaining 3 to 20 carbon atons,

cycl ohet er oal ky oRialri ng toxR0 bon atons, cycl ohet eroal kenyl
containing 3 td 4:'3: b ﬁbi 1 oal kyl containing 4 to 60 carbon
at ons, pol ycyc)op ,? ing 4\t q 60 carbon atons,

pol ycycl ohet eles 4 to €0 carbon atons and

pol ycycl ohet er oal kenyl contalningi4 to 60 carbon atons, any of which can be
unsubstituted or substituted g one or nore el ectron-active groups,

sol ubi l'i zi ng groups, or light-enKancing groups, and where A and B toget her

formthe cycl oal kyl, cycloalkenykg | ycycl oal kyl or pol ycycl oal kenyl, one

of the carbon atons of the cycl oal kyl'n cycl oal kenyl, pol ycycl oal kyl or

pol ycycl oal kenyl is one of two carhaoyf atons form ng the doubl e bond of the

enol ether, Rl is alkyl containing 1 to 20 carbon atons, aryl containing 6

to 14 carbon atons, ~acal kyl eomtai ning 7 b 15 carbon atons, heteroaryl
containing 4 to 20 ons,.0r ewél@—al kyl containing 5 to 20
e O L ¢

carbons, T is A rind\capable of emtting light, and R2
is an enzyne-
noi ety to yiely ; (c) conbining an aqueous
solution, the oxidant, and the enol ether to’form an aqueous sol ution
conprising a 1, 2-di pxet.ane enzyoe substrat®; (d) providing a sanple
suspect ed of corrpr ~eh/l s -capabl e of cleaving the

1, 2-di oxet ane g (& ) hat Pﬂe substrat e deconposes and

(e) co

generates lig g theosanple with the aqueous sol ution
conprising the
and, WO 2012/00

, Or

OCH; O\P/LOO-
sh

44. An assay method for determining the presence or amount of an enzyme in a
sample, comprising the steps of:
(a) providing an oxidant;

(b) providing an enol ether having the structure:
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(Odetecting the light emtted fromthe reaction m xture after addition of
t he aqueous solution of the 1,2-di oxetane enzyne substrate, wherein the
em ssi on WO 2bigles3sis i ndi cative of the presence of the eozyuse)11amb74 he
amount of light emtted can be correlated to the anbunt of the enzyne
present in the sanple. 45. An assay nmethod for determ ning the presence or
anount of an antigen in a sanple, conprising the steps of: (a) providing an
oxi dant; (b) proviging an enoIO t her having the structure: AOR B> T- 0 R2
wherein, A and B ares_ i ndependenitl'y selected fromthe group consisting of
straight chain al kyl sontain/ng 1 to 20 carbon atons, straight chain

al kenyl containing 2 Ao 20 tarbon atons, branched al kyl containing 3 to 20
carbon atons, bran% ed al keny ggg;%%ning 3 to 20 carbon atons, cycl oal kyl
containing 3 to 20 §)20alkenyl containing 3 to 20 carbon

carbon atong, ¢
atoms, cyglepeteroal kyl containing 3 to 20 carbon atons, cycloheteroal kenyl
containing 3 fo 20 carbon atons, polycycloal kyl containing 4 to 60 carbon
at ons, palapd\Bdroandependendpntledted frgmahe grodp comsifsong aditstmmght chain alkyl

pol ycycl ohet.er ogl k containing 4 to.60 carbon at.ons .an

Dol Jcycl SHEHEREdI R SProBb A g el Sha iR, DRARE A 2960 Yth can be
unsubst i pidh@fkd Aky$ WO Sthintrst 2@ 20 daboANRoAY, bIRIcBeEhIRER Y @Pntamid M Bt PUPS,

sol ubi l'i zi ng groups, or light-enhancing groups, and where and B toget her

f or m t hecasha1 gamkydycloaikyl eeitkiaimg|3 togolopdypnl agank giclotlkpuil yesteingr kenyl , one
of the carbon atons of,the cycloal kyl al.kenyl . pol cl oal kyl, or
O e TS PR HOR. GlchlerdiSh 8 ifiie LY PRSI Mo, RO BEHEIARCEN - 07

enol et hedntaifthgi3so 20kyitbos @find, PbRPyclodlRyl 20n@aliNoM tas@eEboRitpmscont ai ni ng 6
to 14 carbon atoms, aralkyl containing 7 to 15 carbon atons, heteroaryl

g :
cont ai ni PRJy@claslirnykeontamng a0 caibon atostse BPlyf YejohetsprikylfioRtimng 4 too
car bons, | r j L4 iLght, and R2
o an onty sarbaf ot khd L ORIA b ) SR GRBRLE W B B0 B Lo
noi ety twhithehdbannabyireredanisatianedwvith one or foje denivinficrige aroupgueous

sol ution, the .oxidant, ng the enol ether to form gn aqueous so] ution
conpri si q,péu‘tah{l,né gfﬂ“@ﬁ’é)[riﬁ t- HBE g{ﬂygﬁ,raélfiéyhere A and B together form the

cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl, one of the carbon atoms of
the cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl is one of two carbon
atoms forming the double bond of the enol ether,

R is alkyl containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms, aralkyl
containing 7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or
heteroaralkyl containing 5 to 20 carbons,

T is an aryl or heteroaryl ring capable of emitting light, and

R» is an enzyme-cleavable group that contains a bond cleavable by an enzyme moiety to
yield an oxygen anion on T;

