
DIAMINOTRIAZQLE COMPOUNDS USEFUL AS PROTEIN KINASE
INHIBITORS TECHNICAL FIELD OF THE INVENTION [0001] The
present invention relates to compounds useful as
inhibitors of Janus kinases (JAK). The present
invention also relates to compounds useful as
inhibitors of Aurora-2 kinase, Flt3 kinase, GSK-3
kinase and KDR. The invention also provides
pharmaceutically acceptable compositions comprising
the compounds of the invention and methods of using
the compositions in the treatment of various
disorders. BACKGROUND OF THE INVENTION [0002] The
Janus kinases (JAK) are a family of tyrosine kinases
consisting of JAKl , JAK2, JAK3 and TYK2. The JAKs
play a critical role in cytokine signaling. The down
stream substrates of the JAK family of kinases include
the signal transducer and activator of transcription
(STAT) proteins. JAK/STAT signaling has been
implicated in the mediation of many abnormal immune
responses such as allergies, asthma, autoimmune
diseases such as transplant rejection, rheumatoid
arthritis, amyotrophic lateral sclerosis and multiple
sclerosis as well as in solid and hematologic
malignancies such as leukemias and lymphomas. JAK2 has
also been implicated in myeloproliferative disorders,
which include polycythemia vera, essential
thrombocythemia, chronic idiopathic myelofibrosis,
myeloid metaplasia with myelofibrosis, chronic myeloid
leukemia, chronic myelomonocytic leukemia, chronic
eosinophilic leukemia, hypereosinophilic syndrome and
systematic mast cell disease. [0003] WO2004/046120
describes diaminotriazoles useful as inhibitors of
protein kinases, including Flt3, FMS, c-Kit, PDGFR,
JAK, AGC sub-family of protein kinases, CDK, GSK, Src,
ROCK and/or Syk. However, there is a need to develop
compounds that are more selective inhibitors of
protein kinases, such as those that inhibit Aurora-2,
Flt3, KDR, JAK2 and JAK3. In particular, it would be
desirable to develop compounds that are useful as
inhibitors of JAK family kinases.SUMMARY OF THE
INVENTION [0004] It has now been found that compounds
of this invention, and pharmaceutically acceptable
compositions thereof, are effective as inhibitors of
protein kinases. In certain embodiments, these
compounds, and pharmaceutically acceptable
compositions thereof, are effective as inhibitors of
GSK-3, JAK-2, JAK-3, Flt3, KDR or Aurora-2 protein
kinases. In preferred embodiments, these compounds and
pharmaceutically acceptable compositions are
inhibitors of JAK-2 or JAK-3. These compounds have the
general formula I : m (D or a pharmaceutically
acceptable derivative thereof, wherein the variables
are as defined herein. [0005] These compounds and
pharmaceutical compositions thereof are useful for
treating or preventing a variety of disorders,
including, but not limited to, allergies, asthma,
autoimmune diseases such as transplant rejection,
rheumatoid arthritis, amyotrophic lateral sclerosis
and multiple sclerosis, as well as in solid and
hematologic malignancies such as leukemias and
lymphomas. The compounds and pharmaceuticals
compositions thereof are also useful in treating or
preventing myeloproliferative 



disorders, including polycythemia vera, essential
thrombocythemia, chronic idiopathic myelofibrosis,
myeloid metaplasia with myelofibrosis, chronic myeloid
leukemia, chronic myelomonocytic leukemia, chronic
eosinophilic leukemia, hypereosinophilic syndrome and
systematic mast cell disease. DETAILED DESCRIPTION OF
THE INVENTION [0006] Definitions and General
Terminology [0007] As used herein, the following
definitions shall apply unless otherwise indicated.
For purposes of this invention, the chemical elements
are identified inaccordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and
Physics, 75th Ed. Additionally, general principles of
organic chemistry are described in "Organic
Chemistry", Thomas Sorrell, University Science Books,
Sausalito: 1999; "March's Advanced Organic Chemistry",
5th Ed., Ed.: Smith, M.B. and March, J., John Wiley &
Sons, New York: 2001; "Encyclopedia of Organic
Transformations"; Ed.: Richard C. Larock, John Wiley &
Sons, New York: 1999; "Encyclopedia of Reagents for
Organic Synthesis" Ed.: Leo A. Paquette, John Wiley &
Sons, New York: 1995; T.W. Greene & P.G.M Wutz,
"Protective Groups in Organic Synthesis", 3rd Edition,
John Wiley & Sons, Inc. (1999)(and earlier editions)
the entire contents of which are hereby incorporated
by reference. [0008] As described herein, compounds of
the invention may optionally be substituted with one
or more substituents, such as are illustrated
generally above, or as exemplified by particular
classes, subclasses, and species of the invention. It
will be appreciated that the phrase "optionally
substituted" is used interchangeably with the phrase
"substituted or unsubstituted." In general, the term
"substituted", whether preceded by the term
"optionally" or not, refers to the replacement of
hydrogen radicals in a given structure with the
radical of a specified substituent. Unless otherwise
indicated, an optionally substituted group may have a
substituent at each substitutable position of the
group, and when more than one position in any given
structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned by this invention are preferably those that
result in the formation of stable or chemically
feasible compounds. The term "stable", as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for their
production, detection, and preferably their recovery,
purification, and use for one or more of the purposes
disclosed herein. In some embodiments, a stable
compound or chemically feasible compound is one that
is not substantially altered when kept at a
temperature of 4O0C or less, in the absence of
moisture or other chemically reactive conditions, for
at least a week. [0009] The term "aliphatic" or
"aliphatic group", as used herein, means a
straightchain (i.e., unbranched) or branched,
substituted or unsubstituted hydrocarbon chain that is
completely saturated or that contains one or more
units of unsaturation, or amonocyclic hydrocarbon or
bicyclic hydrocarbon that is completely saturated or
that contains one or more units of unsaturation, but
which is not aromatic (also referred to herein as
"carbocycle", "cycloaliphatic", or "cycloalkyl"), that
has a single point of attachment to the rest of the
molecule. Unless otherwise specified, aliphatic groups
contain 1-20 aliphatic carbon atoms. In some
embodiments, aliphatic groups contain 1- 



10 aliphatic carbon atoms. In other embodiments,
aliphatic groups contain 1-8 aliphatic carbon atoms.
In still other embodiments, aliphatic groups contain
1-6 aliphatic carbon atoms, and in yet other
embodiments aliphatic groups contain 1-4 aliphatic
carbon atoms. In some embodiments, "cycloaliphatic"
(or "carbocycle", or "cycloalkyl") refers to a
monocyclic C3-8 hydrocarbon or bicyclic C8-12
hydrocarbon that is completely saturated or that
contains one or more units of unsaturation, but which
is not aromatic, that has a single point of attachment
to the rest of the molecule wherein any individual
ring in said bicyclic ring system has 3-7 members.
Suitable aliphatic groups include, but are not limited
to, linear or branched, substituted or unsubstituted
alkyl, alkenyl, alkynyl groups and hybrids thereof
such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl, or
(cycloalkyl)alkenyl. [0010] The term
"heteroaliphatic", as used herein, means aliphatic
groups wherein one or two carbon atoms are
independently replaced by one or more of oxygen,
sulfur, nitrogen, phosphorus, or silicon.
Heteroaliphatic groups may be substituted or
unsubstituted, branched or unbranched, cyclic or
acyclic, and include "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" groups.
[0011] The term "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" as used
herein means non-aromatic, monocyclic, bicyclic, or
tricyclic ring systems in which one or more ring
members are an independently selected heteroatom. In
some embodiments, the "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" group has
three to fourteen ring members in which one or more
ring members is a heteroatom independently selected
from oxygen, sulfur, nitrogen, or phosphorus, and each
ring in the system contains 3 to 7 ring members.
[0012] Examples of heterocyclic rings include
benzimidazolone (e.g., 3-1Hbenzimidazol- 2-one,
3-(l-alkyl)-benzimidazol-2-one), tetrahydrofuranyl
(e.g., 2- tetrahydrofuranyl, 3-tetrahydrofuranyl),
tetrahydrothiophenyl (e.g., 2- tetrahydrothiophenyl,
3-tetrahydrothiophenyl), morpholino (e.g.,
2-morpholino, 3-morpholino, 4-morpholino),
thiomorpholino (e.g., 2-thioniorpholino,
3-thiomorpholino, 4-thiomorpholino), pyrrolidinyl
(e.g., 1-pyrrolidinyl, 2-pyrrolidinyl,
3-pyrrolidinyl), tetrahydropiperazinyl (e.g.,
1-tetrahydropiperazinyl, 2-tetrahydropiperazinyl, 3-
tetrahydropiperazinyl), piperidinyl (e.g.,
1-pireridinyl, 2-piperidinyl, 3-piperidinyl, 4-
piperidinyl), pyrazolinyl (e.g., 1-pyrazolinyl,
3-pyrazolinyl, 4-pyrazolinyl, 5- pyrazolinyl),
thiazolidinyl (e.g., 2-thiazolidinyl, 3-thiazolidinyl,
4-thiazolidinyl), imidazolidiny (e.g.,
1-imidazolidinyl, 2-imidazolidinyl, 4-imidazolidinyl,
5- imidazolidinyl), indolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, benzothiolane, benzodithiane,
and dihydro-imidazol-2-one
(l,3-dihydro-imidazol-2-one). [0013] The term
"heteroatom" means one or more of oxygen, sulfur,
nitrogen, phosphorus, or silicon (including, any
oxidized form of nitrogen, sulfur, phosphorus, or
silicon; the quaternized form of any basic nitrogen
or; a substitutable nitrogen of a heterocyclic ring,
for example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as
in pyrrolidinyl), or NR+ (as in N-substituted
pyrrolidinyl)). [0014] The term "unsaturated", as used
herein, means that a moiety has one or more units of
unsaturation. [0015] The term "alkoxy" or "thioalkyl",
as used herein, refers to an alkyl group, as 



