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Phenazinium Mediators

Field of the invention

The present invention relates to a chemical compound or a salt or solvate thercof being a 1-
amino-phenazine derivative and to uses thereof. The present invention further relates to a chem-
istry matrix and to a test element comprising the aforesaid chemical compound. Moreover, the
present invention relates to a method for determining the amount of an analyte in a sample, com-
prising contacting said sample with a chemistry matrix according to the present invention, esti-
mating the amount of electrons liberated or consumed by the chemistry matrix in the presence of

said liquid sample, and thereby determining the amount of an analyte in a liquid sample.

Related art

In the field of medical diagnostics, in many cases, one or more analytes have to be detected in
samples of a body fluid, such as blood, interstitial fluid, urine, saliva or other types of body flu-
ids. Examples of analytes to be detected are glucose, triglycerides, lactate, cholesterol or other
types of analytes typically present in these body fluids. According to the concentration and/or the

presence of the analyte, an appropriate treatment may be chosen, if necessary.

Generally, devices and methods known to the skilled person make use of test elements compris-
ing one or more test chemistries, which, in presence of the analyte to be detected, are capable of
performing one or more detectable detection reactions, such as optically or electrochemically
detectable detection reactions. With regard to these test chemistries and methods related thereto,
reference may be made e.g. to J. Hoenes et al. (The Technology Behind Glucose Meters: Test
Strips, Diabetes Technology & Therapeutics, Volume 10, Supplement 1, 2008, S-10 to S-26, to
US 2009/0246808 Al, and to Habermiiller et al. ((2000), Fresenius J Anal Chem 366 :560). For
electrochemical detection of glucose, a review is provided, e.g. in Heller & Feldman (2008),

Chem. Rev. 108: 2482.
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Particularly in electrochemical detection of analytes, phenazine derivatives have been proposed
and evaluated as redox mediators in enzyme assays (Ghosh and Quayle (1979), Anal Biochem
99: 112; Hisada et al. (1981), J Appl Biochem 3:535; Yomo et al. (1989) Eur J Biochem
179:293) and in particular in enzyme assays depending on NAD as a cofactor, since azine media-
tors can be used with a low overpotential (Cooney et al. (2008), Energy Environ. Sci. 1: 320).
However, reduced phenazine derivatives have a low solubility and, therefore, tend to form pre-
cipitates on the electrodes used in measurement, which are difficult to redissolve (Inzelt &
Puskés (2004), Electrochimica Acta 49: 969). Moreover, the redox potential of phenazines de-
scribed in the art lies within a range that permits reduction of said phenazines by compounds
like, e.g. ascorbate, which is frequently administered to hospitalized patients, leading to systemic

errors in, €.g. blood glucose determination of such patients (Heller & Feldman, loc. cit.).

Accordingly, there is a need in the art for phenazine derivatives having a good solubility even in
the reduced state and being resistant to reduction by reducing agents used as pharmaceuticals, in

particular ascorbate, but allowing fast reaction with reduced coenzyme.

Problem to be solved

It is therefore an objective of the present invention to provide means and methods to comply

with the aforementioned needs, avoiding at least in part the disadvantages of the prior art.

Summary of the invention

This problem is solved by a chemical compound or a salt or solvate thereof comprising the struc-
ture as disclosed herein, by a chemistry matrix comprising said chemical compound or salt or
solvate thereof, by a test element comprising said chemical compound or salt or solvate thereof,
and by the method for determining the amount of an analyte as disclosed herein. Preferred em-
bodiments, which might be realized in an isolated fashion or in any arbitrary combination are

listed in the dependent claims and are described in this specification.

Accordingly, the present invention relates to a chemical compound or a salt or solvate thereof

comprising the structure (1)
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R? n,

wherein

X is -C(=0)-, -C(=S)-, or -S(=0);-,

R' is an organic side chain comprising at least 2 C-atoms if X is C(=0), and at least 1 C-atom if
X is C(=S) or S(=0),,

R’ is an organic side chain comprising at least 2 C-atoms,

R’ is H or an organic side chain, and

wherein at least one of R, R? and R” is a hydrophilic side chain.

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary grammati-
cal variations thereof are used in a non-exclusive way. Thus, these terms may both refer to a sit-
uation in which, besides the feature introduced by these terms, no further features are present in
the entity described in this context and to a situation in which one or more further features are
present. As an example, the expressions “A has B”, “A comprises B” and “A includes B” may
both refer to a situation in which, besides B, no other element is present in A (i.e. a situation in
which a solely and exclusively consists of B) and to a situation in which, besides B, one or more
further elements are present in entity A, such as element C, elements C and D or even further
elements.

Further, as used in the following, the terms "preferably”, "more preferably”, "more preferably”,
"particularly”, "more particularly”, "specifically", "more specifically" or similar terms are used in
conjunction with optional features, without restricting alternative possibilities. Thus, features
introduced by these terms are optional features and are not intended to restrict the scope of the
claims in any way. The invention may, as the skilled person will recognize, be performed by
using alternative features. Similarly, features introduced by "in an embodiment of the invention"

or similar expressions are intended to be optional features, without any restriction regarding al-

ternative embodiments of the invention, without any restrictions regarding the scope of the in-
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vention and without any restriction regarding the possibility of combining the features intro-

duced in such way with other optional or non-optional features of the invention.

As used herein, the terms "chemical compound”, "salt", and "solvate" are used in their usual
meaning known to the skilled chemist. If the net charge of a compound according to the present
invention is positive, preferred counterions are trifluoromethanesulfonate (triflate), sulfate, alkyl
sulfonate, tosylate, phosphate, tetrafluoroborate, hexafluorophosphate, trifluoracetate, perchlo-
rate, chloride or nitrate ions. If the net charge of a compound according to the present invention
is negative, preferred counterions are lithium, sodium, and/or potassium ions, or tetramethlyam-
monium ions. Preferably, the net charge of a compound according to the present invention is the
net charge of the compound in aqueous solution under standard conditions as specified elsewhere

herein.

The term "side chain" is understood by the skilled person and relates to an atom or chemical
group attached covalently to the core part of a chemical compound as described herein, said core
part also being referred to as "main chain" or "backbone". Preferably, the side chain is an organic
side chain as described herein below. The term "substituted" side chain relates to a side chain
substituted at one or more positions, preferably, at 1, 2, or 3 positions, wherein substituents may
be attached at any available atom to produce a stable chemical compound. It is understood by the
skilled person that the term "optionally substituted" side chain relates to an unsubstituted or to a

substituted side chain.

The term "organic side chain", as used herein, relates to any, optionally substituted, side chain
comprising at least one carbon atom. Preferably, the organic side chain is an, optionally substi-
tuted, alkyl, alkenyl, alkinyl, aryl, aralkyl, cycloalkyl, heterocycloalkyl, or heteroaryl side chain.
Preferably, a substituted organic side chain is an organic side chain substituted with at least one
substituent independently selected from -COO’, =0, -OH, -CN, halogen, -NH,, -NH(alkyl), -
N(alkyl),, -N(alkyl);", -NH(aryl), N(aryl),, -NO,, -O(alkyl), -O-(CH,),-OH, -O-(CH,)n-O(alkyl),
-O(aralkyl), -O(aryl), -OPO:”, -PO;”, -OSOs™ and -SOs". Preferably, the alkyl, aryl, and aralkyl
groups of the substituents are not further substituted by groups comprising alkyl, alkenyl, al-
kinyl, aryl, aralkyl, heterocycloalkyl, or heteroaryl groups. More preferably, the alkyl, aryl, and

aralkyl groups of the substituents are not further substituted.
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The term "alkyl", as used herein, relates to a straight or branched chain, saturated hydrocarbon
group, linked to the main chain by a covalent bond to at least one of its at least one carbon
atoms. Preferred alkyl groups are straight chain alkyls, e.g., preferably, methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, or branched chain alkyl
groups, ¢.g., preferably,
-CH(CHs),, -CH(CH,CH3),, -C(CH3)s3, -C(CH2CH3)3, -CH(CH3)(CH,CH3),
-CH,CH(CH3),,  -CH,CH(CH3)(CH,CHsz),  -CH,CH(CHCHs),,  -CH,C(CHz3)s,
-CH,C(CH,CH3)s, -CH(CH3)CH(CHz3)(CH,CH3), -CH,CH,CH(CH3),,
-CH,CH,CH(CH3)(CH,CH3), -CH,CH,CH(CH,CHs),, -CH,CH,C(CH3);,
-CH,CH,C(CH,CH3)3, -CH(CH3)CH,CH(CH3),, or -CH(CH3)CH(CH3)CH(CH3),. Accordingly,
alkyl groups include primary alkyl groups, secondary alkyl groups, and tertiary alkyl groups. The
term "cycloalkyl" relates to a circularly closed, hydrocarbon group, preferably with 3 to 12
carbon atoms. Preferred cycloalkyls are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl.

