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Disclosed herein are pyrazine derivatives of Formula I:

X! N, Y?

XX

Y! N/ X?
Formula I; wherein each of X' and X? is independently
—CONR’R?; and each of Y' and Y* is independently
—NR**R*; and methods of using the same. The disclosed
pyrazine derivatives include those having urea, amide, sul-
fonamide, thiourea, and/or carbamate substituents. Among
the various aspects of the present invention are pyrazine
derivatives that may be detected in vivo and used in a number
of medical procedures (e.g., renal function monitoring).
Without being bound by a particular theory, the pyrazine
derivatives described herein may be designed to be hydro-

philic, thus allowing for rapid renal clearance for continuous
monitoring of renal function.
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PYRAZINE DERIVATIVES AND USES
THEREOF, INCLUDING IN MEDICAL
IMAGING AND VISUALIZATION
APPLICATIONS

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/349,773 filed on 7 Jan. 2009 and entitled
“Methods of Producing NN-Alkylated Diaminopyrazines,”
which claims priority to U.S. provisional application Ser.
Nos. 61/080,207 and 61/082,296 filed on 11 Jul. 2008 and 21
Jul. 2008 (respectively), both of which are entitled “Pyrazine
Derivatives, Methods of Use, and Methods for Preparing
Same.”

FIELD

The present invention relates to pyrazine derivatives, such
as those capable of absorbing and/or emanating spectral
energy in the visible and/or near infrared spectrum. In addi-
tion, the present invention relates to methods of using non-
radioactive, exogenous agents (e.g., the previously men-
tioned pyrazine derivatives) in the monitoring of renal
function. Methods of making pyrazine derivatives are also
provided.

INTRODUCTION

The ability to continuously monitor renal function via the
glomerular filtration rate (GFR) in the clinic is currently an
unmet medical need.[1-5] Monitoring of renal function is
important to reduce the risk of acute renal failure caused by
clinical, physiological, and pathological conditions. It is par-
ticularly important in the cases of critically ill or injured
patients, since these patients tend to frequently face the risk of
multiple organ failure and death.[6, 7]

Currently, the most common method of gauging renal
function is serum creatinine measurement at frequent inter-
vals over a 24-hour period.[8,9] The results are often mislead-
ing, given that the concentration is affected by age, hydration
state, renal perfusion, muscle mass, diet and many other
anthropometric and clinical variables.[10]

An accurate, real-time measure of renal excretion rate
using exogenous markers would represent a substantial
improvement over current practices. It would also be desir-
able to provide a process that allows for less subjective inter-
pretation based upon age, muscle mass, blood pressure, etc.
Exogenous markers such as insulin, iothalamate, *'Cr-
EDTA, Gd-DTPA, and **"Tc-DTPA may be used to measure
GFR.[11-13] Other markers such as '#*I and '*°1 labeled
o-iodohippurate or **"TcMAG, may be used to assess the
tubular secretion process.[14] Unfortunately, these markers
and methods suffer from drawbacks such as the use of radio-
activity and/or ionizing radiation. These limitations make
them undesirable for a number of medical uses (e.g., real-
time, bedside renal function monitoring).

SUMMARY

Among the various aspects of the present invention are
pyrazine derivatives that may be detected in vivo and used in
a number of medical procedures (e.g., renal function moni-
toring). Without being bound by a particular theory, the pyra-
zine derivatives described herein may be designed to be
hydrophilic and/or have rigid functionality, thus allowing for
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2

rapid renal clearance while providing desired pharmacoki-
netic properties for monitoring renal function.

A first aspect of the invention is directed to pyrazine deriva-
tives, each of which has a pyrazine ring. A carbon of the
pyrazine ring has a substituent bonded thereto that includes a
group selected from urea, amide, sulfonamide, thiourea, car-
bamate, or any combination thereof. In this pyrazine deriva-
tive, at least one occurrence of an above-mentioned group is
separated from the carbon of the pyrazine ring to which the
substituent is bonded by at least two atoms. For example, the
substituent may include one of the aforementioned groups
that is bonded directly to the carbon as long as the substituent
also has at least one occurrence of one of the aforementioned
groups that is separated from the carbon of the pyrazine ring
to which the substituent is bonded by at least two atoms.

With regard to the pyrazine derivatives of the first aspect of
the invention, at least one occurrence of the group may be
separated from the carbon of the pyrazine ring to which the
substituent is bonded by other appropriate atom spacings. For
instance, in some embodiments, at least one occurrence of an
aforementioned group is separated from the carbon of the
pyrazine ring to which the substituent is bonded by at least
three atoms. In other embodiments, at least one occurrence of
an aforementioned group is separated from the carbon of the
pyrazine ring to which the substituent is bonded by at least
four atoms. In still other embodiments, at least one occur-
rence of an aforementioned group is separated from the car-
bon of the pyrazine ring to which the substituent is bonded by
at least five atoms. And in even other embodiments, at least
one occurrence of an aforementioned group is separated from
the carbon of the pyrazine ring to which the substituent is
bonded by at least six atoms.

Still referring to the pyrazine derivatives of the first aspect
of'the invention, in some embodiments, each occurrence of an
aforemention group may be separated from the carbon of the
pyrazine ring to which the substituent is bonded by at least
two atoms. In other words, in these embodiments, no portion
of a urea, amide, sulfonamide, thiourea, carbamate, or any
combination thereof is located within two atoms of the carbon
(of the pyrazine ring) to which the substituent is bonded. In
some embodiments, each occurrence of the group may be
separated from the carbon of the pyrazine ring to which the
substituent is bonded by at least three, at least four, at least
five, or even at least six atoms.

In some embodiments of the first aspect, each of the four
carbons of the pyrazine ring has a substituent bonded thereto.
In such embodiments, each occurrence of an aforemention
group of any of the four substituents may be separated from
the carbon of the pyrazine ring to which the substituent is
bonded by at least two atoms. In other embodiments, each
occurrence of an aforementioned group of any of the four
substituents may be separated from the carbon of the pyrazine
ring to which the substituent is bonded by at least three, at
least four, at least five, or even at least six atoms.