previously defined, attached to the principal carbon
chain through an oxygen ("alkoxy") or sulfur
("thioalkyl") atom. [0016] The terms "haloalkyl",
"haloalkenyl", and "haloalkoxy" means alkyl, alkenyl
or alkoxy, as the case may be, substituted with one or
more halogen atoms. The term "halogen" means F, Cl,
Br, or I. [0017] The term "aryl" used alone or as part
of a larger moiety as in "aralkyl", "aralkoxy", or
"aryloxyalkyl", refers to monocyclic, bicyclic, and
tricyclic ring systems having a total of five to
fourteen ring members, wherein at least one ring in
the system is aromatic and wherein each ring in the
system contains 3 to 7 ring members. The term "aryl"
may be used interchangeably with the term "aryl ring".
The term "aryl" also refers to heteroaryl ring systems
as defined hereinbelow. [0018] The term "heteroaryl",
used alone or as part of a larger moiety as in
"heteroaralkyl" or "heteroarylalkoxy", refers to
monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members,
wherein at least one ring in the system is aromatic,
at least one ring in the system contains one or more
heteroatoms, andwherein each ring in the system
contains 3 to 7 ring members. The term "heteroaryl"
may be used interchangeably with the term "heteroaryl
ring" or the term "heteroaromatic". [0019] Examples of
heteroaryl rings include furanyl (e.g., 2-furanyl,
3-furanyl), imidazolyl (e.g., N-imidazolyl,
2-imidazolyl, 4-imidazolyl, 5-imidazolyl)
benzimidazolyl, isoxazolyl (e.g., 3-isoxazolyl,
4-isoxazolyl, 5-isoxazolyl) oxazolyl (e.g.,
2-oxazolyl, 4-oxazolyl, 5-oxazolyl), pyrrolyl, (e.g.,
N-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), pyridyl (e.g.,
2-pyridyl, 3-pyridyl, 4-pyridyl), pyrimidinyl (e.g.,
2-pyrimidinyl, 4- pyrimidinyl, 5-pyrimidinyl),
pyridazinyl (e.g., 3-pyridazinyl), thiazolyl (e.g.,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl), tetrazolyl
(e.g., 5-tetrazolyl), triazolyl (e.g., 2-triazolyl and
5- triazolyl), thienyl, (e.g., 2-thienyl, 3-thienyl),
benzofuryl, thiophenyl, benzothiophenyl, indolyl
(e.g., 2-indolyl), pyrazolyl (e.g., 2-pyrazolyl),
isothiazolyl, oxadiazolyl (e.g., 1,2,3-oxadiazolyl),
oxadiazolyl (e.g., 1,2,5-oxadiazolyl), oxadiazolyl
(e.g., 1,2,4- oxadiazolyl), triazolyl (e.g.,
1,2,3-triazolyl), thiadiazolyl (e.g.,
1,2,3-thiadiazolyl), thiadiazolyl (e.g.,
1,3,4-thiadiazolyl), thiadiazolyl (e.g.,
1,2,5-thiadiazolyl), purinyl, pyrazinyl, triazinyl
(e.g., 1,3,5-triazinyl), quinolinyl (e.g.,
2-quinolinyl, 3-quinolinyl, 4- quinolinyl), and
isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl,
or 4-isoquinolinyl). [0020] An aryl (including
aralkyl, aralkoxy, aryloxyalkyl and the like) or
heteroaryl (including heteroaralkyl and
heteroarylalkoxy and the like) group may contain one
or more substituents. Suitable substituents on the
unsaturated carbon atom of an aryl or heteroaryl group
are selected from halogen; -R; -OR0; -SR;
1,2-methylenedioxy; 1,2- ethylenedioxy; phenyl (Ph)
optionally substituted with R0; -O(Ph) optionally
substituted with R0; -(CH2)1-2(Ph) optionally
substituted with R0; -CH=CH(Ph) optionally substituted
with R0; -NO2; -CN; -N(R)2; -NR0C(O)R0; -NR0C(S)R0;
-NRC(O)N(R)2; -NRC(S)N(R)2; -NR0CO2R0; -NR0NR0C(O)R0;
-NRNROC(O)N(RO)2; - NR0NR0CO2R0; -C(O)C(O)R0;
-C(O)CH2C(O)R0; -CO2R0; -C(O)R0; -C(S)R0; - C(O)N(R)2;
-C(S)N(R)2; -C(=NH)-N(R)2, -0C(0)N(R) 2; -OC(O)R0;
-C(O)N(OR0) R0; -C(NOR0) R; -S(O)2R0; -S(O)3R0;
-SO2N(R)2; -S(O)R0; -NRSO2N(R)2; -NR0SO2R0; -N(0R)R;
-C(=NH)-N(R)2; or -(CH2)o-2NHC(0)R wherein each 



independent occurrence of R is selected from hydrogen,
optionally substituted C1-6 aliphatic, an
unsubstituted 5-6 membered heteroaryl or heterocyclic
ring, phenyl, -0(Ph),or -CH2(Ph), or, notwithstanding
the definition above, two independent occurrences of
R, on the same substituent or different substituents,
taken together with the atom(s) to which each R group
is bound, form a 5-8-membered heterocyclyl, aryl, or
heteroaryl ring or a 3-8-membered cycloalkyl ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. Optional substituents on
the aliphatic group of R are selected from NH2, NH(C1
aliphatic), N(C1-4 aliphatic)2, halogen, C1-4
aliphatic, OH, 0(C 1-4 aliphatic), NO2, CN, CO2H,
CO2(C1-4 aliphatic), O(halo C1-4 aliphatic), or halo(C
1-4 aliphatic), wherein each of the foregoing C1-4
aliphatic groups of R is unsubstituted. [0021] An
aliphatic or heteroaliphatic group, or a non-aromatic
heterocyclic ring may contain one or more
substituents. Suitable substituents on the saturated
carbon of an aliphatic or heteroaliphatic group, or of
a non-aromatic heterocyclic ring are selected from
those listed above for the unsaturated carbon of an
aryl or heteroaryl group and additionally include the
following: =0, =S, =NNHR*, =NN(R*)2, =NNHC(0)R *,
=NNHCO2(alkyl), =NNHSO2(alkyl), or =NR*, where each R*
is independently selected from hydrogen or an
optionally substituted C1-6 aliphatic. Optional
substituents on the aliphatic group of R* are selected
from NH2, NH(C1-4 aliphatic), N(C1-4 aliphatic)2,
halogen, C1-4 aliphatic, OH, 0(C 1-4 aliphatic), NO2,
CN, CO2H, CO2(C1-4 aliphatic), O(halo C1-4 aliphatic),
or halo(C1-4 aliphatic), wherein each of the foregoing
C^aliphatic groups of R* is unsubstituted. [0022]
Optional substituents on the nitrogen of a
non-aromatic heterocyclic ring are selected from -R+,
-N(R+)2, -C(O)R+, -CO2R+, -C(O)C(O)R+, -C(O)CH2C(O)R+,
-SO2R+, -SO2N(R+)2, -C(=S)N(R+)2, -C(=NH)-N(R+)2, or
-NR+SO2R+; wherein R+ is hydrogen, an optionally
substituted C1- aliphatic, optionally substituted
phenyl, optionally substituted -O(Ph), optionally
substituted -CH2(Ph), optionally substituted -(CH2)
2(Ph); optionally substituted -CH=CH(Ph); or an
unsubstituted 5-6 membered heteroaryl or heterocyclic
ring having one to four heteroatoms independently
selected from oxygen, nitrogen, or sulfur, or,
notwithstanding the definition above, two independent
occurrences of R+, on the same substituent or
different substituents, taken together with the
atom(s) to which each R+ group is bound, form a
5-8-membered heterocyclyl, aryl, or heteroaryl ring or
a 3-8-membered cycloalkyl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. Optional substituents on the aliphatic group
or the phenylring ofR + are selected from NH2, NH(C1-4
aliphatic), N(C1-4 aliphatic)2, halogen, C1-4
aliphatic, OH, 0(C 1-4 aliphatic), NO2, CN, CO2H,
CO2(C1-4 aliphatic), O(halo C1-4 aliphatic), or
halo(C1-4 aliphatic), wherein each of the foregoing
C1-4 aliphatic groups of R+ is unsubstituted. [0023]
The term "alkylidene chain" refers to a straight or
branched carbon chain that may be fully saturated or
have one or more units of unsaturation and has two
points of attachment to the rest of the molecule.
[0024] As detailed above, in some embodiments, two
independent occurrences of R0 (or R+, or any other
variable similarly defined herein), are taken together
together with the atom(s) to which each variable is
bound to form a 5-8-membered heterocyclyl, aryl, or
heteroaryl ring or a 3-8-membered cycloalkyl ring
having 0-3 heteroatoms 