The term "alkenyl" side chain relates to a side chain comprising at least one C=C double bond
and linked to the main chain by a covalent bond to at least one of its at least two carbon atoms.
Accordingly, the term "alkinyl" side chain relates to a side chain comprising at least one C=C
triple bond linked to the main chain by a covalent bond to at least one of its at least two carbon

atoms.

The term "cycloalkenyl” relates to a circularly closed hydrocarbon group, preferably with 5 to 12
carbon atoms, comprising at least one C=C double bond and linked to the main chain by a cova-
lent bond to at least one of its at least two carbon atoms. The term "cycloalkinyl” relates to a cir-
cularly closed hydrocarbon group, preferably with 8 to 12 carbon atoms, comprising at least one
C=C triple bond and linked to the main chain by a covalent bond to at least one of its at least two

carbon atoms.

As used herein, the term "alkoxy" side chain relates to an -O-alkyl side chain, preferably having
the indicated number of carbon atoms. Preferably, the alkoxy side chain is -O-methyl, -O-ethyl, -
O-propyl, -O-isopropyl, -O-butyl, -O-sec-butyl, -O-tert-butyl, -O-pentyl, -O-isopentyl, -O-
neopentyl, -O-hexyl, -O- isohexyl, or -O-neohexyl.
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The term "aryl", as used herein, relates to an aromatic ring or ring system having 6 to 14 carbon
atoms, preferably comprising one, two, or three aromatic rings. Preferred aryl side chains are
phenyl, naphthyl, anthracenyl, and phenanthrenyl. The term "ring", in the context of the chemical
compounds of the present invention, is understood by the skilled person; accordingly, the term
"ring system" relates to a chemical structure comprising at least two rings sharing at least one
covalent bond. Thus, preferably, "aryl" also includes aromatic ring systems fused with a cycloal-

kyl and/or a heterocycloalkyl ring.

As used herein, the tem "aralkyl" relates to an alkyl side chain, wherein at least one hydrogen is

replaced by an aryl side chain. Preferably, aralkyl is benzyl or phenethyl.

The term "heterocycloalkyl”, as used herein, relates to a saturated or partially unsaturated ring or
ring system having 5 to 14 ring atoms, preferably 5 to 7 ring atoms, wherein at least one ring
atom is a heteroatom selected from the group consisting of N, O, and S, said ring or ring system
being linked to the main chain by a covalent bond to a C or N atom of said ring or ring system.
Preferably, heterocycloalkyl is azepinyl, dihydrofuryl, dihydropyranyl, imidazolidinyl, imidaz-
olinyl, isothiazolidinyl, isoxazolidinyl, morpholinyl, oxazolidinyl, piperazinyl, piperidinyl, pyra-
zolidinyl, pyrrolidinyl, tetrahydrofuryl, tetrahydropyranyl, thiadiazolylidinyl, thiazolidinyl, or
thiomorpholinyl.

As used herein, the term "heteroaryl” relates to an aromatic ring or ring system having 5 to 14
ring atoms, preferably 5 to 7 ring atoms, wherein at least one ring atom is a heteroatom selected
from the group consisting of N, O, and S, said ring or ring system being linked to the main chain
by a covalent bond to a C or N atom of said ring or ring system. Preferably, up to 4, more prefer-
ably up to 3, most preferably up to 2 ring atoms per ring are heteroatoms independently selected
from the group of heteroatoms consisting of N, O, and S. Preferably, heteroaryl is pyridinyl, pyr-
idazinyl, pyrazinyl, quinaoxalyl, indolizinyl, benzo[b]thienyl, quinazolinyl, purinyl, indolyl,
quinolinyl, pyrimidinyl, pyrrolyl, pyrazolyl, oxazolyl, thiazolyl, thienyl, isoxazolyl, oxathiadia-
zolyl, isothiazolyl, tetrazolyl, imidazolyl, triazolyl, furanyl, benzofuryl, or indolyl.

The term "hydrophilic" is known to the skilled person and relates to the property of a chemical
compound or of a portion of a chemical compound of having a tendency to dissolve in, mix with,
or be wetted by a polar solvent, in particular water. As used in the context of the side chains of

the present invention, the term "hydrophilic side chain", preferably, relates to a side chain as
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specified herein, having an octanol/water coefficient (logKow) of < 2, more preferably < 1.5, still
more preferably < 1, or, most preferably, < 0.8, under standard conditions of 25°C, 10°Pa, and
pH=7. In the context of the present specification, the logKow value of a side chain R* (with x= 1,
2, or 3) is assumed to be identical to the logKow value of the chemical compound of the formula
H-R*. The skilled person knows how to determine the logKow value of a chemical compound.
Preferably, the hydrophilic side chain comprises at least one hydrophilic functional group select-
ed from the group consisting of -C(=Y")-OH, -C(OH) R''R"?, -C(=Y"-R", -C(=Y")-Y2R", Y-
R", -NH,, -NHR", -NMe’, -NH-C(=Y")-R", -S(O)R', -SO,R", -SO,-OH-, and -
P(O)(OR')(OR'?) —O-P(O)OR'")(OR'?) — with Y' and Y? being independently selected from O
or S and with R'" and R'? being, independently of each other, selected from the group consisting
of H and, unsubstituted or substituted, alkyl and aryl. More preferably, the hydrophilic side chain
comprises at least one hydrophilic functional group selected from C(=0)- and -C(=0)-OH. Most
preferably, a hydrophilic side chain is a side chain comprising at least one chemical group bear-

ing a charge, preferably a negative charge, under the aforesaid standard conditions.

In the context of the structural formulas of the present specification, side chain R' is an organic
side chain comprising at least 2 C-atoms if X is C(=0), and at least 1 C-atom if X is C(=S) or
S(=0),. Preferably, side chain R' is an, optionally substituted, organic side chain, preferably al-
kyl, with a contiguous chain of 3 to 20 C-atoms covalently bound to the C or S atom of the group
X of formula (I) or (IT). More preferably, side chain R' is alkyl with a contiguous chain of 3 to 8
C-atoms covalently bound to the C or S atom of the group X of formula (I) or (II), comprising at
least one substituent independently selected from OH, OPOs%, POs%, SO, and COO". Prefera-
bly, side chain R is a linker, preferably an alkyl linker, more preferably an unbranched alkyl
linker, covalently connecting one molecule of the chemical compound to a second molecule of
the chemical compound, i.e. preferably, the chemical compound is a dimer, wherein the two
molecules are connected via a linker. Preferred dimers according to the present invention are
shown herein in the examples, in particular the compounds having a structure according to one
of formulas (XVII), (XVIII), (XIX), or (XX). Preferably, said linker has at least 3 C-atoms, more
preferably 3 to 20 C-atoms. Preferably, the chain of carbon atoms of R' is interrupted by one or
more ~-NHCO- and/or —O- entities wherein two -NHCO- entities are separated by a minimum of
one C atom and the —O- entities by a minimum of two C atoms; ¢.g., more preferably, said linker
comprises a poly-glycine and/or a poly-ethyleneglycol chain. Optionally, the side chain is addi-
tionally substituted with —OH groups, wherein the —OH group is never bound to a carbon atom

which is linked to an optional O- atom of the chain.
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As used in the context of formula (I) and (I1), X is C(=Y) with Y being O or S, or X is S(=0),.
Preferably, X is C(=0). Accordingly, -X-R' of formula (I) or (II), preferably, is fumaryl, glutar-
yl, adipyl, or, most preferably, succinyl.