(c) combining an aqueous solution, the oxidant, and the enol ether to form an
aqueous solution comprising a 1,2-dioxetane enzyme substrate;

(d) providing a sample suspected of comprising the enzyme which is capable
of cleaving the 1,2-dioxetane enzyme substrate so that the substrate decomposes and
generates light;

(e) contacting the sample with the aqueous solution comprising the 1,2-

dioxetane enzyme substrate to form a reaction mixture; and,
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(d) providing a sanple suspected of conprising the antigen; (e)

provi ding an enzyne-1linked anti body conprising a first anti body capabl e of
bi ndi ng twotzhe/@misigen and an enzyne capabl e of cl eavi ng@CThiS2d1124370xet ane
enzynme substrate so that the substrate deconposes and generates |ight;

(f) providing a solid phase conprising a second anti body capabl e of binding
to the antigen; (g) contacting the sanple and enzyne-I|inked anti body
with the solid phase to forman enz conplex; . h) contacting the
enzyme conpl el wi ¢ FEESBe ARG STOG BT BAg e g A R she e
enzyne syisbi@dotutddd Jraidn, 2 di¢@ednk @Rzyhe fubsRate ABbrein the emfskibn @itk Ng t he
light emtted fromthe reaction m xture after addition of the aqueous

sol ut i onindfcativgeoflthe prtisencetod the eomypemand ihsamenrd of lipktremiitted pan i ssi on of

| i ght isa%QQ%%?&h¥e of Hh%t%gesegfe 8; gﬁghanti en, and the amount of [|ight
em tted TAN be corf &atEd 8 THeMambuRt '0f ¢ HE'PAvit i gen present in the
sanple. 46. An assay nethod for determ ning the presence or anount of an
antigen in a sanple, conprising the steps of: (a) providing an oxidant; (b)
provi di ndP-an AA@saFmprshochiay defgrmainmesthe presece or AORINRY aragRgeniAdr ei n, A and

B are in v e fromthe group consisting of straight chain
e L

al kyl co on atons, straight chain al kenyl containing 2
to 20 carbon @b onsprobidancdeskiddnkyl containing 3 to 20 carbon atons,
branched al kenyl containing 3 to 20 carbon atons, cycloal kyl containing 3

to 20 carbon & omsPro¥ifingo) wohgihethAving the sguciuico
A OR;

B T—OR,
wherein,
A and B are independently selected from the group consisting of straight chain alkyl
containing 1 to 20 carbon atoms, straight chain alkenyl containing 2 to 20 carbon atoms,
branched alkyl containing 3 to 20 carbon atoms, branched alkenyl containing 3 to 20
carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3 to
20 carbon atoms, cycloheteroalkyl containing 3 to 20 carbon atoms, cycloheteroalkenyl
containing 3 to 20 carbon atoms, polycycloalkyl containing 4 to 60 carbon atoms,
polycycloalkenyl containing 4 to 60 carbon atoms, polycycloheteroalkyl containing 4 to
60 carbon atoms and polycycloheteroalkenyl containing 4 to 60 carbon atoms, any of
which can be unsubstituted or substituted with one or more electron-active groups,
solubilizing groups, or light-enhancing groups, and where A and B together form the
cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl, one of the carbon atoms of
the cycloalkyl, cycloalkenyl, polycycloalkyl, or polycycloalkenyl is one of two carbon
atoms forming the double bond of the enol ether,
R, is alkyl containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms, aralkyl
containing 7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or
heteroaralkyl containing 5 to 20 carbons,

T is an aryl or heteroaryl ring capable of emitting light, and
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20 carbon atoms, cycl oheteroal kyl containing 3 to 20 carbon atons,

cycl ohet eroal kenyl containing 3 to 20 carbon atons, polycycloal kyl

cont ai ni nyo&ot20006831car bon at ons, pol ycycl oal kenyl cont aiPoirag2el10¢3060 car bon
atons, pol ycycl oheteroal kyl containing 4 to 60 carbon atons and

pol ycycl ohet er oal kenyl containing 4 to 60 carbon atons, any of which can be
unsubstituted or substituted with one or nore el ectron-active groups,

sol ubilizing groups, or light-enhancin roups, where A and B together

For m t heRe panaarepe ey doua il conens e Joro BRI Beive PerbsrRehy - one

of the caehom AesPabn bR, cycl oal kyl, cycl oal kenyl, polycycloal kyl, or

pol ycycl oal kenyl "is one of two carbon atons form ng the double bond of the

enol ether, RE)is edkbihingantagheniusgolution, thooxidaomdaheamol ethey to vomtaai ni ng 6

to 14 carbaon at aral kyl containjng 7 to 15 carbon atons, heteroaryl
cont ai n 1o o Spasing cht SR6P afee kst ABST cont ai ning 5 to 20
carbons, T is@n apyhidg Nei@iloadspbcted Bcorapalihobn@mnt ting light, and R2
is an enzyme-cl eavabl e group that contains a bond cl eavabl e by an enzyne
noi ety to yiefled anPioxidégnnggiizgmedinkyd antibody comprigigaitistigtibedyacinedlas

sol ution, &H&Eggé_ %Ié%tig%dantd% e}‘f} €d0a6le &%}Ja%n@tﬂ@%%?&f&%%e%ﬂk%g on

conprising a oxefane enz Su strate; providing a sanple
suspect eghbefrate eorftat ghersgbdtiage daebim@eses and generftey lightovi di ng an enzyne-|i nked
antigen conprising the antigen and an enzynme capabl e of cleaving the