independently selected from nitrogen, oxygen, or
sulfur. Exemplary rings that are formed when two
independent occurrences of R0 (or R+, or any other
variable similarly defined herein) are taken together
with the atom(s) to which each variable is bound
include, but are not limited to the following: a) two
independent occurrences of R0 (or R+, or any other
variable similarly defined herein) that are bound to
the same atom and are taken together with that atom to
form a ring, for example, N(R)2, where both
occurrences of R0 are taken together with the nitrogen
atom to form a piperidin-1-yl, piperazin-1-yl, or
morpholin-4-yl group; and b) two independent
occurrences of R0 (or R+, or any other variable
similarly defined herein) that are bound to different
atoms and are taken together with both of those atoms
to form a ring, for example where a phenyl group is
substituted with two occurrences of OR0 these two
occurrences of R are taken together with the oxygen
atoms to which they are bound to form a fused
6-membered oxygen containing ring: It will be
appreciated that a variety of other rings can be
formed when two independent occurrences of R (or R+,
or any other variable similarly defined herein) are
taken together with the atom(s) to which each variable
is bound and that the examples detailed above are not
intended to be limiting. [0025] Unless otherwise
stated, structures depicted herein are also meant to
include all isomeric (e.g., enantiomeric,
diastereomeric, and geometric (or
conformational))forms of the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a 12C
carbon by a 13C or C carbon are within the scope of
this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays. [0026] Description of Compounds of the
Invention [0027] The invention provides a compound of
formula I : (D or a pharmaceutically acceptable salt,
derivative or prodrug thereof, wherein: A is N or CR1;
R1is H, halogen or a C1-6 alkyl; R is selected fromR
is selected from each occurrence of R is independently
selected from hydrogen or a C1-6 aliphatic group
optionally substituted with J or J'; and R' is
independently selected from hydrogen or a group
selected from C1 aliphatic optionally substituted with
up to three occurrences of J or J', C6-10 aryl
optionally substituted with up to three occurrences of
J, a heteroaryl ring having 5-10 ring atoms optionally
substituted with up to three occurrences of J, or a
heterocyclyl ring having 3-10 ring atoms optionally
substituted with up to three occurrences of J or J',
or 



wherein R and R' taken together, form a 5-8 membered
cycloalkyl, heterocyclyl, aryl, or heteroaryl ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, each ring being
optionally and independently substituted with up to
three occurrences of J; each occurrence of R" is
independently selected from hydrogen or a group
selected from C1-8 aliphatic optionally substituted
with up to three occurrences of J or J', C6-10 aryl
optionally substituted with up to three occurrences of
J, a heteroaryl ring having 5-10 ring atoms optionally
substituted with up to three occurrences of J, or a
heterocyclyl ring having 3-10 ring atoms optionally
substituted with up to three occurrences of J or J',
or wherein R and R" taken together, form a 5-8
membered cycloalkyl, heterocyclyl, aryl, or heteroaryl
ring having 0-3 heteroatoms independentlyselected from
nitrogen, oxygen, or sulfur, each ring being
optionally and independently substituted with up to
three occurrences of J; each occurrence of J is
independently selected from halogen; -R; -OR; -SR;
1,2-methylenedioxy; 1,2-ethylenedioxy; phenyl (Ph)
optionally substituted with R0; - O(Ph) optionally
substituted with R0; -(CH2)1-2(Ph) optionally
substituted with R0; - CH=CH(Ph) optionally
substituted with R0; -NO2; -CN; -N(R)2; -NR0C(O)R0; -
NR0C(S)R0; -NRC(O)N(R)2; -NRC(S)N(R)2; -NR0CO2R0;
-NR0NR0C(O)R0; -NRNROC(O)N(R)2; -NR0NR0CO2R0;
-C(O)C(O)R0; -C(O)C(O)OR0, -C(O)C(O)N(R)2,
-C(O)CH2C(O)R0; -CO2R0; -C(O)R0; -C(S)R0; -C(S)OR0, -
C(0)N(R) 2; -C(S)N(R)2; -C(=NH)-N(R)2, -OC(O)N(R)2;
-OC(O)R0; -C(O)N(OR0) R; -C(NOR0) R0; -S(O)2R0;
-S(O)3R0; -SO2N(R)2; -S(O)R0; -NROSO2N(RO)2;
-NR0SO2R0; -N(0R)R; -C(=NH)-N(R)2; C(=N0R)R;
(CH2)0-2NHC(O)R; -P(O) 2R; -PO(R)2; -OPO(R)2; or
-P(O)(H)(OR0); wherein each independent occurrence of
R is selected from hydrogen, optionally substituted
C1-6 aliphatic, optionally substituted 5-6 membered
heteroaryl or heterocyclic ring, optionally
substituted phenyl (Ph); optionally substituted
-O(Ph); optionally substituted -(CH2)1-2(Ph);
optionally substituted -CH=CH(Ph); or, two independent
occurrences of R, on the same substituent or different
substituents, taken together with the atom(s) to which
each R group is bound, form a 5-8-membered
heterocyclyl, aryl, or heteroaryl ring or a
3-8-membered cycloalkyl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein a substituent for an aliphatic group
of R is optionally substituted heteroaryl, optionally
substituted, heterocyclic, NH2, NH(C1-6 aliphatic),
N(C1-6 aliphatic)2, halogen, C1-6 aliphatic, OH, 0(C
1-6 aliphatic), NO2, CN, CO2H, CO2(C1-6 aliphatic),
O(halo C1-6 aliphatic), or halo(C1-6 aliphatic),
wherein each of these C1-6 aliphatic groups of R is
unsubstituted; wherein a substituent for a phenyl,
heteroaryl or heterocyclic group of R is C1-6
aliphatic, NH2, NH(C1-4 aliphatic), N(C1-6
aliphatic)2, halogen, C1- aliphatic, OH, 0(C 1-6
aliphatic), NO2, CN, CO2H, CO2(C1-6 aliphatic), O(halo
C1-6 aliphatic), or halo(C1-6 aliphatic), wherein each
of these C1-6 aliphatic groups of R is unsubstituted;
each occurrence of J' is independently selected from
=0, =S, =NNHR*, =NN(R*)2, =NNHC(O)R *, =NNHCO2(alkyl),
=NNHSO2(alkyl), or =NR*, where each R* is
independently selected from hydrogen or an optionally
substituted C1-6 aliphatic; wherein an aliphatic group
of R* is optionally substituted with NH2, NH(C1-4
aliphatic), 



