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M-ALEYLATION OF ACRIDANS

CROSS-REFERENCE TO RELATED APPLICATION

{6001} This application claims priority of U.S. Provisional Application No. 62/689,811

filed June 25, 2018, which is incorporated by reference herein in its entirety.

FIELD OF INVENTION

{00062] The present invention describes the synthesis of N-alkylated acridan compounds used
in the synthesis of high light yvield chemiluminescent acridinium compounds without using the
carcinogenic chernical 1,3-propane sultone. The current process is also expected to be generally
applicable for the synthesis of other chemiluminescent acridinium compounds containing

functionalized N-alkyl groups at the acridinium nitrogen.

BACKGROUND OF INVENTION

{60063] Chemiluminescent actidininum labels are widely used in automated immunoassays.
These labels exhibit excellent chemiluminescent stability compared to unsubstituted acridinium
phenyl esters or acridinium sulfonanudes (Law ef &/, J. Biofumin, Chemilunin. 4 (1989): 83-98;
US 8,778,624). Acridinium labels containing N-sulfopropy! groups are hydrophilic and display
improved aqueous solubility compared to the corresponding N-methyl analogs (Law ef af.; US.
5,656,426). These chemiluminescent labels also have low non-specific binding which can be
further alleviated by the incorporation of poly(ethylenejglycol (PEG) or zwitterions in the
acridintum ester structure (Natrajan ef af, Org. Biomol. Chem. 9 (2011} 5092-5103; Natrajan ef

al, Anal. Biochem. 406 (2010 204-213; US 6,664,043},

{0004] The synthesis of acridinium labels containing N-sulfopropyl groups is ordinarnly
accomplished by N-alkylation of the acridine precurors with the reagent 1,3-propane sultone at
high temperatures in neat reactions where the alkylating reagent is also the solvent (Law ef af,
US. 5,656,426}, These harsh conditions for the N-alkylation reaction are necessitated by the poor
reactivity of the hindered acridine nitrogen towards alkylating reagents. Although the neat
reaction can be used for preparative purposes, a major disadvantage is that 1,3-propane sultone is

quite toxic and poses a significant health hazard (Bolt and Golka, Toxicol Lefr. 151 (2004 251~
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254; Ulland et al, Nafure 230 (1971): 460-461). A synthetic protocol for the N-alkylation of
acridine compounds in ionic liquids with substantially reduced quantities of 1,3-propane sultone
compared to the neat alkylation reactions has also been developed (Natrajan and Wen, Green
Chem. 13 (2011} 913-921; US 8,293,908} The increased reactivity of the acridine precursors
with 1,3-propane sultone in ionic liquids also enabled the synthesis of a variety of functionalized
acridinium compounds {e.g., acridinium esters or acridinium sulfonamides} containing N-
sulfopropyl groups with minimal side reactions or decomposition. Additionally, the synthesis of
unsubstituted acridinium compounds (7.e., wherein C2-C8 carbon positions in the acridinium ring
are each unsubstituted), can also be accomplished by N-alkylation of the corresponding acridan
with the reagent sodium 3-bromopropane sulfonate tn 1onic hiquids (US 9,512, 080; Natrajan and
Wen, Green Chem. Lett. Rev. 6 (2013): 237-248). The acridan N-alkylation process eliminates

the use of 1,3-propane sultone for the synthesis of unsubstituted N-sulfopropy! acridinium esters.

{00065] Unfortunately, these processes are not suited for the synthesis of electron-rich
acridinium compounds. For example, electron-rich acridan precursors of these acridinium
compounds are eastly oxidized to their acridine counterpart when heated with sodium 3-
bromopropane sulfonate in ionic liquids. As can be seen in synthetic schema (81}, the electron-
rich acridans vndergo oxidation to acridine rather than N-alkylation of the central ring nitrogen
of the acridan system (7.e., N-alkylacridan is not formed). In synthetic schema 51, the acridan is
electron-rich due to the presence of OR and R’ groups at the C-2 and C7 positions of the acridan

fing system.

Ceniral Ring
Nitrogen

R'=HorOR formed not formed
electron-rich acridan

{00066] It is therefore an object of the invention to provide methods of producing N-alkylated

acridine compounds unencumbered by these limitations.
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SUMBMARY

{6007]  The present invention is partially premised on the discovery that electron-rich acridans
{e.g., acridans containing one or two alkoxy groups at C-2 and/or C-7 of the acridan ring) can be
alkylated with powerful alkylating reagents such as wrifluoromethanesuifonates (triflates). These
electron-rich acridans are acridan compounds having an electron density greater than the electron
denstty of the same acridan in which the carbons at each of the C(13-C(8) carbons of the acridan
ring are bound to hydrogen. For example, the electron-rich acridan may have the structure of

formula (A1)

(A1)

wherein “m” and “n” are independently 0-4 (i.e., 0, 1, 2, 3, or 4) and at least one of “m” or “n” is

greater than O
R:and R, are independently selected from electron donating groups (e.g., atkoxy}); and

Rz is hydrogen or a Cy-Css hydrocarbon radical (e.g., Ci-Cso, Ci-Cro, Ci-Cio, Cs5-Cys, C5-Tio, Cs-
Cao, C10-Cao,) optionally substituted with one or more {e.g., 1-20} hetercatoms {e.g., G, §, N, P,
F, Cl, Br, I} and wherein Rs may optionally comprise a zwitterionic group (e.g —7) and/or a

zwitterionic linker group (e.g., ~Z"-).

{0008]  The reaction may proceed through nucleophilic attack by the nitrogen atom in the
central ring of the acridan ring system oun the carbon atom of Ry to which the triflate leaving
group is bonded in the protected sulfonate triflate reactant. In most embodiments, the
hydrocarbon linking group (-Ri—) of the protected sulfonate triflate comprises a carbou atom
bound to the triflate leaving group. An example of such a reaction with a conversion of >80% is

illustrated by

3
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G = protecting group

R'=H, OR

electron rich acridan N-Aliylated acridan

(>»80% conversion)

{06009]  The method for the N-alkylation of an acridan compound may comprise reacting the
acridan compound with a protected sulfonate triflate compound having the structure of formula

(R1):

O /’ O
o Z}S/\RKO\S”// ®D)
d{}’ ~CF,

wherein G 15 an acid-labile protecting group; and

~Ri~ 18 independently selected at each occurrence from Ciao linear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more {e.g., 1-5, one, two, three, four,
five) heteroatoms (e.g., O, S, N, P, F, Cl, Br, I}, and combinations thereof, and wherein Ry
optionally comprises a zwitterionic linker group {e.g., -Z"-). In most embodiments, the acridan
is N-alkylated at the central nitrogen of the acridan ring system.

{0010] These N-alkylation reactions, while slow, typically proceed in good conversion (>
80%) and the products, N-alkylated acridans, may then be easily oxidized to the N-alkyl

acridinium compound (e.g., N-alkyl acridinium esters, N-alkyl acridinium sulfonamides).
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1. oxidation

2. removalof G R~

oPOMe
eleciron rich, N-sulfopropyl electron rich, N-sulfopropyl
N-alkvlacridan acridinium sster

{06011} In some embodiments, methods for the synthesis of protected acridinium compounds

are also provided comprising:
{(a) N-alkylating an acridan with a protected sulfonate triflate; and
(b} oxidizing the N-alkylacridan to convert the N-alkylacridan to a protected acridinium.

The synthesis of N-alkvlacridans or N-alkylacridinium may further comprise the reduction of an
acridine compound to produce the acridan. Tn some embodiments, the protected acridinium may
be deprotected to produce a zwitterionic acridinium in the presence of acid under conditions

compatible with the reactants in such a deprotection.

{0012] These N-alkylation reactions using protected sulfonate triflates result in the
introduction of a sulfonate with a protecting group attached to a hydrocarbon to the central ring
nitrogen of the acridan ring system. Subsequent oxidation of the N-alkylated acridan followed by
removal of the protecting group on the sulfonate results in the formation of the alkoxy-
substituted N-sulfopropy! acridinium compound. Without wishing to be bound by theory, it is
believed that the increased reactivity of the acridans compared to their acriding precursors
combined with the increased reactivity of the triflate alkylating reagent is mainly responsible for
the increased conversion in this chemical transformation. Moreover, if the acridine analog is
used for the N-alkylation reaction rather than the acridan, poor conversions are typically
observed. Such poor conversation occurs even with highly reactive triflate alkylating reagents.
For example, reaction of 2,7-dimethoxyacridine methyl ester with 3-bromopropyltriflate led to
very poor conversion. Similarly, the use of a less reactive alkylating reagent such as a bromide or

even todide with an electron-rich acridan also led to poor conversion.
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G = protecting group

{0013] The N-alkylation of reactive, electron-rich acridans with a protected sulfopropyltriflate
leads to efficient N-alkylation yielding N-alkvlacridans containing sulfonate protecting groups.
These N-alkylated acridans may be used in the synthesis of chemiluminescent acridinium
compounds. In some embodiments, the N-alkylated acridan may have the structure according to

formula (NA1):

(NAT)

wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than 0;
Ri and R; are independently selected from electron donating groups;

Rs 13 hydrogen or a C1~Cys hydrocarbon radical optionally substituted with one or more {e.g., 1-
20) hetercatoms {e.g., G, §, N, P, ¥, (], Br, I} and wherein R; may optionally comprise a

zwitterionic group (e.g. —Z) and/or a zwitterionic Hinker group (e.g., —Z");

—Ri— 18 independently selected at each occurrence from Cioo lnear or branched bivalent

hydrocarbon radicals; optionally substituted with one or more (e.g., 1-5}) heteroatoms (e.g., O, S,
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N, P, ¥, Cl, Br, I, etc), and combinations thereof, and wherein Ry optionally comprises a

zwitterionic linker group (e.g., —Z"); and
(3 1s an acid-labile protecting group.

{0014] The syntheses described herein are particularly useful for N-alkylating electron-rich
acridans. For example, the electron-rich acridan may be represented by the structure of formula

(Al)

(A1)

wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” s greater than 0;
Ri and R; are independently selected from electron donating groups; and

{6015]  Rs is hydrogen or a C1-Cys hydrocarbon radical {e.g., Ci-Cro, C1-Cao, C1-Cro, Cs-Cis,
Cs5-Cao, Cs-Cap, C10-Cao,) optionally substituted with one or moore {e.g., 1-20) heteroatoms {e.g.,
0O, §, N, P, F, Cl, Br, I) and wherein R3 may optionally comprise a zwitterionic group {(e.g. —Z}
and/or a zwitterionic linker group (e.g., —Z"-). These electron-rich acridans are acridan
compounds having an electron density greater than the electron density of the same acridan in

which Ry and R; are hydrogen at each occurrence

{8016] In certain embodiments, acridan 13 an electron-rich acridan containing alkoxy groups
at C-2 and/or C-7 of the acridan ring and, the highly reactive alkylating reagent is a
trifluoromethanesulfonate. In preferred embodiments, the alkylating reagent is a sulfonate-
protected sulfopropyliriflate leading to an N-alkylated acridan containing an N-sulfopropyl group
with a protecting group on the sulfonate. Oxidation of the acridan to the acridinium ester
followed by removal of the protecting group on the sulfonate leads to a protected acridinium

compound. The protected acridintum compound may have the structure
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{0017] This synthetic protocol completely eliminates the use of the carcinogenic chemical
1,3-propane sultone for the assembly of high light yield, electron-rich acridinium esters. The
elimination of the carcinogenic alkylating reagent 13-propane sultone provides a more
environmentally-friendly synthesis of these high light output labels for clinical diagnostics.
Moreover, such reaction may or may not occur in the presence of ionic hiquids. The chemical
synthesis described herein utilize the reactivity of the acridan separate from the functional group
at the C-9 position of the acridinium ring (i.e., the carbon bound to Rz in formula (A1)}
Typically, this functional group provides chemiluminescence in acnidinium complexes by
formations of excited state acridone, which is the light emitting species. Since the functional
group at C-9 1s not implicated in these N-alkylation schema, the synthetic mechanisms described
herein operate with a variety of acridan compounds including acridan esters and acridan
sulfonamides. In some embodiments, the acridan is an acridan ester. In other embodiments, the
acridan is an acridan sulfonamide. Accordingly, various classes of chemiluminescent acridinium
compounds {and their respective intermediates) may be produced by the methods described,

including chemiluminescent acridinium esters and chemiluminescent acridiniur sulfonamides.