1, 2- di oxet anelfenzyPieVvisiigst 1olidePhads aaRIisiHE? GpRg ptbedy sarstsfddnding
generate&th%%ﬂ;én. (f) providing a solid phase conprising an anti body
capabl e of |n&%ng to the antigen; (g) contacting the sanple and
enzyne- | i nked(gant | gexaching ithet fampdodridenpinas-dinked frgrbodgpmvithrthy seidcgnpd @X;

(h) contg&tin% t he enzynme conplex with the aqueous solution conprising the
1, 2- di oxeY' A8 BAYYREDNHEtrate to forma reaction mxture; and, (i)

detecting theg))i ghtorediiht @t &z 0k bipleRasitH @B afhctubkSludbl &Smpedid ihen of the
aqueous solution of the 1, 2-di oxetane enzyne substrate, wherein the anount

of |i ght L.ardiexcéahecanyheswduirateltafa a waethm mindwarandf t he anti gen present in
the sa_rrp! €. 1 ZO&C%éCQQIG%I?echE{/CILﬁ%%le é/nqéhgeor%{alctﬁorn%&u?fg %ﬁ%r a 11:‘uho%dofftl(1)r
det er_m !'ll ng the presenceé and? or anpun? (0] a_ nucl el ¢ acl I'n a samnpl e,
conpri si fghebtiesoddtRipSordhe 1,0 @l dNetinke @hAGn@SubOKAtE akkérein the emission of light is

indicative of the presence of the antigen, and the amount of light emitted can be

correlated to the amount of the antigen present in the sample.

46. An assay method for determining the presence or amount of an antigen in a
sample, comprising the steps of:

(a) providing an oxidant;

(b) providing an enol ether having the structure:

A OR;

B T—OR,

wherein,

A and B are independently selected from the group consisting of straight chain alkyl
containing 1 to 20 carbon atoms, straight chain alkenyl containing 2 to 20 carbon atoms,
branched alkyl containing 3 to 20 carbon atoms, branched alkenyl containing 3 to 20

carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3 to
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(b) providing an enol ether having the structure: ACRI B> < T- 0 R2 wherein,
A and B are independently selected fromthe group consisting of straight
chai n al kyb 20voedsmi ng 1 to 20 carbon atons, straight clrarnuSadiemsls
containing 2 to 20 carbon atons, branched al kyl containing 3 to 20 carbon
atonms, branched al kenyl containing 3 to 20 carbon atons, cycl oal kyl
containing 3 to 20 carbon atons, cycloal kenyl containing 3 to 20 carbon
cl ohet er oal kenyl

atoms, cycl oheteroal k containing 3.to 20, carbon atons,

contai i AP Ton R Db SSai o RTeTCE e oNE HEARIBY car bon
at oms, PnYhNiak3abkeRYIboR AWK, 51)13'6 AodI1Ry1R8n & ROM tR6@8Rbon atoms,

pol ycycl ohet er oal kyl cont ai ni ng ¥o 60 carbon atons and

pol ycycl phizeystadicahgantatoing dite 0f gabon otods, pelybyiohetaspalkylaeptagfingvhiteh can be
unsubstituted or substituted with one. or nore ectron-active groups,

sorubi |1 97 PP B TR PO oM R AR SO Pl s P P EO R 3B Foger her

f or m t hewtiyslco@bk hsubsitateddh kemyitutedRltl O}E bPRbleydle@fonpRliye ¥@upal kenyl , one

of the carbon atonms of the cycloal kyl, cycl oal kenyl, polycycl oal kyl, or

pol ycycl ArBzpE eraype s light-enhgneiag Bempatamdevicst fiang B teactasidore thiond of the

enol eth [ I o ) ining 6
to 14 car C(i)onal tl’oﬁ'gfba%?’ég}(lk @&g}z)&n(%agﬁ?yr% i%ﬁB&ygf%gﬁgglggro%%%egﬁé%hﬁg e% gflar yl
cont ai ni thg céclbalk 20 c gAsdiken ya tpoieyclotlkhke bepage wl dyitengbistoak bt figo Sarban 20
carbons, T is an aryl or hetergaryl ring capable of emtting light, and R2
is an en¥§msfmiag disidougledopd chiheeaghiths™ns a bond cl eavabl e by an enzyne

moi ety tRé iﬁ?‘ﬁlﬂ c&ﬂaﬁ?ﬁyggfta ANbrforhs, a@ﬁ)c%ﬁ{ﬁﬂliﬁ‘és@% ANCABYEAURm SN on, the

oxi dant t'he eno er to form an aqueous solution conprising’a
1, 2- di oxetnaieing7z2yté csbos tarcat s hetebppyl euntdinmgg 4tcsAhgireorsatsipectred of

conpri si t he cl ei.c. aci i mmobi lizing the nucleic acid to a solid

phase; Iﬁﬁ?gggﬁgﬁgf ﬂ%§§%§%9%ﬁ8074 (f) providing an
enzyne- | Takgfa 9 bAR0464r9P A S pa PRI kitithde #BhOhh@onucl eoti de capabl e of
hydridi zing to the nucl eic acid and an enzyne capabl e of cleaving the
1, 2- di oxBt &rie canyiyperslegvaide granp thao contains g ihend oloatable by deveiposescanid
generat e?iefdi aglh(;[x;ygen anion on T;

