
PRODRUGS OF 2,4-PYRIMIDINEDIAMINE COMPOUNDS AND THEIR
USES 1. CROSS-REFERENCE [0001] This application claims
benefit under 35 U.S.C.  119(e) to provisional
application Serial No. 60/645,424, filed January 19,
2005 and provisional application Serial No.
60/654,620, filed February 18, 2005. The disclosures
of both of these provisional applications are
incorporated herein by reference in their entireties.
2. FIELD [0002] The present disclosure relates to
prodrugs of biologically active 2,4- pyrimidinediamine
compounds, pharmaceutical compositions comprising the
prodrugs, intermediates and synthetic methods of
making the prodrugs and methods of using the prodrugs
and compositions in a variety of contexts, such as in
the treatment or prevention of various diseases. 3.
BACKGROUND [0003] Crosslinking of Fc receptors, such
as the high affinity receptor for IgE (FceRI) and/or
the high affinity receptor for IgG (FcgRI) activates a
signaling cascade in mast, basophil and other immune
cells that results in the release of chemical
mediators responsible for numerous adverse events. For
example, such crosslinking leads to the release of
preformed mediators of Type I (immediate) anaphylactic
hypersensitivity reactions, such as histamine, from
storage sites in granules via degranulation. It also
leads to the synthesis and release of other mediators,
including leukotrienes, prostaglandins and
platelet-activating factors (PAFs), that play
important roles in inflammatory reactions. Additional
mediators that are synthesized and released upon
crosslinking Fc receptors include cytokines and nitric
oxide. [0004] The signaling cascade(s) activated by
crosslinking Fc receptors such as FceRI and/or FcgRI
comprises an array of cellular proteins. Among the
most important intracellular signal propagators are
the tyrosine kinases. And, an important tyrosine
kinase involved in the signal transduction pathways
associated with crosslinking the FceRI and/or FcgRI
receptors, as wellas other signal transduction
cascades, is Syk kinase {see Valent et a!., 2002,
Intl. J . Hematol. 75(4):257-362 for review). [0005]
The mediators released as a result of FceRI and FcgRI
receptor cross-1inking are responsible for, or play
important roles in, the manifestation of numerous
adverse events. Recently, various classes of
2,4-pyrimidinediamine compounds have been discovered
that inhibit the FceRI and/or FcgRI signaling
cascades, and that have myriad therapeutic uses. See,
e.g., U.S. application Serial No. 10/355,543 filed
January 31, 2003 (US 2004/0029902A1), international
application Serial No. PCT/US03/03022 filed January
31, 2003 (WO 03/063794), U.S. application Serial No.
10/631,029 filed July 29, 2003 ( ), international
application Serial No. PCT/US03/24087 (WO
2004/014382), U.S. application Serial No. 10/903,263
filed July 30, 2004 (US2005/0234049), and
international application Serial No. PCT/US2004/24716
( ). While many of these compounds exhibit good
bioavailability properties, in some instances it may
be desirable to tailor their solubility or other
properties such that their bioavailability via
specified routes of administration is optimized. 4.
SUMMARY [0006] The present disclosure provides
prodrugs of 2,4-pyrimidinediamine compounds that have
myriad biological activities, and hence therapeutic
uses, compositions comprising the prodrugs, methods
and intermediates useful for synthesizing the prodrugs
and methods of using the prodrugs in a variety of in
vitro and in vivo contexts, including in the treatment
and/or prevention of diseases mediated, at least in
part, by the activation of Fc receptor signaling
cascades. [0007] The prodrugs generally comprise a
biologically active 2,4-pyrimidinediamine compound
that is substituted at the nitrogen atom of one or
more primary or secondary amine groups with a progroup
Rp that metabolizes or otherwise transforms under
conditions of use to yield the active
2,4-pyrimidinediamine. In some embodiments, the
progroup Rp is a phosphorous-containing progroup. In
some embodiments, the progroup includes a group or
moiety that is metabolized under the conditions of use
to yield an unstable a-hydroxymethyl, a-aminomethyl or
a-thiomethyl intermediate, which then further
metabolized in vivo to yieldthe active 2,4-
pyrimidinediamine drug. In some embodiments, the
progroup includes an a-hydroxyalkyl, a-aminoalkyl or
a-thioalkyl moiety, for example an a-hydroxymethyl,
a-aminomethyl, a-thiomethyl moiety, that metabolizes
under the conditions of use to yield the active 2,4
pyrimidinediamine drug. For example, in some
embodiments the progroup Rp is of the formula
-CRdRd-AR3, where each Rd is, independently of the
other, selected from hydrogen, cyano, optionally
substituted (C1-C20) alkyl, (C1-C20) perfluoroalkyl,
optionally substituted (C7-C30) arylalkyl and
optionally substituted 6-30 membered heteroarylalkyl,
where each optional substituent is, independently of
the others, selected from hydrogen, alkyl, aryl,
arylalkyl, heteroaryl and heteroalkyl, or,
alternatively, the two Rd are taken together with the
carbon atom to which they are bonded to form a
cycloalkyl containing from 3 to 8 carbon atoms ; A is
selected from O, S and NR50, where R50 is selected
from hydrogen, alkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl and cycloheteroalkyl, or alternatively
is combined with R3, and, together with the nitrogen
to which they are attached, form a three to seven
membered ring; and R3 represents a group that can be
metabolized in vivo to yield a group of the formula
-CRdRd-AH, where Rd and A are as previously defined.
[0008] The identity of R3 is not critical, provided
that it can be metabolized under the desired
conditions of use, for example under the acidic
conditions found in the stomach and/or by enzymes
found in vivo, to yield a group of the formula -CR R
-AH, where A and R are as previously defined. Thus,
skilled artisans will appreciate that R3 can comprise
virtually any known or later-discovered hydroxyl,
amine or thiol protecting group. Non-1imiting examples
of suitable protecting groups can be found, for
example, in Protective Groups in Organic Synthesis,
Greene & Wuts, 2nd Ed., John Wiley & Sons, New York,
1991 (especially pages 



10-142 (alcohols, 277-308 (thiols) and 309-405
(amines) the disclosure of which is incorporated
herein by reference). [0009] In a specific embodiment,
R3 includes, together with A, an ether, a thioether, a
silyl ether, a silyl thioether, an ester, a thioester,
an amide, a carbonate, a thiocarbonate, a carbamate, a
thiocarbamate, or a urea linkage, -OCH2SO3R, where R
is hydrogen, alkyl, aryl, arylalkyl or a metal salt
(e.g., sodium, lithium, potassium); -GCH2 +N(R51)3M-,
where G is absent, -OPO3-, OSO3- or -CO2-, R5 1 is
hydrogen, alkyl, aryl, arylalkyl, cycloheteroalkyl or
cycloheteroalkylalkyl and M- is a counterion, usually
a halide ion or the like (acetate, sulfate, phosphate,
etc.). Specific exemplary embodiments include, but are
not limited to, progroupsRp in which R3 is selected
from Rf, -C(O)Rf,-C(O)ORf,-C(O)NRfRf and -SiR fRfRf,
where each Rf is, independently of the others,
selected from hydrogen, optionally substituted lower
alkyl, optionally substituted lower heteroalkyl,
optionally substituted lower cycloalkyl, optionally
substituted lower heterocycloalkyl, optionally
substituted (C6-C10) aryl, optionally substituted 5-10
membered heteroaryl, optionally substituted (C7-C1 8)
arylalkyl and optionally substituted 6-18 membered
heteroarylalkyl. In a specific embodiment, each Rf is
the same. [0010] The identity of the progroup(s) Rp
can be selected to tailor the water-solubility and
other properties of the underlying active
2,4-pyrimidinediamine compound to be optimized for a
particular mode of administration. It can also be
selected to provide for removal at specified organs
and/or tissues within the body, such as, for example,
in the digestive tract, in blood and/or serum, or via
enzymes residing in specific organs, such as the
liver. [0011] In some embodiments, progroups Rp that
are phosphorous-containing progroups include phosphate
moieties that can be cleaved in vitro by enzymes such
as esterases, lipases and/or phosphatases. Such
enzymes are prevalent throughout the body, residing
in, for example, the stomach and digestive tract,
blood and/or serum, and in virtually all tissues and
organs. Such phosphate-containing progroups Rp will
generally increase the water-solubility of the
underlying active 2,4-pyrimidinediamine compound,
making such phosphatecontaining prodrugs ideally
suited for modes of administration where
water-solubility is desirable, such as, for example,
oral, buccal, intravenous, intramuscular and ocular
modes of administration. [0012] In some embodiments,
each phosphate-containing progroup Rp in the prodrug
is of the formula -(CRdRd)y-O-P(O)(OH)(OH), or a salt
thereof, wherein Rd is as previously defined andy is
an integer ranging from 1 to 3, typically 1 or 2. I n
one specific embodiment, each Rd is, independently of
the others, selected from hydrogen, substituted or
unsubstituted lower alkyl, substituted or
unsubstituted phenyl, substituted or unsubstituted
methyl and substituted or unsubstituted benzyl. In
another specific embodiment, each Rd is, independently
of the others, selected from hydrogen and
unsubstituted lower alkyl. Specific exemplary
phosphatecontaining progroups Rp include
-CH2-O-P(O)(OH)(OH) and -CH2CH2-O-P(O)(OH)(OH) and/or
the corresponding salts.[0013] While not intending to
be bound by any theory of operation, when y is 1 in
the exemplary phosphate-containing progroups Rp, it is
believed that the phosphate-containing prodrugs are
converted in vivo by enzymes such as phosphatases,
lipases and/or esterases to the corresponding
hydroxymethylamines, which are then further
metabolized in vivo by the elimination of formaldehyde
to yield the active 2,4-pyrimidinediamine drug
compound. The phosphate and formaldehyde metabolic
by-products are innocuous. [0014] When y is 2 in the
exemplary phosphate-containing prodrugs, it is
believed that the prodrugs are metabolized to the
active 2,4-pyrimidinediamine drug compound in vivo by
elimination of enol phosphate, which further
metabolizes to acetaldehyde and phosphate. The
phosphate and acetaldehyde metabolic by-products are
innocuous. [0015] Skilled artisans will appreciate
that certain types of precursors can be converted in
vivo to phosphate groups. Such precursors include, by
way of example and not limitation, phosphate esters,
phosphites and phosphite esters. For example,
phosphites can be oxidized in vivo to phosphates.
Phosphate esters can be hydrolyzed in vivo to
phosphates. Phosphite esters can be oxidized in vivo
to phosphate esters, which can in turn be hydrolyzed
in vivo to phosphates. As a consequence of the ability
of these phosphate precursor groups to convert to
phosphates in vivo, the prodrugs can also include
progroups that comprise such phosphate precursors. In
some embodiments, the phosphate precursor groups may
be directly metabolized to the active
2,4-pyrimidinediamine drug, without first being
converted into a phosphate prodrug. In other
embodiments, prodrugs comprising progroups that
include such phosphate precursors are first
metabolized into the corresponding phosphate prodrug,
which then metabolizes to the active
2,4-pyrimidinediamine drug via a hydroxymethylamine,
as discussed above. [0016] In some embodiments, such
phosphate precursor groups are phosphate esters. The
phosphate esters can be acyclic or cyclic, and can be
phosphate triesters or phosphate diesters. Such esters
are generally less water-soluble than the
corresponding phosphate acid prodrugs and the
corresponding active 2,4-pyrimidinediamine compounds,
and are therefore typically suitable for modes of
delivering prodrugs of active 2,4-pyrimidinediamine
compounds where low water-solubility is desired,
including, by way of example and not limitation,
administration via inhalation. The solubility of the
prodrug can be specificallytailored for specific modes
of administration by appropriate selection of the
number and identity(ies) of the esterifying groups in
the phosphate ester. [0017] The mechanism by which the
phosphate ester group metabolizes to the corresponding
phosphate group can be controlled by appropriate
selection of the esterifying moieties. For example, it
is wel1-known that certain esters are acid (or base)
labile, generating the corresponding phosphate under
the acidic conditions found in the stomach and
digestive tract. In instances where it is desirable
for the phosphate ester prodrug to metabolize to the
corresponding phosphate prodrug in the digestive tract
(such as, for example, where the prodrugs are
administered orally), phosphate ester progroups that
are acid-1abile can be 