In the context of the structural formulas of the present specification, side chain R* is an organic
side chain comprising at least 2 C-atoms. Preferably, side chain R” is, optionally substituted,
alkyl, aryl, or aralkyl, preferred substituents for the aforesaid organic side chains in the context
of R? being —OH, OPOs%, POs*, SO5, and, most preferred, COO". More preferably, R? has the
structure -(CH;),-CH3 with n being in the range of from 0 to 6, still more preferably with n being
0, 1 or 2; most preferably, R” is ethyl. Preferably, the chain of carbon atoms of R” is interrupted
by one or more -NHCO- and/or —O- entities wherein two —NHCO- entities are separated by a
minimum of one C atom and the —O- entities by a minimum of two C atoms; ¢.g., more prefera-
bly, said linker comprises a poly-glycine and/or a poly-cthyleneglycol chain. Optionally, the side
chain is additionally substituted with —OH groups, wherein the —OH group is never bound to a
carbon atom which is linked to an optional O- atom of the chain. In another preferred embodi-

ment, R? is, optionally substituted, aryl; more preferably R? is phenyl.

In the context of the structural formulas of the present specification, side chain R’ is a side chain

as described herein above. Preferably, R? is H.

In the chemical compound of the present invention, least one of R', R% and R°, preferably at
least one of R' and R” is a hydrophilic side chain as specified herein above. Preferably, at least
two of R', R?, and R’ are hydrophilic side chains, more preferably at least R' and R* are hydro-
philic side chains or R* and R* are hydrophilic side chains. Preferably, side chains R', R*, and R’
are selected such that the solubility of the compound according to the present invention is at least
15 mmol/L, more preferably at least 25 mmol/L, most preferably at least 50 mmol/L, wherein
solubility, preferably, is solubility in water determined under standard conditions, more prefera-

bly under standard conditions as specified elsewhere herein.

Preferably, the chemical compound or salt or solvate thereof has the structure (II)
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-9.
X\R1
3 /
R” RSN
R® Ny R10
RS N+ RO
R4 R R®
(1)

wherein RY, R°, RS, R7, R% R’, and R" are, independently of each other, selected from the group
consisting of H; substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkinyl,
aryl, heterocycloalkyl, heteroaryl, halogen; -NO,, -SOs;™ -CN, -CH=CH-COOH, and -Y-R"
with Y being -O-, -C(=0)- or -N(R'*)—, with R'* and R'* being, independently of each other,
selected from the group consisting of unsubstituted or substituted, alkyl and aryl. Preferably, R
and/or R’ are alkyl or cycloalkyl. More preferably, R* and/or R® are -H, methyl, -F, -Cl, -C(=0)-,
-NO,, -SO5™ -CN, or -CH=CH-COOH. Most preferably, R*, R’, R®, R’ R®, R%and R'’ are -H.

More preferably, the chemical compound or salt or solvate thereof has the structure (II), wherein
R, R*, RS, R’ R®, and R arec H;

X 1s C=0; and

R' and/or R* are hydrophilic alkyl, aryl or aralkyl side chains, preferably compromising a nega-
tively charged group, more preferably COO", SO5, -OPOs”, or POs™.

Still more preferably, the chemical compound or salt or solvate thereof has the structure of a

formula selected from the formulas as shown in Table 1.

Table 1: preferred chemical compounds of the present invention.

O

O
OH \\S/
@Nf) ) N\
N* P

J (I11) )

Iv)
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V)

,//J (V)

(IX)

Most preferably, the chemical compound or salt or solvate thereof has the structure of formula

(1I).

Advantageously, it was found in the work underlying the present invention that addition of bulky
side chains to 1-amino-phenazine compounds reduces the tendency of said compounds to under-
go redox reactions with reducing agents potentially present in biological samples, like, e.g.,
ascorbate, and that said effect is most pronounced when said bulky side chains are introduced
into at least one of the positions labeled R', R%, and R’ in formulas (I) and (II). Moreover, it was
found that solubility of the compounds, in particular their tendency to precipitate upon reduction,
can be improved by including at least one hydrophilic side chain in at least one of the positions
labeled R', R?, and R” in formulas (I) and (II). Moreover, it was found that compounds having

one of the aforesaid structures are stable for more than half a year when included in a chemistry
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matrix. All of the aforesaid effects were most pronounced when bulky and negatively charged
side chains were used. Without wishing to be bound by theory, the negatively charged group of
the side chain may also interact with the positively charged phenazinium ring, which may result

in stabilization of the oxidized form.

The definitions made above apply mutatis mutandis to the following. Additional definitions and
explanations made further below also apply for all embodiments described in this specification

mutatis mutandis.

The present invention further relates to a chemistry matrix comprising a chemical compound of

the present invention.

The term "chemistry matrix" is known to the skilled person. Preferably, the chemistry matrix of
the present invention, in addition to the chemical compound of the present invention, comprises
an oxidoreductase and a redox cofactor as described herein below. It is understood by the skilled
person that the composition may comprise additional components, e.g., preferably, buffer com-
ponents (e.g., of phosphate buffered saline, Tris buffer, citrate buffer, glycerine phosphate buffer,
or Good’s buffer) or other salts, detergents, or the like, including the components as specified

herein below.

A chemistry matrix according to the present invention can be provided, preferably, by dissolving
the components of the composition of the present invention first in a solvent or mixture of sol-
vents. More preferably, said solvent or mixture of solvents is subsequently removed by a suitable
treatment such that the remaining composition is essentially free of the said solvent or solvent
mixture. Suitable treatments to be preferably envisaged by the present invention include heat
treatment, evaporation techniques, freeze drying and the like. Preferably, the envisaged treatment
is heat treatment and, in particular, heat treatment under the following conditions: heat treatment
at about 60°C or more for approximately 20 to 45 minutes or at about 95°C for approximately 1
to 2 minutes with heat circulation; thickness of the chemistry matrix of 20 to 200 micrometers or
less; at a pressure of 1 bar or 0.1 bar. Moreover, it will be understood that in order to keep the
chemistry matrix under dry conditions, storage is, preferably, carried out in the presence of a
drying agent, i.c., a desiccant. Suitable drying agents, preferably, encompass silica gel, zeolites,

calcium carbonate or magnesium sulfate.
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The term “oxidoreductase” as used herein refers to a polypeptide which is capable of catalyzing
the, preferably specific, oxidation or reduction of a substrate by transferring hydrides (H) as
redox equivalents to or from a redox cofactor as referred to herein elsewhere. Preferably, the
oxidoreductase is a dehydrogenase, i.e. a polypeptide which is capable of catalyzing the oxida-
tion of a substrate by transferring hydrides (H) as redox equivalents to an acceptor molecule,
preferably, to a redox cofactor as referred to herein elsewhere. Dehydrogenases envisaged by the
present invention are, preferably, those which depend on a redox cofactor (or sometimes referred
to as co-enzyme) such as pyrrolo quinoline quinone (PQQ) or a derivative thereof, nicotinamide-
adenine-dinucleotide (NAD) or a derivative thereof, or a flavine cofactor, such as flavin-adenine-
dinucleotide (FAD) or flavine mononucleotide (FMN), or a derivative thercof. Preferred dehy-
drogenases are, in particular, lactate dehydrogenase (EC number 1.1.1.27 or 1.1.1.28), glucose
dehydrogenases (see below), alcohol dehydrogenase (EC number 1.1.1.1 or 1.1.1.2), L-amino
acid dehydrogenase (EC number 1.4.1.5), glycerol dehydrogenase (EC number 1.1.1.6), malate
dehydrogenase (EC number 1.1.1.37), 3-hydroxybutyrate dehydrogenase (EC number 1.1.1.30),
or sorbitol dehydrogenase (EC number 1.1.1.14).

More preferably, said oxidoreductase is a glucose dehydrogenase. Most preferably, said glucose
dehydrogenase is selected from the group consisting of: glucose dehydrogenase (EC number
1.1.1.47), quinoprotein glucose dehydrogenase (EC number 1.1.5.2), in particular, pyrrolo quino-
line quinone (PQQ)-dependent glucose dehydrogenase (EC number 1.1.5.2), glucose-6-phospate
dehydrogenase (EC number 1.1.1.49), nicotinamide adenine dinucleotide (NAD)-dependent glu-
cose dehydrogenase (EC number 1.1.1.119) and flavin adenine dinucleotide (FAD)-dependent

glucose dehydrogenase (EC number 1.1.99.10) or enzymatically active mutants thereof.