N(C1-4 aliphatic) 2, halogen, Ci- aliphatic, OH, 0(C
1-4 aliphatic), NO2, CN, CO2H, CO2(Ci-4 aliphatic),
O(halo C1-4 aliphatic), or halo(C 1 4 aliphatic),
wherein each of the C1. aliphatic groups of R is
unsubstituted. [0028] In certain embodiments, Rx is
selected from [0029] In certain embodiments of the
invention, Rg is [0030] In certain embodiments, A is
N. [0031] In other embodiments, A is CR2. In further
embodiments, A is CH. [0032] In some embodiments, R is
selected from . In further embodiments, R' is a Ci-6
aliphatic, phenyl or a 5-8 membered heteroaryl group,
wherein R' is optionally substituted with up to one
occurrence of J . In further embodiments, R' is a Ci-6
aliphatic group or phenyl, wherein R' is optionally
substituted with up to one occurrence of J, wherein J
is -COOR0, -OR0, R0 or -CF3, and wherein R0 is a C1-3
aliphatic group. In still further embodiments, R' is
methyl, ethyl, propyl, isopropyl, -CH2-isopropyl,
butyl, t-butyl, -CH2-t-butyl or cyclohexyl, wherein R'
is optionally substituted with -COOR0, -OR0 or R0. In
certain embodiments, R is hydrogen or methyl.further
embodiments, R" is independently selected from a Ci-6
aliphatic group, phenyl or a 5-8 membered heterocycle
group, wherein R" is optionally substituted with up to
one occurrence of J. In further embodiments, R" is
independently selected from a C1-6 aliphatic group or
phenyl, wherein R" is optionally substituted with up
to one occurrence of J, wherein J is selected from
halogen, -CF3, -CN, -COOR0, -COR0 or -OR0, wherein R0
is a C1-3 aliphatic group. In still further
embodiments, R" is methyl, ethyl, propyl, isopropyl,
-CH2-isopropyl, butyl, t-butyl or -CH2-t-butyl,
wherein R" is optionally substituted with -CN,
-COOR0Or -OR0. In certain embodiments, R is hydrogen
or methyl. [0034] Specific embodiments of Rx are
depicted in the compounds in Table 1. [0035] In some
embodiments, Rg is selected from or . In further
embodiments, R" is independently selected from a C1-6
aliphatic group, phenyl or a 5-8 membered heterocycle
group, wherein R" is optionally substituted with up to
one occurrence of J. In further embodiments, R" is
independently selected from a C1-6 aliphatic group or
phenyl, wherein R" is optionally substituted with up
to one occurrence of J, wherein J is selected from
halogen, -CF3, -CN, -COOR0, -COR0 or -OR0, wherein R0
is a C1-3 aliphatic group. In still further
embodiments, R" is methyl, ethyl, propyl, isopropyl,
-CH2-isopropyl, butyl, t-butyl or -CH2-t-butyl,
wherein R" is optionally substituted with CN, -COOR0
or -OR0. In certain embodiments, R is hydrogen or
methyl. [0036] Specific embodiments of Rg are depicted
in the compounds in Table 1. [0037] Representative
examples of compounds of formula I are set forth in
Table 1.1. Examples of Compounds of Formula I
:MULTICHANNEL COORDINATED INFUSION SYSTEM FIELD OF THE
INVENTION This invention is generally related to
monitoring the amount of medical fluid delivered by a
pump, and more particularly, to accurately monitoring
the amount of medical fluid remaining and calculating
a flow rate for complete delivery in a predetermined
time period. BACKGROUND OF THE INVENTION 



It is known for infusion systems that contain multiple
infusion pumping modules to include a centrally
managed infusion pump system in which pump and
monitoring modules are selectively attached to a
central management unit. The central management unit
controls the internal setup and programming of the
attached modules, and receives and displays
information from them. Each module is capable of being
detached from the central management unit. Due to
inaccuracies of the infusion system, that can be plus
or minus 5% or more over long periods, and other
factors such as intravenous (IV) bag overfill or
interruptions in flow, a desired volume of a drag may
not be infused within a desired period and the
infusion may be ahead or behind schedule by, in some
cases, an hour or two. The clinician, i.e. a person
qualified in the clinical practice of medicine,
psychiatry, or psychology, must then manually increase
or decrease the flow rate in order to compensate for
these factors as soon as the problem is recognized.
Interruptions in receiving medication can result in
inconvenience and delay for the patient and
clinicians, as well as potentially negative
therapeutic efficacy of the medication. Drug toxicity
may also become a problem where the infusion rate is
increased toward the end of the infusion to assure
on-time completion. One approach clinicians use to
deal with the above problem is to weigh the IV bag to
determine the exact volume of the bag. This is not a
fully satisfactory approach, since the bag must be
carefully weighed in the pharmacy and the empty weight
of the bag subtracted from the total weight of the
bag. Differences in accuracy of the scale
andcorrection for the specific gravity (density) of
the solution (which is usually not known) result in
additional inaccuracies. Typically, a clinician sets
an infusion flow rate based upon the derived volume of
the solution. This method does not allow for accurate
correction of flow rate due to interruptions in flow
once the infusion is initiated and thus may not
deliver the infusion medication to the patient over
the desired time period. At the completion of an
infusion that has been subjected to interruptions, the
clinician is often left with a sizable volume of
residual medication remaining in the IV bag or tubing
that must be flushed or discarded. If the residual
volume is discarded, the patient may not receive the
full dose intended by the clinician, thus reducing the
medication's effect. Therefore, there has been
identified a continuing need to provide a medical
infusion system that will accurately infuse a
medication over predetermined periods of time. SUMMARY
QF THE INVENTION Briefly and in general terms, the
present invention is directed to an infusion system
that delivers a first infusate, preferably a
medication, to an IV line, and a second infusate,
preferably a neutral carrying solution, to the
patient's IV line. The infusion system also includes a
measurement device that determines an amount of
undelivered first infusate remaining in the system.
Furthermore, the infusion system includes a control
system that controls delivery of the first infusate,
and that enables input of a predetermined volume of
the first infusate to be delivered, and input of a
time period within which infusion of the first
infusate volume should occur. The control system also
communicates with first and second delivery devices
and the measurement device to determine an optimum
first infusate infusion flow rate based on the
predetermined first infusate volume, the 



predetermined infusion time period, and the determined
amount of undelivered first infusate remaining in the
system, and controls the first delivery device to
deliver the first infusate at an optimum infusion flow
rate. In accordance with another aspect of the
invention, there is further provided an infusion
system comprising a first delivery device that
delivers an infusion ultra filtrate to a hemofilter,
and a first measurement device that determines the
amount of infusion ultrafiltrate in the infusion
system. The infusion system also includes a second
deliverydevice that receives a patient's removed
ultraf ltrate from the hemofilter, and a second
measurement device that determines an amount of
removed ultrafiltrate in the infusion system.
Furthermore, the infusion system includes a control
system communicating with the first and second
delivery devices and the first and second measurement
units to determine optimum flow rates to and from the
hemofilter, based upon the determined amounts of
infusion ultrafiltrate and removed ultrafiltrate in
the infusion system, and a predetermined desired
pressure differential between the infusion and removed
ultrafiltrates, and for controlling the first and
second delivery units accordingly. In other aspects
the invention, there is provided a method of infusing
a first infusate into a patient. The clinician or the
system itself determines the total volume of first
infusate that is to be infused into the patient. The
clinician then ascertains the period of time over
which it is desired that the total volume of first
infusate is to be infused, such as twenty-four hours.
A position sensor of a syringe pump or the weight cell
of a large volume pump detects the remaining amount of
first infusate to be infused. A control system
constantly calculates the time remaining in the
predetermined period. The large volume pump (LVP)
delivers the second infusate into the patient's
infusion line while either a syringe pump or a LVP and
weight cell combination infuses the first infusate
into the IV line. The control system preferably
constantly and automatically adjusts the infusion flow
rate based on the remaining amount of first infusate
to be infused and the time remaining in the
predetermined time period. The detecting, calculating,
delivering, infusing, and adjusting steps are
preferably repeated until the total volume of first
infusate is infused. In yet other aspects, there is
provided a method of infusing an ultrafiltrate into a
patient comprising the steps of delivering an infusion
ultrafiltrate to a hemofilter, measuring the amount of
infusion ultrafiltrate in the infusion system,
receiving a patient's removed ultrafiltrate from the
hemofilter, measuring the amount of removed
ultrafiltrate in the infusion system, and adjusting
flow rates of the delivering and the receiving steps
based upon the measured amounts of infusion and
removed ultrafiltrate in the infusion system and a
predetermined desired pressure differential between
the infusion and removed ultrafiltrates.The novel
features of this invention, as well as the invention
itself, both as to its structure and its operation,
will be best understood from the accompanying
drawings, taken in conjunction with the accompanying
description. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
is a schematic view of a multichannel coordinated
infusion system in accordance with aspects of the
present invention showing medical fluids from two
different sources of fluid, a receptacle (fluid bag)
and a syringe, being pumped into a common IV
administration line for infusion into a patient by two
infusion pumps under the 