(c) combining an aqueous solution, the oxidant and the enol ether to form an
aqueous solution comprising a 1,2-dioxetane enzyme substrate;

(d) providing a sample suspected of comprising the antigen;

(e) providing an enzyme-linked antigen comprising the antigen and an
enzyme capable of cleaving the 1,2-dioxetane enzyme substrate so that the substrate
decomposes and generates light;

(H) providing a solid phase comprising an antibody capable of binding to the
antigen;

(2) contacting the sample and enzyme-linked antigen with the solid phase to
form an enzyme complex;

(h) contacting the enzyme complex with the aqueous solution comprising the
1,2-dioxetane enzyme substrate to form a reaction mixture; and,

(1) detecting the light emitted from the reaction mixture after addition of the

aqueous solution of the 1,2-dioxetane enzyme substrate, wherein the amount of light

emitted can be correlated to the amount of the antigen present in the sample.
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(g) contacting the immobilized and enzyne-I|inked oligonucl eotide to form an

enzynme conpl ex; (h) contacting the enzyne conplex with the aqueous
sol uti on worgpr/®s3sg t he 1, 2-di oxet ane enzynme substrate PoTfuseomAa4302act i on
m xture; and, (i) detecting the light emtted fromthe reaction

m xture after addition of the aqueous solution of the 1,2-di oxetane enzyne
substrat e, mherein the em ssion of light is indicative of the presence of

t he nucl and t unt. of light emtted can be correlated to the
bountof ¢ he il i fRegtns he PrseCh il HaMA Sk SOPSE Bk Dot | ng
t he presg 187 corPPM e (RS siep @nal yte in a sanple conprising: (a) an

oxi dant, and (b) an enol ether having the structure: wherein, A and B are
i ndependent | y(agel empémilﬁgétrmmd@t;group consi sting of straight chain alkyl
containing 1 Ebg 20 car llaon natn%@s tﬁt Sch i n. al kenyl containing 2 to 20
carbon atons, ran%ﬁéldi%%"kff %1? r%t % carbon atons, branched

al kenyl contai ni ngA3 to 20 car Jo®; atoms, cycl oal kyl containing 3 to 20
carbon atons, cycl oaNkenyl taining 3 to 20 carbon atons,

cycl oheter oal kyl cont to 20 carbon atomns, cycl oheteroal kenyl
containing 3 to 20 , pol ycycl oal kyl containing 4 to 60 carbon
atons, polycycl oal kenyl contai ni-rgoR,t 0 60 carbon atons,

pol ycycl ohet eroal kyl containing 4 to 60 carbon atons and

pol ycycIWh@I’@@r oal kenyl contai ni ng 4 to 60 carbon atoms, any of which can be
soi ubi 11 5119 P ABEPosehit et HaRFe oyl s AP A AN T oget her
formt heccﬁmﬁhmgllw 20 caypoh qainlfse Biydightadhiciedngat dirdink 26 R9eytoaatduenyl , one
of the carbon atonms of _the cl oal kyl, cycl oal kenyl pol ycycl oal kyl , or
pol ycyc|6ran¢%@ﬁ>aiky|1§01@5wa%f3M%)C@atmcﬁﬁora% Siignchedt pikeny! cAda@gi? © Bbnd of t he
enol eth i t f.ai ning 6
to 14 car rbOIB%lt? %ﬁ ﬁc@ééyﬁ?&%&% a@% ﬁljzr(l)gc ,;3%9 a?%p%gd %ﬁg@lgﬁﬁs%nhrg eroaryl
cont ai ni z@caficbcbmataﬁhs ,Cc@rchﬂmteedadi{;& comttiniret todH) @lhonl atemmtcgtivhagroalkeayl20

car bons, i.S. a r heteroayryl capahle of emiting light, and R2
is an enZSid meggé &éICéY%QP&EP;SHSt ﬁakycxe%ﬁlﬁlgﬁﬁgngl%%ﬁ%@%%ﬁém @gw an enzyme
noi ety tQolyé}%ldilﬂéﬂypé@ﬁ%ﬁngﬂ'@'aoQﬁkb-(l)—n atofi®; p&@@yéf&ﬁet&&alﬁ l%oma‘ﬁﬁn Wherein the
oxi dant Ts”sel ected from hydrogen peroxi de, sodi um nol ybdat e, hydrogen

per oxi de6(bm1b@0@tpmmand)pyltydmlwetéryqdb@ml oomtamngr\ﬁymcﬁﬂrﬂadmrltaéomndinw&r ogen

per oxi de, yl endoper.ox] iu r oxi de per ox hydr.at e, and

Conbr nat 1B RE e B BERENEls Se xRy RE RS b TR AR T EobRh dant 1 s
hydr ogensdigsiRxh g erous, RYGhOSRANSRE QXduPe, R0 AvIeRdALIH PloyBiat Brm the

cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl, one of the carbon atoms of

the cycloalkyl, cycloalkenyl, polycycloalkyl, or polycycloalkenyl is one of two carbon
atoms forming the double bond of the enol ether,
R is alkyl containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms, aralkyl
containing 7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or
heteroaralkyl containing 5 to 20 carbons,
T is an aryl or heteroaryl ring capable of emitting light, and
R» is an enzyme-cleavable group that contains a bond cleavable by an enzyme moiety to
yield an oxygen anion on T;