BRIEF DESCRIPTION OF FIGURES

{0018]  FIG. 1 1s an HPLC trace of N-sulfopropy! isopropoxy acridinium ester (Compound 5)

synthesized using the methods of the current invention.
{0019} FIG 2 1s an HPLC trace of N-sulfopropyl PEG acridinium ester (Compound 6)
synthesized using the methods of the current invention.

BETAILED BESCRIPTION

{002¢] For convenience, cerfain terms emploved in the specification, including the examples

and appended claims, are collected here. Unless defined otherwise, all technical and scientific
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terms used herein have the same meaning as commonly understood by one of ordinary skill in

the art to which this disclosure pertains.

{6021]  Unless otherwise explicitly defined, the following terras and phrases are intended to

have the following meanings throughout this disclosure:

i8022]  All percentages given herein refer to the weight percentages of a particular component
relative to the entire composition, including the carrier, unless otherwise indicated. It will be
understood that the sum of all weight % of individual components within a composition will not

exceed 100%,

{6023] The terms “a” or “an,” as used in herein means one or more. As used herein, the term
“consisting essentially of” is intended to limit the invention to the specified materials or steps
and those that do not materially affect the basic and novel characteristics of the claimed

invention, as understood from a reading of this specification.

{06024] The following definitions of various groups or substituents are used, unless otherwise
described. Specific and general values listed below for radicals, substituents, and ranges, are for
ilfustration only; they do not exclude other defined values or other values within defined ranges
for the radicals and substituents. Unless otherwise indicated, alkyl, alkenyl, alkynyl, alkoxy, and

the like denote straight, branched, and cyclic groups, as well as any combination thereof.

{6025]  The term “hydrocarbon” refers to a radical or group containing carbon and hydrogen
atoms. Examples of hydrocarbon radicals include, without hmitation, alkyl, alkenyl, alkynyl,
aryl, arvl-alkvl, alkyl-aryl, and any combination thereof (e.g., alkyl-arvl-alkvl, etc). As used
herein, unless otherwise indicated, hydrocarbons may be monovalent or multivalent {(e.g.,
divalent, trivalent, etc) hydrocarbon radicals. A radical of the form —~{CHzju—, including a
methylene radical, 1.e, —-CHa—, 1s regarded as an alkyl radical if it does not have unsaturated
bonds between carbon atoms. Unless otherwise specified, all hydrocarbon radicals (including
substituted and unsubstituted alkyl, alkenyl, alkynvi, aryl, arvl-alkyl, alkyl-arvl, etc.) may have
from 1-45 carbon atoms {e.g., C1-Cso, Ci-Coo, Ci-Cao, C5-Cis, Cs-Cao, Cs5-Cao, C10-Cao, C1, Ty, s,
Cy, Cs, Cs, Cr, Cs, Co, Cro, Cny, Ciz, Cuz, Crag, Cis, Cre, Ci7, Crg, Cro, Cao, T, Co, Coz, Cag, Cos,
Cas, Cor, Cos, Cao, Cao, Csi, Csz, Cs3, Caa, Cas, Cas, Ca7, Csg, Css, Cao, Car, Can, Cas, Cyg, Cus). In
certain embodiments, hydrocarbons will have from 5-35 or from1-20 or from 1-12 or from 1-8

or from 1-6 or from 1-3 carbon atoms, including for example, embodiments having one, two,

9
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three, four, five, six, seven, etght, nine, or ten carbon atoms. For example, hydrocarbons may

have from about 2 to about 70 atoms or from 4 to about 60 atoms or from 4 to about 20 atoms.

{8026] A “substituted” hydrocarbon may have as a substituent one or more hydrocarbon
radicals, substituted hvdrocarbon radicals, or may comprise one or more heteroatoms. Any
hydrocarbon substituents disclosed herein may optionally include from 1-20 {e.g., 1-10, 1-5, etc))
heteroatoms. Examples of substituted hydrocarbon radicals include, without limitation,
heterocycles, such as heteroaryls. Unless otherwise specified, a hydrocarbon substituted with one
or more heteroatoms will comprise from 1-20 hetercatoms. In other embodiments, a hydrocarbon
substituted with one or more hetercatoms will comprise from 1-12 or from 1-8 or from 1-6 or
from 1-4 or from 1-3 or from 1-2 heteroatoms. Examples of hetercatoms include, but are not
limited to, oxygen, nitrogen, sulfur, phosphorous, halogen {e.g., F, Cl, Br, I}, boron, silicon, etc.
In some embodiments, heteroatoms will be selected from the group consisting of oxygen,
nitrogen, sulfur, phosphorous, and halogen {(e.g., F, Ci, Br, I}. In preferred embodiments, the
hetercatoms may be selected from O, N, or 5. In some embodiments, a hetercatom or group may
substitute a carbon. In some embodiments, a hetercatom or group may substitute hydrogen. In
some embodiments, a substituted hydrocarbon may comprise one or more heteroatoms in the
backbone or chain of the molecule (e.g., interposed between two carbon atoms, as in “oxa”). In
some embodiments, a substituted hydrocarbon may comprise one or more heterocatoms pendant
from the backbone or chain of the molecule (e.g., covalently bound to a carbon atom in the chain

or backbene, as in “oxg”).

{06027} In addition, the phrase “substituted with a[n],” as used herein, means the specified
group may be substituted with one or more of any or all of the named substituents. For example,
where a group, such as an alkyl or hetercaryl group, is “substituted with an unsubstituted C1-Cao
alkyl, or unsubstituted 2 to 20 membered hetercalkyl,” the group may contain one or more
unsubstituted C1-Cao alkyls, and/or one or more unsubstituted 2 to 20 membered heterocalkyls.
Moreover, where a moiety 13 substituted with an R substituent, the group may be referred to as
“R-substituted.” Where a moiety is R-substituted, the moiety is substituted with at least one R

substituent and each R substituent is optionally different.

{0028] Tu some embodiments, any hydrocarbon or substituted hydrocarbon disclosed herein

may be substituted with one or more {e.g., from 1-6 or from 1-4 or from 1-3 or one or two or

10
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three} substituents X™° where X™ is independently selected at each occurrence from one or
more {¢.g., 1-20) heteroatoms or one or more {e.g., 1-10) heteroatoni-containing groups, or X%
is independently selected at each occurrence from ~F, ~Ci, By, ~f ~OH, ~OR*, -NH,, ~-NHR*,
“N(R*)z, -N(R*)5", -N(R*}-OH, -N(-—O}R* )2, “O-N(R*}2, -N(R*}-0-R*, -N{R*}-N{R*),, —
C=N-R*, —-N=C(R*};, “C=N-N{R*);, —“C(=NR*)(=N(R*)y}, -C(H)(=N-0OH), —-SH, —-SR*, —-CN,
~NC, ~CHF», ~CCl;, ~CECL ~CFCh, ~C(=0)-R*, ~CHO, ~COH, ~C(O)CH;3, ~COy, ~COR*,
—C(=0)-5-R*, -O~C=0)-H, -0—~(C=0)-R*, -S-C(=0)-R*, ~{(C=0)-NH;, —C(=0)-N(R*),, —
C(=0)y-NHNH,, ~0-C(=0)-NHNH), ~C(=83-NH;, —(C=8)-N(R¥), ~-NER*-CHO, ~NER*)-
C(=0)-R*, -C(=NR)}-OR*, -O-C(=NR*}-R¥*, -8CN, —-NCS8, -N8SO, -SSR*, -N{R*}-C(=0)-
NR*), —CHs, -CHp-CHs, ~CHy-CH-CHs, ~CEHYCHz )y, ~C{CHz)s, -NR*}-C(E=S)-NR* ),
~8(=0)12-R*, -0-S(=0-R*, —-S{=0n—-0R* -NER*}-S(=0)-R*, -S(=0p-NR*}:, -0-80;,
~O-8(=0)-0R*, ~0-S(=0}-0R*, ~0-8(=0)-R*, -S(=0}-0R*, -SE=0-R*, NGO, ~-NQO,, -
NOs, -0-NO, ~0-NOg, -N;, ~Nop-R*, -N(CzHa), -S1(R*);, ~CF3, ~O-CF3, ~0-CHF;, -0-CH;,
—O—(CH).eCHs, —-OC(HY}CHz)p —OC(CHs), —PR*;, —O-P(=O)}OR*)2, or —P(=O}OR*);
where, independently at each occurrence, R* may be H or a Cirie or Cis or Cis or Ciy
unsubstituted hydrocarbon, including without limutation alkyl, alkenyl, alkynyl, aryl {(e.g,
phenyl), alkyl-aryl (e.g., benzyl), aryi-alkyl (e.g., toluyl). In some embodiments, X™° may
comprise a C1-Cg or C1-Cs or C2-Cy perfluorcalkyl. In some embodiments, X may be a C1-Cs or
C2-Cs or C5-Cs heterocycle (e.g., heteroaryl radical). The term “halo” or “halogen” refers to any
radical of fluorine, chlorine, bromine or iodine. In certain embodiments, X is independently
selected at each occurrence from —OH, —SH, -NH;, -N(R*), —-C(O)YOR*, -C(O)NR*R*, —
C(OWNR*R*, ~C(OYOH, ~C(O)NH;, F, or -Cl. In some embodiments, X*® is F. In some
embodiments, R* is hydrogen, or lower alkyl (e.g, Ci-Cs linear or branched alkyl such as
methyl, ethyl, propyl, or isopropvl}). In some embodiments, R* is hydrogen, or lower alkoxy
{e.g., C1-C5 linear or branched alkoxy such as methoxy, ethoxy, propoxy, or isopropoxy). In
some embodiments, X™ is —CF5 or ~0-CF;. In some embodiments, X™° may provide an anionic
charge to counterbalance any cationic charge directly or indirectly covalently attached and in
order to form a zwitterion (e.g., in zwitterionic linking groups —Z"— or zwitterionic groups 7).
In some embodiments, X may be carboxylate (-C{0)0"), sulfonate (-8073), sulfate (-0S03),
phosphate (-OP(OYORMYO), or oxide (—0"), and R” is hydrogen or Ci.12 hydrocarbon optionally

substituted with up to 10 heteroatoms.

11
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{6029] It will be understood that the description of compounds herein is limited by principles
of chemical bonding known to those skilled in the art. Accordingly, where a group may be
substituted by one or more of a number of substituents, such substitutions are selected so as to
comply with principles of chemical bonding with regard to valencies, etc, and to give
compounds which are not inherently unstable. For example, any carbon atom will be bonded to

two, three, or four other atoms, consistent with the four valence electrons of carbon.