Still referring to pyrazine derivatives of the first aspect, in
some embodiments, a first carbon of the pyrazine ring has a
first substituent bonded thereto that includes a first group
selected from urea, amide, sulfonamide, thiourea, carbamate,
and any combination thereof. Further, a second carbon of the
pyrazine ring has a second substituent bonded thereto that
includes a second group selected from urea, amide, sulfona-
mide, thiourea, carbamate, and any combination thereof. In
such embodiments, the first group is separated from the first
carbon of the pyrazine ring by at least two atoms, and the
second group is separated from the second carbon of the
pyrazine ring by at least two atoms. The first group may be the
same as or different from the second group. For instance, in
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the case that the first group is the same as the second group,
the first group and the second may each be an amide. As
another example, the first group and the second group may
each be a urea. In some embodiments, the first substituent that
is bonded to the first carbon of the pyrazine ring may be the
same as or different from the second substituent.

The first carbon and the second carbon may be located in
any appropriate positions along the pyrazine ring. For
instance, in some embodiments, the first carbon of the pyra-
zine ring is para to the second carbon of the pyrazine ring. In
other embodiments, the first carbon of the pyrazine ring is
meta to the second carbon of the pyrazine ring.

In embodiments having a first substituent that is bonded to
a first carbon and a second substituent that is bonded to a
second carbon, the first and second substituents may include
any of a number of other appropriate groups besides each
including at least one of the groups mentioned above (e.g.,
urea, amide, sulfonamide, thiourea, carbamate, and/or any
combination thereof). For instance, in some embodiments, at
least one of the first and second substituents may include at
least one polyethylene glycol (PEG) unit (e.g., a plurality of
PEG units). Incidentally, a “PEG unit” herein refers to a
CH,CH,O unit. In some embodiments, each of the first and
second substituents comprises at least one PEG unit. For
example, in some embodiments, the first substituent may
include a plurality of PEG units, and the second substituent
may also include a plurality of PEG units.

A second aspect of the invention is directed to pyrazine
derivatives, each of which includes a pyrazine ring that com-
prises a first carbon, a second carbon, a third carbon, and a
fourth carbon. The first carbon has a first substituent bonded
thereto, the second carbon has a second substituent bonded
thereto, the third carbon has a third substituent bonded
thereto, and the fourth carbon has a fourth substituent bonded
thereto. Each of the first, second, third, and fourth substitu-
ents includes a group selected from urea, amide, sulfonamide,
thiourea, carbamate, and any combination thereof.

With regard to the second aspect of the invention, the
structure of a given substituent may be same as or different
from one or more other substituents of the pyrazine deriva-
tive. For instance, in some embodiments, the first and second
substituents are the same, and the third and fourth substituents
are the same but different from the first and second substitu-
ents. In such embodiments, the first and second carbons may
be para to each other (which means the third and fourth
carbons would also be para to each other), or the first and
second carbons may be meta to each other (which means the
third and fourth carbons would also be meta to each other).

In some embodiments of pyrazine derivatives of the second
aspect, each of the first and second substituents includes an
amide. For instance, in some embodiments, each of the first,
second, third, and fourth substituents includes an amide.

Some embodiments of the pyrazine derivatives of the sec-
ond aspect may include at least two of the first, second, third,
and fourth substituents having at least one PEG unit. For
instance, in some embodiments, each of the first and second
substituents comprises at least one PEG unit. As another
example, each of the first, second, third, and fourth substitu-
ents may include at least one PEG unit.

Yet a third aspect of the invention is directed to pyrazine
derivatives, each of which includes a pyrazine ring. A carbon
of the pyrazine ring has a substituent bonded thereto that
includes a urea group. Further, this urea group is separated
from the carbon of the pyrazine ring to which the substituent
is bonded by at least two atoms. So, at least in theory, the
substituent may include one urea that is bonded directly to the
carbon of the pyrazine ring as long as the substituent also
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includes at least one other urea that is separated from the
carbon of the pyrazine ring to which the substituent is bonded
by at least two atoms. As another example, one substituent
may include a urea that is bonded directly to one carbon of the
pyrazine ring, and another substituent may include another
urea that is separated from the respective carbon of the pyra-
zine ring to which that substituent is bonded by at least two
atoms.

With regard to the pyrazine derivatives of the third aspect,
atleast one occurrence of a urea group may be separated from
the carbon of the pyrazine ring to which the substituent is
bonded by other appropriate atom spacings. For instance, in
some embodiments, at least one occurrence of a urea group is
separated from the carbon of the pyrazine ring to which the
corresponding substituent is bonded by at least three atoms.
In other embodiments, at least one occurrence of a urea group
is separated from the carbon of the pyrazine ring to which the
corresponding substituent is bonded by at least four atoms. In
still other embodiments, at least one occurrence of a urea
group is separated from the carbon of the pyrazine ring to
which the corresponding substituent is bonded by at least five
atoms. And in even other embodiments, at least one occur-
rence of a urea group is separated from the carbon of the
pyrazine ring to which the corresponding substituent is
bonded by at least six atoms.

Still referring to the pyrazine derivatives of the third aspect
of the invention, in some embodiments, the substituent
includes multiple occurrences of urea groups, and each occur-
rence of a urea group is separated from the carbon of the
pyrazine ring to which the substituent is bonded by at least
two atoms. In other words, in these embodiments, no portion
of'a urea group is located within two atoms of the carbon (of
the pyrazine ring) to which the substituent is bonded. In some
substituents that include multiple occurrences of urea groups,
each occurrence of a urea group may be separated from the
carbon of the pyrazine ring to which the substituent is bonded
by at least three, at least four, at least five, or even at least six
atoms.

Still referring to the third aspect, in some embodiments,
each of the four carbons of the pyrazine ring has a substituent
bonded thereto. In such embodiments, each occurrence of a
urea group of any of the four substituents may be separated
from the carbon of the pyrazine ring to which the substituent
is bonded by at least two atoms. In other embodiments, each
occurrence of a urea of any of the four substituents may be
separated from the carbon of the pyrazine ring to which the
substituent is bonded by at least three, at least four, at least
five, or even at least six atoms.