(c) combining an aqueous solution, the oxidant, and the enol ether to form an
aqueous solution comprising a 1,2-dioxetane enzyme substrate;

(d) providing a sample suspected of comprising the nucleic acid;

(e) immobilizing the nucleic acid to a solid phase;
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51. The kit of claim48, wherein at |east one of Aor Bis 52.The kit of
claim48, wherein A and B together is 53. The kit of claim48, wherein Rl
is al kyl worrbevaos3sg 1 to 2 carbon atons or trifluoal kyl PCorusSadnionsy74d to 2
carbon atonms. 54. The kit of claim48, wherein Tis /OR2 1 R3

wherein, R3, R4, and R5, are independently selected fromthe group
consisting of H F, d, Br, |, cyano, nitro, sulfonate sul fate,
trifluonethyl trifluroeth : t..chain alk containing 1 to 20
carbon at oms, (hr an®iRHnY nZe‘f‘S‘ﬁﬂH&%ﬁ?ﬂbg@W O%F ‘Zoé?%bgh“ga?nons strai ght
chain al Jﬂ@gb\ﬁhcl‘é@t'iﬁeadaﬁhﬁlg o?h§7cﬁld¥£n§ﬁf tﬁ%@'ﬂue%férﬁéyd al?lﬁaaﬂ(‘ehﬁﬁn@l:iﬁﬁﬂw ofcont ai ni ng
3 to 20 carbon atons, cycloal kyl containing 3 to 20 carbon atons,

cycl oal kdpgMing thatlad- dlowgtage ¢y y2® substisohscathentbe sehypohehdetenpesekyid cont ai ni ng 3
to 20 car b%natast1 rTEi cycl ohet er oal kenyl containing 3 to 20 carbon atons,

pol ycycl Ak ef i%l taining 4 to 60 carbon atons, polycycloal kenyl containing
4 to 60 car boqg) at Oé'ﬁimtaclﬁﬁlgYlféylﬁirﬁkﬁ‘tﬁhﬁfd%li%Mkyrﬁ@ﬁhl@dd%l@nﬂclé&lcﬁ% ¢ahban atoms,
pol ycycl ohet eroal kenyl containing 4 to 60 carbon atons, al koxy containing 1
to 20 cafBOMeLOBWEX aryl containing 6 to 14 carbon atons, aryl oxy
containing 6 14 t L ons,
trial kyl ammn{hgm coq}%%cfaﬁig “8“‘% %leggﬁlggeggﬁnm %‘t gh]ge?)ugrsélg é‘}f 1L%f%um

cont ai ni hg- cﬁoiemrﬁ(énzﬁncbmbsahtemforﬁi Kiehetiondaixewsi @idni ng 2 to 21 car bon
atonms, arylam.do containing. 7 to 15 carbon atons,  al kyl car barmyl cont ai ni ng
2 to 21 carbof at oﬁeéect@gﬂlecléglﬁg%wd fomthg TepeHprnixgire Bfteraddiionaf hes

al kyl sul I

cont ai ni T U o ol ke e R e AL BTER & o bon

at ons, tmdantivsof thé pm@mcawmhegml:&ld mdl,zlndahdmmomt oﬁhghtahkwchmplts:l |yl
containin car bon al kyl am dosul f on containing 1 to 20
carbon af ate‘ﬁWﬁ%ﬁ@BB@lﬂfft Cleé‘b?l‘flglpFﬁsf‘fb“%ﬂfeoga %ar bon atons,

al kyl sul fonyl containing 1 to 20 carbon atons, arylsulfonyl containing 6 to
14 carbon atons, alkylthio containing 2 to 20 carbon atons and arylthio
cont ai ni 441%] 6 Aditigr dete¢song the presencaedgamount of an analyte in a sample comprising:

(a) an oxidant, and
(b) an enol ether having the structure:
A OR;,

>_< T—OR,

A and B are independently selected from the group consisting of straight chain alkyl

B

wherein,

containing 1 to 20 carbon atoms, straight chain alkenyl containing 2 to 20 carbon atoms,
branched alkyl containing 3 to 20 carbon atoms, branched alkenyl containing 3 to 20
carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3 to
20 carbon atoms, cycloheteroalkyl containing 3 to 20 carbon atoms, cycloheteroalkenyl
containing 3 to 20 carbon atoms, polycycloalkyl containing 4 to 60 carbon atoms,
polycycloalkenyl containing 4 to 60 carbon atoms, polycycloheteroalkyl containing 4 to
60 carbon atoms and polycycloheteroalkenyl containing 4 to 60 carbon atoms, any of
which can be unsubstituted or substituted with one or more electron-active groups,
solubilizing groups, or light-enhancing groups, and where A and B together form the

cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl, one of the carbon atoms of
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X is a sulfur atom oxygen atom or nitrogen atom 55.The kit of claim 48,
wherein OR2 is phosphate, acetate, 1-phospho-2,3- diacylglyceride,

adenosi newonopfwsishat e, adenosi ne di phosphat e adenosi ne Pebfuspiiosgivad e,
adenosi ne, a-D-gal actosi de, f3-D-gal actoside, a-D- glucoside, f3-Dglucoside,
a- D- mannosi de, f3-D mannosi de, f3-fructofuranoside, f3-Dglucuronide, or
HO OB3 , Wherein, Bl, B2 and B3 are each