Enzymatically active mutants of the aforementioned enzymes can be obtained by substituting,
adding or deleting one or more amino acids from the amino acid sequences reported for the
aforementioned wild type enzymes in the prior art as recited before. Preferred mutants are the
mutants of the PQQ-dependent glucose dehydrogenase having an improved substrate specificity
compared to their wild type counterparts as disclosed in US 7,132,270 or US 7,547,535. Both
documents are herewith incorporated by reference with respect to the mutants. Further mutants
are those disclosed in Baik et al (Baik 2005, Appl Environ Microbiol 71: 3285), Vasquez-
Figuera et al. (Vasquez-Figuera 2007, Chem BioChem 8: 2295), and WO 2005/045016.
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Preferred in accordance with the present invention is a glucose dehydrogenase (E.C. 1.1.1.47)
mutant disclosed in W0O2009/103540A1 (p.21) or EP1660648, having a mutation at least at ami-
no acid positions 96, 170 and/or 252, herewith incorporated by reference. Preferred mutations
envisaged at theses amino acid positions are substitutions of Glu96Gly, Glul70Arg or Lys
and/or Lys252Leu, the combination Glul70Lys / Lys252Leu being more preferred. Most prefer-
ably, said mutations are mutations Glul70Arg and GIn252Leu in glucose dehydrogenase from
Bacillus subtilis.
The term "redox cofactor", as used herein, relates to a redox-active flavine, nicotinamide or pyr-
rolo quinoline quinone (PQQ) coenzyme. The skilled person knows how to select one of the
aforesaid coenzymes appropriately, depending on the oxidoreductase selected. Preferably, the
flavine, nicotinamide or PQQ coenzyme is flavine adenine dinucleotide (FAD), flavine mononu-
cleotide (FMN), or PQQ, or a derivative of one of the aforesaid compounds. More preferably, the
flavine, nicotinamide or PQQ coenzyme is nicotinamide adenine dinucleotide (NAD"), nicotin-
amide adenine dinucleotide phosphate (NADP"), or a derivative thereof. Preferred NAD' or
NADP' derivatives are stabilized NAD" or NADP' derivatives, i.c. preferably, carbacyclic de-
rivatives, including, more preferably, carbaNAD" or carbaNADP", as disclosed, e.g. preferably,
in Slama (Biochemistry 27: 183 (1988)), Hutchinson et al. (Chem. Comm. 24: 2765 (1996)), US
5,801,006, W0O98/33936, WO01/49247 and WO2007/012494. Most preferably, the redox cofac-
tor is NAD", NADP', carbaNAD", or carbaNADP".

The term “redox equivalents” as used herein relates to the concept commonly used in redox
chemistry well known to the skilled person. Preferably, the term relates to electrons which are
transferred from a substrate of the oxidoreductase to the redox cofactor, and/or from said redox
cofactor to a redox mediator, and/or from said redox mediator to and indicator compound and/or

to an electrode.

In a preferred embodiment of the chemistry matrix of the present invention, said composition
further comprises at least one detergent, swelling agent, film-forming agent, and/or solid particle.
Suitable stabilizers, detergents, swelling agents, film forming agents, oxidizing agents, and/or
solid particles to be used in the composition of the invention are known to the skilled artisan.
Preferably, the said at least one detergent is selected from the group consisting of: Sodium-N-
methyl-N-oleoyltaurat, N-octanoyl-N-methyl-glucamid, Mega 8 (N-methyl-N-
octanoylglucamide), dioctylsodium sulfosuccinate (DONS), Rhodapex® (preferably CO-433 or

CO-436). Preferably, said at least one swelling agent is selected from the group consisting of:
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methyl vinyl ether maleic acid anhydride copolymer, xanthan gum and methyl vinyl ether maleic
acid copolymer. Preferably, said at least one film-forming agent is selected from the group con-
sisting of: polyvinylpropionate dispersions, Polyvinyl esters, polyvinyl acetates, polyacrylic es-
ters, polymethacrylic acid, polyvinyl amides, polyamides, polystyrene and mixed polymerisates
are also suitable such as of butadiene, styrene or maleic acid ester. Preferably, said at least one
solid particle is selected from the group consisting of: silica particles, in particular, silicon diox-
ide, sodium silicates or aluminium silicates, kieselgur, metal oxides, in particular, titan oxide
and/or aluminium oxide, synthetic oxide materials, in particular, nanoparticles of oxide materials
such as nanoparticles of silicon dioxide, aluminium oxide, or titan oxide, Kaolin, powder glass,

amorphous silica, calcium sulfate, and barium sulfate.

Moreover, the present invention relates to a test element comprising the chemical compound of

the present invention and/or the chemistry matrix of the present invention.

The term "test element”, as used herein, relates to a unit comprising a test chemistry composi-
tion, preferably a dry test chemistry composition, on a solid support. Preferably, the test chemis-
try composition is comprised in a test field as described herein below. Also preferably, the test
element further comprises a capillary element, adapted for taking up and/or transporting a liquid
by capillary action, preferably to a test field. Preferably, the test element is selected from an opti-
cal test element and an electrochemical test element. The test element may further optionally
comprise at least one puncture element, such as a lancing element, which, preferably, may be
mounted movably with regard to the test field, in order to perform a puncture motion, a sampling
motion or a lancing motion, thereby generating an incision in a skin surface. Preferably, the test
field remains in a fixed position during the puncture, sampling or lancing motion, wherein a
sample of a body fluid is transferred onto the test field, such as by a capillary action and/or by
pressing the puncture element or a part thereof onto the test field after the puncture, sampling or

lancing motion. Preferably, the test element is a test strip, a test tape, or a test disc.

The term "test field" relates to a continuous or discontinuous amount of test chemistry composi-
tion, which, preferably, is held by at least one carrier, such as by at least one carrier film. Thus,
the test chemistry may form or may be comprised in one or more films or layers of the test field,
and/or the test field may comprise a layer setup having one or more layers, wherein at least one
of the layers comprises the test chemistry. Thus, the test field may comprise a layer setup dis-

posed on a carrier, wherein a sample of a body fluid may be applied to the layer setup from at
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least one application side, such as from an edge of the test field and/or from an application sur-
face of the test field. Preferably, the test field has a multilayer setup, the multilayer setup com-
prising at least one detection layer having the at least one test material and further comprising at
least one separation layer adapted for separating off at least one particulate component contained
in the body fluid, wherein the separation layer is located between the detection layer and the ca-
pillary element. It is understood by the skilled person that all layers present optionally between
the body fluid and the test field are selected as to allow passage of at least the analyte.

Preferably, the test element is an optical test element, i.e. a test element adapted to change at
least one optical property in the presence of the analyte. More preferably, at least one chemistry
matrix comprised in the test element performs at least one optically detectable detection reaction
in the presence of the analyte. Even more preferably, the detection reaction is a redox reaction.
Most preferably, the detection reaction produces redox equivalents and/or electrons as interme-
diates and/or products. Preferably, the optically detectable signal produced by the detection reac-

tion is proportional to the amount and/or to the concentration of the analyte in the sample.

Preferably, the test element adapted to change at least one optical property in the presence of an
analyte, preferably the chemistry matrix comprised in said test element, comprises at least one
indicator reagent changing at least one optical property in the presence of redox equivalents in
addition to the components detailed above. The term "indicator reagent", as used herein, prefera-
bly, relates to a compound changing at least one optical property dependent on, preferably pro-
portional to, the activity of the enzyme of the present invention. Preferably, the indicator reagent
is an optical indicator substance, which performs at least one optically detectable property
change when at least one of the enzymes or when the enzyme comprised in the chemistry matrix
reacts with the analyte. Thus, the at least one indicator reagent preferably comprises one or more
dyes performing a change in an optical property indicative of the enzymatic reaction of the at

least one enzyme and the analyte.

The term "optical property"”, as used herein, relates to a property which can be detected by an
optical instrument. Specifically, the optical property may be or may comprise at least one proper-
ty selected from the group consisting of: a reflection property, a transmission property, an emis-
sion property, a scattering property, a fluorescence property, a phosphorescence property, a dif-
fraction property, and a polarization property. Preferably, an optical property as referred to here-

in refers to a property of the indicator reagent which can be optically detected such as light ab-
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sorption, light emission, light remission, or properties associated therewith. It will be understood
that such a change of at least one optical property as used herein encompasses the detection of
the presence of a property which was not detectable before, the detection of the absence of a
property which has been detected before, and the detection of quantitative changes of a property,
1.e., the detection of the change of the signal strength which correlates to the extent of the change
of the at least one optical property. Preferred optical properties envisaged by the present inven-
tion are color, fluorescence, luminescence, or refractometry. Dependent on the desired optical
property to be detected in the chemistry matrix, the skilled person is in a position to select with-
out further ado a suitable indicator reagent. Methods of converting the optical property as de-
fined above into a physical signal which can be read as a measurement value are well known in

the art and are described, e.g., in EP 0 821 234, EP 0 974 303, and US 2005/0023152.