In pyrazine derivatives of the third aspect, the sub-
stituent(s) may include any of a number of other appropriate
groups besides at least one urea. For instance, in some
embodiments, the substituent that includes the urea may also
include at least one PEG unit (e.g., a plurality of PEG units).
In some embodiments, each of a plurality (e.g., two, three, or
four) of substituents, each of which is bound to a different
carbon of the pyrazine ring, may include at least one PEG
unit. For example, in some embodiments, a first substituent
bound to a first carbon of the pyrazine ring may include a urea
and plurality of PEG units, and a second substituent bound to
a second carbon of the pyrazine ring may also include a urea
and a plurality of PEG units. In such embodiments, the first
and second carbons may be either meta or para to each other.

Still a fourth aspect of the invention is directed to pyrazine
derivatives, each of which includes a pyrazine ring. A carbon
of the pyrazine ring has a substituent bonded thereto that
includes an amide group. Further, this amide group is sepa-
rated from the carbon of the pyrazine ring to which the sub-
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stituent is bonded by at least two atoms. So, at least in theory,
the substituent may include one amide that is bonded directly
to the carbon of the pyrazine ring as long as the substituent
also includes at least one other amide that is separated from
the carbon of the pyrazine ring to which the substituent is
bonded by at least two atoms. As another example, one sub-
stituent may include an amide that is bonded directly to one
carbon of the pyrazine ring, and another substituent may
include another amide that is separated from the respective
carbon of the pyrazine ring to which that substituent is bonded
by at least two atoms.

With regard to the pyrazine derivatives of the fourth aspect,
at least one occurrence of an amide group may be separated
from the carbon of the pyrazine ring to which the substituent
is bonded by other appropriate atom spacings. For instance, in
some embodiments, at least one occurrence of an amide
group is separated from the carbon of the pyrazine ring to
which the corresponding substituent is bonded by at least
three atoms. In other embodiments, at least one occurrence of
an amide group is separated from the carbon of the pyrazine
ring to which the corresponding substituent is bonded by at
least four atoms. In still other embodiments, at least one
occurrence of an amide group is separated from the carbon of
the pyrazine ring to which the corresponding substituent is
bonded by at least five atoms. And in even other embodi-
ments, at least one occurrence of an amide group is separated
from the carbon of the pyrazine ring to which the correspond-
ing substituent is bonded by at least six atoms.

Still referring to the pyrazine derivatives of the fourth
aspect of the invention, in some embodiments, the substituent
includes multiple occurrences of amide groups, and each
occurrence of an amide group is separated from the carbon of
the pyrazine ring to which the substituent is bonded by at least
two atoms. In other words, in these embodiments, no portion
of'an amide group is located within two atoms of the carbon
(of the pyrazine ring) to which the substituent is bonded. In
some substituents that include multiple occurrences of amide
groups, each occurrence of an amide group may be separated
from the carbon of the pyrazine ring to which the substituent
is bonded by at least three, at least four, at least five, or even
at least six atoms.

Still referring to the fourth aspect, in some embodiments,
each of the four carbons of the pyrazine ring has a substituent
bonded thereto. In such embodiments, each occurrence of an
amide group of any of the four substituents may be separated
from the carbon of the pyrazine ring to which the substituent
is bonded by at least two atoms. In other embodiments, each
occurrence of an amide of any of the four substituents may be
separated from the carbon of the pyrazine ring to which the
substituent is bonded by at least three, at least four, at least
five, or even at least six atoms.

In pyrazine derivatives of the fourth aspect, the substi-
tuent(s) may include any of a number of other appropriate
groups besides at least one amide. For instance, in some
embodiments, the substituent that includes the amide may
also include at least one PEG unit (e.g., a plurality of PEG
units). In some embodiments, each of a plurality (e.g., two,
three, or four) of substituents, each of which is bound to a
different carbon of the pyrazine ring, may include at least one
PEG unit. For example, in some embodiments, a first sub-
stituent bound to a first carbon of the pyrazine ring may
include an amide and plurality of PEG units, and a second
substituent bound to a second carbon of the pyrazine ring may
also include an amide and a plurality of PEG units. In such
embodiments, the first and second carbons may be either meta
or para to each other.
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Still a fifth aspect of the invention is directed to pyrazine
derivatives of Formulas I and II below.

XA N, Y2
T X
Y! N/ X?
X! N, X?
T X
Y! N/ Y?

With regard to Formulas I and II, each of X' and X is
independently —CO,R!, —COR?, —SOR®, —SO,R*,
—S0,0R?,—PO,R°R®, or —CONR’R®. Eachof R to R” is
independently —(CH,),(CH,CH,0),(CH,) NR'°*CONR*!
(CH,) (CH,CH,0),R®,  —(CH,),(CH,CH,0),(CH,),
NR!2CSNR**(CH,) (CH,CH,0)_R*, —(CH,),,
(CH,CH,0),(CH,),CONR *(CH,) (CH,CH,0),R ™,
—(CH,),(CH,CH,0),(CH,),NR*SO,(CH,) (CH,
CH,0),R?, —(CH,),(CH,CH,0),(CH,),SO,NRI(CH,),
(CH,CH,0),R**, —(CH,),(CH,CH,0),(CH,).,NR'’CO
(CH,) (CH,CH,0),R*, —(CH,),(CH,CH,0),
(CH,).NRI*CO,(CH,) (CH,CH,0), R*, —(CH),
(CH,CH,0),(CH,) OC(O)NR'’(CH,) (CH,CH,0),R*’, or
any combination thereof. Each of R® to R*® is independently
—H or —CHj,. Each of R*° to R*” is independently —H,
—CH,;, —(CH,)NR**C(O)NR*(CH,),(CH,CH,0),R*®,
—(CH, {NR3°CSNR31(CH2) (CH,CH,O),R**, —(CH, )
(O)NR**(CH,),(CH,CH,0),R*, —(CH,)S(0),NR?
(CH,),(CH,CH,0),R*, —(CH,) NR**S(0),(CH,),
(CH,CH,0),R*?, —(CH,)NR*°C(0)(CH,), (CH
CH,0),R*, —(CH,)NR**C(0)O(CH,),(CH,CH O)hR4
—(CH,),0C(O)NR*’(CH,),(CH,CH,0),R*, —CO(AA),
—CONH(PS), or any combination thereof. Each of R*® to
R?*” is independently —H or —CH,. Each of R*® to R*® is
independently —H, —CH;, —CO(AA) or —CONH(PS).