selected. Other types of phosphate esters are acid and
base stable, being converted into the corresponding
phosphates via enzymes found in certain tissues and
organs of the body {see, e.g., the various cyclic
phosphate esters described in Erion et al, 2004, J.
Am. Chem. Soc. 126:5154-5163, incorporated herein by
reference), In instances where it is desirable to
convert a phosphate ester prodrug into the
corresponding phosphate prodrug within a desired
target tissue or site within the body, phosphate
esters having the desired metabolic properties can be
selected. [0018] In some embodiments, each phosphate
ester-containing progroup Rp in the prodrug is an
acyclic phosphate ester of the formula -(CR dRd)y
-P(O)(OH)(ORe) or -(CRdRd)y O-P(O)(ORe)(ORe), or a
salt thereof, wherein each Re is, independently of the
others, selected from substituted or unsubstituted
lower alkyl, substituted or unsubstituted (C6-C14)
aryl (e.g., phenyl, naphthyl, 4-1oweralkoxyphenyl,
4-methoxyphenyl), substituted or unsubstituted
(C7-C20) arylalkyl (e.g., benzyl, 1-phenylethan-1-yl,
2-phenylethan-1-yl), -(CRdRd 0 Rf, -(CRdRd)y O-
C(O)Rf, -(CRdRd)y O- C(O)ORf, -(CRdRd)y S-C(O)Rf,
-(CRdRd)y -S-C(O)ORf, -(CRdRd)y NH-C(0)R f, -(CRdRd)y
NH-C(O)0R f and-Si(Rd)3, wherein R , R and y are as
defined above. In a specific embodiment, each Rd is
selected from hydrogen and unsubstituted lower alkyl
and/or each Re is an unsubstituted lower alkanyl or
benzyl. Specific exemplary phosphate ester progroups
include, but are not limited to, -CH2-O-P(O)(OH)(ORe),
-CH2CH2-O-P(O)(OH)(ORe), -CH2-O-P(O)(ORe)(ORe) and
-CH2CH2-O-P(O)(ORe)(ORe), where Re is selected from
lower alkanyl, i-propyl and i-butyl.[0019] In other
embodiments, each phosphate ester-containing progroup
Rp is a cyclic phosphate ester of the formula where
each Rg is, independently of the others, selected from
hydrogen and lower alkyl; each Rh is, independently of
the others, selected from hydrogen, substituted or
unsubstituted lower alkyl, substituted or
unsubstituted lower cycloheteroalkyl, substituted or
unsubstituted (C6-C14) aryl, substituted or
unsubstituted (C7-C20) arylalkyl and substituted or
unsubstituted 5-14 membered heteroaryl; z is an
integer ranging from 0 to 2; and Rd and yare as
previously defined. In a specific embodiment, each
phosphate ester-containing progroup Rp is a cyclic
phosphate ester of the formul , where Rd, Rh and y are
as previously defined. [0020] The mechanism by which
cyclic phosphate ester prodrugs including such cyclic
phosphate ester progroups metabolize in vivo to the
active drug compound depends, in part, on the identity
of the R substitutent. For example, cyclic phosphate
ester progroups in which each Rh is, independently of
the others, selected from hydrogen and lower alkyl are
cleaved in vivo by esterases. Thus, in some
embodiments, the cyclic phosphate ester progroups are
selected such that they are cleavable in vivo by
esterases. Specific examples of such cyclic phosphate
ester progroups include, but are not limited to,
progroups selected from[0021] Alternatively, cyclic
phosphate ester prodrugs having progroups in which the
Rh substituents are substituted or unsubstituted aryl,
arylalkyl and heteroaryl groups, are not typically
cleaved by esterases, but are instead metabolized to
the active prodrug by enzymes, such as cytochrome P450
enzymes, that reside in the liver. For example, a
series of cyclic phosphate ester nucleotide prodrugs
that undergo an oxidative cleavage reaction catalyzed
by a cytochrome P450 enzyme (CYP) expressed
predominantly in the liver are described in Erion et
al, 2004, J. Am. Chem. Soc. 126:5154-5163. In some
embodiments, the cyclic phosphate ester progroups are
selected such that they are cleavable by CYP enzymes
expressed in the liver. Specific exemplary embodiments
of such cyclic phosphate ester-containing progroups Rp
include, but are not limited to, progroups having the
formul where Rh is selected from phenyl,
3-chlorophenyl, 4-pyridyl and 4-methoxyphenyl. [0022]
As skilled artisans will appreciate, phosphites and
phosphite esters can undergo oxidation in vivo to
yield the corresponding phosphate and phosphate ester
analogs. Such reactions can be carried out in vivo by,
for example, oxidase enzymes, oxoreductase enzymes and
other oxidative enzymes. Thus, the
phosphorous-containing progroups Rp can also include
phosphite and phosphite ester analogs of any of the
phosphate and phosphate ester progroups described
above. In some embodiments the phosphorous-containing
progroups Rp include, but are not limited to, groups
of the formula -(CRdRd)y O-P(OH)(OH), -(CRdRd)y
-O-P(OH)(ORe) and -(CRdRd)y,-O-P(ORe)(Re), or salts
thereof, where Rd, Re and y are as previously defined.
Specific exemplary embodiments include groups in which
each R is, independently of the others, selected from
hydrogen and unsubstituted lower alkyl and/or each Re
is, independently of the others, selected from
unsubstituted lower alkanyl and benzyl.Specific
exemplary acyclic phosphite and phosphite-ester
progroups include, but are not limited to,
-CH2-O-P(OH)(OH), -CH2CH2-O-P(OH)(OH),
-CH2-O-P(OH)(ORe), and -CH2CH2-O-P(ORe)(ORe), where
each Re is selected from lower alkanyl, i-propyl and
i-butyl. Specific exemplary cyclic phosphite ester
prodrugs include phosphite analogs of the
abovedescribed cyclic phosphate ester progroups.
Conceptually, prodrug compounds including such
phosphite and/or phosphite ester progroups can be
thought of as prodrugs of the corresponding phosphate
and phosphate ester prodrugs. [0023] As mentioned
above, it is believed that certain
phosphate-containing prodrugs metabolize in vivo
through the corresponding hydroxymethylamines.
Although these hydroxymethylamines metabolize in vivo
to the corresponding active 2,4-pyrimidinediamine
compounds, they are stable at pH 7 and can be prepared
and administered as hydroxyalky1- containing prodrugs.
In some embodiments, each hydroxyalky1-containing
progroup Rp of such prodrugs is of the formula -CR
dRd-OH, where Rd is as previously defined. A specific
exemplary hydroxyalky1-containing progroup Rp is -CH
2OH. [0024] Virtually any known 2,4-pyrimidinediamine
compound that has biological, and hence therapeutic,
activity can be protected at an available primary or
secondary amine with one or more progroups Rp as
described herein. Suitable active
2,4-pyrimidinediamine compounds are described, for
example, in U.S. application Serial No. 10/355,543
filed January 31, 2003 (US2004/0029902A1),
international application Serial No. PCT/US03/03022
filed January 31, 2003 (WO 03/063794), U.S.
application Serial No. 10/631,029 filed July 29, 2003
( ), international application Serial No.
PCT/US03/24087 (WO2004/014382), 



U.S. application Serial No. 10/903,263 filed July 30,
2004 (US2005/0234049), and international application
Serial No. PCT/US2004/24716 ( ), the disclosures of
which are incorporated herein by reference. In such
2,4-pyrimidinediamine compounds, the progroup(s) Rp
can be attached to any available primary or secondary
amine, including, for example, the N2 nitrogen atom of
the 2,4-pyrimidinediamine moiety, the N4 nitrogen atom
of the 2,4-pyrimidinediamine moiety, and/or a primary
or secondary nitrogen atom included in a substituent
on the 2,4-pyrimidinediamine compound. The use of
phosphatecontaining progroups Rp is especially useful
for 2,4-pyrimidinediamine compounds that exhibit poor
water solubility under physiological conditions (for
example, solubilities of less than about 10 mg/ml).
While not intending to be bound by any theory of
operation, it isbelieved that the phosphate-containing
progroups aid the solubility of the underlying active
2,4-pyrimidinediamine compound, which in turn
increases its bioavailability when administered
orally. It is believed that the phosphate progroups Rp
are metabolized by phosphatase enzymes found in the
digestive tract, permitting uptake of the underlying
active drug. [0025] It has been discovered that the
water solubility and oral bioavailability of a
particular biologically active 2,4-pyrimidinediamine
compound, illustrated below (Compound 1), increased
dramatically when formulated to include a progroup Rp
of the formula -CH2-O-P(O)(OH)2 at the ring nitrogen
atom highlighted with the asterisk (Compound 4):
[0026] Significantly, whereas the water solubility of
the active drug (Compound 1) is in the range of about
1-2 mg/ml in aqueous buffer under physiological
conditions, the solubility of the corresponding
phosphate prodrug (Compound 4) is greater than 5 mg/ml
under the same conditions, or approximately 2000 times
greater. This increased water-solubility allows for
better dissolution in the gut, thereby facilitating
oral administration. Other active 2,4-
pyrimidinediamine compounds having similarly poor
water solubilities are expected to exhibit similar
increases in water solubility and oral bioavailability
when formulated as phosphate prodrugs. [0027] As
mentioned above, phosphate ester prodrugs are
generally less water-soluble than the corresponding
phosphate prodrugs, and are therefore generally useful
in applications where low water-solubility is desired,
such as, for example, administration via inhalation.
The same holds true for the relative water-solubility
of phosphite ester and phosphite prodrugs. [0028] In
some embodiments, the prodrugs described herein are
2,4-pyrimidinediamine compounds that are substituted
at the N4 nitrogen of the 2,4-pyrimidinediamine moiety
witha substituted or unsubstituted nitrogen-containing
bicyclic ring that includes at least one progroup RP
as described herein at one or more of: the nitrogen
atom(s) of the bicyclic ring, the N2 nitrogen of the
2,4-pyrimidinediamine moiety and/or the N4 nitrogen of
the 2,4- pyrimidinediamine moiety. In a specific
illustrative exemplary embodiment, the prodrug is a
compound according to structural formula (I):
including salts, solvates, hydrates and N-oxides
thereof, wherein: Y is selected from CH2,NR24, O, S,
S(O) and S(O)2; Z1 and Z2 are each, independently of
one another, selected from CH and N; R2 is an
optionally substituted lower alkyl, lower cycloalkyl,
lower heteroalkyl, lower cycloheteroalkyl, aryl,
phenyl, or heteroaryl group; R5 is an electronegative
group, such as, for example, a halo, fiuoro, cyano,
nitro, trihalomethyl or trifluoromethyl group; R17 is
selected from hydrogen, halogen, fluoro, lower alkyl
and methyl or, alternatively, R17 may be taken
together with R18 to form an oxo (=0) group or,
together with the carbon atom to which they are
attached, a spirocycle containing from 3 to 7 carbon
atoms; R is selected from hydrogen, halogen, fluoro,
lower alkyl and methyl or, alternatively, R18 may be
taken together with R17 to form an oxo (=0) group or,
together with the carbon atom to which they are
attached, a spirocycle containing from 3 to 7 carbon
atoms; R19 is selected from hydrogen, lower alkyl, and
methyl or, alternatively, R19 may be taken together
with R20 to form an oxo (=0) group or, together with
the carbon atom to which they are attached, a
spirocycle containing from 3 to 7 carbon atoms; R20 is
selected from hydrogen, lower alkyl and methyl or,
alternatively, R20 may be taken together with R19 to
form an oxo (=0) group or, together with the carbon
atom to which they are attached, a spirocycle
containing from 3 to 7 carbon atoms; R2 1, R22 and R23
are each, independently of one another, selected from
hydrogen and a progroup Rp as described herein; andR24
is selected from hydrogen, lower alkyl and a progroup
Rp as described herein, with the proviso that at least
one of R2 1,R22,R23 and R24 must be a progroup Rp. In
some embodiments, each of R2 1, R22 and R23 is one of
the specific progroups exemplified above and R24 is
hydrogen. In some embodiments R21 is one of the
specific progroups exemplified above and R22, R23 and
R24 are each hydrogen. In some embodiments, R21, R22
and R23 are each one of the specific progroups
exemplified above and R24 is lower alkyl. [0029] In
another aspect, the present disclosure provides
compositions comprising one or more of the prodrugs
described herein and an appropriate carrier, excipient
or diluent. The exact nature of the carrier, excipient
or diluent will depend upon the desired use for the
composition, and may range from being suitable or
acceptable for veterinary uses to being suitable or
acceptable for human use. The composition may
optionally include one or more additional compounds.
[0030] In still another aspect, the present disclosure
provides intermediates useful for synthesizing the
prodrugs described herein. In the case of phosphate-
or phosphitecontaining prodrugs, the intermediates
generally comprise prodrugs in which the oxygen atoms
of the phosphate- and/or phosphite-containing
progroups are masked with protecting groups that are
selectively removable under specified conditions. In
some embodiments, the protecting groups are
selectively removable under mildly acidic conditions.
In some embodiments, the intermediates are phosphate
or phosphite esters which are themselves 



prodrugs that can be metabolized into active
2,4-pyrimidinediamine compounds hi one illustrative
embodiment, the intermediates include prodrugs in
which each Rp progroup is, independently of the
others, of the formula -(CRdRd)y-O-P(O)(OR i)(ORi),
-(CRdRd)y -O-P(O)(ORi)(OH), -(CRdRd)y -O-P(OR)(OR 1) o
r -(CRdRd)y-O-P(ORi)(OH), where each R1is,
independently of the others, selected from lower
unsubstituted alkanyl, substituted or unsubstituted
phenyl and substituted or unsubstituted benzyl, and Rd
and y are as previously defined. In a specific
embodiment, the intermediates include phosphate and/or
phosphite esters in which each Ri is, independently of
the others, selected from lower linear alkanyl, lower
branched alkanyl, i-propyl, t-butyl and lower cyclic
alkanyl.[0031] In some embodiments, the intermediates
comprise an active 2,4-pyrimidinediamine that is
substituted at a nitrogen atom of a primary or
secondary amine group with a group of the formula
-CRdRd-AH, where Rd and A are as previously defined.
[0032] In yet another aspect, the present disclosure
provides methods of synthesizing the intermediates
and/or prodrugs described herein. Phosphate-containing
prodrugs can be synthesized by reacting an active
2,4-pyrimidinediamine compound with a phosphate ester
halide, for example, a phosphate ester halide of the
formula X-(CRdRd)y-0-P(0)(0R j)(0R j) or X-(CRdRd)y
O-P(O)(ORj)(OH), where each Rj is, independently of
the others, a selectively removable protecting group;
X is a halide, such as, for example, chloride; and Rd
and y are as previously defined. In some embodiments,
each Rj is Re, where as previously defined. Removal of
the selectively removable protecting groups Rj yields
a phosphate prodrug. In some embodiments each Rj is
the same and is selected from lower linear alkyl,
lower branched alkyl and lower cycloalkyl. In some
embodiments, each Rj is isopropyl or t-butyl. In
embodiments in which mixtures of intermediates are
obtained, for example, mixtures of intermediates which
contain different numbers of progroups or progroups at
different positions on the 2,4-pyrimidinediamine
molecule, the desired intermediate can be isolated
from the mixture using standard separation and/or
isolation techniques (e.g., column chromatography).
Alternatively, a desired prodrug can be isolated from
a mixture of different prodrugs using standard
separation and/or isolation techniques. [0033] Acyclic
phosphate ester prodrugs can be obtained in an
analogous manner by reacting the active
2,4-pyrimidinediamine with a phosphate ester halide,
for example a phosphate ester halide of the formula
X-(CRdRd)y-O-P(O)(OH)(ORe) or
X-(CRdRd)y-O-P(O)(ORe)(ORe), where X, Rd, y and Re are
as previously defined. In this instance, removal of
the esterifying groups Re is not necessary. [0034]
Acyclic phosphite and phosphite ester prodrugs can be
prepared in an analogous manner from the corresponding
phosphite ester halides, for example phosphite ester
halides of the formula X-(CRdRd)y O-P(ORj)(ORj),
X-(CRdRd)y O-P(ORe)(OH), X-(CRdRd)y O-P(ORe)(ORe),
where X, Rd, y , Re and Rj are as previously
defined.[0035] Cyclic phosphate ester and phosphite
ester prodrugs can be prepared by reacting the active
2,4-pyrimidinediamine compound with the corresponding
cyclic phosphate ester or phosphite ester halide, for
example, a cyclic phosphate ester halide of the
formula or a cyclic phosphite ester halide of the
formula , where X ,R , y , z, Rg and R are as
previously defined. [0036] Embodiments in which Rp is
-CRdRd-AR3 can be prepared from the corresponding
2,4-pyrimidinediamine drug using conventional methods.
For example, when A is O, the intermediates can be
synthesized by reacting an active
2,4-pyrimidinediamine compound, with an aldehyde or
ketone of the formula Rd-C(O)-Rd, where Rd is as
previously defined, to yield a corresponding
hydroxymethylamine intermediate (where Rp is
-CRdRd-OH). The hydroxymethylamine intermediate can
then be converted into the prodrug using standard
techniques I naccordance with the definition of Rp,
the hydroxymethylamine intermediate is also a prodrug
of the invention. For example, other drug substances
containing secondary amines have been added to
formaldehyde to afford their corresponding isolable
hydroxymethylamine adducts, Bansal et al, J.
Pharmaceutical Sci. 1981, 70: (8), 850-854; Bansal et
al, J. Pharmaceutical Sci. 1981, 70: (8), 855-856;
Khan et al, J Pharmaceutical and Biomedical Analysis
1989, 7 (6), 685-691. Alternatively, hydroxyalky1-
containing prodrugs can be prepared in two steps by
first reacting the active 2,4- pyrimidinediamine with
a bis-functional electrophile, such as a halide of the
formula X1-CRdRd--X2, where X1 represents a first
halide, X2 represents a second halide and Rd is as
previously defined. In a specific exemplary
embodiment, the halide is of the formula I-CRdRd-Cl.
The unreacted halide is then hydroxylated to yield the
hydroxyalky1-containing prodrug using standard
techniques. [0037] Prodrugs in which A is O, S or NR50
can be synthesized from corresponding Nmethyl
phosphate esters. According to this embodiment, the
phosphate ester groups can bedisplaced with a group of
the formula R3-AH, where R3 and A are as previously
defined, to yield the prodrug, as discussed in further
detail below. [0038] Many of the prodrugs described
herein, and in particular the prodrugs according to
structural formula (I), metabolize to yield
2,4-pyrimidinediamine compounds that are potent
inhibitors of degramilation of immune cells, such as
mast, basophil, neutrophil and/or eosinophil cells.
Additional 2,4-pyrimidinediamine compounds that exert
similar biological activities that can be formulated
as prodrugs as described herein and used in the
various methods described herein are described in U.S.
application Serial No. 10/355,543 filed January 31,
2003 (US2004/0029902A1), international application
Serial No. PCT/US03/03022 filed January 31, 2003 (WO
03/063794), U.S. application Serial No. 10/631,029
filed July 29, 2003 ( ), international application
Serial No. PCT/US03/24087 (WO2004/014382), U.S.
application Serial No. 10/903,263 filed July 30, 2004
(US2005/0234049), and international application Serial
No. PCT/US2004/24716 ( ), the disclosures of which are
incorporated herein by reference. Thus, in still
another aspect, the present disclosure provides
methods of regulating, and in particular inhibiting,
degranulation of such cells. The method generally
involves contacting a cell that degranulates with an
amount of a suitable prodrug described herein, or an
acceptable salt, 