{0030] In general, and unless otherwise indicated, substituent (radical) prefix names are
derived from the parent hydrnide by etther (i) replacing the “ane” or in the parent hydride with the

suffixes “y1,” “diyl,” “trivl,” “tetrayl,” etc.; or (it} replacing the “¢” in the parent hydride with the

K K

EX A

suffixes “v1,” “diyl,” “trivl,” “tetrayl” etc. (here the atom(s) with the free valence, when
specified, is (are} given numbers as low as is consistent with any established numbering of the
parent hydride). Accepted contracted names, e.g2., adamantyl, naphthyl, anthryl, phenanthryl,
furyl, pyridyl, tsoquinolyl, guinolyl, and piperidyl, and trivial names, e.g., vinyl, allyl, phenvl,
and thienyl are also used herein throughout. Radicals of steroids may also be designated with the
vl cdivl,” “triyl,” “tetrayl,” etc. suffixes. Conventional numbering/lettering systems are also

adhered to for substituent numbering and the nomenclature of fused, spiro, bicyclic, tricyclic,

polyeyclic rings.

{0031] The term “alkyl” refers to a saturated hydrocarbon chain that may be a straight chain
or branched chain, containing the indicated number of carbon atoms. For example, Ci-Ce alkyl
indicates that the group may have from 1 to 6 (inclusive) carbon atoms in it. Any atom can be
optionally substituted, e.g., by one or more substituents. Examples of alkyl groups include
without Himutation methyl, ethyl, n-propyl, isopropyl, and rer-butyl. Any alkyl group referenced
herein {e.g., R, R’, R”, Ry, Ry, R3, R4, Rs) may have from 1-45 carbon atoms. In other
embodiments, alkyl groups will have from 1-30 or from 1-20 or frorn 1-12 or from 1-8 or from
1-6 or from 1-3 carbon atoms, including for example, embodiments having one, two, three, four,
five, six, seven, eight, nine, or ten carbon atoms.

{6032] The termn “haloalkyl” refers to an alkyl group, in which at least one hydrogen atom is
replaced by halo. In some embodiments, more than one hydrogen atom {e.g., 2,3, 4,5,6,7, 8,9,
10, 11, 12, 13, or 14, etc ) are replaced by halo. In these embodiments, the hydrogen atoms can

each be replaced by the same halogen (e.g., fluorc) or the hydrogen atoms can be replaced by a

12
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combination of different halogens (e.g., fluorc and chloro). “Haloalkyl” also includes alkyi
moieties in which all hydrogens have been replaced by halo (sometimes referred to herein as
perhaloalkvl, e.g., perflucrcalkyl, such as trifluoromethvl). Any atom can be optionally

substituted, e.g., by one or more substituents.

{0033]  As referred to herein, the term “alkoxy” refers to a group of formula —Ofalkyl).
Alkoxy can be, for example, methoxy (-OCH;), ethoxy, propoxy, isopropoxy, butoxy, iso-
butoxy, sec-butoxy, pentoxy, 2-pentoxy, 3-pentoxy, or hexyloxy. Likewise, the term
“thicalkoxy” refers to a group of formula —-S{alkyl) Finally, the terms “haloalkoxy”™ and
“halothicatkoxy” refer to —~O(haloalkyl) and ~S{haloalkyl}, respectively. As used herein, the term
“hydroxyl,” employed alone or in combination with other terms, refers to a group of formula —
OH. Hydroxyalkyl refers to an alkyl group substituted with hyvdroxy {e.g., —{alkyl}-OH). Any
alkoxy, thicalkoxy, or haloalkoxy group referenced herein {e.g., R, R’, R”, Ry, Ro, R3, Ry, Rs, Re,
Rs, Rs, Rs, Rig, Ry, Rz} may have from 1-35 carbon atoms. In other embodiments, alkyi,
alkoxy, thioalkoxy, or haloalkoxy groups will have from 1-30 or from 1-20 or from 1-12 or from
1-8 or from 1-6 or from 1-3 carbon atoms, including for example, embodiments having one, two,

three, four, five, six, seven, eight, nine, or ten carbon atoms.

{6034] The term “aralkyl” refers to an alkyl moiety in which an alkyl hydrogen atom is
replaced by an aryl group {e.g., phenyl, naphthyl}. One of the carbons of the alkyl moiety serves
as the point of attachment of the aralkyl group to another moiety. Any ring or chain atom can be
optionally substituted, e.g., by one or more substituents. Non-limiting examples of “aralkyl”

include benzyl, 2-phenyiethyl, and 3-phenylpropyl groups.

{0035] The term “alkenyl” refers to a straight or branched hydrocarbon chain containing the
indicated number of carbon atoms and having one or more carbon-carbon double bonds. Any
atom can be optionally substituted, e.g., by one or more substituents. Alkenyl groups can include,
e.g., vinyl, allyl, 1-butenyl, and 2-hexenyl. Oue of the double bond carbons can optionally be the
point of attachment of the alkenvl substituent. Any alkenyl group referenced herein (e.g, R, R’,
R”, Ri, Ry, R3, Ry, R, Rs, Ry, Re, Ro, Ryp, Ry, Ruz) may have from 1-35 carbon atoms. In other
embodiments, alkenyl groups will have from 1-20 or from 1-12 or from 1-8 or from 1-6 or from
1-3 carbon atoms, including for example, embodiments having one, two, three, four, five, six,

seven, gight, nine, or ten carbon atoms.

13
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{6036] The term “alkynyl” refers to a straight or branched hydrocarbon chain containing the
indicated number of carbon atoms and having one or more carbon-carbon triple bonds. Alkynyl
groups can be optionally substituted, e.g., by one or more substituents. Alkynyl groups can
include, e.g., ethynyl, propargyl, and 3-hexynyl. One of the triple bond carbons can optionally be

the point of attachment of the alkynyl substituent.

{6037]  The term “heterocyclyl” refers to a fully saturated, partially saturated, or aromatic
monocyclic, bicyclic, tricyclic, or other polveyelic ring system having one or more constituent
heteroatom ring atoms independently selected from O, N {it is understood that one or two
additional groups {e.g., R™) may be present to complete the tertiary nitrogen valence and/or form
a salt unless otherwise indicated), or S. The heteroatom or ring carbon can be the point of
attachment of the heterocyclyl substituent to another moiety. Any atom can be opticnally
substituted, e.g., with one or more substituents {e.g. heteroatoms or groups X}, Heterocyclyl
groups can include, e.g., tetrahydroturyl, tetrahydropyranyl, piperidyl {(piperidino), piperazinyi,
morpholinyl (morpholino), pyrrolinyl, and pyrrolidinyl. By way of example, the phrase
“heterocyclic ring containing from 5-6 ring atoms, wherein from 1-2 of the ring atoms is
independently selected from N, NH, N(C:-Cs alkyl), NC{(O)C1-Cs alkyl), O, and 8; and wherein
said heterocyclic ring 15 optionally substituted with from 1-3 independently selected R” would
include (but not be limited to) tetrahydrofuryl, tetrahydropyranyl, piperidyl (piperidino),

piperazinyl, morpholinyl (morpholino), pyrrolinyl, and pyrrolidinyl.

{6038] The term “heterocycloalkenyl” refers to partially unsaturated monocyclic, bicyclic,
tricyclic, or other pelycyclic hydrocarbon groups having one or more {e.g., 1-4) heteroatom ring
atoms independently selected from O, N (it 1s understood that one or two additional groups may
be present to complete the nitrogen valence and/or form a salt), or §. A ring carbon (e.g,
saturated or unsaturated) ot heteroatom can be the point of attachment of the heterocycloalkenyl
substituent. Any atom can be optionally substituted, e.g, by one or more substituenis.
Heterocycloalkenyl groups can include, e.g., dihydropyridyl, tetrahydropyridyl, dihydropyranyl,
4,5-dihydrooxazolyl, 4,5-dihydro-1H-imidazolyl, 1,25 6-tetrahydro-pyrimidinyl, and 5.6~

dihydro-2H-{ 1 3]oxazinyl.

{0039] The term “cycloalkyl” refers to a fully saturated monocyclic, bicyclic, tricyclic, or

other polycyclic hvdrocarbon groups. Any atom can be optionally substituted, e.g., by one or

14
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more substituents. A ring carbon serves as the point of attachment of a cycloalkyl group to
another moiety. Cycloalkyl moieties can include, e.g, cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, cycioheptyl, adamantyl, and norbomyl (bicvcle[2.2.11heptyl).

i804¢] The term “cycloalkeny!” refers to partially unsaturated monocyclic, bicyclic, tricyclic,
or other polycyclic hydrocarbon groups. A ring carbon {e.g., saturated or unsaturated) 1s the point
of attachment of the cycloalkenyl substituent. Any atom can be optionally substituted, e.g., by
one or more substituents. Cycloalkenyl moieties can include, eg, cyclohexenyl,

cyclohexadienyl, or norbornenyl.

{6041]  As used herein, the term “cycloalkylene” refers to a divalent monoeyclic cycloalkyl

group having the indicated number of ring atoms.

{0042]  As used herein, the term “heterocycloalkylene” refers to a divalent monocyclic

heterocyclyl group having the indicated number of ring atoms.

{06043] The term “aryl” refers to an aromatic monocyclic, bicyclic (2 fused rings), or tricyclic
(3 fused rings), or polycyclic (> 3 fused rings) hydrocarbon ring system. One or more ring atoms
can be optionally substituted, e.g., by one or more substituents. Aryl moieties include, eg,

phenyl and naphthyl.

{0044] The term “hetercaryl” refers to an aromatic monocyclic, bicyclic (2 fused rings),
tricyclic (3 fused rings), or polycyclic (> 3 fused rings) hydrocarbon groups having one or more
heteroatom ring atoms independently selected from O, N (it is understood that one or two
additional groups may be present to complete the nitrogen valence and/or form a salt), or § in the
ring. One or more ring atoms can be optionally substituted, e.g., by one or more substituents.
Examples of heteroaryl groups include, but are not limited to, ZH-pyrrolyl, 3H-indolyl, 4H-
quinolizinyl, acridinyl, benzo[blthienyl, benzothiazolyl, B-carbolinyl, carbazolyl, coumarinyl,
chromenyl, cinnolinyl, dibenzolb,difuranyl, furazanyi, furyl, imidazolyl, imidizolyl, indazolyl,
indolyl, isobenzofuranyl, isoindolyl, isoquinolyl, iscthiazolyl, isoxazolyl, naphthyridinyl,
oxazolyl, perimidinyl, phenanthridinyl, phenaosthrolinyl, phenarsazinyl, phenazioyl,
phencthiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyranyl,
pyrazinyl, pyrazolyl, pyridazinyl, pyndyl, pyrimidingl, pyrrolyl, quinazolinyl, quinolyl,

quinoxalinyl, thiadiazolyl, thianthrenyl, thiazolyl, thienyl, triazolyl, and xanthenyi.
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{6045]  In general, when a definition for a particular variable includes both hydrogen and non-
hydrogen {e.g., halo, alkyl, aryl) possibilities, the term “substituent(s) other than hydrogen”

refers collectively to the non-hydrogen possibilities for that particular variable.

i8046] In general, the limits {(end points) of any range recited herein are within the scope of
the 1nvention and should be understood to be disclosed embodiments. For example, a range of 0
to 4 expressly discloses 0, 1, 2, 3, 4, and any subset within that range {(e.g., from 0 1o 2, from O to

3, fromO0to4, from 1 to 2, from 1 to 3, from 1 to 4, from 2 to 3, from 2 to 4, from 3 to 4).