The optical property of the indicator reagent, according to the present invention, changes de-
pendent on the activity of the enzyme of the present invention. Thus, preferably, the change of
the optical property only occurs if the enzyme catalyzes the detection reaction. More preferably,
the change of optical property is proportional to the number of catalytic cycles undergone by the
enzyme present in the chemistry matrix. Thus, most preferably, the change of optical property is

proportional to the number of analyte molecules converted by the enzyme.

More preferably, the test element is an electrochemical test element. Accordingly, the test cle-
ment, preferably, comprises at least two electrodes contacting, directly or indirectly, the chemis-
try matrix, as specified herein below. Suitable electrodes, electrode setups, and modes of opera-
tion are known to the skilled person and are described, e.g. in WO 2007/071562 Al, WO
2014/001382 A1, US 2005/0023152 and references cited therein. Moreover, it is envisaged by
the present invention that the chemistry matrix includes one or more chemical reagents for react-
ing with the analyte to produce an electrochemical signal that represents the presence of the ana-
lyte in the sample fluid. Preferably, the one or more chemical reagents for reacting with the ana-
lyte to produce an electrochemical signal that represents the presence of the analyte in the sample
fluid comprises a chemical compound of the present invention. More preferably, the chemical
reagents for reacting with the analyte to produce an electrochemical signal, in addition to a
chemical compound of the present invention, further comprise at least one oxidoreductase as
described herein above. Most preferably, the chemical reagents for reacting with the analyte to
produce an electrochemical signal, in addition to a chemical compound of the present invention

and at least one oxidoreductase, further comprise at least one redox cofactor as described herein
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above. Preferably, electrochemical properties include amperometric or coulometric responses
indicative of the concentration of the analyte. See, for example, U.S. Pat. Nos. 5,108,564,
4,919,770 and 6,054,039.

Preferably, the electrochemical test element comprises at least two electrodes contacting the
chemistry matrix comprised in said test element, or contacting means conductively connected to
said test chemistry. Preferably, the means conductively connected to a chemistry matrix is a lay-
er of a test strip connected to a chemistry matrix to enable diffusion of a redox cofactor and/or of
a redox mediator through said layer. More preferably, the means conductively connected to a
chemistry matrix is a layer of a test strip at least partially overlaying and/or underlaying said
chemistry matrix to enable diffusion of a redox cofactor and/or of a redox mediator through said

layer.

The electrochemical property, according to the present invention, changes dependent on the ac-
tivity of the oxidoreductase of the present invention. Thus, preferably, the change of the electro-
chemical property only occurs if the oxidoreductase catalyzes the detection reaction. More pref-
erably, the change of optical property is proportional to the number of catalytic cycles undergone
by the oxidoreductase present in the chemistry matrix. Thus, most preferably, the change of opti-

cal property is proportional to the number of analyte molecules converted by the oxidoreductase.

The present invention also relates to a device for determining the amount of an analyte in a liquid
sample, comprising a chemical compound of the present invention and/or a test element accord-
ing to the present invention. Preferably, the device further comprises an optical and/or an elec-

trochemical sensor.

Further, the present invention relates to the use of a chemical compound according to the present

invention in an analytical or diagnostic test.

Preferably, the analytical or diagnostic test comprises qualitative and/or quantitative determina-
tion of any biological or chemical analyte detectable by optical or electrochemical means. Pref-
erably, the analyte is comprised in a test sample of a subject, more preferably a test sample of a
body fluid. More preferably, the analytical or diagnostic test comprises determining glucose con-
centration in a test sample. Most preferably, the analytical or diagnostic test comprises determin-

ing glucose concentration in a test sample from a subject suffering from diabetes or suspected to



10

15

20

25

30

WO 2015/158645 PCT/EP2015/057933
- 18 -
suffer from diabetes. Also preferably, the analytical or diagnostic test is a test for monitoring
blood glucose concentrations, preferably in a subject suffering from diabetes or suspected to suf-

fer from diabetes. The analytical or diagnostic test, preferably, is an in vitro test.

The term "analyte”, as used herein, relates to a chemical compound present in a body fluid. Pref-
erably, the analyte is a small molecule, i.e., preferably, the analyte is not a biological macromol-
ecule. More preferably, the analyte is an organic molecule, most preferably an organic molecule
capable of undergoing a redox reaction in the presence of the test chemistry according to the
present invention. Preferably, the analyte is a molecule of the subject's metabolism. Also prefer-
ably, the analyte is a low molecular weight chemical compound, more preferably a chemical
compound with a molecular mass of less than 1000 u (1000 Da; 1.66x10—24 kg). More prefera-
bly, the analyte is selected from the list consisting of malate, ethanol, ascorbic acid, cholesterol,
glycerol, urea, 3-hydroxybutyrate, lactate, pyruvate, triglycerides, ketones, liver parameters, cre-

atinine, HDL, and the like; more preferably, the analyte is blood glucose.

As used herein, the term "subject” relates to a vertebrate. Preferably, the subject is a mammal,
more preferably, a mouse, rat, cat, dog, hamster, guinea pig, sheep, goat, pig, cattle, or horse.
Still more preferably, the subject is a primate. Most preferably, the subject is a human. Prefera-
bly, the subject is afflicted or suspected to be afflicted with a disease or condition associated with
a measurable deviation from normal of at least one analyte. More preferably, the subject is af-
flicted with diabetes. Preferably, the subject receives a, preferably systemic, treatment with a

reducing agent, preferably a treatment with ascorbate (vitamin C).

As used herein, the term "body fluid" relates to all bodily fluids of a subject known to comprise
or suspected to comprise the analyte of the present invention, including blood, plasma, serum,
lacrimal fluid, urine, lymph, cerebrospinal fluid, bile, stool, sweat, interstitial fluid, and saliva.

Preferably, the body fluid is blood, plasma, or serum.

The term "test sample” is understood by the skilled person and relates to any suitably sized sub-
portion of a tissue or, preferably, of a bodily fluid of a subject. Body fluid test samples can be
obtained by well known techniques including, e.g., venous or arterial puncture, epidermal punc-

ture, and the like.
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The term “diabetes” or “diabetes mellitus”, as used herein, refers to disecase conditions in which
the glucose metabolism is impaired. Said impairment results in hyperglycemia. According to the
World Health Organization (WHO), diabetes can be subdivided into four classes. Type 1 diabe-
tes is caused by a lack of insulin. Insulin is produced by the so called pancreatic islet cells. Said
cells may be destroyed by an autoimmune reaction in Type 1 diabetes (Type 1a). Moreover,
Type 1 diabetes also encompasses an idiopathic variant (Type 1b). Type 2 diabetes is caused by
an insulin resistance. Type 3 diabetes, according to the current classification, comprises all other
specific types of diabetes mellitus. For example, the beta cells may have genetic defects affecting
insulin production, insulin resistance may be caused genetically or the pancreas as such may be
destroyed or impaired. Moreover, hormone deregulation or drugs may also cause Type 3 diabe-
tes. Type 4 diabetes may occur during pregnancy. Preferably, diabetes as used herein refers to
diabetes Type 1 or, more preferably, Type 2. According to the German Society for Diabetes,
diabetes is diagnosed either by a plasma glucose level being higher than 110 mg/dl in the fasting
state or being higher than 220 mg/dl postprandial. Further preferred diagnostic techniques for
diagnosing diabetes, which may be used in conjunction with or in addition to the analytical or
diagnostic tests of the present invention are well known in the art and are described in standard

text books of medicine, such as Stedman or Pschyrembl.

It is understood by the skilled person that in diabetes, blood glucose levels have to be checked on
a regular basis, in order to avoid and/or take countermeasures against hyperglycemia, e.g. after
meals, or to avoid and/or take countermeasures against hypoglycemia, ¢.g. after administration
of insulin. Accordingly, the present invention relates also to a chemical compound of the present
invention for determining blood glucose levels, more preferably, for use in diagnosing hypergly-

cemia, hypoglycemia, or normal glucose levels.