i ndependent | or a K ranched or straight chain) of 1-4 carbon
ot o5 HoRKET 6Tt - N RRGH B h RO kSR I One §F NEEARST of ol ai m
48, wher gbhsBemlife BreldoDbebénd Whal@hbl &hdS @ group conprising an

el ectrophilic atom which atom upon the enzymatic cleavage of the Z group
i s attacReth byl cortaimingct ool grahan aséms,eeylgotagriagp ta i chhomatoms naaikyl

assi stance_ r.el eases.th 1,@- di oxet ane _enzyne q%;tr te anion;, Lis a

[ nki ng SPSUBRENGE 105 hotEapnhecRpR oAt B A afUndt i 1y cf eavani e
group; Wha&BhRlkyl contaikineS ©ak@@dnscar bonyl, methyl ene substituted by a

| eavi ng group, phosphate, carbonate, xanthate, sulfite, sulfonate,

bi sul fit 'g ipan Hyken kqtea@z}ryf ring capable of emitting light, and

R, is an enzyme-cleavable group that contains a bond cleavable by an enzyme moiety to

yield an oxygen anion on T.

49. The kit of claim 48, wherein the oxidant is selected from hydrogen peroxide,
sodium molybdate, hydrogen peroxide and sodium molybdate, hypochlorite, hypochlorite
and hydrogen peroxide, aryl endoperoxide, calcium peroxide peroxyhydrate, and

combinations thereof.

50. The kit of claim 49, wherein the oxidant is hydrogen peroxide, or hydrogen

peroxide and sodium molybdate.

51. The kit of claim 48, wherein at least one of A or B is

52. The kit of claim 48, wherein A and B together is
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L is selected fromthe group consisting of nethylene or polynethyl ene
containing 1 to 4 carbon atons, -(CH2)mO-(CH2)n, -(CH2)m S-(CH2)11-, or

- (CH2) m NRO-20H@¥351-, wherein mand n are 0 to 3 and m+RCTAIS2010/04874 wher ei n
R6 is alkyl containing 1 to 10 carbon atons and the |linking group nay be
substituted by alkyl containing 1 to 24 carbon atons, al kenyl containing 2
to 24 carbon atons, alkyl containing 1 to 24 carbon atons and nono- or

di -substituted with acyl oxy cont ai ni ng to 24 carbon at oms, al kenyl
containing 2 to ; Zited with acyl oxy
containing 1t 0 carbons, alkyl
containing 1 phenyl , hydroxyphenyl,

i ndolyl, nerc [ i >~ jon at ons, hydr oxy,
carboxy, am ns f di or al kenyl containing 2
to 24 carbon at Oows g Wi dr oxyphenyl, indolyl,

mercapto, alkylthio containing 1 to 4 carbon @tons, hydroxy, carboxy,

am no, guani dino, imdazole, or carbanyl; Nuc \s an oxygen atom or sul fur
atom and Z is phosphoryl, acetyl, 1-phaspho-2, 3-diacyl gl ycerosyl,
adenosi ne tri phosphoryl, adenosi ne diphospho vyl adenosi ne nmonophosphoryl ,
adenosyl, a-D-gal actosyl, f3-Dgal actosyl, a-Dxglucosyl, f3-D glucosyl,

a- D- mannosyl, f 3> mannosyl, f3-fructoft CO2Na OB1 NHAc B20

f 3- D- gl ucosi dpyransy B33, wher et d B3 are each

i ndependentl y|H or a (branch { |chain) of 1-4 carbon
atons. 58.The| kit of 7, Wwher The kit of claimb59,
wherein the e

q \ a polyEr e Ty %gi}annoniun1salt,
pol ymeri c quaternary phoSphi alt, or~a conblnaticom thereof. 61. The kit
of claim 60, wherein the enhancer further conprises an acceptor dye. 62.
The kit of claim61l, wherein the acceptor dye is fluorescein. 63. The kit

Dol (v N ber b i PRt et O (R B g 110 2 chibon dtoms o
pol y[ Vi nlReaRyl &mﬂ%qnta@cawoam o ohi ot de) .

pol y[ vi nyl (benzyl tri bufyl amoni um chl oride)],
pon[V|nyI(benzyItrlpentylannonlun1ch|or|de)] or a conbi nation thereof.