{0047] The term “substituent” refers to a group “substituted” on, e.g., an alkyl, haloalkyl,
cycloalkyl, heterocyclyl, heterocycloalkenyl, cycloalkenyl, aryl, or hetercaryl group at anvy atom
of that group, replacing one or more hydrogen atoms therein. In one aspect, the substituent(s) on
a group are independently any one single, or any combination of two or more of the permissible
atoms or groups of atoms delineated for that substituent. In another aspect, a substituent may
itself be substituted with any one of the above substituents. Further, as used herein, the phrase
“optionally substituted” means unsubstituted {(e.g., substituted with an H) or substituted. It is
understood that substitution at a given atom 15 limited by valency. Common substituents include
halo (e.g. F), Ciaz straight chain or branched chain alkyl, Cz.12 alkenyl, Cip2 alkynyl, Csaz
cycloalkyl, Ce.1z aryl, C3-12 heteroaryl, Cs.z heterocyclyl, Ciap alkvisulfonyl, nitro, cvano, —
COOR, ~C(O)NRR’, ~OR, -8R, ~NRR’, and oxo, such as mono- or di~ or tri-substitutions with
moteties such as trifluoromethoxy, chlorine, bromine, fluorine, methyl, methoxy, pyridyl, furyl,
triazyl, piperazinyl, pyrazoyl, imidazovl, and the like, each optionally containing one or more
heteroatoms such as halo, N, O, §, and P. R and R’ are independently hydrogen, Craalkvl, Ciz
haloalkyl, Caaz alkenyl, Craz alkynyl, Csaz cycloalkyl, Caas cycloalkylalkyl, Cer aryl, Co
aralkyl, Ci.12 heterocyelyl, Csaq heterocyclylatkyl, C3-12 hetercaryl, or Cs.u hetercarylalkyl.
Unless otherwise noted, all groups described herein optionally contain one or more common
substituents, to the extent permitted by valency. As used herein, the term “substituted” means
that a hydrogen and/or carbon atom is removed and replaced by a substituent {e.g., a common
substituent}). The use of a substituent (radical} prefix names such as alkyl without the modifier
“optionally substituted” or “substituted” is understood to mean that the particular substituent is
unsubstituted. However, the use of “haloalkyl” without the modifier “optionally substituted” or
“substituted” is still understood to mean an alkyl group, in which at least one hydrogen atom is

replaced by halo. Similarly, the use of “heteroalkyl” and other “hetero” modified hydrocarbons
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without the modifier “optionally substituted” is still understood to mean that a carbon atom in the

hydrocarbon is replaced by O, N, or S.

{0048] In some embodiments the hydrocarbon {e.g., R, R, R”, Ry, Ry, Rz, Ry, Rs, Rg, Ro, Ry,
Ro, Rio, Rui, Riz) comprises a groups —L or ~Re~L, where L is a derivitizable functional group
comprising a leaving group, electrophilic group, or nucleophilic group for forming a conjugate
with an analyte, analyte analog, or binding partner for an analyte. In some embodiments, L will

be selected from the group consisting of:

%ﬂ\:: 3‘%’&\(}; ;‘P)L\Br fﬁfj’L\s %ﬂ\aﬁ %N*C:S %N:C:O
%\g;ﬁ \g/ U%g ~Cl %Nz »}NZCE

+
\N/

/ O
ﬁ%‘k‘*(}/ﬁ\r@/
, |

\

2

0
;QJ\Q,,N SO,H o
| %CE’ %Brﬁ gﬁa?and ?@';u\o;ui;

wherein R is independently at each occurrence hydrogen or a C1-Cyo hydrocarbon (e.g., alkyl,
alkenyl, alkynyl, aryl, arylalkyl); and
Ry is a bivalent Ci-Cyo hydrocarbon (e.g., alkyl, alkenyl, alkynyl, aryl, arylalkvl).

[0049] In some embodiments, the hydrocarbon may comprise a zwitterionic group. The

zwitterionic group may have the form:
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"
X, Yir”
> 3 ™ W

wherein X" is independently selected at each occurrence from a bond, ~CHy—, oxygen, sulfur, —
NRN- amide (-NRMCO)-), carbamate (- NRNC(OY0-), or urea (-NRNC(ONRM-);

R’ and R’ are independently selected at each occurrence from Cias alkyl, alkenyl, alkynyl, arvl,

or aralkyl, each containing up to 20 hetercatoms;

Zy is a group ~Ri—X® where X® is an anionic group such as carboxvlate (-COQ7), sulfonate (—

SO, sulfate (—0SO57), phosphate (—OP(OYORMO)), or oxide (-0
n 13, independently selected at each occurrence, an integer between one and 12

RY is independently selected at each occurrence from Ciss alkyl, alkenyl, alkynyl, aryl, or

aralky!l groups each containing up to 20 hetercatoms;

Ry may be absent {(ie., it 1s a bond) or a divalent radical selected from Ciss alkyl, alkenyl,

alleyoyl, aryl, or aralkyl group, each optionally containing up to 20 heteroatoms; and

RY is lower alkyl {e.g., Ci-C4 linear or branched alkyl such as methyl, ethyl, propyl, isopropvi,

butyl, isobutyl}. More particularly, Z may be a group:
\}fﬂ S03
2
n \
where n 1s an integer from 1-12 and m 1s an integer from 0-3.

{6050]  In some embodiments, a hydrocarbon may {e.g., ~Ri—, R, R’, R”, Ry, Ry, Rs, Ry, Ry,
Re, Ry, Rg, Ro, Rig, Rii, Ryz) comprise may comprise a zwitterionic linker or a bivalent
hydrocarbon linker with a zwitterionic linking motety. The zwitterionic linker may have the

structure:
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(4.
M\,

{0051]  wherein “m” 1s 0 (i.e. it1s a bond) or 1;

Xd
+

i0052)  “#” and “p” are independently at each occurrence an integer from 0 (7.e. it is a bond) to

10,
{6053] X" isan anionic group; and

{0054] R’ is hydrogen or lower alkyl {e.g., 1s methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

pentyl, etc.}. Preferred zwitterionic linkers have the formula:
S0,
(Q)s
&
TN
{(055] The present tnvention provides compounds and methods for the synthesis of
chemiluminescent acridintum compounds. Such compounds are able to be prepared without the
carcinogenic reagent 1 3-propane sultone in the synthesis of these commercially useful, high
light yield, electron-rich chemiluminescent acridinium labels containing N-sulfopropyl groups
{e.g., acridintum dimethylphenyl esters, actidinium esters, acridinium sulfonamides) Moreover,

these synthetic protocols provide for the synthesis of a variety of acridintum compounds with

different functional groups attached to the central nitrogen of the acridinium ring syster.

{6056} Exemplary high light yield, electron-rich acridinium esters capable of forming a
conjugate with an analvte, analyte analog or other binding partner include acridinium esters 1, 2,
3, and 4. For acridinium esters 1 and 2 that contain a C-2 isopropoxy group, compound 5 is the
common advanced synthetic intermediate used for final assembly of these acridinium esters. For
the dialtkoxy compounds 3 and 4, compounds 6 and 7 represent the advanced synthetic
intermediates respectively. The present invention includes compounds and methods useful for

the production of compounds 3, 6, and 7 which are important precursors to Compounds 1-4.
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Compound 1-4 all display increased light output of 2-3 fold compared to unsubstituted
acridinium esters (7.e., compounds without substitution at the and C(2) and C(7) positions) and
are useful fabels for improving sensitivity of immunoassays. Moreover, these production
methods occur without the use of carcinogens like 1,3-propane sultone. Additionally, use of the
reagents and protocols described herein allows for the attachment of sulfopropyl groups to the

two ether oxygens of compound 7 without the use of 1,3-propane sultone.
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{8057} The acridans may be N-alkylated by reacting the acridan with a protected

sutfonate triflate compound having the structure of formula (R1}):

O
O // O
v }J\R C/O\ S,;z ®RD)
d{,’/ NCE,

wherein G is an acid-labtle protecting group; and

—Ri— 1s independently selected at each occurrence from Cizo linear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more (e.g., 1-5, one, two, three, four,
five) heteroatoms (e.g., O, S, N, P, F, Cl, Br, I}, and combinations thereot, and wherein Ry
optionally comprises a zwitterionic linker group (e.g., ~Z%-). In some embodiments, the R* of
said sulfonate triflate compound is lower alkyl {e.g., C1-Cy4 linear or branched atkyl such as
methyl, ethyl, propyl, butyl). In some embodiments, the sulfonate triflate corpound has the

structure of formula (R2}:
G O

(R2)
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{0058]  Typically, the protecting group for the sulfonate tn the sulfonate triflate undergoes
cleavage from the sulfonate in acidic conditions. Such protecting groups have been described in
Adamczyk et al, JOrg.Chem. 63 (1998): 5636-5639; Miller, JUrg Chem. 75 (2010); 4632-4635,
and Pauff and Miller, JOrg.Chem. 78 (2013). 711-716) each hereby incorporated by reference
by their entirety and specifically in relation to sulfonate protecting groups and cleavage

reactions. In some embodiments, G is selected from

{06059%] In more preferred, embodiments, G ts selected from

or

{8060] Typically, neopentyl protecting groups require strong acid for their removal
Additionally, synthesis of these groups requires using toxic oxirane and an organometallic
reagent butyl lithium. (Adamczyk ef al}). The o-triftucromethylbenzyl (TFMB) sulfonates,
TFMB and its 4’ -methyl version (4’-Me-TFMB) are stable to mild acid and were described by

Miller e of based on solvolysis studies of analogous compounds as reporied by Allen e o/,
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JAm.Chem. Soc. 105 {1983 ): 2343-2354, each hereby incorporated by reference by their entirety
and specifically in relation to sulfonate protecting groups and cleavage reactions.. The protecting
group may be cleaved following N-alkylation of the acridan. Preferably, the protecting group is

cleaved from an acridinium compound formed from the oxidation of the N-alkylated acridans.

{0061]  Persons of ordinary skill are able to synthesize these protected sulfonate triflates. For
example, iodopropylsulfonate 4’-methyl TFMB ester may be converted to the more reactive
triflate by stirring the iodide with silver trifluoromethanesulfanate in tolune. In some
embodiments, the invention provides the synthesis of protected sulfonate triflates comprising

reacting a compound having the structure:

with silver trifluoromethane sulfonate to produce a protected sulfonate triflate having the

structure of formula (R1}):

0
O /’ O
e ?‘/\R/Q\J &)
) ngﬁf NCE,

wherein Ry is a bivalent hydrocarbon {(e.g., propyl), and

2

X is halogen {e.g., ~1). In certain embodiments G is:

TFMB

4'-Me-TEMB

Neopenty!




WO 2020/005920 PCT/US2019/038955

{0062]  Preferred alkylating reagents for the introduction of the N-sulfopropyl group can be

represented by the formula:

O
G/O\ 4 0 Q
(5/ W ~ it
dl \CF:;

{86063] In most embodiments, G is selected from the following:

CF,

TFMB

3
{ 4 -Me-TFMB

N
N/ ¥

Neopentyl
Dy e

[0064] In preferred embodiments, G is 4 -Me-TFMB.