The present invention also relates to the use of a chemical compound according to present inven-
tion for the manufacture of a chemistry matrix according to the present invention or for the man-

ufacture of a device according to the present invention.

Moreover, the present invention relates to a method for determining the amount of an analyte in
a sample, comprising

a) contacting said sample with a chemistry matrix according to the present invention,

b) estimating the amount of redox equivalents liberated or consumed by the chemistry matrix in

the presence of said sample, and
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¢) thereby determining the amount of an analyte in a sample.

The method for determining the amount of an analyte, preferably, is an in vitro method. Moreo-
ver, it may comprise steps in addition to those explicitly mentioned above. For example, further
steps may relate, e.g., to processing and/or conditioning of a sample for step a), or applying volt-
age to and/or measuring current within said chemistry matrix in step b). Moreover, one or more
of said steps may be performed by automated equipment. It is also understood by the skilled per-
son that one or more steps of the method, e.g. the step of estimating the amount of electrons lib-

erated or consumed by the chemistry matrix may be repeated.

The term "determining" relates to measuring of the amount of an analyte in a sample, preferably

semi-quantitatively or, more preferably, quantitatively.

Methods of estimating the amount of redox equivalents, preferably electrons, liberated or con-
sumed in a chemistry matrix are known from the prior art. Preferably, the amount of redox
equivalents liberated or consumed is estimated by means of an optical or by an electrochemical
test element. Preferably, estimating the amount of redox equivalents liberated or consumed com-
prises contacting at least two electrodes with the chemistry matrix or with means conductively
connected to said test chemistry, applying a voltage to said electrodes and measuring current

flowing through said electrodes contacting the chemistry matrix.

The present invention further relates to a kit for determining the amount of an analyte in a sam-
ple, comprising
a) a test element according to the present invention and

b) a means for creating an incision on a bodily surface of a subject.

Means for creating an incision on a bodily surface are known to the skilled person and include,
preferably, scalpels, knives, or needles. More preferred means for creating an incision on a bodi-

ly surface are lancets.

All references cited in this specification are herewith incorporated by reference with respect to
their entire disclosure content and the disclosure content specifically mentioned in this specifica-

tion.
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The following Examples shall merely illustrate the invention. They shall not be construed, what-

soever, to limit the scope of the invention.

Further optional features and embodiments of the invention will be disclosed in more detail in
the subsequent description of preferred embodiments, preferably in conjunction with the depend-
ent claims. Therein, the respective optional features may be realized in an isolated fashion as
well as in any arbitrary feasible combination, as the skilled person will realize. The scope of the

invention is not restricted by the preferred embodiments.

In the Figures:

Fig. 1: cyclic voltammograms of 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium (com-
pound of formula (IIT)). A: Buffer pH 7.0 (blank current), B: 2 mM 1-(3-Carboxy-
propionylamino)-5-ethyl-phenazinium in buffer, C: 2 mM 1-(3-Carboxy-propionylamino)-5-

ethyl-phenazinium + 1.2 mM ascorbic acid in buffer, D: 1.2 mM ascorbic acid in buffer.

Fig. 2: A) dose response curve of ascorbic acid interference; Chronoamperometry at -100 mV,
pH 7.0; solution of 5 mM 1-(3-Carboxy-propionylamino)-5-cthyl-phenazinium, 35 mM cNAD,
and 1.5 kU/g glucose dehydrogenase (GDH) was incubated with the glucose concentrations indi-
cated. A: 0 mg/mL ascorbic acid, B: 30 mg/mL ascorbic acid, C: 100 mg/mL ascorbic acid; Lin-
car: linear regression; B) dose response curve of ascorbic acid interference; Chronoamperometry
at +650 mV, pH 7.0; solution of 5 mM 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium, 35
mM cNAD, and 1.5 kU/g glucose dehydrogenase (GDH) was incubated with the glucose con-
centrations indicated, A: 0 mg/mL ascorbic acid, B: 30 mg/mL ascorbic acid, C: 100 mg/mL

ascorbic acid; Linear: linear regression.

Fig. 3: Pot life of mediator formulations. Mediators 1-(3-Carboxy-propionylamino)-5-cthyl-
phenazinium and 1-(3-Carboxypropoxy)-5-cthylphenazinium were compared in a pot life exper-
iment. Pot life of 1-(3-Carboxy-propionylamino)-5-cthyl-phenazinium (A: 0 h, B: 48 h) and 1-
(3-Carboxypropoxy)-5-ethylphenazinium (C: = 0 h, D: 48 h) are shown; Linear: linear regres-

sion.

Fig. 4: A) Dose response curves for 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium (CPEP)
and for 1-(3-Carboxypropoxy)-5-cthylphenazinium (CEPES) in glucose measurement strips.

Shown are linear regression lines for five replicas in the absence of ascorbate (full lines) and in
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the presence of ascorbate (dashed lines). R® for 1-(3-Carboxy-propionylamino)-5-cthyl-
phenazinium was 0.9962 in the absence of ascorbate and was 0.9834 in the presence of ascor-
bate. R” for 1-(3-Carboxypropoxy)-3-cthylphenazinium was 0.9728 in the absence of ascorbate
and was 0.999 in the presence of ascorbate. B) Current offset caused by ascorbate with 1-(3-
Carboxypropoxy)-5-ethylphenazinium (CEPES) in glucose measurement strips at low glucose
concentrations; same data as in (A), detail view of values measured with CEPES at low glucose

concentrations.

Detailed description of the embodiments (Examples)

Key intermediates for the synthesis of compounds according to the invention are 1-amino phena-
zines, which can be synthesized by various methods (see Urleb, U. and Gobec, S., Science of
Synthesis, 2004, 16, 913-943). 1-amino phenazine is then reacted with an acyl- or sulfonylchlo-
ride and alkylated, optionally after removal of a protecting group. For phenazinium salts with an
aryl group on the phenazinium nitrogen, a different synthesis method can be used, see Kehrmann

and Masslenikow; Chemische Berichte, 1911, 44, 2629.

Example 1: Synthesis of 1-amino-phenazine

O NH: NH
1. NaOMe/MeOH/THF, Br, 2
N 2. KOH/MeOH/H,0 C[N\jij
e
o
~
N N
X) (XI)

A solution of sodium methanolate (25% in MeOH, 24.6 ml, 107 mmol) in 100 ml MeOH was cooled
to -78°C and a solution of bromine (2.10 ml, 40.9 mmol) in 10.0 ml MeOH was added over a period
of 2 min. Under further cooling the solution was first stirred 5 min followed by the addition of phen-
azine-1-carboxamide (4.00 g, 17.9 mmol) in 200 ml dry methanol and 400 ml dry THF over a period
of 1 h via dropping funnel. After the complete addition a clear orange solution was obtained that was
warmed to room temperature and further stirred 2 h at 55°C. Following the mixture was cooled down
to room temperature and stirred further 72 h. After evaporating under reduced pressure the residue
was dissolved in methanol (300 ml) and aqueous NaOH (40%, 150 ml) and refluxed for 4 h at 90°C.

Subsequently the solution was cooled down to 0°C and set to pH 8.5 with concentrated HCI, obtain-
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ing a dark red suspension. After concentrating to about 200 ml under reduced pressure 500 ml water
was added. The mixture was extracted three times with CHCls;. The combined organic layers were
dried over Na,SO4 and concentrated under reduced pressure. The crude product was purified by sili-
ca gel chromatography (n-hexane/ethyl acetate, 80:20 -> 75:25) obtaining 2.86 g (82%) of the title

compound as dark red solid.

Example 2: Synthesis of N-phenazine-1-yl-succinamic acid methyl ester
o

NH, o
Nas + C
| I
g
N ; @[

(X1D) (X11D)
I-Aminophenazine (1.00 g, 5.12 mmol) was dissolved in 40.0 ml CH,Cl, and N,N-
diisopropylethylamine (957 pl, 5.63 mmol). After addition of 4-N,N-dimethylaminopyridine (31.3
mg, 0.256 mmol) the mixture was cooled to 0°C, followed by the addition of methyl 4-chloro-4-
oxobutyrate (693 ul, 5.63 mmol) over a period of 5 min. The resulting solution was further stirred for
16 h at room temperature. After diluting with 50.0 ml CH,Cl, the mixture was washed once with
50.0 ml aqueous NaOH (0.5%). The organic layer was dried over Na,SO4 and concentrated under
reduced pressure. The crude product was purified by silica gel chromatography (n-hexane/acetone

80:20) obtaining 1.45 g (92%) of the title compound as yellow solid.