54. The kit of claim 48, wherein T is
\#" OR2

~ N

R; OR, Rs | or

X
psl
&

Rs
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64. The kit of claim 60, wherein the polyneric quaternary phosphonium salt
i s poly(vinyl benzyltrimethyl phosphoni um chl oride),
pol y(vi nywbenylos3si but yl phosphoni um chl ori de), PCT/US2011/043074
pol y(vi nyl benzyl tri octyl phosphoni um chl oride), a copol ynmer conprising
pol y(vi nyl benzyl tri butyl phosphoni um chl ori de) and
pol y(vi nyl benzyl tri octyl phosphoni um chloride); or a conbination thereof.
65. The kit of claim48, wherein the enol ether is OH OH OH OH
wherein,
R3, R4, and Rs, are independently selected from the group consisting of H,
F, Cl, Br, 1, cyano, nitro, sulfonate, sulfate, trifluomethyl, trifluroethyl, straight chain
alkyl containing 1 to 20 carbon atoms, branched alkyl containing 3 to 20 carbon atoms,
straight chain alkenyl containing 2 to 20 carbon atoms, branched alkenyl containing 3 to
20 carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3
to 20 carbon atoms, cycloheteroalkyl containing 3 to 20 carbon atoms,
cycloheteroalkenyl containing 3 to 20 carbon atoms, polycycloalkyl containing 4 to 60
carbon atoms, polycycloalkenyl containing 4 to 60 carbon atoms, polycycloheteroalkyl
containing 4 to 60 carbon atoms, polycycloheteroalkenyl containing 4 to 60 carbon
atoms, alkoxy containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms,
aryloxy containing 6 to 14 carbon atoms, ester containing 2 to 21 carbon atoms,
trialkylammonium containing 3 to 30 carbon atoms, trialkylphosphonium containing 3 to
30 carbon atoms, alkylamido containing 2 to 21 carbon atoms, arylamido containing 7 to
15 carbon atoms, alkylcarbamoyl containing 2 to 21 carbon atoms, arylcarbamoyl
containing 7 to 15 carbon atoms, alkylsulfonamido containing 1 to 20 carbon atoms,
arylsulfonamido containing 6 to 14 carbon atoms, trialkylsilyl containing 3 to 60 carbon
atoms, triarylsilyl containing 18 to 42 carbon atoms, alkylarylsilyl containing 7 to 32
carbon atoms, alkylamidosulfonyl containing 1 to 20 carbon atoms, arylamidosulfonyl
containing 6 to 14 carbon atoms, alkylsulfonyl containing 1 to 20 carbon atoms,
arylsulfonyl containing 6 to 14 carbon atoms, alkylthio containing 2 to 20 carbon atoms

and arylthio containing 6 to 14 carbon atoms, and

X is a sulfur atom, oxygen atom, or nitrogen atom.

55. The kit of claim 48, wherein OR; is phosphate, acetate, 1-phospho-2,3-
diacylglyceride, adenosine triphosphate, adenosine diphosphate adenosine
monophosphate, adenosine, a-D-galactoside, f-D-galactoside, a-D-glucoside, B-D-

glucoside, a-D-mannoside, B-D-mannoside, B-fructofuranoside, f-D-glucuronide, or
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CO,Na

0B,
NHAG
B,0

HO OB, , wherein, Bj, B, and B; are each independently H or an

alkyl (branched or straight chain) of 1-4 carbon atoms.

56. The kit of claim 55, wherein R, is

OH OH

__F//_OO_ HS - HS - OH
3\0_ : on % on

2 2 2

OH
OH
OH

HO CO,Na NHAC

~ o HO

% or HO OH
57. The kit of claim 48, wherein R, is E-L-Nuc-Z, wherein E is a group comprising
an electrophilic atom, which atom upon the enzymatic cleavage of the Z group is attacked
by the electron pair of the Nuc group and by anchimeric assistance releases the 1,2-
dioxetane enzyme substrate anion; L is a linking group; Nuc is nucleophic atom; and Z is
an enzymatically cleavable group; wherein

E is carboxyl,carbonyl, methylene substituted by a leaving group, phosphate,

carbonate, xanthate, sulfite, sulfonate, bisulfite or bisulfide;
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, or 66. A net hod for making a 1, 2-di oxet ane enzyne substrate,
conprising the steps of: (a) providing an oxidant; (b) providing an enol
et her hawogotdmesstir ucture: WO 2012/ 006351PCT/ US2011/ 02804521 DRi30B> <

L is selected from the group consisting of methylene or polymethylene containing
1 to 4 carbon atoms, -(CH;),-O-(CHb»)y, -(CH2)m-S-(CH3),-, or —(CH3)-NRes-(CHy)p-,
wherein m and n are O to 3 and m+n is 2 or 3, wherein
R is alkyl containing 1 to 10 carbon atoms and the linking group may be substituted by
alkyl containing 1 to 24 carbon atoms, alkenyl containing 2 to 24 carbon atoms, alkyl
containing 1 to 24 carbon atoms and mono- or di-substituted with acyloxy containing 1 to
24 carbon atoms, alkenyl containing 2 to 24 carbon atoms and mono- or disubstituted
with acyloxy containing 1 to 24 carbon atoms, aryl containing 6 to 10 carbons, alkyl
containing 1 to 24 carbon atoms and substituted with phenyl, hydroxyphenyl, indolyl,
mercapto, alkylthio containing 1 to 4 carbon atoms, hydroxy, carboxy, amino, guanidino,
imidazole or carbamyl, or alkenyl containing 2 to 24 carbon atoms and substituted with
phenyl, hydroxyphenyl, indolyl, mercapto, alkylthio containing 1 to 4 carbon atoms,
hydroxy, carboxy, amino, guanidino, imidazole, or carbamyl;

Nuc is an oxygen atom or sulfur atom; and

Z is phosphoryl, acetyl, 1-phospho-2,3-diacylglycerosyl, adenosine triphosphoryl,
adenosine diphosphoryl adenosine monophosphoryl, adenosyl, a-D-galactosyl, f-D-
galactosyl, a-D-glucosyl, B-D-glucosyl, a-D-mannosyl, B-D-mannosyl, B-fructofuranosyl,

CO2Na

0B
NHAG
B,O

OB

B-D-glucosiduransyl, or HO 3 wherein, By, B, and Bs are

each independently H or an alkyl (branched or straight chain) of 1-4 carbon atoms.