common control of a programming unit; FIG. 2 is a
enlarged view of the programming unit shown in FIG. 1;
FIG. 3 is graph showing flow rate versus time in an
infusion session; FIGS. 4A to 4V are user interface
screens presented by the programming unit of FIG. 1
when programming the infusion from the two different
sources shown in FIG. 1; FIG. 5 is a flow chart of a
method of infusing a medication into a patient in
accordance with the infusion system of FIGS. 1-4; FIG.
6 is a schematic view of another embodiment of a
multichannel coordinated infusion system in accordance
with aspects of the present invention showing medical
fluids located in two different sources of fluid and a
large volume infusion pump having a weight cell; the
fluids being pumped into a common IV line for infusion
into a patient under the common control of a
programming unit; FIG. 7A to 7U are user interface
screens presented by the programming unit of FIG. 6,
when programming the infusion from the two different
sources shown in FIG. 6; FIG. 8 is a schematic view of
a further embodiment of a multichannel coordinated
infusion system in accordance with aspects of the
present invention, showing removal and replacement of
ultrafiltrates through large volume infusion
pump-weight cell combinations, for infusion in a
patient under the common control of a programming
unit; andFIG. 9 is a flow chart of a method of
removing and replacing ultrafiltrates in accordance
with the infusion system of FIG. 8. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Referring now to the drawings
with more particularity, in which like reference
numerals refer to like or corresponding elements among
the several views, the multichannel coordinated
infusion system according to the invention infuses a
predetermined volume of medication over a specific
predetermined time period, such as 1000 ml of a
chemotherapeutic agent over a 24 hour period. The
present invention will be explained by way of example
whereby a patient undergoes a chemotherapy medication
or other medication infusion. It should be understood
that such an example is for illustrative purposes
only. Typically, a chemotherapy medication is infused
over multiple sessions lasting many days. Due to
inaccuracies in some infusion systems or interruptions
in the delivery of an infusion, the infusion may be
early or late by many hours by the end of the infusion
session. The present invention addresses this problem
and illustrative embodiments are provided below. In
one embodiment, an accurate fluid transferring device,
for example a weight cell in combination with a large
volume infusion pump ("LVP") is used where the fluid
transferring device is controlled by an intelligent
control module. Syringe pumps typically consist of a
cylinder that holds a fluid that is expelled by an
advancing plunger. The plunger is usually advanced
into the cylinder by a drive mechanism that includes a
motor connected through a gear or gears to a driver
head to provide a relatively constant pulse-free flow.
In accordance with an aspect of the present invention,
a means is provided for accurately infusing a
predetermined volume of fluid over a predetermined
period. Rather than programming a specific flow rate,
a clinician may program a specific volume to be
infused over a specific period and the system 



automatically adjusts the flow rate, within certain
parameters, based on the remaining volume to be
infused and the remaining period for infusion. The
system also accommodates for any changes in starting
and stopping of the system due to circumstances that
might occur during infusion such as an occlusion or
air in the infusion line or for some other reason
where the infusion needs to be momentarily
stopped.Typically, medication solutions are provided
in concentrated form, and must be diluted prior to
infusion into the patient. As syringes generally
contain relatively small volumes of fluid, as compared
to IV drip bags, many syringe-borne medications are
provided in concentrated form and must be diluted
during administration. The present invention allows
concentrated medications in a syringe to be diluted on
a continuous basis by a neutral carrying solution such
as normal saline solution supplied via a large volume
pump (LVP). FIG. 1 is a view of a multichannel
coordinated infusion system 10 according to one
embodiment of the invention. The multichannel
coordinated infusion system 10 incorporates a
programmable patient care system similar to that
disclosed in U.S. Patent No. 5,713,856 to Eggers,
issued February 3, 1998, which is incorporated herein
by reference. The programmable patient care system
includes a patient care unit (PCU) 12 in combination
with at least two functional units 14 and 16. The PCU
12 incorporates a control system and generally
performs four functions in the patient care system: it
provides a physical attachment of the system to
structures such as IV mounting poles and bed rails; it
provides power to the system; it provides an interface
between the system and external devices, and, except
for certain information; and it provides a majority of
the user interface with the system. FIG. 2 is an
enlarged view of the PCU 12 shown in FIG. 1. The PCU
12 includes an information display 18 that may be any
type of display such as a liquid crystal display. The
display 18 may be used during setup and operation
procedures to facilitate data entry and editing. The
display 18 may also be used to display various
operating parameters as described in relation to FIGS.
4 and 7. The PCU 12 may furthermore contain a
plurality of hard keys 20 and softkeys Sl-S 14 for
entering data and commands. Hard keys 20 may include
numerical hard keys 22, navigation keys 24 (such as up
and down keys), an ENTER key 26, a CANCEL key 28, and
an OPTIONS key 30. Other common keys exist such as
POWER and SILENCE used to terminate an audible alarm.
The numerical hard keys 22 may partly be used for
entering numerical data, while the remainder of the
hard keys, as well as the softkeys Sl-S 14, may be
used for entering operational commands. In this
embodiment there are provided five softkeys S1-S5 on
the left of the display 18, five soft keys S6-S10 on
the right of the display 18, and four softkeys SH-S 14
under the display 18.Again referring to FIG. 1, there
are two functional units 14 and 16 mounted to the PCU
12. The functional units 14 and 16 are preferably
removably attached to the PCU 12 and may be
interchanged with other functional units as described
in U.S. Patent No. 5,713,856. It is to be understood
that although two functional units 14 and 16 are shown
in FIG. 1, a different number of functional units may
be incorporated into the patient care system 10. The
first functional unit 16 is preferably an infusion
pump or the like. More specifically, the first
functional unit 16 is preferably a large volume
parenteral pump 



("LVP") with a flow rate of approximately 1000 to 2000
ml/hr, or more. The primary task of the first
functional unit 16 in this embodiment is to deliver a
dilution solution 32 into an IV line 34 inserted into
a patient via a dilution infusion channel (Channel A),
in this instance, the LVP 16. The dilution solution
may be any neutral solution such as a normal saline
solution, and is typically contained within a
receptacle such as an IV bag 36. The second functional
unit 14 is preferably a low-volume timed infusion
pump, such as a syringe pump. The primary task of the
second functional unit 14 in this embodiment is to
deliver a concentrated medication into the IV line 34
via a medication infusion channel (Channel B), in this
instance, a syringe pump 14. The medication may be any
type of drug in fluid form, for example a
chemotherapeutic agent. The syringe pump 14, according
to one embodiment, includes a syringe size detection
system having a sensor 38, such as a linear actuator,
to measure the syringe diameter that is then used to
determine, using a look-up table or the like, the type
of syringe that is being used. For example a syringe
having twenty mm diameter may have a fifty ml volume.
There may however be other syringes with the same
diameter, so, according to one embodiment, a clinician
is prompted to confirm the syringe size as will be
discussed in relation to FIG. 4J. The syringe pump 14
may furthermore include a measurement device 40 such
as an accurate linear position sensor that ascertains
how far a plunger 42 of a syringe has traveled and how
much farther the plunger 42 must travel to reach the
end of its delivery stroke. The plunger position taken
together with the syringe size, enable a processor
within the multichannel coordinated infusion system 10
(see US Patent No. 5,713,856) toaccurately determine
the volume of medication remaining in the syringe.
Such a determination can be made continuously in real
time if desired. In use, the control system of the PCU
12 communicates with the functional units 14 and 16,
and the measurement device 40 to determine an optimum
first infusate infusion flow rate based on a
determined amount of undelivered first infusate
remaining in the system, a predetermined volume of
fluid to be infused, and a predetermined infusion time
period. The control system of the PCU 12 then controls
the flow rates of the functional units 14 and 16
accordingly. FIG. 3 is a graph 44 of flow rate 46
versus time 48 in a typical infusion session. Channel
A is typically set up to infuse a pharmacologically
inert (neutral) or carrier solution such as a saline
solution at a maintenance flow rate until the
medication is loaded and infusion begun. Typically,
Channel A, the dilution channel, is continuously run
to keep the IV line "open", although this is not a
prerequisite. This initial flow of dilution is
referred to as a maintenance infusion 50. A different
predetermined dilution flow rate 52 on Channel A is
set to begin infusing simultaneously with the start of
a medication infusion 54 on Channel B. If the infusion
of either Channel A or Channel B is interrupted 56 or
58 for any reason, both Channels A and B will stop
simultaneously. When the channel that initially
stopped is restarted, both channels restart pumping
simultaneously 60 and 62. The PCU 12 automatically
adjusts the rate of the medication infusion (Channel
B) so as to infuse the remainder of a desired
predetermined medication volume within the remainder
of an allotted predetermined period. Once the desired
medication has completely been infused, the medication
infusion channel automatically stops 64. The 