Still referring to pyrazine derivatives of Formulas I and 11
above, each of Y' and Y? is independently —OR™*, —SR*7,

Formula I

Formula IT

—NR*R*, —NR*)COR®, —P(R*?),, —P(OR>),, or
CHy),
J\
—_— AR
\
(CH2)n
Z' is a single bond, —CR>*R>?, —0, —NR>*°, —NCOR?’,

—S, —S0, or —S0,. Fach of R*® to R*’ is independently
_H, —(CH,),0R®, —CH,(CHOH)R®, —CH,(CH
OH).COH, —(CHCO,H).COH, -(CH,),NR™R,
~ CH[(CH,)NH,].CO,H,  — CH[(CH,)NH,] .CH,OH.
— CH,(CHNH,),CH,NR™?R™, {(CH,CILO)R™
—(CH,),CO(CH,CH,0),R ", —(CH,)(CH,CH,0),
(CH,),NR**C(O)NR>(CH,)(CH,CH,0).,R°, —(CH,),
(CH,CH,0),(CH,),NR*°C(S)NR®(CH,)(CH,CH,0),R”’,

~—(CH,)(CH,CH,0) (CH,),C(O)NR*%(CH,)(CH,CH,O)

R7%, *(CHz) (CH,CH,0),(CH,),S(0),NR**(CH,),
(CH,CH,0),R”, —(CH,),(CH,CH,0)(CH,),NR*S(O),
(CH,)(CH,CH,O),R®,  —(CH,),(CH,CH,0),(CH,),
NRPC(O)(CH,)(CH,CH,0),R®!,  —(CH,)(CH,CH,0),
(CH,),0C(0)O(CH,),(CH,CH,O0),R®,  —(CH,),(CH,
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CH,0),(CH,),OC(O)NR®’(CH,),(CH,CH,O)OR*’,
—(CH,),SOH,  —(CH,),S057,  —(CH,),0S0;H,
—(CH,),080;~, —(CH,),NHSO;H, —(CH,),NHSO;",
—(CH,),PO,H,,  —(CH,),PO;H",  —(CH,),PO,—,
—(CH,),0PO,H,, —(CH,),0OPO,H~, —(CH,),OPO,, or
any combination thereof. Each of R>® to R%” is independently
—H or —CH,. Each of R® to R*® is independently —H,
—CH,, —(CH,) NR*'C(O)NR*(CH,) (CH,CH,0)R"’,
—(CH,),C(O)NR*(CH,),(CH,CH,0);R ", —(CHy),
S(0),NR**(CH,) (CH,CH,0),R*, —(CH,),N*’S(0),
(CH,),(CH,CH,O)R™, —(CH,),NR®**C(O)(CH,),
(CH,CH,O),R®?, —(CH,),NR**C(O)O(CH,),(CH,
CH,0),R*, —(CH,),0C(O)NR**(CH,),(CH,CH,0),R*,
or any combination thereof. Each of R®! to R*® is indepen-
dently —H or —CHj;.

(AA) is a polypeptide chain that includes one or more
natural or unnatural a-amino acids linked together by peptide
bonds. Moreover, (PS) is a sulfated or non-sulfated polysac-
charide chain comprising one or more monosaccharide units
connected by glycosidic linkages.

Still referring to pyrazine derivatives of Formulas I and II,
eachof‘a’, ‘d’, ‘g’, “i’, ‘I, and ‘q’ is independently 0, 1, 2, 3,
4,5,6,7,8,9 or 10. In addition, each of ‘c’, ‘t”, ‘k’, and ‘p’
is independently 1, 2,3, 4,5, 6,7, 8, 9 or 10. Each of ‘b’ and
‘j’is independently 0, 1,2,3,4,5,6,7,8,9,10,11,12, 13, 14,
15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,
32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47, 48,
49,50,51, 52,53, 54,55,56,57,58,59, 60,61, 62,63, 64, 65,
66,67,68,69,70,71,72,73,74,75,76,77,78,79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90,91, 92, 93, 94, 95, 96,97, 98, 99
or 100. Further, each of ‘e’, ‘h’, ‘0’, and s’ is independently
0,1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15,16, 17, 18, 19,
20,21,22,23,24,25,26,27,28,29,30,31,32,33, 34,35, 36,
37,38,39,40,41,42,43,44,45,46,47,48,49, 50, 51, 52, 53,
54,55,56,57,58,59,60,61, 62,63, 64, 65,66, 67, 68, 69, 70,
71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100. In
addition, each of ‘m’ and ‘n’ is independently 1, 2 or 3.

With regard to pyrazine derivatives of the fifth aspect, each
of X! and X* may independently be —CO,R', —COR?, or
—CONR’R? in some embodiments. In other embodiments,
each of X' and X? may independently be —CO,R' or
—CONRR?.

Y' and Y* may independently be —NR**R*’ or

CHs)m
N
- Zl
\
(CHy),

in some embodiments. For instance, in some embodiments
each of Y' and Y? is —NR**R*.

In some embodiments, Z' may be —O, —NR>%, —S,
—S0 or —S0,. For instance, in some embodiments, Z' may
be —O or —NRS.

In some embodiments, each of R to R” may independently
be —(CH,),NR'°CONR'!(CH,),(CH,CH,0O)CR>,
—(CH,),CONR'¥(CH,),(CH,CH,0)R*>, —(CH,),S0,
NR'*(CH,),(CH,CH,0)CR**, —(CH,),SO,NR'S(CH,),
(CH,CH,0O) R**, —(CH,) NR*"CO(CH,),(CH,
CH,0) R**, —(CH,) ,NR*®CO,(CH,),(CH,CH,0)_R?S, or
—(CH,),0C(O)NR**(CH,),(CH,CH,0)_R*’. For instance,
in some embodiments, each of R' to R may be
—(CH,) ,NR'°CONR'*(CH,),(CH,CH,O)CR**. In other
embodiments, each of R’ to R’ may independently be
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—(CH,) (CH,CH,0),(CH,).NR'*CSNR"*(CH,),
(CILCH,0),R?, —(CH,)(CH,CH,0),(CH,)CONR™
(CH,)(CH,CH,0).R*, —(CH,)(CH,CH,0),(CH,)..
NR'S0,(CH,) (CHLCH,0),R*, ——(CH,),(CH,CH,0),
(CH,)SO,NR'*(CH,) (CH,CH,0).R**, —(CH,),
(CH,CH,0),(CH,) ,NR!*CO,(CH,) (CH,CH,O),R®, or
—(CH,).(CTL,CH,0),(CH,) OCONR (I, ),
(CH,CH,0) R?.