Example 3: Synthesis of 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium trifluoroacetate

0o

o
OH
HN)WO eom 1. H,O/NEL/CHCI, N HNJM@r

N 0 “CHCL, RT ©: 2. prep. HPLC ©: =

©: P (H,O/CH,CN, +0.1% TFA) N{ F,CC00-
" )
(XIV) (XV) (111)

Ethyl trifluoromethanesulfonate (542 ul, 4.18 mmol) was added dropwise to a solution of N-

Phenazin- 1-yl-succinamic acid methyl ester (64.6 mg, 0.208 mmol) in 2.00 ml CH,Cl,. Subsequently
the mixture was refluxed 3.5 h at 50°C and stirred 16 h at room temperature. Then 50.0 ml CH,Cl,
and 2.00 ml NEt; were added and the resulting solution was extracted two times with water. The
combined aqueous layers were washed once with CHCl; and lyophilized to obtain 42.0 mg crude
product. This was purified by preparative HPLC (Chromolith, H,O/CH3CN gradient + 0.1% TFA)
resulting 28.9 mg (43%) of the title compound as dark purple crystals.
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Example 4: Synthesis of N-Phenazin-1-yl-methanesulfonamide

H\N N
Pyridin (0]
(L
N

(XID) (XVI)
1-Amino-phenazine (50.0 mg, 0.256 mmol) was diluted in pyridine (1.00 ml) and cooled to 0°C.
Under further cooling methanesulfonyl chloride (23.8 ul, 0.307 mmol) was added. The mixture was
stirred 5 min at 0°C and subsequently 16h at room temperature. After concentrating under reduced
pressure, the crude product was purified by silica gel chromatography (n-hexane/acetone 80:20) ob-

taining 66.0 mg (94%) of the title compound as yellow solid.

Example 5: Synthesis of 5-Ethyl-1-methanesulfonylamino-phenazinium trifluoracetate

HN™ \\
N7 \\ 9
S*O _PrEIN
C[ jé o\ "CHCI, RF @i
o
(XVI) Iv)

N-Phenazin-1-yl-methanesulfonamide (20.0 mg, 0.073 mmol) was diluted in CHCl; (2.00 ml) and
ethyl trifluormethanesulfonate (1.00 ml, 7.70 mmol) was added turning the mixture red immediately.
The mixture was refluxed at 70°C for 7 h and stirred at room temperature for 16 h. Then N-
Ethyldiisopropylamine (250 ul, 1.46 mmol) was added turning the color from dark red to brown.
This mixture was further refluxed for 8 h and stirred at room temperature for 16 h. The crude product
obtained after concentrating under reduced pressure was diluted in 10.0 ml CHCl; and 10.0 ml water.
The organic layer was extracted four times with water. The combined aqueous layers were reduced
to dryness und purified over preparative HPLC (Chromolith; H,O/TFA-gradient + 0.1% TFA) ob-
taining 2.2 mg (7%) as dark blue solid.
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Example 6: Synthesis of Decanedioic acid bis-phenazin-1-ylamide bistrifluoroacetate salt

N
"

N L
y 2 o 1. Pyridin, 0°C -> RT o N
Cl 2. TFA NH

@[ = + MO LN HNJWW

=

NG 2 F,CCOO-

(X1I) (XVII)

I-Amino-phenazine (25.0 mg, 0.128 mmol) was dissolved in pyridine (1.30 ml) and cooled to 0°C.
To this solution sebacoyl chloride (13.7 ul, 0.064 mmol) in 0.50 ml CH,Cl, was added slowly over a
period of 30 min. The resulting suspension was further stirred 48 h at room temperature. Following
the mixture was diluted with triethylammonium acetate buffer (pH 7, 1M, 5.00 ml) and extracted
three times with CH,Cl,. The combined organic layers were dried over Na,SO4 and concentrated
under reduced pressure. The obtained crude product was suspended in 3.00 ml H,O/CH;CN (1:1 +
0.1% TFA) and filtered. The residue, mainly containing the title compound was used without further
purification. Yield: 12.3 mg (34%) as yellow solid.

Example 7: Synthesis of Decanedioic acid bis-[(5-ethyl-phenazin-1-yl)-amide

o o0
HNWNH
8 N EtOT#DIPEA NH
C[Njé | j@ CH,Cl,, RT -> RF HN ‘
~ NS
G e
2 F,CCOOH )

(XVII) (XVII)

To a suspension of decanedioic acid bis-phenazin-1-ylamide ditrifluoroacetate salt (12.3 mg, 0.016
mmol) in CH,Cl, (3.00 ml) was added diisopropylethylamine (37.4 ul, 0.22 mmol) and ethyl trifluo-
romethanesulfonate (300 pl, 2.31 mmol). The resulting brown solution was refluxed 3h at 55°C and
further stirred for 16 h at room temperature. After evaporating under reduced pressure the obtained
crude product was purified by preparative HPLC (XTerra, HO/CH3CN gradient + 0.1% TFA),
yielding 0.9 mg (9%) of the title compound as dark purple crystals.
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Example 8: Synthesis of Pentanedioic acid bis-phenazin-1-ylamide

(0] o

NH,
N C'MC' DIPEA / DMAP HNWNH
L T N N @f
v L 99
N N
(X1ID) (XIX)

To a solution of 1-Amino phenazine (50.0 mg, 0.256 mmol) was added diisopropyl ethylamine (87.0
ul, 0.512 mmol) and a catalytically amount of dimethylaminopyridine. To the resulting red solution
glutaryl chloride (16.3 pl, 0.128 mmol) was added and stirred for 16 h at room temperature. The ob-
tained orange suspension was diluted with water and extracted two times with CH,Cl,. The com-
bined organic layers were dried over Na,SO4 and concentrated under reduced pressure. The resulting
crude product was suspended in acidic acid and filtered. The obtained residue was further purified by
silica gel chromatography (CHCls/acetone, 9:1) yielding 15.8 mg (13%) of the title compound as

yellow solid.

Example 9: Synthesis of 5-Ethyl-1-[4-(phenazin-1-ylcarbamoyl)-butyrylamino]-phenazinium tri-

fluoroacetat

0 0
7 ? w
M HN NH
HN a NH 1. EtOTHDIPEA, CH,Cl, N, N
N _N 2. prép. HPLC (+ 0.1% TFA) @[ ) g :@
— > N’ N
N N )
F,CCOO-
2 CH,COOH

(XIX) (XX)

Pentanedioic acid bis-phenazin-1-ylamide diacetate salt (15.8 mg, 0.032 mmol) was suspended in
CH,Cl; (3.00 ml) and added with ethyl triflate (500 ul, 3.86 mmol). Diisopropyl ethylamine (48.9 ul,
0.288 mmol) was added to the resulting red brown suspension followed by refluxing for 1.5 h at
50°C. After 16 h stirring at room temperature the mixture was refluxed again for 7 h followed by
further stirring at room temperature for 16 h. The resulting clear purple solution was concentrated

under reduced pressure. The obtained crude product was suspended in 3.00 ml H,O/CH;CN (1:1 +
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0.1% TFA) and filtered. The residue was further purified by preparative HPLC (XTerra,
H,O/CH;CN gradient + 0.1% TFA), yielding 1.0 mg (6%) of the title compound as redbrown solid.

Example 10: Redox potential of 1-(3-Carboxy-propionylamino)-5S-ethyl-phenazinium

The formal redox potential of a typical 1-Acylated amino phenazinium ethosulfate, 1-(3-Carboxy-
propionylamino)-5-ethyl-phenazinium (compound of formula (I11)), was measured vs. Ag/AgCl at a
gold working electrode in a test strip. We obtained -236 mV vs. Ag/AgCl under physiological condi-
tions (0.9% NaCl) by cyclic voltammetry, shown in Fig. 1. The cyclic voltammograms show, that a

relatively low potential of -100 mV vs. Ag/AgCl is sufficient in order to oxidize the substance.