dilution channel (Channel A) may however continue to
infuse a maintenance infusion 66. FIGS. 4A to 4V are
interface screens used in connection with an
embodiment of the invention. Using FIGS. 4A to 4V, an
example of a user interface and control system will
now be described. FIG. 4A is a main programming
interface screen 70. This main programming screen data
70 is displayed when the infusion system is either
running or when the system is dormant or not running.
As a general rule, pressing a soft key (Sl-S 14 of
FIG. 2) next to a displayed function will activate the
function or command displayed next to it on the
display screen. "A" and "B" are indicative of the
Channel A and Channel B infusionmodules connected to
the system. If more modules are connected to the
system, an additional letter would be displayed for
each module. The "volume infused" or "alarm loudness"
functions or commands may also be accessed via the
soft keys. By pressing the "Options" hard key
(reference numeral 30 in FIG. 2) the screen of options
72 of FIG. 4B is displayed. FIG. 4B is a first options
interface screen 72. A number of options concerning
general operation are displayed on the screen. By
pressing the "PAGE DOWN" soft key S14 (FIG. 2), a
second options screen 74 is shown as per FIG. 4C.
Options 74 more particularly relevant to infusion are
presented in FIG. 4C. By pressing the soft key Sl next
to "Multichannel Infusion" the functions pertaining to
further aspects of the present invention may be
accessed. FIG. 4D presents an interface 76 for
Multichannel Infusions. This interface relates to the
setup of the maintenance flow of the saline solution
via Channel A. The system defaults to entering the
flow rate for the maintenance infusion. The clinician
may then enter the desired flow rate in milliliters
per hour (ml/h) as shown in FIG. 4E. For example, a
maintenance flow rate of 10 ml/h is entered via the
numerical hard keys. By pressing the soft key next to
"VTBI" ("volume-to-be-infused") the interface screen
76 of FIG. 4F will be displayed. The clinician may
enter an exact or approximate volume of maintenance
fluid to be infused, such as 1000 ml as shown in FIG.
4G. The soft keys next to "Flush" or "Profile" may be
pressed to alter either of these settings. The "ENTER"
hard key (reference number 26 in FIG. 2) may be
pressed to confirm the variables that were input. FIG.
4H is the interface screen 76 of a confirmation. The
clinician is again prompted to confirm the variables
as a backup precaution. The "ENTER" hardkey is again
pressed to confirm. FIG. 41 is a summary screen. Here,
Channel A is shown to be delivering the maintenance
infusion. To move now to the medication Channel B, the
soft key S2 located adjacent the "B" Channel screen
indication is pressed, displaying the interface shown
in FIG. 4J. FIG. 4J is a syringe confirmation screen.
A feature specific to the syringe pump embodiment of
the invention as shown in FIG. 4J is that the
clinician must identify the type of syringe being used
(as flow rate is dependent upon the rate of travel of
the plunger and the diameter of the syringe barrel).
The syringe type may be automatically determined by
the pump, as discussed above, and are displayed as per
this example; i.e., an IVAC 50 ml syringe. The soft
keys S7 or S8 may then be pressed to either confirm or
change thedetected syringe type. If the syringe type
is incorrect, an interface screen trom which the user
may select a different syringe type will be displayed
(not shown). If the syringe type is confirmed, the
interface shown in FIG. 4K is displayed. The clinician
is prompted to enter the medication infusion flow
rate, which may be 



entered via the numerical hard keys. If the clinician
would prefer to infuse a specific volume or the entire
volume of the syringe, the soft key S2 next to "VTBI"
may be pressed. The clinician may either enter a
volume to be infused, or, by either pressing the hard
up or down keys (numeral 208 of FIG. 2) or the soft
key S2 again, the clinician may select to infuse the
entire contents of the syringe. Infusing the entire
contents of the syringe is evidenced by "ALL" next to
"VTBI" as shown in FIG. 4L. The "ALL" setting may
alternatively be set as a default setting. Pressing
the S3 soft key will select the option to input the
duration of this infusion as shown in FIG. 4M.
According to this embodiment of the invention, the
clinician typically requires infusing a predetermined
volume of medication over a predetermined time period.
As described in relation to FIG. 4L, the clinician has
selected to infuse the entire volume of the syringe.
To input the period over which the entire volume is to
be infused, the clinician enters the desired time via
the numerical hard keys, for example a 24 hour period
as shown in FIG. 4N. By pressing the S4 soft key the
start time of the infusion may be entered as shown in
FIG. 4O. In FIG. 4P, the clinician has entered the
desired start time of the infusion as 9:00. The system
may alternatively be set to default to the current
time and the clinician can utilize the up or down hard
keys to change the start time. A delay in infusing the
medication may be desirable in order to allow the
clinician time to first perform another task, such as
administering a pre-medication such as an
anti-nauseant drug, prior to giving the
chemotherapeutic medication via another syringe or
infusion channel. As described above, the medication
typically must be diluted with a neutral solution,
such as saline, prior to infusion into the patient. To
set up the dilution channel the clinician presses the
S12 soft key associated with "DILUTE", which displays
the dilution interface screen shown in FIG. 4Q. To
enter the flow rate of the dilution solution the
clinician presses the S2 soft key associated with
"RATE", shown in FIG. 4R. A flow rate, for example 100
ml/h, may be entered via the numerical hard keys. By
pressing theS3 soft key associated with "VTBI", the
clinician may enter the approximate volume or dilution
solution to be infused, for example 400 ml, as shown
in FIG. 4S. Only an estimate is required as the more
important parameter is the flow rate of the dilution
solution. If during the infusion the system runs out
of dilution solution, an alarm will sound and both
Channel A and B will simultaneously stop until the
dilution solution is replaced and the system
restarted. To complete the dilution solution setup,
the clinician presses the "ENTER" hard key (reference
numeral 26 of FIG. 2). The dilution solution is
infused simultaneously with the medication, and
therefore the start time and duration are the same for
both the dilution Channel A and the medication
infusion Channel B. FIG. 4T is an interface screen 84
for the Channel B setup where the clinician is
prompted to press the "Enter" hard key to confirm the
setup. By pressing "Enter", the interface 86 shown in
FIG. 4U is displayed. FIG. 4U shows the infusion of
both Channel A and B on a time line. Soft keys
associated with either channel may be pressed to view
or change that channel's setup. If additional channels
were connected to the system they too would be
displayed. To start the system the clinician presses
the S14 soft key below "START". Once the system has
started running, the summary screen 88 in FIG. 4V is
displayed. As per the example, the maintenance flow
will immediately start infusing and 



the medication together with the dilution solution
will only begin to infuse at 9:00. After 9:00 the
screen will change to show that the entire contents of
the syringe are being infused and the duration for
infusion would decrement over time. FIG. 5 is a flow
chart of a method 98 of infusing a medication into a
patient in accordance with the infusion system
described above and shown in FIGS. 1-4. The clinician
or the system itself, as described above, determines
at step 90 the total volume of medication that is to
be infused into the patient that may simply be to
infuse the entire contents of an IV drip bag or
syringe. The clinician then selects at step 94 the
period in which the total volume of medication is to
be infused, such as twenty-four hours. The linear
position sensor 40 constantly detects at step 96 the
remaining amount of medication to be infused. The
control system constantly calculates at step 98 the
time remaining in the predetermined period. The pump
delivers at step 100 the neutral carrier solution into
an IV line while the syringe pump infuses at step 102
the medication into the infusion circuit. The control
system constantly and automatically adjusts at step
104 the Channel B infusion flow rate based on the
remaining .amount of medication to be infused and the
timeremaining in the predetermined period. The
detecting, calculating, delivering, mtusing, and
adjusting steps 92-104 are repeated at step 106 until
the total volume of medication is infused. FIG. 6
presents a multichannel coordinated infusion system
110, according to another embodiment of the invention.
The multichannel coordinated infusion system is
similar to the syringe pump embodiment described
above. As in the prior embodiment the present
multichannel coordinated infusion system comprises a
PCU 12, including a control system, and a LVP 16.
Dilution solution 32 contained within an IV bag 36 is
pumped through Channel A by the LVP into an IV line 34
connected to a patient. The system further includes a
functional unit 112 that comprises a LVP 114 and a
weight cell 116. The weight cell communicates via
wired or remote communication (e.g. infrared, Radio
Frequency) with the PCU 12. In use, a receptacle 118,
such as an IV drip bag, of unknown volume but having a
known empty or tare weight containing a medication 120
is suspended from weight cell 116. A clinician
typically identifies the receptacle to be suspended
from the weight cell (e.g. a commercially available
250 ml plastic solution bag), and enters this
information together with the approximate volume and
duration of the infusion into the PCU 12. The type of
receptacle and hence its tare weight may be determined
automatically by a receptacle detection system 122.
The tare weight may be determined from a database in
the PCU programmed with the names of manufacturers of
receptacles and the tare weight of their receptacles,
or the manufacturer may include a bar code or another
information device on its receptacle that the PCU may
be able to read. The pharmacist may weigh the dry bag
and put in a bar code or other electronic tag, or the
manufacturer may include an identifier on the
receptacle including the manufacturer's name, model
number, and weight of the bag in grams. The weight of
the fluid in the receptacle is calculated by
subtracting that specific container's known tare
weight from the receptacle's net weight measured by
the weight cell. A tube 100 delivers the medication of
the bag through the LVP 114 (Channel B) to connect
with the IV line 34. The processor within the
multichannel coordinated infusion system 110 (control 