hydrate, solvate, N-oxide and/or composition thereof,
effective to regulate or inhibit degranulation of the
cell. The method may be practiced in in vitro contexts
provided that the contacting is performed under
conditions in which the progroup(s) metabolize to
yield the active 2,4-pyrimidinediamine compound, or in
in vivo contexts as a therapeutic approach towards the
treatment or prevention of diseases characterized by,
caused by or associated with cellular degranulation.
[0039] While not intending to be bound by any theory
of operation, biochemical data confirm that many of
these active 2,4-pyrimidinediamine compounds exert
their degranulation inhibitory effect, at least in
part, by blocking or inhibiting the signal
transduction cascade(s) initiated by crosslinking of
the high affinity Fc receptors for IgE ("FceRI")
and/or IgG ("FcgRI") (see, e.g., U.S. application
Serial No. 10/631,029 filed July 29, 2003 ( ),
international application Serial No. PCT/US03/24087
(WO2004/014382), U.S. application Serial No.
10/903,263 filed July 30, 2004 (US2005/0234049), and
international application Serial No. PCT/US2004/24716
( ), the disclosuresof which are incorporated herein
by reference. Indeed, these active
2,4-pyrimidinediamine compounds are potent inhibitors
of both FceRI-mediated and FcgRI-mediated
degranulation. As a consequence, the prodrugs
described herein may be used to inhibit these Fc
receptor signaling cascades in any cell type
expressing such FceRI and/or FcgRI receptors including
but not limited to macrophages, mast, basophil,
neutrophil and/or eosinophil cells. [0040] The methods
also permit the regulation of, and in particular the
inhibition of, downstream processes that result as a
consequence of activating such Fc receptor signaling
cascade(s). Such downstream processes include, but are
not limited to, FceRI-mediated and/or FcgRI-mediated
degranulation, cytokine production and/or the
production and/or release of lipid mediators such as
leukotrienes and prostaglandins. The method generally
involves contacting a cell expressing an Fc receptor,
such as one of the cell types discussed above, with an
amount of a prodrug described herein, or an acceptable
salt, hydrate, solvent, N-oxide and/or composition
thereof, effective to regulate or inhibit the Fc
receptor signaling cascade and/or a downstream process
effected by the activation of this signaling cascade.
The method may be practiced in in vitro contexts
provided that the contacting is performed under
conditions under which the progroup(s) metabolize to
yield the active 2,4- pyrimidinediamine compound, or
in in vivo contexts as a therapeutic approach towards
the treatment or prevention of diseases characterized
by, caused by or associated with the Fc receptor
signaling cascade, such as diseases effected by the
release of granule specific chemical mediators upon
degranulation, the release and/or synthesis of
cytokines and/or the release and/or synthesis of lipid
mediators such as leukotrienes and prostaglandins.
[0041] In yet another aspect, the present disclosure
provides methods of treating and/or preventing
diseases characterized by, caused by or associated
with the release of chemical mediators as a
consequence of activating Fc receptor signaling
cascades, such as FceRI and/or FcgRI- signaling
cascades. The methods may be practiced in animals in
veterinary contexts or in humans. The methods
generally involve administering to an animal subject
or a human an amount of a prodrug described herein, or
an acceptable salt, hydrate, solvate, Noxide and/or
composition thereof, effective to treat or prevent the
disease. As discussed previously, activation of the
FceRI or FcgRI receptor signaling cascade in certain
immune cells leads to the release and/or synthesis of
a variety of chemical substances that
arepharmacological mediators of a wide variety of
diseases. Any of these diseases may be treated or
prevented according to the methods of the invention.
[0042] For example, in mast cells and basophil cells,
activation of the FceRI or FcgRI signaling cascade
leads to the immediate (i.e., within 1-3 min. of
receptor activation) release of preformed mediators of
atopic and/or Type I hypersensitivity reactions (e.g.,
histamine, proteases such as tryptase, etc.) via the
degranulation process. Such atopic or Type I
hypersensitivity reactions include, but are not
limited to, anaphylactic reactions to environmental
and other allergens (e.g., pollens, insect and/or
animal venoms, foods, drugs, contrast dyes, etc.),
anaphylactoid reactions, hay fever, allergic
conjunctivitis, allergic rhinitis, allergic asthma,
atopic dermatitis, eczema, urticaria, mucosal
disorders, tissue disorders and certain
gastrointestinal disorders. [0043] The immediate
release of the preformed mediators via degranulation
is followed by the release and/or synthesis of a
variety of other chemical mediators, including, among
other things, platelet activating factor (PAF),
prostaglandins and leukotrienes (e.g., LTC4) and the
de novo synthesis and release of cytokines such as
TNFa, IL-4, IL-5, IL-6, IL-1 3, etc. The first of
these two processes occurs approximately 3-30 min.
following receptor activation; the latter
approximately 30 min. - 7 hrs. following receptor
activation. These "late stage" mediators are thought
to be in part responsible for the chronic symptoms of
the above-1isted atopic and Type I hypersensitivity
reactions, and in addition are chemical mediators of
inflammation and inflammatory diseases (e.g.,
osteoarthritis, inflammatory bowel disease, ulcerative
colitis, Crohn's disease, idiopathic inflammatory
bowel disease, irritable bowel syndrome, spastic
colon, etc.), low grade scarring (e.g., scleroderma,
increased fibrosis, keloids, post-surgical scars,
pulmonary fibrosis, vascular spasms, migraine,
reperfusion injury and post myocardial infarction),
and sicca complex or syndrome. AUof these diseases may
be treated or prevented according to the methods
described herein. [0044] Additional diseases that can
be treated or prevented according to the methods
described herein include diseases associated with
basophil cell and/or mast cell pathology. Examples of
such diseases include, but are not limited to,
diseases of the skin such as scleroderma, cardiac
diseases such as post myocardial infarction, pulmonary
diseases such as pulmonary muscle changes or
remodeling and chronic obstructive pulmonary
disease(COPD), diseases of the gut such as
inflammatory bowel syndrome (spastic colon), acute
myeloid leukemia (AML) and immune thrombocytopenic
purpura. [0045] Many of the active
2,4-pyrimidinediamine compounds are also potent
inhibitors of the tyrosine kinase Syk kinase. Examples
of such 2,4-pyrimidinediamine are described, for
example, in U.S. application Serial No. 10/355,543
filed January 31, 2003 



(US2004/0029902A1), international application Serial
No. PCT/US03/03022 filed January 31, 2003 (WO
03/063794), U.S. application Serial No. 10/631,029
filed July 29, 2003 ( ), international application
Serial No. PCT/US03/24087 (WO2004/014382), U.S.
application Serial No. 10/903,263 filed July 30, 2004
(US2005/0234049), and international application Serial
No. PCT/US2004/247 16 ( ), the disclosures of which
are incorporated herein by reference. Thus, in still
another aspect, the present disclosure provides
methods of regulating, and in particular inhibiting,
Syk kinase activity. The method generally involves
contacting a Syk kinase or a cell comprising a Syk
kinase with an amount of a suitable prodrug, or an
acceptable salt, hydrate, solvate, N-oxide and/or
composition thereof, effective to regulate or inhibit
Syk kinase activity. In one embodiment, the Syk kinase
is an isolated or recombinant Syk kinase. In another
embodiment, the Syk kinase is an endogenous or
recombinant Syk kinase expressed by a cell, for
example a mast cell or a basophil cell. The method may
be practiced in in vitro contexts provided that the
contacting is performed under conditions under which
the progroup(s) metabolize to yield the active
2,4-pyrimidinediamine compound, or in in vivo contexts
as a therapeutic approach towards the treatment or
prevention of diseases characterized by, caused by or
associated with Syk kinase activity. [0046] While not
intending to be bound by any particular theory of
operation, it is believed that such active
2,4-pyrimdinediamine compounds inhibit cellular
degranulation and/or the release of other chemical
mediators primarily by inhibiting Syk kinase that gets
activated through the gamma chain homodimer of FceRI.
This gamma chain homodimer is shared by other Fc
receptors, including FcgRI, FcgRIII and FcaRI. For all
of these receptors, intracellular signal transduction
is mediated by the common gamma chain homodimer.
Binding and aggregation of those receptors results in
the recruitment and activation of tyrosine kinases
such as Syk kinase. As a consequence of these common
signaling activities, the prodrugs described herein
that metabolize to such active
2,4-pyrimidinediaminecompounds may be used to
regulate, and in particular inhibit, the signaling
cascades of Fc receptors having this gamma chain
homodimer, such as FceRI, FcgRI, FcgRIII and FcaRI, as
well as the cellular responses elicited through these
receptors. [0047] Syk kinase is known to play a
critical role in other signaling cascades. For
example, Syk kinase is an effector of B-cell receptor
(BCR) signaling (Turner et al, 2000, Immunology Today
21:148-154) and is an essential component of integrin
beta(l), beta(2) and beta(3) signaling in neutrophils
(Mocsai et al, 2002, Immunity 16:547-558). Active 2,4-
pyrimidinediamine compounds that are potent inhibitors
of Syk kinase can be used to regulate, and in
particular inhibit, any signaling cascade where Syk
plays a role, such as, fore example, the Fc receptor,
BCR and integrin signaling cascades, as well as the
cellular responses elicited through these signaling
cascades. Thus, the prodrugs described herein that
metabolize to such active 2,4-pyrimidinediamine
compounds can be used to regulate such activities. The
particular cellular response regulated or inhibited
will depend, in part, on the specific cell type and
receptor signaling cascade, as is well known in the
art. Non-1imiting examples of cellular responses that
may be regulated or inhibited with such prodrugs
include a respiratory burst, cellular adhesion,
cellular degranulation, cell spreading, cell
migration, phagocytosis (e.g., in macrophages),
calcium ion flux (e.g., in mast, basophil, neutrophil,
eosinophil and B-cells), platelet aggregation, and
cell maturation (e.g., in B-cells). [0048] Thus, in
another aspect, the present disclosure provides
methods of regulating, and in particular inhibiting,
signal transduction cascades in which Syk plays a
role. The method generally involves contacting a
Syk-dependent receptor or a cell expressing a
Syk-dependent receptor with an amount of a suitable
prodrug described herein, or an acceptable salt,
hydrate, solvate, N-oxide and/or composition thereof,
effective to regulate or inhibit the signal
transduction cascade. The methods may also be used to
regulate, and in particular inhibit, downstream
processes or cellular responses elicited by activation
of the particular Sykdependent signal transduction
cascade. The methods may be practiced to regulate any
signal transduction cascade where Syk is now known or
later discovered to play a role. The methods may be
practiced in in vitro contexts provided that the
contacting is performed under conditions under which
the progroup(s) metabolize to yield the active
2,4-pyrimidinediamine compound, or in in vivo contexts
as a therapeutic approach towards the treatment or
prevention of diseases characterized by, caused by or
associated with activation of the Sykdependent signal
transduction cascade. Non-1imited examples of such
diseases include those previously discussed. [0049]
Recent studies have shown that activation of platelets
by collagen is mediated through the same pathway used
by immune receptors, with an immunoreceptor tyronsine
kinase motif on the FcRg playing a pivotal role
(Watson & Gibbons, 1998, Immunol. Today 19:260-264),
and also that FcRg plays a pivotal role in the
generation of neointimal hyperplasia following balloon
injury in mice, most likely through collagen-induced
activation of platelets and leukocyte recruitment
(Konishi et al, 2002, Circulation 105:912-916). Thus,
the prodrugs described herein can also be used to
inhibit collagen-induced platelet activation and to
treat or prevent diseases associated with or caused by
such platelet activation, such as, for example,
intimal hyperplasia and restenosis following vascular
injury. [0050] Cellular and animal data also confirm
that many of these active 2,4- pyrimidinediamine
compounds may also be used to treat or prevent
autoimmune diseases and/or symptoms of such diseases
{see, e.g., U.S. application Serial No. 10/631,029
filed July 29, 2003 ( ), international application
Serial No. PCT/US03/24087 (WO2004/014382), U.S.
application Serial No. 10/903,263 filed July 30, 2004
(US2005/0234049), and international application Serial
No. PCT/US2004/24716 ( ), the disclosures of which are
incorporated herein by reference. As a consequence,
prodrugs of such active 2,4-pyrimidinediamine
compounds can likewise be used to treat or prevent
such autoimmune diseases and/or symptoms. The methods
generally involve administering to a subject suffering
from an autoimmune disease or at risk of 