The quasi reversible oxidation and reduction of the mediator 1-(3-Carboxy-propionylamino)-5-ethyl-
phenazinium occurs in a potential range between 0 mV and -500 mV vs. Ag/AgCl via two electron
transfer. Ascorbic acid cannot be oxidized in this potential window and the current is similar to the
blank current of the pure buffer solution. Adding ascorbic acid to the mediator 1-(3-Carboxy-
propionylamino)-5-ethyl-phenazinium does not significantly change the anodic and cathodic currents
and the redox potential is just shifted to -231 mV vs. Ag/AgCl. Therefore, the addition of ascorbic

acid does not significantly reduce the redox mediator.

Example 11: ascorbate interference with 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium

Fig. 2 shows the advantage of the low oxidation potential of -100 mV using the redox mediator
1-(3-Carboxy-propionylamino)-5-cthyl-phenazinium in comparison to the direct oxidation of
cNADH at +650 mV. At the latter potential the ascorbic acid will be oxidized too and the blank
current increases rapidly depending on the concentration of ascorbic acid. Therefore, the rela-
tively low potential of -100 mV is very useful in order to avoid a direct oxidation of interfering
substances and the blank current remains very close to zero even though the sample contains
high concentrations of ascorbic acid. Currents were measured under conventional conditions (pH
7.0) in the presence of cNAD (35 mM), glucose dehydrogenase (1.5 kU/g) at various concentra-

tions of ascorbate and glucose.
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Example 12: pot life of 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium and 1-(3-
Carboxypropoxy)-5-ethylphenazinium

Mediators 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium and 1-(3-Carboxypropoxy)-5-
ethylphenazinium were compared in a pot life experiment. Performance of mediators was meas-
ured immediately after preparing the reaction mixture (t=0) and after 48 h. As shown in Fig. 3,
both redox mediators show no significant decrease in current after 48 hours of pot life. There-
fore, both mediators seem to be very stable in a formulation. The mediator 1-(3-Carboxy-
propionylamino)-5-ethyl-phenazinium shows higher currents than the mediator 1-(3-

Carboxypropoxy)-5-cthylphenazinium over the entire range of glucose concentrations.

Example 13: ascorbate interference with other 1-amino-penazine derivatives

1-Acetylamino-5-methyl-phenazinium  trifluormethanesulfonate, 1-Acetylamino-5-cthyl-
phenazinium trifluoroacetate, and 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium (formula
IIT) were compared regarding their reactivity towards ascorbate. To this end, each 0.23 mM of
the respective compound was incubated at room temperature in 0.1 M triethylammonium acetate
buffer (pH 7) in the presence of a 5fold molar excess of ascorbate. Decrease of absorption at 517
nm (1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium) or 512 nm (other two compounds)
was recorded over time. Whereas with 1-Acetylamino-5-methyl-phenazinium, the absorption
decreased by 12% per minute, the decrease slowed to 7% per minute for 1-Acetylamino-5-cthyl-

phenazinium, and to less than 5% for 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium.

Example 14: Performance and ascorbate interference with 1-hydroxy-phenazine de-rivatives

1-(3-Carboxypropoxy)-5-ethylphenazinium and 1-(3-Carboxy-propionylamino)-5-cthyl-
phenazinium were compared regarding their performance as redox mediators in glucose test
strips in the absence and in the presence of ascorbate. To this end, dose response curves were
recorded with glucose concentrations of 0 mg/dL,10 mg/dL (0.5 mM), 30 mg/dL (1.5 mM), and
80 mg/dL (4.0 mM) and in the presence of 1.48 mM of either redox mediator. Ascorbic acid, if
present, was used at a concentration of 15 mg/dL (0.85 mM). As shown in Fig. 4A), the dose
response at a given glucose concentration is higher with 1-(3-Carboxy-propionylamino)-5-cthyl-

phenazinium (CPEP) as compared to 1-(3-Carboxypropoxy)-5-ethylphenazinium (CEPES). Al-
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s0, the slope dose response is approximately twofold for 1-(3-Carboxy-propionylamino)-5-cthyl-
phenazinium as compared to 1-(3-Carboxypropoxy)-5-cthylphenazinium (34 nA*dL/mg vs. 16.7
nA*dL/mg). Moreover, ascorbate only has a small effect on the currents measured in the pres-
ence of 1-(3-Carboxy-propionylamino)-5-ethyl-phenazinium. In contrast, ascorbate causes a cur-
rent offset at low glucose concentrations, in particular below 30 mg/dL when 1-(3-

Carboxypropoxy)-5-ethylphenazinium is used as a redox mediator (Fig. 4B)).
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Claims

A chemical compound or a salt or solvate thereof comprising the structure (I)

X~R!
3./
RN

R? ),

wherein

X is -C(=0)-, -C(=S)-, or -S(=0);-,

R' is an organic side chain comprising at least 2 C-atoms if X is C(=0), and at least 1 C-
atom if X is C(=S) or S(=0),,

R’ is an organic side chain comprising at least 2 C-atoms,

R’ is H or an organic side chain, and

wherein at least one of R, R? and R” is a hydrophilic side chain.

The chemical compound according to claim 1, wherein said hydrophilic side chain is a side
chain comprising at least one hydrophilic functional group selected from the groups con-
sisting of -C(=Y")-OH, -C(OH) R''R", -C(=Y")-R", -C(=Y")-Y*-R", -Y'-R", -NH,, -
NHR', -NMe™", -NH-C(=Y")-R", -S(O)R"!, -SO,R"!, -S0,-OH-, and -P(O)(OR'")(OR'?)
—O-P(0)(OR'")(OR'®); with Y' and Y? being independently selected from O or S and with
R'" and R'? being, independently of each other, selected from the group consisting of H
and, unsubstituted or substituted, alkyl and aryl.

The chemical compound according to claim 2, wherein the at least one hydrophilic func-

tional group is -C(=0)- or -C(=0)-OH.

The chemical compound according to any one of claims 1 to 3, wherein R' is alkyl with a
contiguous chain of 3 to 8 C-atoms covalently bound to the C or S atom of group X, com-

prising at Ieast one substituent independently selected from OH, OPO,™, PO,>, SO5, and COO'.

The chemical compound according to any one of claims 1 to 4, wherein R? has the struc-
ture -(CH»),-CH3 with n being in the range of from 0 to 6, preferably with n being 0, 1 or
2, more preferably R” being ethyl.
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6.  The chemical compound according to any one of claims 1 to 5, having the structure (II)

X—p1
R
3 /
R” RSN
R® N R10
R5 N+, R9
R¥ R? RS
(1)

wherein RY, R®, R®, R7, R®, R%and R are, independently of each other, selected from the
5 group consisting of H; substituted or unsubstituted alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkinyl, aryl, heterocycloalkyl, heteroaryl, halogen; -NO,, -SOs™ -CN, -CH=CH-COOH,
and -Y -R" with Y’ being -O-, -C(=0)- or -N(R'*)—, with R" and R'* being, independent-
ly of each other, selected from the group consisting of unsubstituted or substituted, alkyl

and aryl.
7. The chemical compound according to claim 6, wherein R3, R4, R6, R7, RS, R’and R'% are -H.

8. The chemical compound according to any one of claims 1 to 7 comprising, preferably con-

sisting of, one of the following structures:

O\\S/
Q HN Y
NHk/ﬁ(OH N
oy 0 L
= N
) () , ) V),

O
NHMOH
@]
N O
OH
N+/

V), ) (VD)
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) (VID), (VII),

(IX).

A chemistry matrix comprising the chemical compound of any one of claims 1 to §.

A test element comprising the chemical compound of any one of claims 1 to 8 and/or the

chemistry matrix of claim 9.

Use of a chemical compound according to any one of claims 1 to 8 in an analytical or di-

agnostic test.

The use of claim 11, wherein said analytical or diagnostic test comprises determining glu-

cose concentration in a test sample.

Use of a chemical compound or a salt or solvate thereof according to any one of claims 1
to 8 for producing a chemistry matrix according to claim 9, for producing a test element

according to claim 10, or for determining the amount of an analyte in a sample.

A method for determining the amount of an analyte in a sample, comprising

a) contacting said sample with a chemistry matrix according to claim 9,

b) estimating the amount of redox equivalents liberated or consumed by the chemistry ma-
trix in the presence of said liquid sample, and

¢) thereby determining the amount of an analyte in a liquid sample.
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15. The method of claim 14, wherein the amount of redox equivalents liberated or consumed
by the chemistry matrix in step b) is estimated by means of an optical or by an electro-

chemical sensor.
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