In some embodiments, each of R** to R*” may indepen-
dently be —H, —CH,, —(CH,)NR*CSNR* (CH,),
(CH,CH,0),R*, —(CH,)C(O)NR**(CH,),(CH,
CH,0),R*,  —(CH,),S(0),NR**(CH,),(CH,CH,0),R*,
—(CH,)NR*S(0),(CH,),(CH,CH,0),R™®, *(CHz);
NR*C(0)O(CH,),(CH,CI1,0),R*, —(CH,)OC(O)NR®
(CH,),(CH,CH,0),R*, —CO(AA), or CONH(PS).

In some embodiments, each of R*! to R** may indepen-
dently be —H or —CHj;.

In some embodiments, R*S to R>” may independently be

—H, —(CH,),OR®, —_CH,(CHOH)_R®,
—CH,(CHOH)_CO,H, —(CHCO,H),CO,H,
—(CH,).NR™R"", —CH[(CH,)NH,] CO,H,

—CHI(CH,),NH,] .CH,OH, —CH,(CHNH,) . CH,N"’R”,
—(CH,CH,0),R"%, —(CH,) CO(CH,CH,0) ,R™,
—(CH,),(CH,CH,0),(CH,),R**C(O)NR**(CH,),
(CH,CH,0),R"", ~—(CH,),(CH,CH,0)(CH,),NR*C(S)
NR®!(CH,),(CH,CH,0)R"7, —(CH,),(CH,CH,0),(CH,),C
(O)NR®(CH,),(CH,CH,0),R™®, ~—(CH,),(CH,CH,0),
(CH,),S(0),NR**(CH,)(CILCH,0),R™, ~(CH,),
(CH,CH,0),(CH,),NR**S(0),(CH,)(CH,CH,0),R™,
—(CH,)(CH,CH,0) (CH,),NR**C(O)(CH,),(CH,
CH,0),R*, —(CH,),(CH,CH,0),(CH,),N*C(0)O(CH,),
(CH,CH,0),R®, —(CH,),(CH,CH,0)(CH,) OC(O)N*’
(CH,)(CH,CH,0),R™, —(CH,),SO,H, —(CH,),SO;7,
—(CH,),080,;H, —(CH,),080,~, —(CH,),NHSO,H, or
—(CH,) NHSO,".

As stated above, (AA) is polypeptide chain including one
ormore natural or unnatural a-amino acids linked together by
peptide bonds. The polypeptide chain (AA) may be a
homopolypeptide chain or a heteropolypeptide chain, and
may be any appropriate length. For instance, in some embodi-
ments, the polypeptide chain may include 1 to 100 ct-amino
acid(s), 1 to 90 a-amino acid(s), 1 to 80 a-amino acid(s), 1 to
70 ai-amino acid(s), 1 to 60 a-amino acid(s), 1 to 50 c-amino
acid(s), 1 to 40 a-amino acid(s), 1 to 30 a-amino acid(s), 1 to
20 ai-amino acid(s), or even 1 to 10 ci-amino acid(s). In some
embodiments, the a-amino acids of the polypeptide chain
(AA) are selected from aspartic acid, asparigine, arginine,
histidine, lysine, glutamic acid, glutamine, serine, and
homoserine. In some embodiments, the c.-amino acids of the
polypeptide chain (AA) are selected from aspartic acid,
glutamic acid, serine, and homoserine. In some embodi-
ments, the polypeptide chain (AA) refers to a single amino
(e.g., either aspartic acid or serine).

As stated above, (PS) is a sulfated or non-sulfated polysac-
charide chain including one or more monosaccharide units
connected by glycosidic linkages. The polysaccharide chain
(PS) may be any appropriate length. For instance, in some
embodiments, the polysaccharide chain may include 1 to 100
monosaccharide unit(s), 1 to 90 monosaccharide unit(s), 1 to
80 monosaccharide unit(s), 1 to 70 monosaccharide unit(s), 1
to 60 monosaccharide unit(s), 1 to 50 monosaccharide unit(s),
1 to 40 monosaccharide unit(s), 1 to 30 monosaccharide
unit(s), 1 to 20 monosaccharide unit(s), or even 1 to 10
monosaccharide unit(s). In some embodiments, the polysac-
charide chain (PS) is a homopolysaccharide chain consisting
of either pentose or hexose monosaccharide units. In other
embodiments, the polysaccharide chain (PS) is a het-
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eropolysaccharide chain consisting of one or both pentose
and hexose monosaccharide units. In some embodiments, the
monosaccharide units of the polysaccharide chain (PS) are
selected from the group consisting of glucose, fructose, man-
nose, xylose and ribose. In some embodiments, the polysac-
charide chain (PS) refers to a single monosaccharide unit
(e.g., either glucose or fructose).

Still referring to pyrazine derivatives of Formulas I and II,
in some embodiments, each of ‘a’, ‘d’, ‘g’, ‘1’, and ‘q” may
independently be 1,2, 3,4, 5or 6. Each of ‘e’ ‘h’, ‘0’, and ‘s’
may independently be 1,2,3,4,5,6,7,8,9,10,11,12,13, 14,
15,16, 17, 18, 19 or 20 in some embodiments. Similarly, in
some embodiments, each of ‘b’ and ‘j” may independently be
0,1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19
or 20. In some embodiments, each of ‘m’ and ‘n’ may inde-
pendently be 1 or 2.