{8065]  Typically, the cleavage reaction of the protected sulfonate protecting group occurs in
an acid compatible with the acridan, acridine, or acridinium reactants. In some embodiments, the
acid is a Bronsted acid which may be selected from hvdrochioric acid, hydrobromic acid,
sulphuric acid, benzenesuiphonic acid, p-toluenesulphonic acid (p-TSA), methanesulphonic acid,
ethanesnlphonic acid, triftuoromethanesulfonie acid (TFM3A)Y, trifluoroacetic acid {TFA),
trichlorpacetic actd (TCA), dichloroacetic actd (BCA)}, chloroacetic acid, formic acid and acetic
acid. In some emboduments, the acid may be a Lewis acid or a siicon compound or a
cominnaiion of fwo or more such acids and/or silicon compounds. The acid may be selected from
boron triffuoride, boron trichloride, boron tnibromide, aluminium chionide, tin chloride, titanium
chioride, silicon tetrachioride, chlorotrimethyisilane MesSiCI {TMICT), bromotrimethylsilane
Me:SiBr (TMSBry and  trimethyisiiyl trifluoromethanesulphonate  {TMSOTE). In pretferred
embodiments, the acid for cleavage of the sulfonate protecting group may be trniftuoroacetic acid

(TFA}, hydrochloric acid, or sulfuric acid etc.

{8066] The invention provides methods of N-alkylating acridans, and specifically, electron-

rich acridans. Accordingly, these methods allow for the introduction of a hydrophilic, N-
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sutfopropyl group into a high light yield, electron-rich chemiluminescent acridinium ester
containing one or more alkoxy groups in the acridinium ring by (a) conversion of the acridine
ester precursor to the comresponding acridan using a reducing reagent; (b} N-alkylation of the
acridan ester with a sulfopropyl triflate where the sulfonate contains an acid-labile protecting
group by stirring the two components in a solvent under an inert atrosphere; (¢} oxidation of the
N-sulfopropylacridan with the protected sulfonate to the N-sulfopropyl acridinium ester and; (d)
cleavage of the sulfonate protecting group by acid hydrolysis. The acridan may have the

structure according to formula (A1)

(A1)

wherein wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than

0;
Riand R, are independently selected from electron donating groups; and

R3 is hydrogen or a Ci-Cas hydrocarbon radical {e.g., Ci-Cso, C1-Cao, Ci-Cro, Cs-C1s, Cs-Cso, Cs-
Cao, Cro-Cao,) optionally substituted with one or more {e.g., 1-20} hetercatoms {e.g., O, S, N, P,
F, 1, By, I} and wherein Rs may optionally comprise a zwitterionic group (e.g. —2) and/or a
zwitterionic linker group (e.g., —Z"-).In some embodiments, Ry and/or R; are alkoxy. In some
embodiments, Ry and Ry are each the same alkoxy group (e.g. lower alkoxy such as methoxy,
ethoxy, propoxy, isopropoxy, eic). In other embodiments, wherein R; or R; is hydrogen and the
other of Ry or Ry 15 alkoxy (e.g. lower alkoxy such as methyl, ethoxy, isopropoxy, 1sopropoxy,

etc.). R1 and/or R2 may be independently selected from alkoxy groups having the structure:

ORa

—%-ORQ %« OR4
p or

A
W
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ORs
o
ORs
o
% ORa
o
OR,.

2

wherein Ra 18 independently selected at each occurrence from methyl, isopropyl, or -
{CHCH0)1.0CH; (e.g, ~(CH:CH2O) sCHs, ete). In some embodiments the acridan has the

structure of formula (AZ):

(A2)

{8067] In certain embodiments, the acridan has the structure of formula (A3):

(A3)

wherein Q15 O or N,

R4 s absent when Q 15 O or hydrogen or a Cy-Cao (e.g., C1-Cso, C1-Cao, C1-Cro, Cs-Cis, Cs-Cao)
hydrocarbon radical optionally substituted with one or more {e.g., 1-15) hetercatoms {e.g., O, S,
N, P, F, (1, Br, 1), thereof and wherein R4 and Rs may optionally comprise a zwitterionic group

{e.g. ~Z) and/or a zwitterionic linker group {e.g., ~Z"-); and

N
Ch
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Rs hydrogen or a Ci-Cao hydrocarbon radical optionally substituted with one or more {e.g., 1-15)
heteroatoms {e.g., O, S, N, P, F, Cl, Br, 1), and combinations thereof and wherein R4 and Rs may
optionally comprise a zwitterionic group (e.g. —7) and/or a zwitterionic linker group (e.g., 7).

The zwitterionic linker —Z"— may have the structure:
Xa
(65
M\
wherein “m” 18 0 (i.e. it is a bond) or 1,
“n” and “p” are independently at each occurrence an integer from O (i.e. it is a bond) to 10;
X?is an anionic group; and

R’ is hydrogen or lower alkyl (e.g., 13 methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl,
etc ).

{6068]  In preferred embodiments, acridan has the structure of formula (A4):

(Ad)

wherein Re-Rio are independently selected from hydrogen or a Ci-Cos {e.g., Ci-Cop, Ci1-Cio, Cs-
Cis, Us-Cys) hydrocarbon radical (e.g., alkyl such as methyl, ethyl, or propyl, alkoxy such as
methoxy, ethoxy, propoxy, or isopropoxy) optionally substituted with one or more {e.g., 1-15)
heteroatoms {e.g., O, §, N, P, F, Cl, Br, 1), and wheretn Rs-Rio may optionally comprise a

zwitterionic group (e.g. —Z) and/or a zwitterionic linker group (e.g., —Z%-). Typically, at least one
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of Rs-Rio 1s not hydrogen. In some embodiments, Rs and Ry are alkyl {e.g., methyl). In some
embodiments, at least one of Re-Rio comprises a leaving group for forming a conjugate with an
analyte, analyte analog, or binding partner for an analyte. In some embodiments, at least one of
Rs-Ruo 1s alkoxy. In preferred embodiments, the acridan has the structure of formula (AS), (A6),

or {A7):

(AT)

wherein Ry is alkyl, alkenyl, alkynyl, or aralkyl optionally substituted with one or more {e.g., 1-

15) heteroatoms {e.g., 3, S, N, P, F, Cl, Br, I).

{0069]  The acridan may also have the structure of formula {A8):
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(A8)

i807¢] wherein Ri> is a C1-Cyo hydrocarbon {e.g., methyl, etc ).
{8071] In some embodiments, Rs-R1z may comprise a leaving group for forming a conjugate
with an analyte, analyte analog, or binding partner for an analyte. For example, Re-Riz may

comprise a group L selected from:
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wherein R is independently at each occurrence hydrogen or a -Cyo hydrocarbon {(e.g., alkyl,
alkenyl, alkynyl, arvl, arylalkyl); and

Ry 18 a bivalent C1-Cio hydrocarbon (e.g., alkyl, alkenyl, alkyuyl, aryl, arylalkyl). In preferred
embodiments, Rs-Ri2 are selected from hydrogen, alkyl, -C(OOH, ~C{Ojalkoxy, and alkoxy.

18072] In some embodiments, the acridan may be produced by reducing the corresponding

acridine. For example an acridine having the structure

may be reduced to form an acidan having the structure of formula (Al). Similar corresponding
acridines may be reduced to form acridans having the structure of formulas (A1)-(A8). In one

embodiment, the acridine ester has the formula:

wherein one of Ry or Rz is hydrogen or OR and the other of Ry or Ry s OR;
Rs, Ry, and Ryy are R; and

R is independently at each occurence a Ci-Cuo (e.g., C1-Cao, C1-Cao, C1-Cio, Cs-Cis, Cs-Cao)
hydrocarbon radical (e.g., alkyl, alkenyl, alkyoyl, aryl, aralkyl) optionally substituted with 1-20
heteroatoms {e.g., G, S, N, P, F, i, Br, I). In other embodiments, Ry and R are both OR. In
certain embodiments, Re and Ry are methyl groups and Ry is selected from methyl, ethyl, or
isopropyl groups. In some embodiments, Ry and Ro are selected from lower alkoxy, and Rs, Ry

and Ry are lower alkyl.
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{6073]  Preferred reducing reagents for the conversion of acridine to the acridan prior to N-
alkylation are hydride reducing agents selected from picoline-borane, sodium borohydride,
lithium  borohydride, potassium  borohydride, sodium  cyancborohydride or potassium
cvanoborohydride, Alternatively, catalytic hydrogenation over a metal catalyst selected from

palladium or platinum on carbon can be used for the reduction.

{0074]  The N-alkylated acridan may have the structure according to formula (NA1):

(NAT)

wherein By and Ry are independently selected trom electron donating groups;

R3 is hydrogen or a Ci1-Cas hydrocarbon radical optionally substituted with one or more (e.g., 1-

20) hetercatoms {e.g., G, §, N, P, ¥, (], Br, I} and wherein R; may optionally comprise a

zwitterionic group {e.g. —Z) and/or a zwitterionic linker group {(e.g., —Z");

—Ri— 18 independently selected at each occurrence from Cioo lnear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more (e.g., 1-5}) heteroatoms (e.g., O, S,
N, P, F, (], Br, 1 etc), and combinations thereot, and wherein Ry optionally comprises a

zwitterionic linker group (e.g., -Z2*-); and

(7 is an acid-labile protecting group. These intermediate compounds are useful in the synthesis of
chemtluminescent acridinium coropounds. Preferably, Ro is lower alkyl.

{6075]  Following N-alkylation of the acridan, the N-alkylated acridan may be reduced to a
protected N-alkylacridinium compound. In some embodiments, the protected N-alkylacridinium

has the structure:
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wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than 0;
Ri and R; are independently selected from electron donating groups;

R3 is hydrogen or a Ci1-Cas hydrocarbon radical optionally substituted with one or more (e.g., 1-

20) hetercatoms {e.g., G, §, N, P, ¥, (], Br, I} and wherein R; may optionally comprise a

zwitterionic group (e.g. —Z) and/or a zwitterionic Hinker group (e.g., —Z");

—Ri— 18 independently selected at each occurrence from Cioo Hnear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more (e.g., 1-5}) heteroatoms (e.g., O, S,
N, P, F, (], Br, 1 etc), and combinations thereot, and wherein Ry optionally comprises a

zwitterionic linker group (e.g., -Z2*-); and
(7 is an acid-labile protecting group.

i8076]  An oxidation reaction of the N-alkylacridan may be used to produce acridinium
compounds. In some embodiments, the oxidation occurs in an air environment. In other
embodiment, oxidation of the N-alkylated acridan may be achieved with molecular oxygen or
DDQ (2 3-dichioro-5,0-dicyanobenzoquinone). In most embodiments, the protected N-
alkylacridinium may then unprotected using a cleavage reaction. However, in other
embodiments, the sultonate 1s deprotected prior to oxidation of the N-alkylacridan. Typically, the
cleavage reaction of the protected sulfonate protecting group occurs in an acid compatible with
the N-alkylacridinium reactants. In some embodiments, the acid s a Bronsted acid selected from
hydrochloric acid, hydrobromic acid, sulphuric acid, benzenesulphonic acid, p-toluenesuiphonic
acid {p-TSA), methanesulphonic acid, ethanesulphome acid, trifluoromethanesulfonic acid
{TFMSA), trifluoroacetic acid {(TFA}, trichloroacetic acid (TCA), dichloroacetic acid (DCA),
chloroacetic acid, formic acid and acetic acid. In some embodiments, the acid may be a Lewis

acid or a silicon compound or a combination of two or more such acids and/or silicon
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compounds. The acid may be selected from boron wifluonide, boron trichloride, boron
tribromide, alumumium  chlonde, #in  chlonde, titamium  chionide, silicon  tewrachioride,
chlorotrimethylisifane Me:d8CL (TMSCI), bromotrimethyisilane  MesSiBr (TMSBry  and
trimethylsilyl influoromethanesulphonate (TMSOTE. In some embodiments, the acid for
cleavage of the sulfonate protecting group may be trifluoroacetic acid (TFA), hydrochloric acid,

or sulfuric acid etc. In preferred embodiments, the acid is TFA.
{0077}  Preferred solvents for any reaction {e.g., reduction, N-alkylation, oxidation, cleavage
of protecting group or combinations thereof) are common organic solvents such as

dichloromethane, chloroform, acetonitrile, toluene, etc. In some embodiments, the N-alkvlation

occurs in anhydrous dichloromethane at room temperature under inert atmosphere {e.g., Argon}.