developing an autoimmune disease an amount of a
suitable prodrug described herein, or an acceptable
salt, N-oxide, hydrate, solvate or composition
thereof, effective to treat or prevent the autoimmune
disease and/or its associated symptoms. Autoimmune
diseases that can be treated or prevented with the
prodrugs include those diseases that are commonly
associated with nonanaphylactic hypersensitivity
reactions (Type II, Type III and/or Type IV
hypersensitivity reactions) and/or those diseases that
are mediated, at least in part, by activation of the
FcgR signaling cascade in monocyte cells. Such
autoimmune disease include, but are not limited to,
those autoimmune diseases that are frequently
designated as single organ or single cel1-type
autoimmune disorders and those autoimmune disease that
are frequently designated as involving systemic
autoimmune disorder. Non-1imiting examples ofdiseases
frequently designated as single organ or single
cel1-type autoimmune disorders include: Hashimoto's
thyroiditis, autoimmune hemolytic anemia, autoimmune
atrophic gastritis of pernicious anemia, autoimmune
encephalomyelitis, autoimmune orchitis, Goodpasture's
disease, autoimmune thrombocytopenia, sympathetic
ophthalmia, myasthenia gravis, Graves' disease,
primary biliary cirrhosis, chronic aggressive
hepatitis, ulcerative colitis and membranous
glomerulopathy. Non-1imiting examples of diseases
often designated as involving systemic autoimmune
disorder include: systemic lupus erythematosis,
rheumatoid arthritis, Sjogren's syndrome, Reiter's
syndrome, polymyositis-dermatomyositis, systemic
sclerosis, polyarteritis nodosa, multiple sclerosis
and bullous pemphigoid. Additional autoimmune
diseases, which can be b-cell (humoral) based or
T-cell based, include autoimmune alopecia, Type I or
juvenile onset diabetes, and thyroiditis. 5. BRIEF
DESCRIPTION OF THE FIGURES [0051] FIG. 1provides
schemes illustrating metabolic pathways of exemplary
phosphorouscontaining prodrugs; [0052] FIG. 2 provides
a scheme illustrating a metabolic pathway of an
exemplary cyclic phosphate ester prodrug; [0053] FIG.
3 illustrates an exemplary synthesis of exemplary
cyclic phosphate prodrug; and [0054] FIGS. 4-11
provide graphs illustrating various pharmacokinetic
data for drug Compound 1 and/or prodrug Compound 4. 6.
DETAILED DESCRIPTION 6.1 Definitions [0055] As used
herein, the following terms are intended to have the
following meanings: [0056] "Alkyl" by itself or as
part of another substituent refers to a saturated or
unsaturated branched, straight-chain or cyclic
monovalent hydrocarbon radical having the stated
number of carbon atoms (i.e., C1-C6 means one to six
carbon atoms) that is derived by the removal of one
hydrogen atom from a single carbon atom of a parent
alkane, alkene or alkyne. Typicalalkyl groups include,
but are not limited to, methyl; ethyls such as
ethanyl, ethenyl, ethynyl; propyls such as
propan-1-yl, propan-2-yl, cyclopropan-1-yl,
prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl,
cycloprop-1-en-1-yl; cycloprop-2-en-1-yl,
prop-1-yn-1-yl , prop-2-yn-1-yl, etc.; butyls such as
butan-1-yl, butan-2-yl, 2-methy1-propan-1-yl,
2-methy1-propan-2-yl, cyclobutan-1-yl, but-1-en-1-yl,
but-1-en-2-yl, 2-methy1-prop-1-en-1-yl, but-2-en-1-yl
, but-2-en-2-yl, buta-1,3-dien-1-yl,
buta-1,3-dien-2-yl, cyclobut-1-en-1-yl,
cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl,
but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and
the like. Where specific levels of saturation are
intended, the nomenclature "alkanyl," "alkenyl" and/or
"alkynyl" is used, as defined below. As used herein,
"lower alkyl" means (C1-C8) alkyl. [0057] "Alkanyl" by
itself or as part of another substituent refers to a
saturated branched, straight-chain or cyclic alkyl
derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkane. Typical alkanyl
groups include, but are not limited to, methanyl;
ethanyl; propanyls such as propan-1-yl, propan-2-yl
(isopropyl), cyclopropan-1-yl, etc.; butanyls such as
butan-1-yl, butan-2-yl (sec-butyl),
2-methy1-propan-1-yl (isobutyl), 2-methy1-propan-2-yl
(t-butyl), cyclobutan-1-yl, etc.; and the like. As
used herein, "lower alkanyl" means (C1-C8) alkanyl.
[0058] "Alkenyl" by itself or as part of another
substituent refers to an unsaturated branched,
straight-chain or cyclic alkyl having at least one
carbon-carbon double bond derived by the removal of
one hydrogen atom from a single carbon atom of a
parent alkene. The group may be in either the cis or
trans conformation about the double bond(s). Typical
alkenyl groups include, but are not limited to,
ethenyl; propenyls such as prop-1-en-1-yl ,
prop-1-en-2-yl, prop-2-en-1-yl, prop-2-en-2-yl,
cycloprop-1-en-1-yl; cycloprop-2-en-1-yl ; butenyls
such as but-1-en-1-yl, but-1-en-2-yl,
2-methy1-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-yl,
buta-1,3-dien-1-yl, buta-1,3-dien-2-yl,
cyclobut-1-en-1-yl, cyclobut-1-en-3-yl,
cyclobuta-1,3-dien-1-yl, etc.; and the like. As used
herein, "lower alkenyl" means (C2-C8) alkenyl. [0059]
"Alkynyl" by itself or as part of another substituent
refers to an unsaturated branched, straight-chain or
cyclic alkyl having at least one carbon-carbon triple
bond derived by the removal of one hydrogen atom from
a single carbon atom of a parent alkyne. Typical
alkynylgroups include, but are not limited to,
ethynyl; propynyls such as prop-1-yn-1-yl ,
prop-2-yn-1-yl, etc.; butynyls such as but-1-yn-1-yl,
but-1-yn-3-yl, but-3-yn-1-yl , etc.; and the like. As
used herein, "lower alkynyl" means (C2-C8) alkynyl.
[0060] "Alkyldiyl " by itself or as part of another
substituent refers to a saturated or unsaturated,
branched, straight-chain or cyclic divalent
hydrocarbon group having the stated number of carbon
atoms (i.e., C1-C6 means from one to six carbon atoms)
derived by the removal of one hydrogen atom from each
of two different carbon atoms of a parent alkane,
alkene or alkyne, or by the removal of two hydrogen
atoms from a single carbon atom of a parent alkane,
alkene or alkyne. The two monovalent radical centers
or each valency of the divalent radical center can
form bonds with the same or different atoms. Typical
alkyldiyl groups include, but are not limited to,
methandiyl; ethyldiyls such as ethan-1,1-diyl, ethan-1
,2-diyl, ethen-1,1-diyl, ethen-1,2-diyl; propyldiyls
such as propan-1,1-diyl, propan-1,2-diyl,
propan-2,2-diyl, propan-1,3-diyl,
cyclopropan-1,1-diyl, 



cyclopropan-1,2-diyl, prop-1-en-1,1-diyl,
prop-1-en-1,2-diyl, prop-2-en-1,2-diyl,
prop-1-en-1,3-diyl, cycloprop-1-en-1,2-diyl,
cycloprop-2-en-1,2-diyl, cycloprop-2-en-1,1-diyl,
prop-1-yn-1,3-diyl, etc.; butyldiyls such as,
butan-1,1-diyl, butan-1,2-diyl, butan-1,3-diyl,
butan-1,4-diyl, butan-2,2-diyl,
2-methy1-propan-1,1-diyl, 2-methy1-propan-1,2-diyl,
cyclobutan-1,1-diyl; cyclobutan-1,2-diyl,
cyclobutan-1,3-diyl, but-1-en-1,1-diyl,
but-1-en-1,2-diyl, but- 1-en- 1,3-diyl,
but-1-en-1,4-diyl, 2-methy1-prop-1-en-1,1-diyl,
2-methanylidene-propan-1,1-diyl,
buta-1,3-dien-1,1-diyl, buta-1,3-dien-1,2-diyl,
buta-1,3-dien-1,3-diyl, buta-1,3-dien-1,4-diyl,
cyclobut-1-en-1,2-diyl, cyclobut- 1-en-1,3-diyl,
cyclobut-2-en- 1,2-diyl, cyclobuta- 1,3-dien-1
,2-diyl, cyclobuta-1,3-dien-1,3-diyl, but- 1-yn- 1,3
-diyl, but-1-yn-1,4-diyl, buta-1,3-diyn-1,4-diyl,
etc.; and the like. Where specific levels of
saturation are intended, the nomenclature alkanyldiyl,
alkenyldiyl and/or alkynyldiyl is used. Where it is
specifically intended that the two valencies are on
the same carbon atom, the nomenclature "alkylidene" is
used. In some embodiments, the alkyldiyl group is
(C1-C8) alkyldiyl. Specific embodiments include
saturated acyclic alkanyldiyl groups in which the
radical centers are at the terminal carbons, e.g.,
methandiyl (methano); ethan-1,2-diyl (ethano);
propan-1,3-diyl (propano); butan-1,4-diyl (butano);
and the like (also referred to as alkylenos, defined
infra).[0061] "Alkyleno " by itself or as part of
another substituent refers to a straight-chain
saturated or unsaturated alkyldiyl group having two
terminal monovalent radical centers derived by the
removal of one hydrogen atom from each of the two
terminal carbon atoms of straight-chain parent alkane,
alkene or alkyne. The locant of a double bond or
triple bond, if present, in a particular alkyleno is
indicated in square brackets. Typical alkyleno groups
include, but are not limited to, methano; ethylenos
such as ethano, etheno, ethyno; propylenos such as
propano, prop[l]eno, propa[l,2]dieno, prop[l]yno,
etc.; butylenos such as butano, but[l]eno, but[2]eno,
buta[l,3]dieno, but[l]yno, but[2]yno, buta[l,3]diyno,
etc.; and the like. Where specific levels of
saturation are intended, the nomenclature alkano,
alkeno and/or alkyno is used. In some embodiments, the
alkyleno group is (C1-C8) or (C1-C3) alkyleno.
Specific embodiments include straight-chain saturated
alkano groups, e.g., methano, ethano, propano, butano,
and the like. [0062] "Heteroalkyl," HeteroalkanvL "
Heteroalkenvl." Heteroalkynyl," Heteroalkyldiyl " and
"Heteroalkyleno " by themselves or as part of another
substituent refer to alkyl, alkanyl, alkenyl, alkynyl,
alkyldiyl and alkyleno groups, respectively, in which
one or more of the carbon atoms are each independently
replaced with the same or different heteratoms or
heteroatomic groups. Typical heteroatoms and/or
heteroatomic groups which can replace the carbon atoms
include, but are not limited to, -O, -S-, -S-O-,
-NR'-, -PH-, -S(O)-, -S(O)2-, -S(O) NR'-, -S(O) NR'-,
and the like, including combinations thereof, where
each R' is independently hydrogen or (C1-C8) alkyl.
[0063] "Cycloalkyl " and "Heterocycloalkyl" by
themselves or as part of another substituent refer to
cyclic versions of "alkyl" and "heteroalkyl" groups,
respectively. For heteroalkyl groups, a heteroatom can
occupy the position that is attached to the remainder
of the molecule. Typical cycloalkyl groups include,
but are not limited to, cyclopropyl; cyclobutyls such
as cyclobutanyl and cyclobutenyl; cyclopentyls such as
cyclopentanyl and cyclopentenyl; cyclohexyls such as
cyclohexanyl and cyclohexenyl; and the like. Typical
heterocycloalkyl groups include, but are not limited
to, tetrahydrofuranyl (e.g., tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, etc.), piperidinyl (e.g.,
piperidin-1-yl, piperidin-2- yl, etc.), morpholinyl
(e.g., morpholin-3-yl, morpholin-4-yl, etc.),
piperazinyl (e.g., piperazin- 1-yl, piperazin-2-yl,
etc.), and the like.[0064] "Acyclic Heteroatomic
Bridge" refers to a divalent bridge in which the
backbone atoms are exclusively heteroatoms and/or
heteroatomic groups. Typical acyclic heteroatomic
bridges include, but are not limited to, -O-, -S-,
-S-O-, -NR'-, -PH-, -S(O)-, -S(O)2-, -S(O) NR'-,
-S(O)2NR'-, and the like, including combinations
thereof, where each R' is independently hydrogen or
(C1-C8) alkyl. [0065] "Parent Aromatic Ring System"
refers to an unsaturated cyclic or polycyclic ring
system having a conjugated p electron system.
Specifically included within the definition of "parent
aromatic ring system" are fused ring systems in which
one or more of the rings are aromatic and one or more
of the rings are saturated or unsaturated, such as,
for example, fluorene, indane, indene, phenalene,
tetrahydronaphthalene, etc. Typical parent aromatic
ring systems include, but are not limited to,
aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, coronene,
fluoranthene, fluorene, hexacene, hexaphene, hexalene,
indacene, s-indacene, indane, indene, naphthalene,
octacene, octaphene, octalene, ovalene,
penta-2,4-diene, pentacene, pentalene, pentaphene,
perylene, phenalene, phenanthrene, picene, pleiadene,
pyrene, pyranthrene, rubicene, tetrahydronaphthalene,
triphenylene, trinaphthalene, and the like. [0066]
"Aryl" by itself or as part of another substituent
refers to a monovalent aromatic hydrocarbon group
having the stated number of carbon atoms (i.e., C6-C15
means from 6 to 15 carbon atoms) derived by the
removal of one hydrogen atom from a single carbon atom
of a parent aromatic ring system. Typical aryl groups
include, but are not limited to, groups derived from
aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, coronene,
fluoranthene, fluorene, hexacene, hexaphene, hexalene,
as-indacene, s-indacene, indane, indene, naphthalene,
octacene, octaphene, octalene, ovalene, pentacene,
pentalene, pentaphene, perylene, phenalene,
phenanthrene, picene, pieiadene, pyrene, pyranthrene,
rubicene, triphenylene, trinaphthalene, and the like,
as well as the various hydro isomers thereof. In
preferred embodiments, the aryl group is (C6-C15)
aryl, with (C6-C10) being more typical. Specific
exemplary aryls include phenyl and naphthyl. [0067]
"Arylaryl" by itself or as part of another substituent
refers to a monovalent hydrocarbon group derived by
the removal of one hydrogen atom from a single carbon
atom of a ring system in which two or more identical
or non-identical parent aromatic ring systemsare
joined directly together by a single bond, where the
number of such direct ring junctions is one less than
the number of parent aromatic ring systems involved.
Typical arylaryl groups 