Any of the pyrazine derivatives described above may
exhibit any appropriate molecular weight. For instance, in
some embodiments, a pyrazine derivative of the invention
may have a molecular weight of no more than about 20000. In
other embodiments, a pyrazine derivative of the invention
may have a molecular weight of no more than about 15000,
14000, 13000, 12000, 11000, 10000, 9000, 8000, 7000, 6000,
5000, 4500, 4000, 3500, 3000, 2500, 2000, 1500, 1000, 900,
800, 700, 600, 500, 400, 300, 200, or even 100. Other embodi-
ments may have molecular weights that are greater than about
20000.

Yet a sixth aspect of the invention is directed to methods of
using pyrazine derivatives described herein. In such methods,
a pyrazine derivative is administered to a patient and utilized
in a medical photodiagnostic and/or imaging procedure (e.g.,
assessing renal function).

Still a seventh aspect of the invention is directed to phar-
maceutically acceptable compositions, each of which
includes one or more pyrazine derivatives disclosed herein.
The phrase “pharmaceutically acceptable” herein refers sub-
stances that are, within the scope of sound medical judgment,
suitable for use in contact with relevant tissues of humans and
animals without undue toxicity, irritation, allergic response
and the like, and are commensurate with a reasonable benefit/
risk ratio. The compositions of this seventh aspect may
include one or more appropriate excipients such as, but not
limited to, suitable diluents, preservatives, solubilizers, emul-
sifiers, adjuvant and/or carriers. One example of a composi-
tion of this aspect may include at least one pyrazine derivative
of Formula I and/or at least one pyrazine derivative of For-
mula II.

Yet an eighth aspect of the invention is directed to methods
of determining renal function using pyrazine derivatives such
as those described above (e.g., with regard to Formulas I and
II). In these methods, an effective amount of a pyrazine
derivative is administered into the body of a patient (e.g., a
mammal such as a human or animal subject). Incidentally, an
“effective amount™ herein generally refers to an amount of
pyrazine derivative that is sufficient to enable renal clearance
to be analyzed. The pyrazine derivative in the body of the
patient is exposed to at least one of visible and near infrared
light. Due to this exposure of the pyrazine derivative to the
visible and/or infrared light, the pyrazine derivative emanates
spectral energy that may be detected by appropriate detection
equipment. This spectral energy emanating from the pyrazine
derivative may be detected using an appropriate detection
mechanism such as an invasive or non-invasive optical probe.
Herein, “emanating” or the like refers to spectral energy that
is emitted and/or fluoresced from a pyrazine derivative. Renal
function may be determined based on the spectral energy that
is detected. For example, an initial amount of the amount of
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pyrazine derivative present in the body of a patient may be
determined by a magnitude/intensity of light emanated from
the pyrazine derivative that is detected (e.g., in the blood-
stream). As the pyrazine derivative is cleared from the body,
the magnitude/intensity of detected light generally dimin-
ishes. Accordingly, a rate at which this magnitude of detected
light diminishes may be correlated to a renal clearance rate of
the patient. This detection may be done periodically or in
substantially real time (providing a substantially continuous
monitoring of renal function). Indeed, methods of the present
invention enable renal function/clearance to be determined
via detecting one or both a change and a rate of change of the
detected magnitude of spectral energy (indicative of an
amount of the pyrazine derivative that has not been cleared)
from the portion of the pyrazine derivative that remains in the
body. While this aspect has been described with regard to use
of a single pyrazine derivative of the invention, it should be
noted that some embodiments of this aspect include the use of
compositions of the invention that may include one or more
pyrazine derivatives disclosed herein.

Yet a ninth aspect of the invention is directed to a method
for producing pyrazine derivatives. In this method, an ami-
nopyrazine compound and a carbonyl compound are com-
bined in the presence of a reducing agent.

In some embodiments of the method, the aminopyrazine
compound is a diaminopyrazine, and the pyrazine derivative
is an N,N'-alkylated diaminopyrazine.

Some embodiments of the method may include the ami-
nopyrazine compound, the carbonyl compound, and a solvent
being combined in the presence of the reducing agent.

In some embodiments of the method, the aminopyrazine
compound and a carbonyl compound may be combined at a
temperature between about -20° and about 50° C. For
instance, in some embodiments, this combining may occur at
a temperature between about -5° and about 30° C.

The carbonyl compound used in the method may be any
appropriate carbonyl compound. For instance, in some
embodiments, the carbonyl compound may be of Formula II1
below.

Formula ITT
(¢]

PR

In Formula III, each of R and R? is independently hydro-
gen, C,-C,, alkyl, C;-C,, aralkyl, C,-C,, hydroxyalkyl,
C,-C,, polyhydroxyalkyl, —(CH,),CO.R?>, —(CH,
CH,0), R, or mono- or poly-saccharide containing 1 to 50
units.

Referring to R! and R? of Formula III, m and n may be any
appropriate integers. For instance, in some embodiments,
eachofm and n is independently 1, 2, 3,4,5,6,7,8,9,10, 11,
12,13,14,15,16,17,18,19, 20,21, 22,23, 24,25, 26,27, 28,
29,30,31,32,33,34,35,36,37,38,39,40,41,42, 43,44, 45,
46, 47, 48, 49 or 50. In some embodiments, each of m and n
may independently be 1, 2,3,4,5,6,7,8,9,10,11,12,13, 14,
15,16,17,18, 19, 20,21, 22, 23, 24, 25, 26, 27, 28, 29 or 30.
In other embodiments, m and n may independently be 1, 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14,15, 16, 17, 18, 19 or 20. In
yet other embodiments, m and n may independentlybe 1,2, 3,
4,5,6,7,8,9or10.

Still referring to R* and R? of Formula I1I, each occurrence
of R? and R*is independently hydrogen, C,-C, , alkyl, Cs-Cs,
aralkyl, C,-C,, acyl, C,-C,, hydroxyalkyl, C,-C,, polyhy-

R! R?
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droxyalkyl, or mono- or poly-saccharide containing 1 to 50
units. For instance, in some embodiments, each of R® and R*
is independently hydrogen, C,-C,, alkyl, C,-C,, hydroxy-
alkyl, or C,-C,,, polyhydroxyalkyl.