58. The kit of claim 57, wherein Z is
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T-OR2 wherein, A and B are independently selected fromthe group consisting
of straight chain alkyl containing 1 to 20 carbon atons, straight chain

al kenyl ocwotaimionif12 to 20 carbon atons, branched al kyl pconiSadmionsy78 to 20
carbon atons, branched al kenyl containing 3 to 20 carbon atons, cycl oal kyl
containing 3 to 20 carbon atons, cycl oal kenyl containing 3 to 20 carbon
atons, cycl oheteroal kyl containing 3 to 20 carbon atons, cycl oheteroal kenyl
containing 3 to 20 carbon atongy, pol ycycloal kyl containing 4 to 60 carbon
at ons, pol ycycl oal kenyl COH&QI Ing 4 to 60 carb at ons,

oncycIoheteroaIkyI containing 4 to 60 carbon jatons and

pol ycycl het ning 4 tquo carb , any of which can be
unsubstlg?Lgsx ' g j one Of, e n-active groups,

sol ubi |'i ng groups 'ndg ps, and ﬁe A and B toget her
formthe cycloal kyl ,Scycl oal kenyl, pal yéycl oal kyl or polycycl oal kenyl, one

of the carbon atons of the cycloalkykop%ycloalkenyl, pol ycycl oal kyl , or

pol ycycl oal kenyl is one of two carb ons form ng the double bond of the
enol ether, Rl is al kyl contaif+ to 20 carbon atons, aryl containing 6
to 14 carbon atons, aral kyl contsi g 7 to 15 carbon atons, heteroaryl
containing 4 to 20 carbon atons, or oaral kyl containing 5 to 20
carbons, T is an | or heteroaryl T7 pable of emtting light, and R2
is an enzyne-cl ea oup that cont s 8Hbond cl eavabl e by an enzyne
noi ety teo anion on T; ini i

t he oxi danpg, enof et her t aud0r m afN\aqueous sol ution conprising a
1, 2- di oxet enzyme substrate. hd OH

59. The kit of claim 48, further comprising an enhancer.

60. The kit of claim 59, wherein the enhancer comprises a polymeric quaternary

ammonium salt, polymeric quaternary phosphium salt, or a combination thereof.

61. The kit of claim 60, wherein the enhancer further comprises an acceptor dye.
62. The kit of claim 61, wherein the acceptor dye is fluorescein.
63. The kit of claim 60, wherein the polymeric quaternary ammonium salt is

poly(vinylbenzyltrimethylammonium chloride),
poly[vinylbenzyl(benzyldimethylammonium chloride)],
poly[vinyl(benzyltributylammonium chloride)], poly[vinyl(benzyltripentylammonium

chloride)], or a combination thereof.
64. The kit of claim 60, wherein the polymeric quaternary phosphonium salt is

poly(vinylbenzyltrimethylphosphonium chloride),
poly(vinylbenzyltributylphosphonium chloride),
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poly(vinylbenzyltrioctylphosphonium chloride), a copolymer comprising
poly(vinylbenzyltributylphosphonium chloride) and

poly(vinylbenzyltrioctylphosphonium chloride); or a combination thereof.

65. The kit of claim 48, wherein the enol ether is

OCH, o
— o /
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0
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, or
OCH; 0
-L~~<
(D "
66. A method for making a 1,2-dioxetane enzyme substrate, comprising the steps of:
(a) providing an oxidant;

(b) providing an enol ether having the structure:
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B T—OR,

wherein,
A and B are independently selected from the group consisting of straight chain alkyl
containing 1 to 20 carbon atoms, straight chain alkenyl containing 2 to 20 carbon atoms,
branched alkyl containing 3 to 20 carbon atoms, branched alkenyl containing 3 to 20
carbon atoms, cycloalkyl containing 3 to 20 carbon atoms, cycloalkenyl containing 3 to
20 carbon atoms, cycloheteroalkyl containing 3 to 20 carbon atoms, cycloheteroalkenyl
containing 3 to 20 carbon atoms, polycycloalkyl containing 4 to 60 carbon atoms,
polycycloalkenyl containing 4 to 60 carbon atoms, polycycloheteroalkyl containing 4 to
60 carbon atoms and polycycloheteroalkenyl containing 4 to 60 carbon atoms, any of
which can be unsubstituted or substituted with one or more electron-active groups,
solubilizing groups, or light-enhancing groups, and where A and B together form the
cycloalkyl, cycloalkenyl, polycycloalkyl or polycycloalkenyl, one of the carbon atoms of
the cycloalkyl, cycloalkenyl, polycycloalkyl, or polycycloalkenyl is one of two carbon
atoms forming the double bond of the enol ether,
R is alkyl containing 1 to 20 carbon atoms, aryl containing 6 to 14 carbon atoms, aralkyl
containing 7 to 15 carbon atoms, heteroaryl containing 4 to 20 carbon atoms, or
heteroaralkyl containing 5 to 20 carbons,
T is an aryl or heteroaryl ring capable of emitting light, and
R» is an enzyme-cleavable group that contains a bond cleavable by an enzyme moiety to
yield an oxygen anion on T; and

(c) combining an aqueous solution, the oxidant, and the enol ether to form an

aqueous solution comprising a 1,2-dioxetane enzyme substrate.
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