include, but are not limited to, biphenyl, triphenyl,
pheny1-naphthyl, binaphthyl, bipheny1-naphthyl, and
the like. Where the number of carbon atoms in an
arylaryl group are specified, the numbers refer to the
carbon atoms comprising each parent aromatic ring. For
example, (C6-C15) arylaryl is an arylaryl group in
which each aromatic ring comprises from 6 to 15
carbons, e.g., biphenyl, triphenyl, binaphthyl,
phenylnaphthyl, etc. In some embodiments, each parent
aromatic ring system of an arylaryl group is
independently a (C6-C15) aromatic, more preferably a
(C6-C10) aromatic. Specific exemplary arylaryl groups
include those in which all of the parent aromatic ring
systems are identical, e.g., biphenyl, triphenyl,
binaphthyl, trinaphthyl, etc. [0068] "Biaryl" by
itself or as part of another substituent refers to an
arylaryl group having two identical parent aromatic
systems joined directly together by a single bond.
Typical biaryl groups include, but are not limited to,
biphenyl, binaphthyl, bianthracyl, and the like. In
some embodiments, the aromatic ring systems are
(C6-C15) aromatic rings, more typically (C6-C10)
aromatic rings. A particular exemplary biaryl group is
biphenyl. [0069] "Arylalkyl" by itself or as part of
another substituent refers to an acyclic alkyl group
in which one of the hydrogen atoms bonded to a carbon
atom, typically a terminal or sp3 carbon atom, is
replaced with an aryl group. Typical arylalkyl groups
include, but are not limited to, benzyl,
2-phenylethan- 1-yl, 2-phenylethen- 1-yl,
naphthylmethyl, 2-naphthylethan-1-yl,
2-naphthylethen-1-yl, naphthobenzyl,
2-naphthophenylethan-1-yl and the like. Where specific
alkyl moieties are intended, the nomenclature
arylalkanyl, arylakenyl and/or arylalkynyl is used. In
some embodiments, the arylalkyl group is (C7-C21)
arylalkyl, e.g., the alkanyl, alkenyl or alkynyl
moiety of the arylalkyl group is (C1-C6) and the aryl
moiety is (C6-C15). In some specific embodiments the
arylalkyl group is (C7-C13), e.g., the alkanyl,
alkenyl or alkynyl moiety of the arylalkyl group is
(C1-C3) and the aryl moiety is (C6-C 10). [0070]
"Parent Heteroaromatic Ring System" refers to a parent
aromatic ring system in which one or more carbon atoms
are each independently replaced with the same or
different heteroatoms or heteroatomic groups. Typical
heteroatoms or heteroatomic groups to replacethe
carbon atoms include, but are not limited to, N, NH,
P, O, S, S(O), S(O)2, Si, etc. Specifically included
within the definition of "parent heteroaromatic ring
systems" are fused ring systems in which one or more
of the rings are aromatic and one or more of the rings
are saturated or unsaturated, such as, for example,
benzodioxan, benzofuran, chromane, chromene, indole,
indoline, xanthene, etc. Also included in the
definition of "parent heteroaromatic ring system" are
those recognized rings that include common
substituents, such as, for example, benzopyrone and
1-methy1-1,2,3,4-tetrazole. Specifically excluded from
the definition of "parent heteroaromatic ring system"
are benzene rings fused to cyclic polyalkylene glycols
such as cyclic polyethylene glycols. Typical parent
heteroaromatic ring systems include, but are not
limited to, acridine, benzimidazole, benzisoxazole,
benzodioxan, benzodioxole, benzofuran, benzopyrone,
benzothiadiazole, benzothiazole, benzotriazole,
benzoxaxine, benzoxazole, benzoxazoline, carbazole,
b-carboline, chromane, chromene, cinnoline, furan,
imidazole, indazole, indole, indoline, indolizine,
isobenzofuran, isochromene, isoindole, isoindoline,
isoquinoline, isothiazole, isoxazole, naphthyridine,
oxadiazole, oxazole, perimidine, phenanthridine,
phenanthroline, phenazine, phthalazine, pteridine,
purine, pyran, pyrazine, pyrazole, pyridazine,
pyridine, pyrimidine, pyrrole, pyrrolizine,
quinazoline, quinoline, quinolizine, quinoxaline,
tetrazole, thiadiazole, thiazole, thiophene, triazole,
xanthene, and the like. [0071] "Heteroaryl" by itself
or as part of another substituent refers to a
monovalent heteroaromatic group having the stated
number of ring atoms (e.g., "5-14 membered" means from
5 to 14 ring atoms) derived by the removal of one
hydrogen atom from a single atom of a parent
heteroaromatic ring system. Typical heteroaryi groups
include, but are not limited to, groups derived from
acridine, benzimidazole, benzisoxazole, benzodioxan,
benzodiaxole, benzofuran, benzopyrone,
benzothiadiazole, benzothiazole, benzotriazole,
benzoxazine, benzoxazole, benzoxazoline, carbazole,
b-carboline, chromane, chromene, cinnoline, furan,
imidazole, indazole, indole, indoline, indolizine,
isobenzofuran, isochromene, isoindole, isoindoline,
isoquinoline, isothiazole, isoxazole, naphthyridine,
oxadiazole, oxazole, perimidine, phenanthridine,
phenanthroline, phenazine, phthalazine, pteridine,
purine, pyran, pyrazine, pyrazole, pyridazine,
pyridine, pyrimidine, pyrrole, pyrrolizine,
quinazoline, quinoline, quinolizine, quinoxaline,
tetrazole, thiadiazole, thiazole, thiophene, triazole,
xanthene, and the like, as well as the various hydro
isomers thereof. In preferredembodiments, the
heteroaryl group is a 5-14 membered heteroaryl, with
5-10 membered heteroaryl being particularly preferred.
[0072] "Heteroaryl-Heteroaryl " by itself or as part
of another substituent refers to a monovalent
heteroaromatic group derived by the removal of one
hydrogen atom from a single atom of a ring system in
which two or more identical or non-identical parent
heteroaromatic ring systems are joined directly
together by a single bond, where the number of such
direct ring junctions is one less than the number of
parent heteroaromatic ring systems involved. Typical
heteroary1-heteroaryl groups include, but are not
limited to, bipyridyl., tripyridyl, pyridylpurinyl,
bipurinyl, etc. Where the number of atoms are
specified, the numbers refer to the number of atoms
comprising each parent heteroaromatic ring systems.
For example, 5-15 membered heteroary1-heteroaryl is a
heteroary1-heteroaryl group in which each parent
heteroaromatic ring system comprises from 5 to 15
atoms, e.g., bipyridyl, tripuridyl, etc. In some
embodiments, each parent heteroaromatic ring system is
independently a 5-15 membered heteroaromatic, more
typically a 5-10 membered heteroaromatic. Specific
exemplary heteroary1-heteroaryl groups include those
in which all of the parent heteroaromatic ring systems
are identical. [0073] "Biheteroaryl " by itself or as
part of another substituent refers to a
heteroary1-heteroaryl group having two identical
parent heteroaromatic ring systems joined directly
together by a single bond. Typical biheteroaryl groups
include, but are not limited to, 



bipyridyl, bipurinyl, biquinolinyl, and the like. In
some embodiments, the heteroaromatic ring systems are
5-15 membered heteroaromatic rings, more typically
5-10 membered heteroaromatic rings. [0074]
"Heteroarylalkyl " by itself or as part of another
substituent refers to an acyclic alkyl group in which
one of the hydrogen atoms bonded to a carbon atom,
typically a terminal or sp3 carbon atom, is replaced
with a heteroaryl group. Where specific alkyl moieties
are intended, the nomenclature heteroarylalkanyl,
heteroarylakenyl and/or heteroarylalkynyl is used. In
some embodiments, the heteroarylalkyl group is a 6-21
membered heteroarylalkyl, e.g., the alkanyl, alkenyl
or alkynyl moiety of the heteroarylalkyl is (C1-C6)
alkyl and the heteroaryl moiety is a 5-15-membered
heteroaryl. In some specific exemplary embodiments,the
heteroarylalkyl is a 6-13 membered heteroarylalkyl,
e.g., the alkanyl, alkenyl or alkynyl moiety is
(C1-C3) alkyl and the heteroaryl moiety is a 5-10
membered heteroaryl. [0075] "Halogen" or "Halo" by
themselves or as part of another substituent, unless
otherwise stated, refer to fluoro, chloro, bromo and
iodo. [0076] "Haloalkyl" by itself or as part of
another substituent refers to an alkyl group in which
one or more of the hydrogen atoms is replaced with a
halogen. Thus, the term "haloalkyl" is meant to
include monohaloalkyls, dihaloalkyls, trihaloalkyls,
etc. up to perhaloalkyls. For example, the expression
"(C1-C2) haloalkyl" includes fluoromethyl,
difluoromethyl, trifluoromethyl, 1-fluoroethyl,
1,1-difluoroethyl, 1,2-difluoroethyl,
1,1,1-trifluoroethyl, perfluoroethyl, etc. [0077] The
above-defined groups may include prefixes and/or
suffixes that are commonly used in the art to create
additional wel1-recognized substituent groups. As
examples, "alkyloxy" or "alkoxy" refers to a group of
the formula -OR", "alkylamine" refers to a group of
the formula -NHR" and "dialkylamine" refers to a group
of the formula -NR"R", where each R" is independently
an alkyl. As another example, "haloalkoxy" or
"haloalkyloxy" refers to a group of the formula -OR'",
where R'" is a haloalkyl. [0078] "Substituted ," when
used to modify a specified group or radical, means
that one or more hydrogen atoms of the specified group
or radical are each, independently of one another,
replaced with the same or different substituent(s).
Substituent groups useful for substituting for
hydrogens on saturated carbon atoms in the specified
group or radical include, but are not limited to -R60,
halo, -O-M+, =O, -OR70, -SR70, -S-M+, =S, -NR80R80,
-NR 70, =N-OR70, trihalomethyl, -CF3, -CN, -OCN -SCN,
-NO, -NO2, =N2, -N3, -S(O)2R70, -S(O)2O-M+,
-S(O)2OR70, -OS(O)2R70, -OS(O)2O-M+, -OS(O)2OR70,
-P(O)(OO2(M+)2, -P(O)(OR70)O-M+, -P(O)(OR70XOR70),
-C(O)R70, -C(S)R70, -C(NR70)R70, -C(O)O-M+, -C(O)OR70,
-C(S)OR70, -C(O)NR80R80, -C(NR70)NR80R80, -OC(O)R70,
-OC(S)R70, -OC(O)O-M+, -OC(O)OR70, -OC(S)OR70,
-NR70C(O)R70, -NR70C(S)R70, -NR70C(O)O-M+,
-NR70C(O)OR70, -NR70C(S)OR70, -NR70C(O)NR80R80,
-NR70C(NR70)R70 and -NR70C(NR70)NR80R80, where R60 is
selected from the group consisting of alkyl,
cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl,
arylalkyl, heteroaryl and heteroarylalkyl; each R70
isindependently hydrogen or R60; each R80 is
independently R70 or alternatively, the two R8O s,
taken together with the nitrogen atom to which they
are bonded, form a 5-, 6- or 7-membered
cycloheteroalkyl which may optionally include from 1
to 4 of the same or different additional heteroatoms
selected from the group consisting of O, N and S; and
each M is a counter ion with a positive charge, for
example, a positive charge independently selected from
K+, Na+, +N(R 60) 4, and Li+, or two of M+, combine to
form a divalent counterion, for example a divalent
counterion selected from Ca2+,Mg2+, and Ba2+. As
specific examples, -NR80R80 is meant to include -NH2,
-NH-alkyl, N-pyrrolidinyl and N-morpholinyl. [0079]
Similarly, substituent groups useful for substituting
for hydrogens on unsaturated carbon atoms in the
specified group or radical include, but are not
limited to, -R60, halo, -OM+, -OR70, -SR70, -SM +,
-NR80R80, trihalomethyl, -CF3, -CN, -OCN, -SCN, -NO,
-NO2, -N3, -S(O)2R70, -S(O)2O-M+, -S(O)2OR70,
-OS(O)2R70, -OS(O)2OM +, -OS(O)2OR70, -P(O)(O-)2(M+)2,
-P(O)(OR70)O-M+, -P(O)(OR70XOR70), -C(O)R70, -C(S)R70,
-C(NR70)R70, -C(O)O-M+, -C(O)OR70, -C(S)OR70,
-C(O)NR80R80, -C(NR70)NR80R80, -OC(O)R70, -OC(S)R70,
-OC(O)O_M+, -OC(O)OR70, -OC(S)OR70, -NR70C(O)R70,
-NR70C(S)R70, -NR70C(O)O-M+, -NR70C(O)OR70,
-NR70C(S)OR70, -NR70C(O)NR80R80, -NR70C(NR70)R70 and
-NR70C(NR70)NR80R80, where R60, R70, R80 and M+ are as
previously defined. [0080] Substituent groups, other
than Rp, useful for substituting for hydrogens on
nitrogen atoms in heteroalkyl and cycloheteroalkyl
groups include, but are not limited to, -R60, -0 M+,
-OR70, -SR70, -SM+, -NR80R80, trihalomethyl, -CF3,
-CN, -NO, -NO2, -S(O)2R70, -S(O)2O-M+, -S(O)2OR70,
-OS(O)2R70, -OS(O)2OM+, -OS(O)2OR70, -P(O)(O-)2(M+) 2,
-P(O)(OR70)O-M+, -P(O)(OR70XOR70), -C(O)R70, -C(S)R70,
-C(NR70)R70, -C(O)OR70, -C(S)OR70, -C(O)NR80R80,
-C(NR70)NR80R80, -OC(O)R70, -OC(S)R70, -OC(O)OR70,
-OC(S)OR70, -NR70C(O)R70, -NR70C(S)R70, -NR70C(O)OR70,
-NR70C(S)OR70, -NR70C(O)NR80R80, -NR70C(NR70)R70 and
-NR70C(NR70)NR80R80, where R60, R70, R80 and M+ are as
previously defined. [0081] Substituent groups from the
above lists useful for substituting other groups or
atoms specified as "substituted" will be apparent to
those of skill in the art.[0082] "Protecting group"
refers to a group of atoms that, when attached to a
reactive functional group in a molecule, mask, reduce
or prevent the reactivity of the functional group.
Typically, a protecting group may be selectively
removed as desired during the course of a synthesis.
Examples of protecting groups can be found in Greene
and Wuts, Protective Groups in Organic Chemistry, 3rd
Ed., 1999, John Wiley & Sons, NY and Harrison et at,
Compendium of Synthetic Organic Methods, VoIs. 1-8,
1971-1996, John Wiley & Sons, NY. Representative amino
protecting groups include, but are not limited to,
formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl ("CBZ"), tert-butoxycarbonyl
("Boc"), trimethylsilyl ("TMS"),
2-trimethylsily1-ethanesulfonyl ("TES"), trityl and
substituted trityl groups, allyloxycarbonyl,
9-fluorenylmethyloxycarbonyl ("FMOC"),
nitroveratryloxycarbonyl 



("NVOC") and the like. Representative hydroxyl
protecting groups include, but are not limited to,
those where the hydroxyl group is either acylated or
alkylated such as benzyl and trityl ethers, as well as
alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl
ethers (e.g., TMS or TIPPS groups) and allyl ethers.
[0083] "Fc Receptor" refers to a member of the family
of cell surface molecules that binds the Fc portion
(containing the specific constant region) of an
immunoglobulin. Each Fc receptor binds immunoglobulins
of a specific type. For example the Fcareceptor
("FcaR") binds IgA, the FceR binds IgE and the FcgR
binds IgG. [0084] The FcaR family includes the
polymeric Ig receptor involved in epithelial transport
of IgA/IgM, the myeloid specific receptor RcaRI (also
called CD89), the Fca/mR and at least two alternative
IgA receptors (for a recent review see Monteiro &van
de Winkel, 2003, Annu. Rev. Immunol, advanced
e-publication). The FcaRI is expressed on neutrophils,
eosinophils, monocytes/macrophages, dendritic cells
and kupfer cells. The FcaRI includes one alpha chain
and the FcR gamma homodimer that bears an activation
motif (ITAM) in the cytoplasmic domain and
phosphorylates Syk kinase. [0085] The FceR family
includes two types, designated FceRI and FceRII (also
known as CD23). FceRI is a high affinity receptor
(binds IgE with an affinity of about 1010M 1) found on
mast, basophil and eosinophil cells that anchors
monomeric IgE to the cell surface. The FceRI possesses
one alpha chain, one beta chain and the gamma chain
homodimer discussed above. The FceRII is a low
affinity receptor expressed on mononuclear phagocytes,
Blymphocytes, eosinophils and platelets. The FceRII
comprises a single polypeptide chain and does not
include the gamma chain homodimer. [0086] The FcgR
family includes three types, designated FcgRI (also
known as CD64), FcgRII (also known as CD32) and
FcgRIII (also known as CD16). FcgRI is a high affinity
receptor (binds IgGl with an affinity of 108M- 1)
found on mast, basophil, mononuclear, neutrophil,
eosinophil, dendritic and phagocyte cells that anchors
nomomeric IgG to the cell surface. The FcgRI includes
one alpha chain and the gamma chain dimer shared by
FcaRI and FceRI. [0087] The FcgRII is a low affinity
receptor expressed on neutrophils, monocytes,
eosinophils, platelets and B lymphocytes. The FcgRII
includes one alpha chain, and does not include the
gamma chain homodimer discussed above. [0088] The
FcgRIII is a low affinity (binds IgGl with an affinity
Of5x105M 1) expressed on NK, eosinophil, macrophage,
neutrophil and mast cells. It comprises one alpha
chain and the gamma homodimer shared by FcaRI, FceRI
and FcgRI. [0089] Skilled artisans will recognize that
the subunit structure and binding properties of these
various Fc receptors, as well as the cell types
expressing them, are not completely characterized. The
above discussion merely reflects the current
state-of-the-art regarding these receptors (see, e.g.,
Immunobiology: The Immune System in Health & Disease,
5th Edition, Janeway et al, Eds, 2001, ISBN
0-8153-3642-x, Figure 9.30 at pp. 371), and is not
intended to be limiting with respect to the myriad
receptor signaling cascades that can be regulated with
the prodrugs described herein. [0090] "Fc
Receptor-Mediated Degranulation " or "Fc
Receptor-Induced Degranulation " refers to
degranulation that proceeds via an Fc receptor signal
transduction cascade initiated by crosslinking of an
Fc receptor. [0091] "IgE-Induced Degranulation " or
"FceRI-Mediated Degranulation" refers to degranulation
that proceeds via the IgE receptor signal transduction
cascade initiated by crosslinking of FceRI-bound IgE.
The crosslinking may be induced by an IgE-specific
allergen or other multivalent binding agent, such as
an anti-IgE antibody. In mast and/orbasophil cells,
the FceRI signaling cascade leading to degranulation
may be broken into two stages: upstream and
downstream. The upstream stage includes all of the
processes that occur prior to calcium ion
mobilization. The downstream stage includes calcium
ion mobilization and all processes downstream thereof.
Compounds that inhibit FceRI-mediated degranulation
may act at any point along the FceRI-mediated signal
transduction cascade. Compounds that selectively
inhibit upstream FceRI-mediated degranulation act to
inhibit that portion of the FceRI signaling cascade
upstream of the point at which calcium ion
mobilization is induced. In cel1-based assays,
compounds that selectively inhibit upstream
FceRI-mediated degranulation inhibit degranulation of
cells such as mast or basophil cells that are
activated or stimulated with an IgE-specif c allergen
or binding agent (such as an anti-IgE antibody) but do
not appreciably inhibit degranulation of cells that
are activated or stimulated with degranulating agents
that bypass the FceRI signaling pathway, such as, for
example the calcium ionophores ionomycin and A23187.
[0092] "IgG-Induced Degranulation " or "FcgRI-Mediated
Degranulation " refers to degranulation that proceeds
via the FcgRI signal transduction cascade initiated by
crosslinking of FcgRI-bound IgG. The crosslinking may
be induced by an IgG-specific allergen or another
multivalent binding agent, such as an anti-IgG or
fragment antibody. Like the FceRI signaling cascade,
in mast and basophil cells the FcgRI signaling cascade
also leads to degranulation which may be broken into
the same two stages: upstream and downstream. Similar
to FceRI-mediated degranulation, compounds that
selectively inhibit upstream FcgRImediated
degranulation act upstream of the point at which
calcium ion mobilization is induced. In cel1-based
assays, compounds that selectively inhibit upstream
FcgRI-mediated degranulation inhibit degranulation of
cells such as mast or basophil cells that are
activated or stimulated with an IgG-specific allergen
or binding agent (such as an anti-IgG antibody or
fragment) but do not appreciably inhibit degranulation
of cells that are activated or stimulated with
degranulating agents that bypass the FcgRI signaling
pathway, such as, for example the calcium ionophores
ionomycin and A23187. [0093] "Ionophore-Induced
Degranulation " or "Ionophore-Mediated Degranulation "
refers to degranulation of a cell, such as a mast or
basophil cell, that occurs upon exposure to a calcium
ionophore such as, for example, ionomycin or A23
187.[0094] "Syk Kinase" refers to the wel1-known 72kDa
non-receptor (cytoplasmic) spleen 