{¢0738] Methods for the synthesis of N-alkylated acridiniums are provided which may

comprise:
(a) reducing an acridine compound to convert said acridine compound to an acridan;

{(b) N-alkvlating said acridan according to the method of any one of claims 1-24 to produce

an N-alkvlacridan; and

(¢} oxidizing said N-alkylacridan to convert said N-alkylacridan to said acnidinium.
i0079] In some embodiments, the method further comprises cleaving the acid-labile
protecting group. In some embodiments, the acid-labile protecting group is cleaved from the
acridintum {(i.e., to produce an unprotected N-alkylacridnium) by acid hydrolysis following said
N-atkylation step. In most embodiments, the cleaving may occur after the oxidizing step.
{008¢] In some embodiments, the methods of the synthesis of chemiluminescent acridinium
compounds comprises:

{0081} {a) reducing an acnidine compound having the structure:

to produce an acridan having the structure:
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(b} reacting said acridan with a first protected sodium triflate compound having the

structure:

; and

(c) oxidizing said N-alkylacridan to produce an N-alkylacridinium having the structure:

wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than 0,

R: and Ry are independently selected from electron donating groups;
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Rz is hydrogen or a C1-Css hydrocarbon radical optionally substituted with one or more (e.g., 1-
20} heteroatoms {e.g., O, S, N, P, F, Cl, Br, I} and wherein R; may optionally comprise a

zwitterionic group {e.g. —7) and/or a zwitterionic linker group (e.g., ~Z%-);

-Ri~ is independently selected at each occurrence from (1.0 linear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more {e.g., 1-5) heteroatoms {e.g., O, S,
N, P, ¥, Cl, Br, I, etc), and combinations thereof, and wherein Ry optionally comprises a
zwitterionic linker group (e.g., —Z"); and

(3 1s an acid-labile protecting group.

{6082]  In some embodiments, the acridine has the structure

and said method further comprises reacting said acridine prior to said reducing step with a

second protected sulfonate triflate prior to acridine reduction having the structure

0
G /4 O
cdl }g\R C/O\ V,
d{?‘ TNCF,

to produce an acridine having the structure

{0083] These methods may produce an N-alkylacridinium with the structure:
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wherein the protecting group on the N-alkylated functional group may be the same or different as
the protecting group on the G-alkylated functional groups.

{6084] In some embodiments, the acid-labile protecting groups may be removed to produce

an acridinium compound having the structure:

EXAMPLES

{0085]  The following Examples illustrate the synthesis of a representative number of acridan
and acridintum compounds. Accordingly, the Examples are intended to illustrate but not to limit
the disclosure. Additional compounds not specifically exemplified may be synthesized using

conventional methods in combination with the methods described herein.

{0086] The following examples describe the syntheses of compounds §, & and 7 using the
methods of the present invention. These compounds are advanced precursors to the acridinium

esters 1-4.
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{6087]  Example 1: Synthesis of Compound §

AgOTH

PN CFa

— ;
uen \ / \. il
toluene, RT X oIS
1l

N
O. /j\\ picoline-borane  §
o}

THF/MAN HCH

DDA, MeOH
mmmnmnnssnnnnnnnnssnnnnnnnse BN

il iv §

{0088] Reduction: A solution of 2-isopropoxvacridine methyl ester, compound i (Natrajan ef
af, Org. Biomol Chem. 10 (2012): 3432-3447) (0.1 g, 0.225 mmole) was dissolved in a mixture
of tetrahydrofuran (THF, 9 mL) and 1 N HCl (I mL). To this yellow solution was added solid
picoline-borane corplex (29 mg, 1.2 equivalents). The reaction was stirred at room temperature
for 2 hours by which time the color of the reaction mixture had faded to a light yellow color.
HPLC analysis using a Phenomenex bondclone Cig, 3.9 x 30 mm column and a 30 minute
gradient of 10 — 100% MeCN/water (each with 0.05% TFA) at a flow rate of 1 mL/minute and
UV detection at 260 and 220 nm showed product 2-isopropxyacridan methyl ester i eluting at
22.8 minutes with very little starting material i eluting at 23.8 minutes. The reaction was
concentrated under reduced pressure to remove the THF and the residual aqueous layer was

diluted with ethvl acetate (25 mL} which was subsequently washed with 5% agueous sodium
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bicarbonate solution followed by 5% aqueous NaCl. The ethyl acetate solution was dried over
anhydrous magnesiurm sulfate, filtered and concentrated under reduced pressure to give
compound i as a light vellow solid. Yield = 116 mg {quantitative}. This material was used as

such for the N-alkylation reaction.

{0089] N-Alkvlation: A solution of 2-isopropoxyacridan methyl ester (compound i) (0.1 g
0.225 mmole}, triflate b (0.686 g, 0.00155 mole), and 2,6-di-tert-butylpyridine (0.1 mi., 0450
mmole} was stirred in anhydrous dichloromethane (2-3 mL) at room temperature under an argon
atmosphere {balloon) protected from light for a week. TLC analysis (1:4, ethyl acetate/hexanes}
showed complete conversion to a less polar product. HPLC analysis as described above showed
product cluting at 26.8 minutes. The reaction was concentrated under reduced pressure and the
product #ii was purified by flash chromatography on stlica using ethyl! acetate/hexanes. Yield =

107 mg (64%, sticky solid). MALDI-TOF MS 738 observed.

{0090] The protected sulfopropyl iodide compound a was synthesized using a literature
procedure (Pauft and Miller, S Org. Chem ., 2013, 78, 711-716). A solution of compound a {0.775
g, 0.00184 mole) in ashydrous toluene {10 mL) was treated with silver trifluoromethane
sutfonate (0.47 g, 0.00184 mole). The reaction was stirred at room temperature under a nitrogen
atmosphere protected from hight. After 16 hours, a yellow precipitate had formed in the reaction.
The reaction was diluted with ethyl acetate (25 mL) and was filtered. The filtrate was washed
with cold water and then aqueous 5% NaCl (25 mL each). It was then dried over anhydrous
magnesium sulfate and concentrated under reduced pressure to give a light brown oil which was

used as such for the next reaction. Yield = 0.686 g (compound b, 84%}.

{6091] Oxidation: A solution of the N-alkylated acridan ester (compound it} (66 mg, 0.089
mmole) in methanol (5 mL) was treated with DD (24.3 mg, 0.008% mmole). The reaction was
stirred at room temperature. After 30 minutes, HPLC analysis as described above showed
complete conversion to the acridinium ester eluting at 22 minutes. The solvent was removed
under reduced pressure.

{6092] Deprotection: The residue was stirred in TFA (1 mL) and water (0.02 mL) at room
temperature. After 1 hour, HPLC analysis showed complete conversion to the product § eluting
at 17.3 minutes. The reaction was diluted with methanol {5 mL} and concentrated under reduced

pressure. A similar series of reactions where the oxidation was performed first on compound i
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followed by de-blocking of the sulfonate protecting group to give crude 8 was also successful.
The combined crude product § from these reactions (starting from 100 mg of 2-isopropxyacridan
it} was purified by flash chromatography on silica using ethyl acetate/methanol. The product was
isolated in excellent purity as itlustrated in FIG. 1. Yield =37 mg (46% from iii, two steps).
{0093] Example 2: Synthesis of Compound 6

Ohe

picoiine-borane

N HCUTHF

Y
E N O CF
g CFag N* OMe rj OMe 1.DDQ, MeOH
* " o8 e ey PN WCumgam, 2. TEA + 2% water
InYed 4 {
C)_-\.....\OTF DOM \/"Q”\;O\/"‘D v N {)AVON/\’QN
!OOMe
vif

{0094] Reduction: The PEG acridine ester (compound v} precursor to acridan vi has been
described previously (US 7,309,615, hereby incorporated by reference in its entirety and
specifically in relation to acridinium esters and their synthesis). Compound v (95 mg, 0.098
mmole) was dissolved in THF (9 mL) and 1IN HCI (I ml) Picoline borane (21 mg, 2
equivalents) was added in one portion and the reaction was stirred at room temperature. After 4
hours, the initial dark yellow solution had faded to a light yellow color. HPLC analysis of the
reaction as described previously showed acridan product vi eluting at 18.7 minutes with very
little starting material at 21 minutes. The reaction was then concentrated under reduced pressure
to remove the THF and the aqueous residue was partitioned between ethyl acetate (25 mL} and
cold 1IN HCI (25 mL) The ethyl acetate layer was separated and was washed successively with

aqueous 3% ammonium chloride, 5% sodium bicarbonate and 5% NaCl. It was then dried over
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anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The acridan vi

was recovered as a white, sticky solid. Yield = 90 mg (95%)

{0093] N-alkviation: A solution of acridan vi (90 mg, 0.092 mmole), triflate b (0.45 g, 1

mmole) and 2,6-di-tert-butylpyridine (0.04 mL, 2 equivalents) in dichloromethane (3 mL) was
stirred under an inert atmosphere of nitrogen (balioon), protected from light at room temperature
for a week. HPLC analysis of the reaction mixture showed > 90% conversion to the N-alkylated
acridan vii eluting at 22.5 minutes. The reaction was concentrated under reduced pressure. The
product was purified by flash chromatography on silica using a mixture of ethyl acetate and

methanol. Yield =0.1 g (85%, sticky solid), MALDI TOF MS 1268 cbserved.

{0096]  Oxadation: A solution of the N-alkylated acridan vii (0.1 g, 0.078 mmole} in methanol
{10 mbL) was treated with DDQ (18 mg, 1 equivalent}. The reaction was stirred at room
temperature. After 30 minutes, HPLC analysis showed complete oxidation to the acridinium

ester eluting at 20.2 minutes.

{6097} Deprotection: The solvent was then removed under reduced pressure and the
acridinium ester was stirred in TFA (1 mL) with water (0.02 mL) at room temperature. After one
hour, HPLC analysis showed >90% conversion to the product 6 eluting at 16.5 minutes. The
reaction was treated with hexanes (30 mL) to precipitate the product. The hexanes were decanted
and the residue was rinsed with hexanes (2 x 15 mL)}. The product was then dried under reduced
pressure and then purified by flash chromatography on silica using ethyl acetate/methanol. FIG.
2 shows the HPLC trace of product 6 obtained following this synthesis. Yield = 46 mg (50%).