system) automatically determines a precise infusion
flow rate based on the predetermined total volume to
be infused, the measured fluid weight, and the time
remaining in the period allotted for the infusion.
This determination may be made continuously and in
real time ifdesired. Inaccuracies due to different
specific gravities of fluid are generally minimal as
most medication fluids have specific gravities close
to one, i.e. a similar mass to water which is used as
a standard) but may be taken into account by the
multichannel coordinated infusion system 110. The
system therefore automatically determines the weight
change of the receptacle 118 and adjusts the
medication infusion rate via Channel B accordingly, to
insure complete delivery of the contents of the
receptacle, or a specified volume, in the
predetermined time period allotted for the infusion.
In doing so, the system automatically adjusts for
periods of no flow due to alarms, pause conditions,
etc. The functional units 16 and 114 are preferably
removably attached to the interface unit PCU 12 and
may be interchanged with other functional units, as
described above. It is to be understood that although
two functional units are shown in FIG. 6, a different
number of functional units may be incorporated into
the patient care system 110. Typically LVPs need a
positive head height to operate accurately. In the
weight cell embodiment discussed above, the constant
control of the flow rate through Channel B negates the
need for a positive head height. The arrangement above
permits the delivery of the entire contents of an
unknown volume in an exact predetermined period of
time. It also results in the ability to deliver
jointly controlled dilution and infusion solutions.
FIGS. 2 and 3 are equally applicable to the weight
cell embodiment described above. FIG. 7A to 7U are
user interfaces used in connection with the above
weight cell embodiment of the invention. The PCU used
in connection with this embodiment is programmed in a
similar manner to that explained in relation to the
prior embodiment. Access to the multichannel infusion
mode of the present invention is attained as described
in relation to FIGS. 4A to 4C and shown in FIGS. 7A to
7C for the sake of completeness. A Maintenance flow
rate for Channel A is set as described in relation to
FIGS. 4D to 4H and shown in FIGS. 7D to 7H for the
sake of completeness. A summary screen where Channel A
is shown to be delivering a maintenance infusion is
shown in FIG 71. By pressing the S2 soft key next to
"B" the interface screen 80 for the infusion setup is
displayed as per FIG. 7J. In a similar manner to that
described in relation to FIGS. 4K to 4P, and shown in
FIGS. 7J to 70 for the sake of completeness, the flow
rate "RATE", volume to be infused"VTBI", duration of
the infusion "DURATION" and the start time of the
infusion SiAKl TIME" are entered into the PCU 80. The
programming of the flow rate is not critical to the
system if the entire volume of the receptacle is to be
infused as evidenced by "ALL". This is because the
flow rate is constantly calculated by the multichannel
coordinated infusion system that divides a calculated
fluid weight by the number of hours and minutes
remaining in an allotted period for the infusion. The
weight of the infusion fluid in the receptacle is
calculated by subtracting that specific container's
known tare weight from the receptacle's net weight
measured by the weight cell. The Channel A dilution
infusion is then set as described in relation to FIGS.
4Q to 4S and shown in FIGS. 7P to 7R for the sake of
completeness. An infusion setup confirmation screen
130 is then presented to the clinician as per FIG. 7S.
The clinician is 



prompted to press "ENTER" to confirm the setup shown
in FIG. 7S. On pressing "ENTER", the interface screen
86 shown in FIG. 7T is displayed. FIG. 7T shows the
infusion of both Channel A and B on a time line. Soft
keys associated with any channel may be pressed to
view or change that channel's setup. If additional
channels were connected to the system they too would
be displayed. To start the system the clinician
presses the S14 soft key below "START". Once the
system has started running, the summary screen 88 in
FIG. 7U is displayed. As per the example described in
relation to the prior embodiment, the maintenance flow
will immediately start infusing and the medication
together with the dilution solution will only begin to
infuse at 9:00. After 9:00 this screen will change to
show that the entire contents of the receptacle are
being infused and the duration would decrement over
time. The method of infusing a medication into a
patient in accordance with the infusion system of
FIGS. 6-7 is the same as that explained in relation to
the prior embodiment, except that the position sensor
of the weight cell constantly detects at step 96 the
remaining amount of medication to be infused, and the
LVP and weight cell combination infuses at step 102
the medication into the infusion circuit. FIG. 8
presents a multichannel coordinated infusion system
140 according to a further embodiment of the
invention. Multichannel coordinated infusion system is
typically used for continuous renal replacement
therapies (CRRT) such as continuous arteriovenous
hemofiltration (CAVH) or continuous arteriovenous
hemodialysis (CAVHD) and is essentially a bed site
replacement for a normal hemodialysis
procedure.Patients with chronic renal failure usually
make use of a normal hemodialysis procedure.
Hemodialysis is often very difficult for the patient,
as there is a large amount of fluid shifts and
electrolyte changes as well as many physiologic
changes that occur while the patient is having his or
her blood cleansed by a hemodialysis machine. The
procedure generally drains the patient's energy making
him/her tired and weak. Such side effects are even
more pronounced with patients who are critically ill.
Patient's bodies often cannot tolerate the procedure
as their blood pressure drops and they have other
physiologic problems. To overcome the extreme nature
of hemodialysis, the CRRT (CAVH and CAVHD) procedures
were developed. CRRT is similar to hemodialysis,
except that the patient is on the machine (the filter
system) continuously rather than for several hours at
varying increments of time. In CRRT, it is important
to keep accurate records of dialysis liquids and
intravenous liquids entering the patient and the
amount of liquids leaving the patient. That is, a mass
balance must exist when liquids are drawn and replaced
from a patient. Severe clinical problems, and even
death, may occur if these fluid balances are not
carefully regulated. The advantage of these therapies
is that they are less stressful on the body and
provide continuous treatment as opposed to three to
four hour hemodialysis sessions. The goal of these
procedures is the same as hemodialysis, to clean the
blood, but the process is more gradual. CAVH typically
uses the patient's arterial blood pressure to deliver
blood to a low-resistance hemofilter. To maintain
systemic blood pressure, the patient receives
replacement fluids. CAVHD is a modification of the
CAVH method that uses an infusion pump to move a
dialysate solution countercurrent to blood flow,
adding the ability to continuously remove solute while
removing fluid. 



Both CAVH and CAVHD provide continuous renal
replacement therapy, thus allowing removal of solutes
and modification of the volume and composition of the
extracellular fluid to occur evenly over time.
Unstable patients, who are often intolerant of the
abrupt fluid volume and solute concentration changes
that accompany standard hemodialysis treatments, can
usually be treated safely with CAVH or CAVHD. The
hemofiltration system utilizes a small filter that is
highly permeable to water and small solutes, but
impermeable to plasma proteins and the formed elements
of the blood. The filter is placed in an extra
corporeal circuit. As the blood perfuses through the
hemofitter an ultrafiltrate of plasma is removed. The
ultrafiltrate is concurrently replacedusing a fluid
with an electrolyte composition that is either similar
to that ot normal plasma or specifically designed to
correct abnormalities in the individual patient. The
hemofiltration circuit connects a large artery and
vein. Blood is typically pumped through the circuit by
the heart, allowing the patient's arterial-to-venous
pressure gradient to provide the pressure to drive the
system. This system however does not accurately
control the fluid mass balance discussed above. In the
present invention, a dialysis filter 144 is connected
between an arterial venous ("AV") shunt on one side
and two weight cells and LVP combination modules 146
and 148 on the other. The LVP combination modules are
both controlled by a single PCU 150. Blood 152 from
the patient enters the filter and an ultrafiltrate 154
is removed and contained in receptacle 156, leaving
only blood cellular components, and blood plasma
proteins. A replacement ultrafiltrate 158 enters the
filter 144 via a conduit 160 and is mixed with the
separated blood plasma proteins before returning 162
the blood to the patient. The flow rate of the
ultrafiltrate 154 removed from the patient is
monitored by PCU 150 that controls the LVP module 146.
Likewise, the flow rate of the ultrafiltrate 158
replaced into the patient is accurately controlled by
the PCU 150 that controls the LVP module 104. By doing
so, the PCU 150 controls the LVP module 148 to
accurately deliver an infusion into an IV line based
on the flow rate desired. The LVP module 146 is
programmed to accurately withdraw fluid from the line
by measuring the amount of fluid withdrawn. The system
can be programmed to maintain a preset difference
between the two infusions to result in an accurate
positive or negative balance. Similar to the
embodiments described above, since the two infusion
modules 146 and 148 are programmed by the same PCU
150, when one infusion module stops for any reason,
the second module will also stop. Improved accuracy,
control and the ability to program either a positive
or negative pressure differential in a CRRT system may
be achieved using the multichannel coordinated
infusion system 140 with weight cell capability and
central PCU 150 control. The multichannel coordinated
infusion system 140 is also able to overcome
conditions such as high intake and output pressure
differences that significantly affect volume of
delivery or withdrawal.FIG. 9 is a flow chart of a
method 170 of infusing an ultrafiltrate into a
patient. An infusion ultrafiltrate is first delivered
to a hemofilter at step 172. A weight cell then
measures at step 174 the amount of infusion
ultrafiltrate in the infusion system. At the same time
the patient's removed ultrafiltrate is received at
step 176 from the hemofilter. The amount of removed
ultrafiltrate in the infusion system is measured at
step 178 after 