protein tyrosine kinase expressed in B-cells and other
hematopoetic cells. Syk kinase includes two consensus
Src-homology 2 (SH2) domains in tandem that bind to
phosphorylated immunoreceptor tyrosine-based
activation motifs ("ITAMs"), a "linker" domain and a
catalytic domain (for a review of the structure and
function of Syk kinase see Sada et al, 2001, J.
Biochem. (Tokyo) 130:177-186); see also Turner et al,
2000, Immunology Today 21:148-154). Syk kinase has
been extensively studied as an effector of B-cell
receptor (BCR) signaling (Turner et al, 2000, supra).
Syk kinase is also critical for tyrosine
phosphorylation of multiple proteins which regulate
important pathways leading from immunoreceptors, such
as Ca2+ mobilization and mitogen-activated protein
kinase (MAPK) cascades and degranulation. Syk kinase
also plays a critical role in integrin signaling in
neutrophils (see, e.g., Mocsai et al. 2002, Immunity
16:547-558). [0095] As used herein, Syk kinase
includes kinases from any species of animal, including
but not limited to, homosapiens, simian, bovine,
porcine, rodent, etc., recognized as belonging to the
Syk family. Specifically included are isoforms, splice
variants, allelic variants, mutants, both naturally
occurring and man-made. The amino acid sequences of
such Syk kinases are well known and available from
GENBANK. Specific examples of mRNAs encoding different
isoforms of human Syk kinase can be found at GENBANK
accession no. gi|21361552|ref|NM_003177.2|,
gi|496899|emb|Z29630.1|HSSYKPTK[496899] and gi|
15030258|gb]BC0 11399. 1|BC01 1399[1 5030258], which
are incorporated herein by reference. [0096] Skilled
artisans will appreciate that tyrosine kinases
belonging to other families may have active sites or
binding pockets that are similar in three-dimensional
structure to that of Syk. As a consequence of this
structural similarity, such kinases, referred to
herein as "Syk mimics," are expected to catalyze
phosphorylation of substrates phosphorylated by Syk.
Thus, it will be appreciated that such Syk mimics,
signal transduction cascades in which such Syk mimics
play a role, and biological responses effected by such
Syk mimics and Syk mimic-dependent signaling cascades
may be regulated, and in particular inhibited, with
many of the prodrugs described herein.[0097]
"Syk-Dependent Signaling Cascade" refers to a signal
transduction cascade in which Syk kinase plays a role.
Non-1imiting examples of such Syk-dependent signaling
cascades include the FcaRI, FceRI, FcgRI, FcgRIII, BCR
and integral signaling cascades. [0098] "Autoimmune
Disease" refers to those diseases which are commonly
associated with the nonanaphylactic hypersensitivity
reactions (Type II, Type III and/or Type IV
hypersensitivity reactions) that generally result as a
consequence of the subject's own humoral and/or
cell-mediated immune response to one or more
immunogenic substances of endogenous and/or exogenous
origin. Such autoimmune diseases are distinguished
from diseases associated with the anaphylactic (Type I
or IgE-mediated ) hypersensitivity reactions. 6.2 The
Prodrug Compounds [0099] As described in the Summary,
the instant disclosure provides prodrugs of
biologically active 2,4-pyrimidinediamine compounds,
such as the various 2,4-pyrimidinediamine compounds
described in U.S. application Serial No. 10/355,543
filed January 31, 2003 (US2004/0029902A1),
international application Serial No. PCT/US03/03022
filed January 31, 2003 (WO 03/063794), U.S.
application Serial No. 10/631,029 filed July 29, 2003
( ), international application Serial No.
PCT/US03/24087 (WO2004/014382), U.S. application
Serial No. 10/903,263 filed July 30, 2004
(US2005/0234049), and international application Serial
No. PCT/US2004/24716 ( ), the disclosures of which are
incorporated herein by reference. Prodrugs of these
2,4-pyrimidinediamine compounds are of particular
interest, as these compounds inhibit upstream Fc
receptor signaling cascades as well as Syk kinase and
Syk kinase-dependent signaling cascades. The prodrugs
generally include such active 2,4-pyrimidinediamine
compounds in which one or more of the available
primary or secondary amine groups is masked with a
progroup Rp that metabolizes in vivo by to yield the
active 2,4 pyrimidinediamine drug. As also discussed
in the Summary section, and as will be discussed in
more detail, below, the nature of the progroup can
vary, and will depend upon, among other factors, the
desired water solubility of the prodrug, its intended
mode of administration and/or its intended mechanism
or site of metabolism to the active
2,4-pyrimidinediamine compound.[0100] For example, it
has been discovered that a specific active
2,4-pyrimidinediamine drug (Compound 1, below),
exhibits vastly superior water solubility when
formulated as a phosphate prodrug (Compound 4, below):
[0101] This prodrug Compound 4 also exhibits superior
bioavailability compared to the corresponding active
drug Compound 1 when administered orally to test
animals. L fact, unlike the drug Compound 1,
absorption of the prodrug Compound 4 is not dependent
upon formulation. In pharmacokinetics studies carried
out in rats, the prodrug Compound 4 was absorbed
equally well from solutions (e.g., PEG-400 solutions
and carboxymethylcellulose solutions) and powders
(packed in hard gelatin capsules). While not intending
to be bound by any particular theory of operation, it
is believed that the improved oral bioavailability of
the prodrug Compound 4, as well as its
formulation-independent absorption, is due, at least
in part, to its higher water-solubility. It is
expected that other active 2,4-pyrimidinediamine
compounds that have similarly low water solubilities,
and hence oral bioavailabilities, will exhibit similar
increases in water solubility and oral bioavailability
when formulated as phosphate prodrugs. [0102]
Conversely, the corresponding phosphate ester prodrug
of active drug Compound 1 would be expected to have
lower water-solubility than the active Compound 1
compound. Thus, it is expected that phosphate ester
prodrugs of active 2,4-pyrimidinediamine compounds
that have lower water-solubility than the
corresponding active 2,4- pyrimidinediamine compounds
will be especially useful in applications and
formulations where low water-solubility is desirable,
such as formulations adapted for delivery via 



inhalation.[0103] One class of active
2,4-pyrimidinediamine compounds that is expected to
benefit from formulation as prodrugs, and in
particular as phosphate prodrugs, includes 2,4-
pyrimidinediamines in which the N4-substituent of the
2,4-pyrimidinediamine moiety is a substituted or
unsubstiruted nitrogen-containing heteroaryl ring of
the formula where Z1 and Z2 are each, independently of
one another, selected from CH and N and Y is selected
from CH2, NH, O, S, S(O) and S(O)2. Such prodrugs can
include progroups Rp at: one or both of the
non-aromatic ring nitrogens of the heteroaryl ring,
the N2-nitrogen of the 2,4-pyrimidinedimaine moiety,
the N4-nitrogen atom of the 2,4-pyrimidinediamine
moiety and/or any available nitrogen atoms in the
substituent attached to the N2 nitrogen atom of the
2,4-pyrimidinediamine moiety. [0104] In one
illustrative embodiment, the prodrugs are compounds
according to structural formula (I): including salts,
solvates, hydrates and N-oxides thereof, wherein: Y is
selected from CH2,NR24, O, S, S(O) and S(O)2; Z1 and
Z2 are each, independently of one another, selected
from CH and N; R2 is selected from lower alkyl
optionally substituted with one or more of the same or
different R groups, lower cycloalkyl optionally
substituted with one or more of the same or different
R8 groups, cyclohexyl optionally substituted with one
or more of the same or different R groups, 3-8
membered cycloheteroalkyl optionally substituted with
one or more of the same or different R8 groups,
(C6-C14) aryl optionally substituted with one or more
of the same or different R8 groups, phenyl optionally
substituted with one or more of the same or different
R8 groups and 5-15 membered heteroaryl optionally
substituted with one or more of the same or different
R8 groups; R is selected from halo, fluoro, cyano,
nitro, trihalomethyl and trifluoromethyl; R is
selected from Ra, R , Ra substituted with one or more,
for example, from one to four, of the same or
different Ra or Rb, -ORa substituted with one or more
of the sameor different Ra or Rb, -B(OR a)2, -B(NR
cRc)2, -(CH2)m-Rb, -(CHR a)m-Rb, -O-(CH2)m-Rb, -S-(CH
2)m-Rb, -O- CHR aRb, -O- CRa(Rb)2, -0-(CHR a)m-Rb, -O-
(CH 2)m-CH[(CH 2)mRb]Rb, -S-(CHR a)m-Rb, -C(0)NH-(CH
2)m-Rb, -C(O)NH-(CHR a)m-Rb 3 -O-(CH2)m-C(O)NH-(CH
2)m-Rb, -S-(CH 2)m-C(O)NH-(CH 2)m-Rb,
-O-(CHRa)m-C(O)NH-(CHR a)m-Rb, -S-(CHR a)m-C(O)NH-(CHR
a)m-Rb, -NH-(CH 2)m-Rb, -NH-(CHR a)m-Rb, -NH[(CH
2)mRb], -N[(CH 2)mRb]2, -NH-C(O)-NH-(CH 2)m-Rb,
-NH-C(O)-(CH 2)m-CHR bRb and -NH-(CH 2)m-C(0)-NH-(CH
2)m-Rb; R17 is selected from hydrogen, halogen,
fluoro, lower alkyl and methyl or, alternatively, R
may be taken together with R to form an oxo (=0) group
or, together with the carbon atom to which they are
attached, a spirocycle containing from 3 to 7 carbon
atoms; R is selected from hydrogen, halogen, fluoro,
lower alkyl and methyl or, alternatively, R18 may be
taken together with R17 to form an oxo (=0) group or,
together with the carbon atom to which they are
attached, a spirocycle containing from 3 to 7 carbon
atoms; R19 is selected from hydrogen, lower alkyl, and
methyl or, alternatively, R19 may be taken together
with R20 to form an oxo (=0) group or, together with
the carbon atom to which they are attached, a
spirocycle containing from 3 to 7 carbon atoms; R20 is
selected from hydrogen, lower alkyl and methyl or,
alternatively, R20 may be taken together with R19 to
form an oxo (=0) group or, together with the carbon
atom to which they are attached, a spirocycle
containing from 3 to 7 carbon atoms; each Ra is,
independently of the others, selected from hydrogen,
lower alkyl, lower cycloalkyl, cyclohexyl, (C4-C11)
cycloalkylalkyl, (C6-C10) aryl, phenyl, (C7-C16)
arylalkyl, benzyl, 2-6 membered heteroalkyl, 3-8
membered cycloheteroalkyl, morpholinyl, piperazinyl,
homopiperazinyl, piperidinyl, 4-11 membered
cycloheteroalkylalkyl, 5-10 membered heteroaryl and
6-16 membered heteroarylalkyl; each Rb is a suitable
group independently selected from =0, -0R a, (C1-C3)
haloalkylxy, =S, -SRa, =NRa, =N0R a, -NRcRc, halogen,
-CF3, -CN, -NC, -OCN, -SCN, -NO, -NO2, =N2, -N3,
-S(O)Ra, -S(O)2Ra, -S(O)2ORa, -S(O)NRcRc, -S(O)2NRcRc,
-OS(O)Ra, -OS(O)2Ra, -OS(O)2ORa, -OS(O)2NRcRc,
-C(O)Ra, -C(O)ORa, -C(O)NRcRc, -C(NH)NRcRc,
-C(NRa)NRR, -C(NOH)Ra, -C(NOH)NRcRc, -0C(0)R a,
-OC(O)ORa, -OC(O)NRcRc, -OC(NH)NRcRc, -0C(NR a)NRRc,
-[NHC(O)]nRa, -[NRaC(0)] nRa, -[NHC(O)]nORa,
-[NRaC(0)] n0 Ra, -[NHC(O)]nNRcRc, -[NRaC(0)] nNRcRc,
-[NHC(NH)]nNRcRc and -[NRaC(NRa)]nNRcRc;each Rc is,
independently of the others, selected from a
protecting group and Ra, or, alternatively, the two Rc
bonded to the same nitrogen atom are taken together
with that nitrogen atom to form a 5 to 8-menibered
cycloheteroalkyl or heteroaryl which may optionally
include one or more of the same or different
additional heteroatoms and which may optionally be
substituted with one or more, for example, from one to
four, of the same or different Ra groups; R2 1, R22
and R23 are each, independently of one another,
selected from hydrogen and a progroup Rp; R24 is
selected from hydrogen, lower alkyl and progroup Rp;
each m is, independently of the others, an integer
from 1 to 3; and each n is, independently of the
others, an integer from 0 to 3, with the proviso that
at least one of R2 1, R22, R23 and R24 is a progroup.
[0105] In the prodrugs described herein, and in
particular in the prodrugs of structural formula (I),
R2 1, R22 and R23 each represent either hydrogen or a
progroup Rp. Also, R24 represents hydrogen, a lower
alkyl or a progroup Rp. Thus, the prodrugs can include
a single Rp progroup, two Rp progroups, three Rp
progroups, or even more Rp progroups, depending, in
part, on the identity of Y and whether the R2
substituent includes any R progroups. In some
embodiments, it is preferred that the prodrugs
described herein, and in particular the 