The aminopyrazine compound utilized in the method may
be any appropriate aminopyrazine compound. For instance,
the aminopyrazine compound utilized may be a compound of
the following Formula IV or V below.

LN | N\ NH,
=
X N Y
X N NH,
| AN
Z
LN N Y

With regard to Formulas IV and V above, each X and Y is
independently hydrogen, C,-C,, alkyl, —OR® —SRS,
—NRR®, —N(R*)COR*®, halo, trihaloakyl, —CN, —NO,,
—CO—Z—R", —SOR'?, —SO,R", —S0O,0R", or
—PO,R*’R*®. Z is a single bond, —O—, —NR'"—, —NH
(CH,),NH—, —NH(CH,),0—, —NH(CH,),CO—, —NH
(CH,),NHCO—, —NH(CH,),CONH—, —NH(CH,),NH-
CONH—, —NH(CH,),NHCSNH—, or
—NH(CH,),NHCO,—. Bach of R’ to R'7 is independently
hydrogen, C,-C,, alkyl, C5-C,, aralkyl, C,-C,, acyl, C,-C,,
hydroxyalkyl, C,-C,, polyhydroxyalkyl, —(CH,CH,0O) _R?,
or mono- or poly-saccharide containing 1 to 50 units. R*® is
hydrogen, C,-C,, alkyl, C5-C,, aralkyl, C,-C, ; acyl, C,-C,,
hydroxyalkyl, C,-C,, polyhydroxyalkyl, or mono- or poly-
saccharide containing 1 to 50 units. The integerp 0, 1, 2, 3, 4,
5 or 6. Further, the integer qis 1, 2,3, 4,5,6,7,8,9, 10, 11,
12,13,14,15,16,17,18,19, 20,21, 22,23, 24,25, 26,27, 28,
29,30,31,32,33,34,35,36,37,38,39,40,41,42, 43,44, 45,
46,47, 48, 49 or 50.

In some compounds of Formulas IV and V above, each of
X and Y may be —CN in some embodiments and —CO—
Z—R'"" in other embodiments. In embodiments of com-
pounds of Formulas IV and V that include R'*, R'* of some
embodiments may be hydrogen, C,-C,, alkyl, C,-C,,
hydroxyalkyl, or C,-C,, polyhydroxyalkyl. When each of X
and Y is —CO—Z—R*', Z may be —NR'’— in some
embodiments, —NH(CH,),— in other embodiments, and
—NH(CH,),CO— in other embodiments. In the case that Z
is —NR'"—, R'” of some embodiments may be hydrogen or
C,-C, alkyl. In the case that Z is either NH(CH,),NH— or
—NH(CH,),CO—, the integer p of some embodiments may
be0,1,2,3 or4.

The reducing agent utilized in the method may be any
appropriate reducing agent. For instance, in some embodi-
ments, the reducing agent is ammonium formate, diimide,
Zn/HCl, sodium triacetoxyborohydride, sodium borohy-
dride, pyridine/borane, lithium aluminium hydride, lithium
borohydride, sodium cyanoborohydride, sodium amalgam,
H,/Pd/C, H,/Pt/C, H,/RWC, H,/Raney® Nickel, or any com-
bination thereof. In some embodiments, the reducing agent
includes or is sodium triacetoxyborohydride. In some
embodiments, the reducing agent includes or is sodium
cyanoborohydride.

In the case that a solvent is utilized in the method, the
solvent may be any appropriate solvent such as, for example,

Formula IV

Formula V

20

25

30

35

40

45

50

55

60

65

12
water, C,-Cg alcohol, C,-Cg ether, C,-Cq ester, dimethyl for-
mamide, dimethyl acetamide, acetic acid, trifluoroacetic acid,
dimethyl sulfoxide, or any combination thereof. In some
embodiments, the solvent may be methanol, ethanol, isopro-
py! alcohol, tetrahydrofuran, dioxane, glyme, dimethyl for-
mamide, dimethyl sulfoxide, or any combination thereof.

A related area of the present invention is directed pyrazine
derivatives that are made utilizing a method described herein.
Pyrazine derivatives made using the method described herein
may be utilized in a number of appropriate processes and
procedures (e.g., medical procedures). For instance, pyrazine
derivatives made using a method described herein may be
utilized in assessing renal function of a medical patient and/or
as intermediates in processes for manufacturing pyrazine
derivatives and/or compositions that include pyrazine deriva-
tives (e.g., for use in assessing renal function of medical
patients).

These and other features, aspects and advantages of the
present teachings will become better understood with refer-
ence to the following description, examples and appended
claims.

Those of skill in the art will understand that the drawings,
described below, are for illustrative purposes only. The draw-
ings are not intended to limit the scope of the present teach-
ings in any way.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. A block diagram of an assembly for assessing renal
function.

FIG. 2. Illustration of a clearance curve of compound 18
(Formula VI).

FIG. 3. Comparison of compound 18 and an isothalanate
standard.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Abbreviations and Definitions

To facilitate understanding of the invention, a number of
terms and abbreviations as used herein are defined below as
follows:

Pharmacokinetic: As used herein, the term “pharmacoki-
netic” refers to how a compound is absorbed, distributed,
metabolized, and eliminated by the body.

Half-life: As used herein, the term “half-life” refers to the
time required for the amount of a compound in the body to fall
by half.

Clearance: As used herein, the term “clearance” describes
the efficiency of elimination of a compound from the body.

A, An, and The: As used herein, the articles “a”, “an”, and
“the” are intended to mean that there are one or more of
something that the article(s) introduce(s).

Comprising, Including, and Having: As used herein, the
terms “comprising”, “including”, and “having” are intended
to be inclusive and mean that there may be additional items
(e.g., substituents, groups, elements, steps, etc.) other than
that mentioned.