MALDI TOF MS 1097 observed.
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{06098] Example 3: Synthesis of Compound 7

CF,
: @ CFyy K,C0,, MeGN 0;0
~GH . / V‘ng e
O [

Whito 18-crown-8 Q
a
QOMe
ix
picoline-borane @ CF:D OF;;C @ . Q CFSO
1N HCITHF AN @ @ ST ~ 0-5
O Y P T o) bm\mﬂ"{)'{'f
A, b
X
95 \Q
o G UF, o
N7 - - DDQ, MeQH/EIOAC
CF; o

TFA + 2% water .
SQO,H

{0099] A mucture of compound viii (US 7,309,615, hereby incorporated by reference in its
entirety and specifically in relation to acridinium esters and synthesis thereof) (50 g, 0.12
mmole}, potassium carbonate anhydrous (36 mg, 2.2 equivalents), 18-crown-6 (1,4,7,10,13,16-
hexaoxacyclooctadecane) (70 mg, 2.2 equivalents) was treated with a MeCN solution (10 L) of
iodide a (127 mg, 2.5 equivalents). The reaction was heated at 85°C in an oil bath. The initial
dark red solution faded away to a light brown color after 3 hours. HPLC analysis as described

previousty showed the formation of a major product eluting at 28 minutes. The reaction was
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cooled to room temperature and concentrated under reduced pressure. A simtlar scale reaction
but without the addition of crown ether afforded a similar reaction profile but product formation
required heating for 6 hours. The crude product from both reactions were combined and purified
by flash chromatography on silica using a mixture of ethyl acetate/hexanes. Yield = 0.1 g (42%).

MALDI TOF MS 1006.4 observed.

{0108] Reduction: A solution of acridine ester ix (0.1 g, 0.096 mmole} in THF (18 mL} and
IN HCI {2 mL) was treated with solid picoline borane (21.3 mg, 2 equivalents). The reaction was
stitred at room temperature for 12 hours. HPLC analysis showed acridan x eluting at 263
minutes with very little starting material at 28 minutes. The THF was removed under reduced
pressure and the residue was partitioned between cold 1IN HCH (25 mL) and ethyl acetate (50
ml). The ethyl acetate extract was washed successively with 25 mL each of aqueous 5%
ammonium chloride, 5% sodium bicarbonate and 5% sodium chloride. It was then dried over
anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. Crude Yield =

0.13 g This material was used such for the N-alkylation reaction.

[0161]
anhydrous dichloromethane (4 mL) and treated with triflate b (0.43 g, 0.97 mmole) and 2,6-di-

N-alkylation: The acridan compound x (0.13 g crude, 0.1 mmole) was dissolved in

tert-butylpyridine {(0.057 mL, 2.5 equivalents). The reaction was stirred under an inert nitrogen
atmosphere at room temperature for a week. HPLC analysis showed ~80% conversion to product
xi eluting at 28.3 minutes. (A similar reaction performed on a 44 mg scale of acridan x showed
complete conversion to product after two weeks.} The reaction was concentrated under reduced
pressure and the product was puritied by flash chromatography on silica using a mixture of ethyl

acetate and hexanes. Yield = 73 mg (56%). MALDI TOF MS 1300 observed.

{6102] QOxidation: A solution of the N-alkylated acridan xi (73 mg, 0.056 mmole} in 1:1
methanol/ethyl acetate (10 mL) was treated with DD (14 mg, 1.1 equivalents). The reaction
was stirred at room temperature. After 10 minutes, HPLC analysis showed complete conversion
to the acridinium ester eluting at 25 min.

{0103] Deprotection: The solvent was removed under reduced pressure and the residue was
stitred in TFA (2 mb) and water (0.04 mL). After 1.5 hours, HPLC analvsis showed a major
product compound 6 eluting at 11.3 minutes. The solvent was removed under reduced pressure

and the residue was rinsed with ether (50 mL) followed by 1.1 ether/hexanes and then 1:1
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hexanes/ethyl acetate. The crude product was then dried under reduced pressure. Crude Yield =

60 mg. MALDI TOF MS 784 observed.
[0104]

{0165] All references including patent applications and publications cited herein are
incorporated herein by reference and for all purposes to the same extent as if each individual
publication or patent or patent application was specifically and individually indicated to be
incorporated by reference in its entirety for all purposes. Many modifications and variations of
this invention can be made without departing from its spirit and scope, as will be apparent to
those skilled in the art. The specific embodiments described herein are offered by way of
example only, and the invention 1s to be limited only by the terms of the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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CLAIMS

1. A method for the N-alkylation of an acridan compound comprising reacting said
acridan compound with a protected sulfonate triflate compound having the structure of formula

(R1):

O
O / O
ol ?}S/\R(’O\S"// ®D)
d(}’ NG,

wherein G 15 an acid-labile protecting group; and

—Ri— 18 independently selected at each occurrence from Cioo lnear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more {e.g., 1-5, one, two, three, four,
five) heteroatoms (e.g., O, S, N, P, F, Cl, Br, I}, and combinations thereof, and wherein Ry

optionally comprises a zwitterionic linker group {e.g., -Z"-).

2. The method according to claim 1, wherein RY of said sulfonate triflate compound is
g p

lower atkyl (e.g., Ci1-Cs linear or branched alkyl such as methyi, ethyl, propyl, butyl).

3. The method according to claim 1, wherein said sulfonate triflate compound has the

structure of formula (R2):

N
i @)

-
@

4. The method according to any one of claims 1-3, wherein G is selected from
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5.

6. The method according to any one of claims 1-5, wherein said acridan is electron-rich.
7. The method according to claim 6, wherein said electron-rich acridan has the structure
of formula (A1)

(Al)

wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than 0;

Riand R, are independently selected from electron donating groups; and
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~ ~

Rz 1s hydrogen or a Cy-Css hydrocarbon radical (e.g., Ci-Cso, Ci-Cro, Ci-Cio, Cs5-Cy5, C5-Tio, Cs-
Cao, Cro-Cao,) optionally substituted with one or more {e.g., 1-20} hetercatoms {e.g., O, S, N, P,
F, 1, By, I} and wherein Rs may optionally comprise a zwitterionic group (e.g. —2) and/or a

zwitterionic linker group (e.g., ~Z"-).
8. The method according to claim 7, wherein Ry and/or R: are alkoxy.

9. The method according to claim 8, wherein Ry and R» are each the same alkoxy group
{e.g. lower alkoxy such as methoxy, ethoxy, propoxy, 1SOpropoxy, etc).
10, The method according to claim 8, wherein Ry or R» is hydrogen and the other of R; or

Rz is alkoxy (e.g. lower alkoxy such as methyl, ethoxy, isopropoxy, isopropoxy, etc.).

ti The method according to any one of clatims 7-10, wherein Ry and/or Ry are

independently selected from alkoxy groups having the structure:

ORa
%om ‘é_ OR,
; , OF
ORs
o
ORa
o
% ORa
o
ORs.

2

wherein R, is independently selected at each occurrence from methyl, isopropyl, or —

(CHCH20)1.0CH: (e.g., «(CHCHR0) sCH;, ete).

12, The method according to any one of claims 1-11, wherein said acridan has the

structure of formula (A2):
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{A2)
13 The method according to claim 12, wherein said acridan has the structure of formula
{A3):

(A3)

wherein & 1s O or N;

Ry 13 absent when Q13 O or hydrogen or a Ci-Cao (e.g., Ci-Cso, Ci-Coo, C1-Cio, Cs-Cis, Cs-Cao)
hydrocarbon radical optionally substituted with one or more {e.g., 1-15) heteroatoms {e.g., O, §,
N, P, F, Cl, Br, I}, thereof and wherein Ry and Rs may optionally comprise a zwitterionic group

(e.g. —Z) and/or a zwitterionic linker group (e.g., —Z"-); and

Rs hydrogen or a Ci-Cao hydrocarbon radical optionally substituted with one or more {e.g., 1-15)
heteroatoms {e.g., O, S, N, P, F, Cl, Br, 1}, and combinations thereof and wherein R4 and Rs may
optionally comprise a zwitterionic group (e.g. —Z) and/or a zwitterionic linker group (e.g., —7"-).
14, The method according to claim 12, wherein said acridan has the structure of formula

(A4):
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{Ad)

wherein Re-Rio are independently selected from hydrogen or a C-Cas {e.g, Ci-Cao, C1-Cio, Cs-
Cis, Us-Cys) hydrocarbon radical (e.g., alkyl such as methyl, ethyl, or propyl, alkoxy such as
methoxy, ethoxy, propoxy, or isopropoxy.} optionally substituted with one or more {e.g., 1-15)
heteroatoms {e.g., O, §, N, P, F, Cl, Br, I), and wherein Rs-Ryo may optionally comprise a

zwitterionic group (e.g. ~Z) and/or a zwitterionic linker group (e.g., ~Z-}.

1S. The method according to claim 14, wherein at least one of Re-Rio comprises a leaving
group for forming a conjugate with an analyte, analyte analog, or binding partner for an analyte.
6. The method according to any one of claims 3-5, wherein Rg and Ry are independently
hydrogen, altkyl, alkenyl, alkynyl, or aralkyl optionally substituted with one or more {e.g., 1-15)
heteroatoms {e.g., G, S, N, P, F, Ci, Br, I},

17 The method according to claim 14, wherein said electron-rich acridan has the structure

of formula (A5):

(AS)
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18. The method according to any one of claims 14-17, wherein said electron-rich acridan

has the structure of formula (AG):

(A6)

wherein Ry s alkyl, alkenyl, alkynyl, or aralkyl optionally substituted with one or more {e.g., 1-
15) heteroatoms (e.g., O, S, N, P, F, Cl, Br, I).

19. The method according to claim 7, wherein said electron-rich acridan has the structure
of tformula (A7)

(AT)

20. The method according to claim 7 wherein said electron-rich acridan has the formula of

formula (AR):
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(A8)

wherein Ry is hydrogen or a C1-Css hydrocarbon radical optionally substituted with one or more
{e.g., 1-10) heteroatoms {(e.g., O, 5, N, P, ¥, Cl, Br, I} and wherein Ry; may comprise a
zwittertonie group and/or a zwitterionic hinker group.

21 The methed according to claim 20, wherein Ry» comprises a leaving group for forming
a conjugate with an analyte, analyte analog, or binding partner for an analyte.

22 The method according to any one of claims 1-18 and 20-21 wherein said acridan

comprises a zwitterionic linker ~Z"~ having the structure:

X'{I
i
o

( Yi/(’%ﬁi
TS
wherein “m” 15 0 (f.e. itis a bond) or |
“n” and “p” are independently at each occurrence an integer from O (i.e. it is a bond) to 10;

X?is an anionic group; and

R’ is hydrogen or lower alkyl (e.g., is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl,
et ).
23. The method according to any one of claims 7-22, wherein one of Ry or R; ts hydrogen

and the other of Ry or R is alkoxy.

24. The method according to any one of claims 7-22, wherein Ry and R are the each sare

alkoxy group (e.g., methoxy, eic.).
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25. A method for the N-alkylation of an acridan having the structure of formula (A1)

(A1)

comprising reacting said acridan with a protected sodium triflate compound having the structure

of formula (R1):

J \RL/ \éﬁ(’? {R1)

to produce an N-alkylated acridan having the structure of formula (NAT):

o
o
;‘Sf’ ~G
R %

(NAD)

wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than 0;
Riand R, are independently selected from electron donating groups; and

Rz comprises a leaving group capable of leaving during the light emission of a chemiluminescent

acridiniurm compound prepared from said electron-rich acridan;
G is an acid-labile protecting group; and

-Ri~ 18 independently selected at each occurrence from Cioo linear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more {e.g., 1-5) heteroatoms {e.g., O, S,

N, P, F, Cl, Br, I), and wherein Ry, optionally comprises a zwitterionic linker group {e.g., —Z5-).
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26. A method for the synthesis of an acridinium compound comprising;
{a) reducing an acridine compound to convert said acridine compound to an acridan;

(b} N-alkylating said acridan according to the method of any one of claims 1-24 to produce

an N-alkylacridan,
(¢} oxtdizing said N-alkylacridan to convert said N-alkylacridan to said acridinium.