prodrugs of structural formula (I), include only one
Rp group. Without intending to be bound by any theory
of operation, it is possible that the different Rp
groups in prodrugs including more than one Rp progroup
may metabolize at different rates. Prodrugs including
a single Rp progroup would avoid such differential
metabolic kinetics. A specific embodiment of prodrugs
according to structural formula (I) that include a
single progroup Rp are compounds according to
structural formula (Ia): wherein Y1 is selected from
CH2, NR24, O, S, S(O) and S(O)2; and Z2, R2, R5, R17,
R18, R19, R20,R24 and Rp are as previously defined,
with the proviso that R2 does not include any Rp
groups.[0106] The identity of any Rp progroups present
in the prodrugs described herein is not critical for
success, provided that it hydrolyzes under the
conditions of use to yield the active
2,4-pyrimidinediamine compound. It has recently been
discovered that a phosphatecontaining prodrug
according to the structure illustrated below:
metabolizes in vivo to the corresponding active
2,4-pyrimidinediamine compound (Compound 1),
illustrated below: [0107] While not intending to be
bound by any particular theory operation, it is
believed that this prodrug metabolizes to active
Compound 1 via the corresponding hydroxymethylamine
intermediate illustrated below: [0108] Such
hydroxymethylamine compound are known to be unstable
under physiological conditions and various pH ranges
where they hydrolyze in vivo to yield formaldehyde and
the active drug substance. Based on this observation,
it is believed that prodrugs that include hydroxyl
"protecting" groups that can be metabolized in vivo,
for example by the acidic conditions of the stomach
and/or by enzymes present in the digestive tract or
other organs and/or tissues or fluids with the body,
to yield the hydroxymethylamine intermediate
illustrated above will likewise metabolize to the
active 2,4 pyrimidinediamine drug.[0109] Moreover, it
is expected that the amino and thio analogs of this
hydroxymethylamine intermediate, will be similarly
unstable at physiological conditions and also
hydrolyze in vivo to the active 2,4-pyrimdiendiamine
drag. Accordingly, it is also expected that the
corresponding amino and thio compounds, as well as
compounds in which the a-amino and a-thio groups are
masked with "protecting" groups that are removed under
physiological conditions of use to yield the a-amino
and a-thio groups, will likewise make suitable
prodrugs. [0110] Thus, in some embodiments, the
progroup(s) Rp in the prodrugs of structural formulae
(I) and (Ia) are of the formula -CR dRd-A-R3, where
each Rd is, independently of the other, selected from
hydrogen, cyano, -C(O)Re, -C(O)ORe, -C(O)NReRe,
-C(ORe)(ORe), optionally substituted (C1-C20) alkyl,
(C1-C20) perfluoroalkyl, optionally substituted
(C7-C30) arylalkyl and optionally substituted 6-30
membered heteroarylalkyl, where each Re is,
independently of the others, selected from hydrogen,
alkyl (for example lower alkyl), aryl (for example
phenyl or naphthyl, arylalkyl (for example benzyl),
heteroaryl and heteroarylalkyl; A is selected from O,
S and NR50, where R50 is selected from Rd and
cycloalkyl, or, alternatively, is taken together with
R3 such that R50 and R3, together with nitrogen atom
to which they are attached, form a three-to
seven-membered ring; and R3 is a group that, together
with A, metabolizes under the conditions of use to
yield an intermediate group of the formula -CR R AH,
where R and A are as previously defined. As mentioned
above, compounds of structural formula (I) and (Ia) in
which the Rp groups are of the formula -CRdRd-AH
spontaneously hydrolyze in vivo to yield the active
2,4-pyrimidinediamine drug. [0111] The mechanism by
which the R group metabolizes to yield intermediate
group -CRdRd-A-H is not critical, and can be caused
by, for example, hydrolysis under the acidic
conditions of the stomach, and/or by enzymes present
in the digestive tract and/or tissues or organs of the
body. Indeed, the R group(s) can be selected to
metabolize at a particular site within the body. For
example, many esters are cleaved under the acidic
conditions found in the stomach. Prodrugs designed to
cleave chemically in the stomach to the active 2,4-
pyrimidinediamine can employ progroups including such
esters. Alternatively, the progroups may be designed
to metabolize in the presence of enzymes such as
esterases, amidases, lipolases, phosphatases including
ATPases and kinase etc., to yield the intermediate
group of formula -CR dRd-A-H. Progroups including
linkages capable of metabolizing in vivo to yieldsuch
an intermediate group are wel1-known, and include, by
way of example and not limitation, ethers, thioethers,
silylethers, silylthioethers, esters, thioesters,
carbonates, thiocarbonates, carbamates,
thiocarbamates, ureas, thioureas, carboxamides, etc.
In some instances, a "precursor" group that is
oxidized by oxidative enzymes such as, for example,
cytochrome P450 of the liver, to a metabolizable
group, can be selected. [0112] The identity of the R3
group can also be selected so as to impart the prodrug
with desirable characteristics. For example,
lipophilic groups can be used to decrease water
solubility and hydrophilic groups can be used to
increase water solubility. In this way, prodrugs
specifically tailored for selected modes of
administration can be obtained. The R3 group can also
be designed to impart the prodrug with other
properties, such as, for example, improved passive
intestinal absorption, improved transport-mediated
intestinal absorption, protection against fast
metabolism (slow-release prodrugs), tissue-selective
delivery, passive enrichment in target tissues,
targeting-specific transporters, etc. Groups capable
of imparting prodrugs with these characteristics are
wel1-known, and are described, for example, in
Ettmayer et al., 2004, J. Med. Chem. 47(10:2393-2404),
the disclosure of which is incorporated by reference.
AUof the various groups described in these references
can be utilized in the prodrugs described herein.
[0113] In some embodiments, R3 is selected from - Rf,
-C(O)Rf, -C(O)NRfRf and -SiRfRfRf, where the R groups
are selected so as to impart the prodrugs with desired
bioavailability, cleavage and/or targeting properties.
In a specific embodiment, the R groups are selected to
impart the prodrug with higher water-solubility than
the underlying active 2,4- pyrimidinediamine drug.
Thus, in some embodiments, the R groups are selected
such that they, taken together with the heteroatom or
group to which they are bonded, are hydrophilic 



in character. Such hydrophilic groups can be charged
or uncharged, as is wel1-known in the art. As specific
examples, the R groups may be selected from hydrogen,
optionally substituted lower alkyl, optionally
substituted lower heteroalkyl, optionally substituted
lower cycloalkyl, optionally substituted lower
heterocycloalkyl, optionally substituted (C6-C10)
aryl, optionally substituted 5-10 membered heteroaryl,
optionally substituted (C7-C18) arylalkyl and
optionally substituted 6-18 membered heteroarylalkyl.
The nature of any present substituents can vary
widely, as is known in the art. In some embodiments
any present substituents are, independently of one
another, selected from Rb, defined above.[0114] In a
specific embodiment, the progroups on the prodrugs of
formula (I) and/or (Ia) are of the formula
-CRdRd-A-R3, where R3 is selected from -(CH2)i-Rb,
-C(O)Ra, -C(O)-(CH2)i-Rb, -C(O)O-Ra and
-C(O)O-(CH2)i-Rb, where X, Ra, Rb and Rd are as
previously defined, and i is an integer ranging from 0
to 6. Specific, non-1imiting, examples of exemplary
water-solubility increasing progroups include by the
way of example and not limitation, hydrophilic groups
such as alkyl, arylk, arylalkyl, or cycloheteroalkyl
groups substituted with one or more of an amine,
alcohol, a carboxylic acid, a phosphorous acid, a
sulfoxide, a sugar, an amino acid, a thiol, a polyol,
a ether, a thioether and a quaternary amine salt.
[0115] One important class of progroups includes
progroups that contain a phosphate group, for example,
phosphate-containing progroups of the formula
-(RdRd)y-O-P(O)(OH)2, where Rd is as defined above and
y is an integer ranging from 1 to 3, typically 1 or 2.
In a specific embodiment, each Rd is, independently of
the others, selected from hydrogen, substituted or
unsubstituted lower alkyl, substituted or
unsubstituted (C6-C14) aryl and substituted or
unsubstituted (C7-C20) arylalkyl. [0116] While not
intending to be bound by any theory of operation, it
is believed that such phosphate-containing progroups
Rp act as substrates for both alkaline and acid
phosphatase enzymes, leading to their removal from the
prodrugs under physiological conditions of use. As
alkaline phosphatases are abundant in the digestive
tract of humans, phosphate-containing progroups Rp
that can be cleaved in the presence of alkaline
phosphatases are particularly suitable for formulating
phosphate-containing prodrugs intended for oral
administration. Specific examples of
phosphate-containing progroups Rp suitable for use in
prodrugs intended for oral administration include, but
are not limited to, groups of the formula
-(RdRd)j,-O-P(O)(OH)2 in which each Rd is,
independently of the others, selected from hydrogen
and unsubstituted lower alkanyl. Exemplary embodiments
of such phosphatecontaining progroups include, but are
not limited to, -CH2-O-P(O)(OH)2 and
-CH2CH2-O-P(O)(OH)2. [0117] Although
phosphate-containing prodrugs suitable for oral
administration are of interest, skilled artisans will
appreciate that prodrugs including
phosphate-containing progroups Rp can be administered
via other routes of administration, as phosphatases
are distributed throughout the body. For example,
exemplary prodrug Compound 4 has beenfound to
metabolize to the active drug Compound 1 in in vitro
experiments carried out with rat plasma, as well as
with rat hepatic and intestinal microsomal
preparations, indicating that phosphatases are also
present in plasma. Thus, the only requirement is that
the particular phosphate-containing progroup Rp
selected should be removable under the conditions of
intended use. [0118] While not intending to be bound
by any theory of operation, it is believed that whenj/
is 1, phosphate-containing prodrugs, such as those
according to structural formula (Ia), are metabolized
to the active 2,4-pyrimidinediamine compound via the
corresponding hydroxymethylamine. This metabolism is
illustrated in FIG. IA. Referring to FIG. IA, removal
of phosphoric acid from phosphate prodrug 16 via
enzymatic hydrolysis yields the corresponding
hydroxymethylamine 18, which undergoes hydrolysis in
vivo to yield formaldehyde and active
2,4-pyrimidinediamine compound 10. [0119] Referring to
FIG. IB, when y is 2, it is believed that in vivo
hydrolysis of phosphate prodrug 26 yields active
2,4-pyrimidinediamine 10 and enol phosphate, which
then hydrolyses in vivo to acetaldehyde and phosphoric
acid. [0120] Referring again to FIG. IA, skilled
artisan will appreciate that while hydroxymethylamine
18 metabolizes under physiological conditions to yield
active 2,4- pyrimidinediamine compound 10, it is
stable at pH 7 and can therefore be prepared and
administered as a hydroxyalky1-containing prodrug of
active compound 10. Thus, in some embodiments of the
prodrugs of structural formula (I), Rp is a
hydroxyalky1-containing progroup of the formula
-CRdRd-OH, where R is as previously defined. In a
specific exemplary embodiment, Rp is -CH 2OH. [0121]
Still referring again to FIG. IA, skilled artisans
will also appreciate that phosphate prodrugs can be
generated by in vivo hydrolysis of phosphate ester
prodrugs, such as phosphate ester prodrugs 20 and/or
by in vivo oxidation of phosphite prodrugs, such as
phosphite prodrugs 24. Such phosphate ester and
phosphite prodrugs can in turn be generated by either
in vivo oxidation or hydrolysis of phosphite ester
prodrugs such as phosphite ester prodrugs 22. The
corresponding phosphate ester, phosphite and phosphite
ester prodrugs of phosphate prodrug 26 are illustrated
in FIG. IB as compounds 30, 34 and 32, respectively.
Thus, as will be appreciated by skilled artisans,
prodrugs that includeprecursors of phosphates that can
metabolize into phosphate groups in vivo axe also
included in the present invention. [0122] In some
embodiments of such prodrugs, the
phosphorous-containing progroup Rp comprises a
phosphite group. A specific exemplary embodiment of
such phosphitecontaining prodrugs includes prodrug
compounds in which the progroup Rp is of the formula
-(CR d R d )y-O-P(OH)(OH), where Rd and y are as
previously defined. 



[0123] In other embodiments of such prodrugs, the
phosphorous-containing progroup Rp comprises an
acyclic phosphate ester or phosphite ester group.
Specific exemplary embodiments of such acyclic
phosphate ester and phosphite ester prodrugs include
progroups Rp of the formula -(CRdRd)y 0-P(0)(0H)(0R
e), -(CRdRd)y O-P(O)(ORe)2, -(CRdRd)y O-P(OH)(ORe) and
-(CRdRd)y-O-P(ORe)2, where Re is selected from
substituted or unsubstituted lower alkyl, substituted
or unsubstituted (C6-C14) aryl (e.g., phenyl,
naphthyl, 4-1ower alkoxyphenyl, 4-methoxyphenyl),
substituted or unsubstituted (C7-C20) arylalkyl (e.g.,
benzyl, 1-phenylethan-1-yl, 2-phenylethan-1-yl),
-(CRdRd)y ORf, -(CRdRd)y O- C(O)Rf, -(CRdRd)y O-
C(O)ORf, -(CRdRd)y S-C(O)Rf, -(CRdRd)y S-C(O)ORf,
-(CRdRd)y NH-C(0)R f, -(CRdRd)y -NH-C(O)ORf and -Si(R
d)3, wherein each Rf is, independently of the others,
selected from hydrogen, unsubstituted or substituted
lower alkyl, substituted or unsubstituted (C6-C14)
aryl, and substituted or unsubstituted (C7-C20)
arylalkyl, and Rd and y are as previously defined.
[0124] In still other embodiments,
phosphorous-containing prodrugs that include phosphate
precursors are prodrugs in which the
phosphorous-containing progroup Rp comprises a cyclic
phosphate ester of the formula where each Rg is,
independently of the others, selected from hydrogen
and lower alkyl; each Rh is, independently of the
others, selected from hydrogen, substituted or
unsubstituted lower alkyl, substituted or
unsubstituted lower cycloheteroalkyl, substituted or
unsubstituted (C6-C14) aryl, substituted or
unsubstituted (C7-C20) arylalkyl and substituted or
unsubstituted 5-14 membered heteroaryl; z is an
integer ranging from 0 to 2; and Rd and y are as
previously defined.[0125] In still other embodiments,
phosphorous-containing prodrugs that include phosphate
precursors are prodrugs in which the
phosphorous-containing progroup R comprises a cyclic
phosphite ester of the formul where Rg, Rh, Rd, y and
z are as previously defined. [0126] In some
embodiments, the substituents Rh on such cyclic
phosphate ester and phosphite ester prodrugs are
selected such that the progroup is metabolized in
vitro by esterase enzymes. Specific examples of such
phosphate ester and phosphite ester progroups include
those in which each Rh is, independently of the
others, selected from hydrogen, lower alkyl, methyl,
ethyl and propyl. In some embodiments, such progroups
are selected from[0127] Many of these phosphate esters
and phosphite esters are acid label and, when
administered orally, metabolize to the corresponding
phosphates and phosphites under the acidic conditions
of the stomach and/or gut. [0128] Thus, in the
phosphorous-containing prodrugs described herein, the
identity of the particular phosphorous-containing
progroups Rp employed can be selected to tailor the
prodrugs for particular modes of delivery, etc. [0129]
The suitability of any particular progroup Rp for a
desired mode of administration can be confirmed in
biochemical assays. For example, if a prodrug is to be
administered by injection into a particular tissue or
organ, and the identities of the various phosphatases
expressed in the tissue or organ are known, the
particular prodrug can be tested for metabolism in
biochemical assays with the isolated phosphatase(s).
Alternatively, the particular prodrug can be tested
for metabolism to the active 2,4-pyrimidinediamine
compound with tissue and/or organ extracts. Using
tissue and/or organ extracts can be of particular
convenience when the identity(ies) of the phosphatases
expressed in the target tissues or organs are unknown,
or in instances when the isolated phosphatases are not
conveniently available. Skilled artisans will be able
to readily select progroups Rp having metabolic
properties (such as kinetics) suitable for particular
applications using such in vitro tests. Of course,
specific prodrugs could also be tested for suitable
metabolism in in vitro animal models. [0130] In some
embodiments, the prodrugs are prodrugs according to
structural formula (I) or (Ia) that have one or more
features selected from: (i) R5 is fluoro; (ii) R2 is a
phenyl optionally substituted with one or more of the
same or different R8 groups; (iii) R2 is
3,4,5-tri(loweralkoxy)phenyl; (iv) R2 is
3,4,5-trimethoxyphenyl; (v) Y or Y1 is O; Z1 is CH, Z2
is N; R17 and R18 are each methyl; and R19 and R20 are
taken together to form an oxogroup; and (vi) Rp is a
hydroxyalky1-containing progroup of the formula -CH
2OH, or a phosphate-containing progroup of the formula
-(CRdRd)y-O-P(O)(OH)2, or a phosphate ester,phosphite
or phosphite ester analog thereof, wherein y is 1 or 2
and each Rd is, independently of the others, selected
from hydrogen and unsubstituted lower alkyl, or (vii)
Rp is selected from -CH2OH, CH2-SH, -CH2-NH2,
-CH2-NHR50, -CH2-N(R50)2,-CH2-A-Rf, -CH2-A-C(0)R f,
-CH2-A-C(O)ORf and -CH2-A-C(0)NR fRf, where A, R50 and
Rf are as previously defined. [0131] In some
embodiments, the prodrugs of structural formulae (I)
and (Ia) have two or three of the above-delineated
features. In one specific embodiment, the prodrugs
have features (i), (iii) and (v). In another specific
embodiment, the prodrugs have features (i), (iv) and
(v). In still another specific embodiment, the
prodrugs have features (i), (iii), (v) and (vi) or
(vii). In still another specific embodiment, the
prodrugs have features (i), (iv), (v) and (vi) or
(vii). In still another specific embodiment, Rp is a
phosphate-containing progroup of the formula -(CRdRd)y
O-P(O)(OH)2. [0132] In all of the compounds described
herein that include substituent alternatives that may
be substituted, such as, for example, some of the
substituent alternatives delineated for Rd, Re, R ,
Rg, R , R1and Rj , the substitutions are typically,
independently of one another, selected from amongst
the R groups described in connection with structural
formula (I). In a specific embodiment, any present
substitutions are, independently of one another,
selected from hydroxyl, lower alkoxy, (C6-C14)
aryloxy, lower alkoxyalkyl, methoxymethyl,
methoxyethyl, ethoxymethyl, ethoxyethyl and halogen. 