Pyrazine Derivatives, Methods of Using Pyrazine
Derivatives, and Preparing Pyrazine Derivatives

Pyrazine Derivatives, Methods of Using Pyrazine Deriva-
tives, and Preparing Pyrazine Derivatives

The present invention provides compounds that can be
detected in vivo and used in a number of medical procedures,
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including renal function monitoring. The compounds can be
pyrazine derivatives having a pyrazine ring that can have a
substituent bonded to a carbon of the pyrazine ring. The
carbon of the pyrazine ring can have a substituent bonded
thereto that includes a group selected from urea, amide, sul-
fonamide, thiourea, carbamate, or any combination thereof.
Without being bound by a particular theory, the pyrazine
derivatives of the present invention are designed to be hydro-
philic and/or have rigid functionality which it thought to
allow for rapid renal clearance while also providing pharma-
cokinetic properties for monitoring renal function. One of
skill in the art will recognize that other uses are contemplated
herein. For example, pyrazine derivatives of the present
invention can be used in accordance with the methods pro-
vided in patent application PCT/US2006/039732, incorpo-
rated herein by reference in its entirety.

Molecules absorbing, emitting, and/or scattering in the
visible, NIR, and/or long-wavelength (UV-A, >300 nm)
region of the electromagnetic spectrum are useful for optical
measurement. The high sensitivity associated with fluores-
cence phenomenon permits quantification without the nega-
tive effects of radioactivity or ionizing radiation. Pyrazine
derivatives of general structures A and B below are one of the
few classes of small molecules having desirable photophysi-
cal properties for biomedical optical applications.

EDG N EWG
X
P
EWG N EDG
EDG N, EDG
X
Z
EWG N EWG
These compounds have low molecular weight fluorescent
scaffold systems with surprisingly bright emissions in the
yellow-to-red region of the electromagnetic spectrum. In par-
ticular, pyrazine derivative A that contains electron donating
groups (EDG) in the 2,5 positions and electron withdrawing
groups (EWG) in the 3,6 positions are shown to absorb and
emit in the visible region with a large Stokes shift.[15-18]
These properties allow flexibility in both tuning a molecule to
a desired wavelength and introducing a variety of substituents
to improve clearance properties.

Molecules designed for renal monitoring applications
must be cleared from the body via the kidneys. Hydrophilic,
anionic substances are generally capable of being excreted by
the kidneys.[19] Renal clearance typically occurs via two
pathways: glomerular filtration and tubular secretion. Tubular
secretion is characterized as an active transport process, and
substances clearing via this pathway exhibit specific proper-
ties with respect to size, charge and lipophilicity. Most of the
substances that pass through the kidneys are filtered through
the glomerulus (a small intertwined group of capillaries in the
malpighian body of the kidney). In general, molecules which
are highly hydrophilic and small (creatinine, molecular
weight=113) to moderately sized (inulin, molecular weight
5500) are rapidly cleared from systemic circulation by glom-
erular filtration.[20]

In addition to these properties, the ideal GFR agent should
not be reabsorbed nor secreted by the renal tubule, exhibit

negligible binding to plasma proteins, and have very low
toxicity. Optical probes that satisfy all of these requirements
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strike a balance between photophysical properties and the
molecular size and hydrophilicity of the compound.

To achieve these goals, polyethylene glycol (PEG) units
can be incorporated with the pyrazine core. As referred to
herein, a “PEG unit” means a CH,CH,O unit. PEG units are
typically components of highly soluble oligomers and poly-
mers of ethylene glycol. Further, they tend to be highly bio-
compatible, non-immunogenic, and non-toxic. PEG poly-
mers have been used primarily to modify therapeutic proteins
for enhancement of their pharmacokinetic performance in
vivo. PEG polymers are usually of high molecular weight
(20-500 kDal) and may be branched or linear chains. Pegy-
lation is known to significantly increase the apparent size
(Stokes-Einstein radius or hydrodynamic volume) of the con-
jugated drug compound. In the case of some therapeutic
proteins, the very large hydrodynamic volume of the conju-
gate has been shown to slow down renal clearance and pro-
long pharmacokinetic half-life. Ikada has studied the biodis-
tribution of PEG polymers after i.v. administration and found
that the terminal half-life in the circulation extended from 18
min to 1 day as the PEG molecular weight increased from
6,000 to 190,000.[21] The lower end of this range is accept-
able for a renal function agent. Lower molecular weight PEG
polymers (at least <6,000) are known to be filtered by the
glomerulus and not reabsorbed by the renal tubules.[21]

Additionally, inserting rigidifying functional groups
between the PEG units can further improve the pharmacoki-
netic performance of the renal monitoring agents. These
rigidifying groups include urea, amide, sulfonamide, thio-
urea, carbamate, or any combination thereof. Such groups are
good hydrogen bond donors and acceptors and have partial
double bond character which restricts free rotation about the
bond and confers a planar geometry to the functional group.
Without being bound by a particular theory, it is believed that
these rigid groups enhance the pharmacokinetic properties of
the renal agents by increasing the apparent volume and modu-
lating aggregation of the resulting pyrazine derivatives.

In one aspect of the present invention, pyrazine derivatives
can have at least one occurrence of a urea, amide, sulfona-
mide, thiourea, carbamate, or any combination thereof. This
“occurrence” is typically separated from the carbon of the
pyrazine ring to which the substituent is bonded by at least
two atoms. For example, the substituent may include one of
the aforementioned groups that is bonded directly to the car-
bon as long as the substituent also has at least one occurrence
of'one ofthe aforementioned groups that is separated from the
carbon of the pyrazine ring to which the substituent is bonded
by at least two atoms.

The occurrence of the urea, amide, sulfonamide, thiourea,
carbamate, or any combination thereof, may be separated
from the carbon of the pyrazine ring to which the substituent
is bonded by other appropriate atom spacings. For instance, at
least one occurrence of the substituent group can be separated
from the carbon of the pyrazine ring to which the substituent
is bonded by at least three atoms. In other embodiments, at
least one occurrence of an aforementioned group can be sepa-
rated from the carbon of the pyrazine ring to which the sub-
stituent is bonded by at least four atoms. In still other embodi-
ments, at least one occurrence of an aforementioned group
can be separated from the carbon of the pyrazine ring to which
the substituent is bonded by at least five atoms. In other
embodiments, at least one occurrence of an aforementioned
group can be separated from the carbon of the pyrazine ring to
which the substituent is bonded by at least six atoms.

In some embodiments, each occurrence of any of the listed
groups may be separated from the carbon of the pyrazine ring
to which the substituent is bonded by at least two atoms. In