27. The method according to claim 26 further comprising cleaving said acid-labile

protecting group by acid hydrolysis following said N-alkylation step.

28. The method according to claim 27, wherein said cleaving step occurs after said

oxidizing step.

29. The method according to any one of claims 26-28, wherein said reducing step is

performed with a reducing agent or catalytic hydrogenation.

30. The method according to claim 29, wherein said reducing agent is a hydride reducing
agent selected from picoline-borane, sodium borohydride, lithium borohydride, potassium

borohydride, sodium cyancborohydride, or potassium cyanoborchydride.

31 The method according to claim 29, wherein said catalytic hydrogenation occurs over a

metal catalyst selected trom paliadiom or platinuro on carbon.
32. A method for synthesis of an acridiniurn comprising’

(a) reducing an acridine compound having the structure:

to produce an acridan having the structure:
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(b} reacting said acridan with a first protected sodium triflate compound having the

structure:

; and

{cy oxidizing said N-alkylacridan to produce an N-alkylacridinium having the structure:

wherein “m” and “n” are independently 0-4 and at least one of “m” or “n” is greater than 0,

R: and Ry are independently selected from electron donating groups;
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Rz is hydrogen or a C1-Css hydrocarbon radical optionally substituted with one or more (e.g., 1-
20} heteroatoms {e.g., O, S, N, P, F, Cl, Br, I} and wherein R; may optionally comprise a
zwitterionic group {e.g. —7) and/or a zwitterionic linker group (e.g., ~Z%-);

-Ri~ is independently selected at each occurrence from (1.0 linear or branched bivalent
hydrocarbon radicals; optionally substituted with one or more {e.g., 1-5) heteroatoms {e.g., O, S,
N, P, ¥, Cl, Br, I, etc), and combinations thereof, and wherein Ry optionally comprises a
zwitterionic linker group (e.g., —Z"); and

(3 1s an acid-labile protecting group.

33. The method according to claimo 32 further coroprising removing said acid labile

protecting group to produce a compound having the structure:

34 The metheod according to claim 32 or 33, wherein said acridine is electron-rich.

3s. The method according to claim 32 or 33, wherein said acridine has the structure:

36.
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and said method further comprises reacting said acridine prior to said reducing step with a

second protected sulfonate having the structure

O
G/O\!/ Xsub

A

to produce an acridine having the structure

df ~0

wherein X* is selected from triflate (7.e., —-S{0:CF3) or halogen (e.g., —Cl, —Br).

37 The method according to claim 36, further comprising removing said acid labile

protecting group to produce a compound having the structure:
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38, The method according to claim 36 or wherein X™° is selected from triflate (f.e., —

5{0»CF3) or halogen {e.g., —Cl, -Br).

37, wherein the Ry of said first protected sulfonate triflate is the same as the Ry of said second
protected sulfonate.

-

39. The method according to claim 36 or wherein X™ is selected from triflate (i.e., -

S{ORCF3) or halogen {e.g., —Cl, —Br).

37, wherein said acid-labile protecting group of said first protected sulfonate triflate is the same

as the acid-labile protecting group of said second protected sulfonate,

40. The method according to claim 36 or wherein X™ is selected from triflate (i.e., —

S{O»CF3) or halogen (e.g., —Cl, —Br).
37, wherein said first protected sulfonate triflate is the same as said second protected sulfonate.
41 The N-alkylated acridan compound synthesized according to any one of claims 1-24.

42. An N-alkylated acridan compound having the structure according to formula (NAT):

(NA1)

43. The N-alkylated acrnidan according to claim 42, wherein —Ri— i3 lower alkyl {(e.g,

methyl, ethyl, propyi, etc.).

44. The N-alkylated acridan according to claim 42 or 43, wherein G is
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45, An N-alkylated acridintum compound baving the structure according to formula
(NAZ):
O
%%
R %
(NAZ}
46. The N-alkylated acridan according to claim 42, wherein Ry is lower alkyl (e.g,

methyl, ethyl, propyl, etc.}.

47. The N-alkylated acridan according to claim 42 or 43, wherein G 1s

) Lor
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Continued from Box No. Il Observations where unity of invention is lacking

Claims 1, 2, 4, 32-35, 42, 43, 45, and 46 have been analyzed subject to the restriction that the claims read on a method for the
N-alkylation of an acridan compound comprising reacting said acridan compound with a protected sulfonate triflate compound having the
structure of formula (R1): wherein G is an acid-labile protecting group, wherein the acid-labile protecting group is the first shown
structure in claim 4 of the instant invention; -RL- is C1 bivalent hydrocarbon radical, which is unsubstituted, wherein the acridan has the
structure of formula (A1), wherein mis 0 and nis 1, R1 is absent, and R2 is independently selected as an electron donating group,
wherein R2 is methoxy, R3 is hydrogen; methods for the N-alkylation of an acridan having the structure of formula (A1), methods for
synthesis of an acridinium; N-alkytated acridan compounds having the structure according to formula (NA1); and N-alkylated acridinium
compound having the structure according to formula (NA2).
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-4, 25, 32-37a, 37b, 37¢, 37d, 38-40, and 42-47 are drawn to methods for the N-alkylation of an acridan compound,
methods for the N-alkylation of an acridan having the structure of formula (A1), methods for synthesis of an acridinium, N-alkylated
acridan compounds having the structure according to formula (NA1), and N-alkylated acridinium compound having the structure
according to formula (NA2).

The first invention of Group I+ is restricted to a method for the N-alkylation of an acridan compound comprising reacting said acridan
compound with a protected sulfonate triflate compound having the structure of formula (R1): wherein G is an acid-labile protecting group,
wherein the acid-labile protecting group is the first shown structure in claim 4 of the instant invention; -RL- is C1 bivalent hydrocarbon
radical, which is unsubstituted, wherein the acridan has the structure of formula (A1), wherein mis 0 and n is 1, R1 is absent, and R2 is
independently selected as an electron donating group, wherein R2 is methoxy, R3 is hydrogen; methods for the N-alkylation of an
acridan having the structure of formula (A1); methods for synthesis of an acridinium; N-alkylated acridan compounds having the
structure according to formuta (NA1); and N-alkylated acridinium compound having the structure according to formula (NA2). It is
believed that claims 1, 2, 4, 32-35, 42, 43, 45, and 46 read on this first named invention and thus these claims will be searched without
fee to the extent that they read on the above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a method for the N-alkylation of an acridan compound comprising reacting said acridan
compound with a protected sulfonate triflate compound having the structure of formula (R1): wherein G is an acid-labile protecting group,
wherein the acid-labile protecting group is the second shown structure in claim 4 of the instant invention; -RL- is C1 bivalent hydrocarbon
radical, which is unsubstituted, wherein the acridan has the structure of formula (A1), wherein mis 0 and nis 1, R1 is absent, and R2 is
independently selected as an electron donating group, wherein R2 is methoxy, R3 is hydrogen; methods for the N-alkylation of an
acridan having the structure of formula (A1); methods for synthesis of an acridinium; N-alkylated acridan compounds having the
structure according to formula (NA1); and N-alkylated acridinium compound having the structure according to formula (NA2). Additional
formula(e) will be searched upon the payment of additional fees. Applicants must specify the claims that read on any additional elected
inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if different than what was
indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the “+" group(s) will
result in only the first claimed invention to be searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables
G, RL, R1, R2, R3, m, and n, and accordingly these groups lack unity a priori.

Additionally, even if Groups I+ were considered to share the technical features of a method for the N-alkylation of an acridan compound
comprising reacting said acridan compound with a protected sulfonate triflate compound having the structure of formula (R1); a method
for the N-alkylation of an acridan having the core structure of formuta (A1): comprising reacting said acridan with a protected sodium
triflate compound having the structure of formula (R1): to produce an N-alkylated acridan having the core structure of formula (NA1); a
method for synthesis of an acridinium comprising: (a) reducing an acridine compound having the structure shown: to produce an acridan
having the structure shown: (b) reacting said acridan with a first protected sodium triflate compound having the structure shown; to
produce an N-alkylacridan having the structure and (c) oxidizing said N-alkylacridan to produce an N-alkylacridinium having the
structure; an N-alkylated acridan compound having the core structure according to formula (NA1); and an N-alkylated acridinium
compound having the structure according to formula (NA2), these shared technical features do not represent a contribution over the prior
art as disclosed by US 2015/0197491 A1 to Siemens Healthcare Diagnostics Inc. and “Neopenty| 3-Triflyloxypropanesulfonate. A
Reactive Sulfopropylation Reagent for the Preparation of Chemiluminescent Labels” to Adamczyk et al.

US 2015/0197491 A1 to Siemens Healthcare Diagnostics Inc. teaches a method for the N-alkylation of an acridan compound (Abstract,
A method is provided for N-alkylation of acridine compounds by reduction of acridines to corresponding acridans...; Claim 1) comprising
reacting said acridan compound (Claims 1-3) with sulfonate compound (Claims 1-3, ...wherein said alkylating agent is a sulfonate.); a
method for the N-alkylation of an acridan having the core structure of formula (A1) (Paras. [0149] through [0152], Example 1,
N-Alkylation of Acridine Esters with Sodium 3-Bromopropanesulfonate in lonic Liquids, Compound 5d, see shown structure) comprising
reacting said acridan (Paras. [0149] through [0152], Example 1, compound 5d) with a compound (Paras. [0149] through [0152), Example
1, see sulfonate compound.): to produce an N-alkylated acridan having the core structure of formula (NA1) (Paras. [0149] through
[0152), Example 1, see compound 6d.); a method for synthesis of an acridinium (Abstract; Claims 1 and 24) comprising: (a) reducing an
acridine compound having the structure shown (Claims 1 and 24, see compound Vb): to produce an acridan having the structure shown
(Claims 1 and 24, see compound Vd): (b) reacting said acridan with a first compound (Paras. [0149] through [0152], Example 1, see
sulfonate compound.); to produce an N-alkylacridan having the structure Claims 1 and 24, see compound Ve) and (c) oxidizing said
N-alkylacridan to produce an N-alkylacridinium having the structure (Claims 1 and 24, see compound V); an N-alkylated acridan
compound having the core structure according to formula (NA1) (Para. [0137], see Compound Ve); and an N-alkylated acridinium
compound having the structure according to formula (NA2) (Para. [0137], see Compound Ve).

“Neopentyl 3-Triflyloxypropanesulfonate. A Reactive Sulfopropylation Reagent for the Preparation of Chemiluminescent Labels" to
Adamczyk et al. teach a method for the N-alkylation of an acridan compound (Pg. 5638, Col. 1, Scheme 4, see compound 13)
comprising reacting said acridan (Pg. 5638, Col. 1, Scheme 4, see compound 5) with a protected sodium triflate compound having the
structure of formula (R1) wherein G is an acid-labile protecting group; and RL is C3 linear bivalent hydrocarbon radical (Pg. 5638, Col.
1, Scheme 4, see compound 11; Pg. 5637, Col. 2, Fig. 1, Compound 11).

The inventions listed in Groups |+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature. .
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