which the flow rates to and from the hemofilter are
adjusted at step 180. The adjustment is based on the
measured amounts of infusion and removed ultrafittrate
in the infusion system and a predetermined desired
pressure differential between the infusion and removed
ultrafiltrates. The method 170 may be repeated 182
until the desired infusion ultrafiltrate is delivered
or removed from the patient. While the particular
infusion systems and methods as herein shown and
disclosed in detail are fully capable of performing as
indicated and providing the advantages herein before
stated, it is to be understood that they are merely
illustrative of the presently preferred embodiments of
the invention, and that no limitations are intended to
the details of construction or design herein shown
other than as described in the appended claims.WE
CLAIM; 1. An infusion system, comprising: a first
delivery unit that delivers a first infusate to an
infusion circuit; a second delivery unit that delivers
a second infusate to the infusion circuit; a
measurement device that determines an amount of
undelivered first infusate remaining to be infused;
and a control system that: controls delivery of the
first infusate from the first delivery unit and
delivery of the second infusate from the second
delivery unit; enables input of a predetermined volume
of the first infusate to be delivered and input of a
predetermined time period for infusion of the
predetermined first insufate volume; determines a time
remaining in the predetermined infusion time period;
communicates with the first delivery unit, the second
delivery unit, and the measurement device to determine
an optimum first infusate infusion flow rate based on
the predetermined first infusate volume, the
predetermined infusion time period, the determined
amount of undelivered first infusate remaining in the
system and the determined time remaining in the
predetermined infusion time period; and controls the
first delivery unit to deliver the first infusate at
the determined optimum first infusate infusion flow
rate. 2. An infusion system as recited in claim 1
wherein the first infusate is a medication and the
second infusate is a neutral carrying solution. 3. An
infusion system as recited in claim 1 wherein the
control system stops and restarts both of the first
and second delivery units simultaneously. 4. An
infusion system as recited in claim 1 further
comprising a programming unit for providing an
interface between the infusion system and a user of
the infusion system. 5. An infusion system as recited
in claim 1 wherein the control system automatically
recalculates the optimum flow rate after any
interruptions of either the first or the second pump
units.6. An infusion system as recited in claim 1
wherein the first delivery unit comprises a syringe
pump. 7. An infusion system as recited in claim 1
wherein the first delivery unit comprises an infusion
pump. 8. An infusion system as recited in claim 1
wherein the first delivery unit 



comprises a receptacle containing the first infusate,
and the measurement device comprises a weight cell for
ascertaining the weight of the first infusate
containing receptacle. 9. An infusion system as
recited in claim 5 wherein the control system is
located within the programming unit. 10. An infusion
system as recited in claim 6 wherein the syringe pump
includes a syringe, and the infusion system further
comprises a syringe size detection system for
detecting the total volume of the syringe. 11. An
infusion system as recited in claim 6 wherein the
syringe pump includes a syringe that includes a
plunger and the measurement device comprises a
position sensor for sensing a position of the plunger
of the syringe in the syringe pump. 12. An infusion
system as recited in claim 8 wherein the amount of
first infusate remaining in the system is a weight of
first infusate remaining in the infusion system and is
calculated from the weight of the first infusate
containing receptacle less a tare weight of the
receptacle. 13. An infusion system as recited in claim
11 wherein the amount of first infusate remaining in
the system is a volume of first infusate remaining in
the infusion system and is calculated from the
position of the plunger and a total volume of the
syringe. 14. An infusion system as recited in claim 12
wherein the optimum infusion flow rate is calculated
from the weight of the first infusate remaining in the
infusion system, and the first infusate's specific
gravity, and the time remaining in the predetermined
infusion time period.15. An infusion system as recited
in claim 14 wherein the infusion system further
comprises a receptacle detection system for detecting
the type and tare weight of the receptacle. 16. An
infusion system comprising: a first delivery unit that
delivers an infusion ultrafiltrate to a hemofilter; a
first measurement device that determines an amount of
infusion ultrafiltrate in the infusion system; a
receiver unit that receives a patient's removed
ultrafiltrate from the hemofilter; a second
measurement device that determines an amount of
removed ultrafiltrate in the infusion system; a
control system communicating with the delivery and
receiver units and the first and second measurement
units to determine optimum flow rates to and from the
hemofilter, based upon the determined amounts of
infusion ultrafiltrate and removed ultrafiltrate in
the infusion system, and a predetermined desired
pressure differential between the infusion and removed
ultrafiltrates, and for controlling the delivery and
receiver units accordingly. 17. An infusion system as
recited in claim 16 wherein the delivery and receiver
units comprise infusion pumps. 18. An infusion system
as recited in claim 16 wherein the control system
stops and restarts both of the delivery and receiver
units simultaneously. 19. An infusion system as
recited in claim 16 further comprising a 



programming unit for providing an interface between
the infusion system and a user of the infusion system.
20. An infusion system as recited in claim 16 wherein
the control system automatically recalculates the
optimum flow rates after any interruptions of either
the delivery or the receiver units.21. An infusion
system as recited in claim 17 wherein the delivery
unit includes an infusion receptacle for containing
the infusion ultrafiltrate, the receiver unit includes
a removal receptacle for containing the removed
ultrafiltrate, and the first and second measurement
devices comprise weight cells for ascertaining the
weight of the infusion ultrafiltrate contained in the
infusion receptacle and the removed ultrafiltrate
contained in the removal receptacle. 22. An infusion
system as recited in claim 19 wherein the control
system is located within the programming unit. 23. An
infusion system as recited in claim 2 1 wherein the
weight of the infusion and removed ultrafiltrates in
the infusion system is calculated from the weight of
each of the infusion and removal receptacles less a
tare weight of each of the infusion and removal
receptacles. 24. An infusion system as recited in
claim 2 1 wherein the infusion system further
comprises a receptacle detection system for detecting
the type and tare weight of each of the infusion and
removal receptacles. 25. A method of infusing a second
infusate into a patient, comprising the steps of:
determining a total volume of first infusate is to be
infused; ascertaining a period over which the total
volume of first infusate is to be infused; detecting a
remaining amount of first infusate to be infused;
calculating time remaining in the period; delivering a
second infusate into an infusion circuit; infusing the
first infusate into the infusion circuit; and
automatically adjusting the infusion based on the
remaining amount of first infusate to be infused and
the time remaining in the period. 26. A method as
recited in claim 25 wherein the method further
comprises the step of repeating the detecting,
calculating, delivering, infusing and automatically
adjusting steps until the total volume of first
infusate is infused.27. A method as recited in claim
25 wherein the determining step comprises the step of
receiving an input from a user of the total volume of
first infusate to be infused. 28. A method as recited
in claim 25 wherein the determining step comprises the
steps of recognizing characteristics of a receptacle
in which the first infusate is contained, and
calculating the total volume of first infusate to be
infused from the receptacle characteristics. 29. A
method as recited in claim 25 wherein the ascertaining
step comprises the step of receiving an input from a
user of the period over which the total volume of
first infusate is to be infused. 30. A method as
recited in claim 25 wherein the detecting step
comprises the steps of establishing the position of a
plunger of a syringe placed in a syringe pump, and 



calculating the remaining amount of first infusate to
be infused from the plunger position and a total
volume of the syringe. 31. A method as recited in
claim 25 wherein the detecting step comprises the
steps of ascertaining the weight of a first infusate
containing receptacle, and calculating the remaining
amount of first infusate to be infused from the weight
of the first infusate containing receptacle. 32. A
method as recited in claim 25 wherein the delivering
step comprises pumping the second infusate via an
infusion pump. 33. A method as recited in claim 25
wherein the infusing step comprises pumping the second
infusate via an infusion pump. 34. A method as recited
in claim 25 wherein the infusing step comprises
pumping the first infusate via a syringe pump. 35. A
method as recited in claim 25 wherein the
automatically adjusting step further comprises
stopping and restarting both the delivering and
infusing steps simultaneously after any interruptions.
36. A method as recited in claim 25 wherein the
automatically adjusting step further comprises
automatically recalculating the infusion after any
interruptions.37. A method of infusing an
ultrafiltrate into a patient, comprising the steps of:
delivering an infusion ultrafiltrate to a hemofilter;
measuring the amount of infusion ultrafiltrate in the
infusion system; receiving a patient's removed
ultrafiltrate from the hemofilter; measuring the
amount of removed ultrafiltrate in the infusion
system; and adjusting flow rates of the delivering and
the receiving steps based upon the measured amounts of
infusion and removed ultrafiltrate in the infusion
system and a predetermined desired pressure
differential between the infusion and removed
ultrafiltrates. 38. A method as recited in claim 37
wherein the measuring step comprises weighing
receptacles containing the ultrafiltrate. 39. A method
as recited in claim 37 wherein the method further
comprises the step of repeating the method until a
desired ultrafiltrate is delivered or removed from a
patient. 