[0133] Those of skill in the art will appreciate that
many of the prodrugs described herein, as well as the
various prodrug species specifically described and/or
illustrated herein, may exhibit the phenomena of
tautomerism, conformational isomerism, geometric
isomerism and/or optical isomerism. For example, the
prodrugs may include one or more chiral centers and/or
double bonds and as a consequence may exist as
stereoisomers, such as double-bond isomers (i.e.,
geometric isomers), enantiomers and diasteromers and
mixtures thereof, such as racemic mixtures. As another
example, the prodrugs may exist in several tautomeric
forms, including the enol form, the keto form and
mixtures thereof. As the various compound names,
formulae and drawings within the specification and
claims can represent only one of the possible
tautomeric, conformational isomeric, optical isomeric
or geometric isomeric forms, it should be understood
that the invention encompasses any tautomeric,
conformational isomeric, optical isomeric and/or
geometric isomeric forms of the prodrugshaving one or
more of the utilities described herein, as well as
mixtures of these various different isomeric forms. In
cases of limited rotation around the
2,4-pryimidinediamine moiety, atrop isomers are also
possible and are also specifically included in the
compounds of the invention. [0134] Moreover, skilled
artisans will appreciate that when lists of
alternative substituents include members which, owing
to valency requirements or other reasons, cannot be
used to substitute a particular group, the list is
intended to be read in context to include those
members of the list that are suitable for substituting
the particular group. For example, skilled artisans
will appreciate that while all of the listed
alternatives for R can be used to substitute an alkyl
group, certain of the alternatives, such as =O, cannot
be used to substitute a phenyl group. It is to be
understood that only possible combinations of
substituent-group pairs are intended. [0135] The
prodrugs described herein may be identified by either
their chemical structure or their chemical name. When
the chemical structure and the chemical name conflict,
the chemical structure is determinative of the
identity of the specific prodrug. [0136] Depending
upon the nature of the various substituents, the
prodrugs described herein may be in the form of salts.
Such salts include salts suitable for pharmaceutical
uses ("pharmaceutically-acceptable salts"), salts
suitable for veterinary uses, etc. Such salts may be
derived from acids or bases, as is wel1-known in the
art. [0137] In one embodiment, the salt is a
pharmaceutically acceptable salt. Generally,
pharmaceutically acceptable salts are those salts that
retain substantially one or more of the desired
pharmacological activities of the parent compound and
which are suitable for administration to humans.
Pharmaceutically acceptable salts include acid
addition salts formed with inorganic acids or organic
acids. Inorganic acids suitable for forming
pharmaceutically acceptable acid addition salts
include, by way of example and not limitation,
hydrohalide acids {e.g., hydrochloric acid,
hydrobromic acid, hydriodic, etc.), sulfuric acid,
nitric acid, phosphoric acid, and the like. Organic
acids suitable for forming pharmaceutically acceptable
acid addition salts include, by way of example and not
limitation, acetic acid, trifluoroacetic acid,
propionic acid, hexanoic acid, cyclopentanepropionic
acid, glycolic acid, oxalic acid, pyruvic acid, lactic
acid, malonic acid, succinic acid, malic acid, maleic
acid, fumaric acid, tartaric acid, citric acid,
palmitic acid,benzoic acid, 3-(4-hydroxybenzoyl)
benzoic acid, cinnamic acid, mandelic acid,
alkylsulfonic acids (e.g., methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-
hydroxyethanesulfonic acid, etc.), arylsulfonic acids
(e.g., benzenesulfonic acid, 4-chlorobenzenesulfonic
acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic
acid, camphorsulfonic acid, etc.),
4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid,
glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid,
lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid, and the like. [0138] Pharmaceutically
acceptable salts also include salts formed when an
acidic proton present in the parent compound is either
replaced by a metal ion (e.g., an alkali metal ion, an
alkaline earth metal ion or an aluminum ion) or
coordinates with an organic base (e.g., ethanolamine,
diethanolamine, triethanolamine, N-methylglucamine,
morpholine, piperidine, dimethylamine, diethylamine,
etc.). [0139] The prodrugs described herein, as well
as the salts thereof, may also be in the form of
hydrates, solvates and N-oxides, as are well-known in
the art. Unless specifically indicated otherwise, the
expression "prodrug" is intended to encompass such
salts, hydrates, solvates and/or N-oxides. Specific
exemplary salts include, but are not limited to, mono-
and disodium salts, mono- and di-potassium salts,
mono- and di-1ithium salts, mono- and dialkylamino
salts, mono-magnesium salts, mono-calcium salts and
ammonium salts. 6.3 Methods of Synthesis [0140] The
prodrugs described herein, as well as intermediates
therefor, may be synthesized via a variety of
different synthetic routes using commercially
available starting materials and/or starting materials
prepared by conventional synthetic methods. Suitable
exemplary methods that may be routinely used and/or
adapted to synthesize active 2,4- pyrimidinediamine
compounds can be found in U.S. Patent No. 5,958,935,
U.S. application Serial No. 10/355,543 filed January
31, 2003 (US2004/0029902A1), international application
Serial No. PCT/US03/03022 filed January 31, 2003 (WO
03/063794), U.S. application Serial No. 10/631,029
filed July 29, 2003 ( ), international application
Serial No. PCT/US03/24087 (WO2004/014382), U.S.
application Serial No. 10/903,263 filed July 30, 2004
(US2005/0234049), and international application Serial
No. PCT/US2004/2471 6( ), the disclosures of which are
incorporated herein by reference. These active
2,4-pyrimidinediamine compounds can be used as
starting materials to synthesize the prodrugs.
Specific examples describing the synthesis of
phosphate prodrug Compound 4, as well as a synthetic
intermediate therefor, are provided in the Examples
section. All of the prodrugs described herein may be
synthesized by routine adaptation of this method.
[0141] For example, some embodiments of prodrugs
according to structural formula (I) 



and/or (Ia) can be prepared by reacting the
corresponding active 2,4-pyrimidinediamine (i.e.,
compounds according to structural formulae (I) and/or
(Ia) in which each Rp is hydrogen) with an aldehyde or
a ketone to give an a-hydroxymethyl amine, which can
then be reacted with an electrophile to yield a
prodrug. An exemplary synthesis of this type is
illustrated in Scheme (I), below:METHOD OF MONITORING
TREATING AGENT RESIDUALS AND CONTROLLING TREATING
AGENT DOSAGE IN WATER TREATMENT PROCESSES TECHNICAL
FIELD This invention relates to water treatment. More
particularly, this invention concerns methods of using
fluorescent tracers to monitor the residual
concentration of treating agents in treated water, to
determine an optimal water treatment agent dosage and
to automatically re set the optimal treating agent
dosage as necessary to account for fluctuations in the
characteristics of the treated water. BACKGROUND OF
THE INVENTION Water, in the course of its use in
industrial, municipal and agricultural applications
may be treated with an astounding array of treatment
agents including, for example, chemicals that enhance
solid-liquid separation, membrane separation process
performance enhancers, antiscalants and anticorrosives
that retard or prevent corrosion or scale formation
and deposition on surfaces in contact with the treated
water, antifoulants that retard or prevent membrane
fouling, biodispersants, microbial-growth inhibiting
agents such as biocides and cleaning chemicals that
remove deposits from surfaces that contact the treated
water. Control of treating agent dosage is of
paramount importance in virtually all water treatment
processes. Obviously, a minimum effective amount of
treating agent must be maintained in the water for the
treatment to have its desired effect. Conversely,
overdosing the treating agent would be at best
uneconomical and at worst could result in damage to
the process or the processing equipment, particularly
in the case of processes involving the use of
membranes as described herein. Accordingly, there is
an ongoing need for the development of improved
methods of monitoring and controlling the
concentration of water treatment agents in process
water.SUMMARY OF THE INVENTION This invention is a
method of monitoring residual treating agent and
determining optimal treating agent dosage in process
water treated with the treating agent comprising
sequentially i) adding a first dose of the treating
agent traced or tagged with a fluorescent tracer to
the process water, ii) measuring the fluorescence
intensity of the process water, iii) adding a second
dose of the treating agent traced or tagged with the
fluorescent tracer the process water; iv) measuring
the fluorescence intensity of the process water; and
v-a) correlating the change in measured fluorescence
intensity of the process water at the first and second
treating agent doses to the residual concentration of
the treating agent; or v-b) correlating the change in
the measured fluorescence intensity of the process
water at the first and second treating agent doses
with a non-proportional change in measured
fluorescence intensity, wherein the non-proportional
change in measured fluorescence intensity of the
process water is used to determine a set point
corresponding to the optimal treating agent dosage.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a plot of
turbidity (5 micron filtered NTU) and fluorescence
intensity (5 micron filtered) vs. polymer dosage
around the optimal polymer dosage for Mississippi
river water treated with poly(diallyldimethylammonium
chloride) as described in Example 4. FIG. 2 is a plot
of Particle Index data and fluorescence intensity vs.
polymer dosage for water treated with
poly(diallyldimethylammonium chloride) at a southern
U.S. petrochemical plant as described in Example 5.
The data shows the optimal polymer dosage to be about
0.5-0.7 ppm for this site.FIG. 3 is a plot of the
slope of the fluorescence curve in FIG. 2 vs. polymer
dosage. The data shows that the rate of fluorescence
change is about 7 times greater around the optimal
polymer dose than at over and under dose conditions.
FIG. 4 is a plot of the fluorescence change around the
optimal traced polymer dose at a southern U.S.
petrochemical plant as described in Example 5 which
demonstrates how the dramatic fluorescence change
around the optimal tracedpolymer dose can be used to
automatically change the dose set point as the
influent water quality fluctuates. DETAILED
DESCRIPTION OF THE INVENTION This invention allows for
treating agent residual monitoring by utilizing
fluorescent molecules. These molecules are selected
such that they interact or associate with the treating
agent and any undesirable colloids. It is this
interaction that partitions the fluorescent
chromophore population between different
microenvironments. This partitioning changes the
fluorescent properties such that the fluorescence
intensity is notably different. The three
microenvironments are free chromophore (i.e. dissolved
in water), chromophore associated with treating agent
(i.e. 'bound' chromophore) and chromophore associated
with the undesirable colloids. When the treated water
contains only freely dissolved chromophore the
fluorescence intensity is what one would expect. When
the treated water contains treating agent residuals
and/or colloids, the fluorescence intensity is notably
different than expected since the 'bound'/associated
chromophores display different characteristics. The 



change in fluorescence intensity may be manifested by
a non-proportional increase or decrease depending on
the characteristics of the treated water, and the
tagged or traced treating agent. In a polymer overdose
scenario filtrate water has more colloids and excess
polymer and excess tracer; together the tracer
fluorescence intensity is dramatically different. In
an under-dose scenario while colloids are present, no
polymer or tracer is present; thus, the fluorescence
intensity is low. Thus, in the transition between
treating agent under-dose to over-dose scenario the
fluorescence intensity notably changes. Itis this
change in fluorescence intensity that allows us to
determine the optimal treating agent dose. This
difference between expected and actual fluorescence is
used to quantitatively estimate the treating agent
residuals. By using fluorescence response and treating
agent dose at two points, the treating agent residuals
can be estimated from a calibration curve. In an
embodiment, the treating agent residuals can be
estimated as a function of the difference between
fluorescent molecules added to the water and
fluorescent molecules detected in the water according
to metric I . where X1 and x are the first and second
product dose and F1 and F2 are the first and second
fluorescence measurements, in arbitrary units. In an
embodiment, the product dose is in ppm. In an
embodiment, the treating agent residuals can be
estimated as a function of the difference between the
quenching expected and the quenching detected
according to metric II. (X1 F 2 - x / Fi) p (17F2 -
IZF1) where X1, x2, F1 and F2 are defined above.
Fluorescence can be in arbitrary units, but can also
be expressed as ppb of tracer molecule. For purposes
of this invention, overall quenching means any process
or processes that change the measured fluorescence
such that the Stern-Volmer plot as described below is
essentially linear. Put another way, "quenching"
exists when the Stern-Volmer plot is linear. In an
embodiment, the residual concentration of the treating
agent is correlated with treating agent dosage. In an
embodiment, the residual concentration of the treating
agent is used to determine an upper limit of treating
dosage.In an embodiment, the treating agent dosage is
automatically maintained below the upper limit. In an
embodiment optimal treating agent dosage is calculated
using the derivative of the inverse of fluorescence
response with respect to treating agent dose and
empirically correlating to any water quality parameter
reflective of system performance. Suitable water
quality parameters include, but are not limited to
turbidity, silt density index (SDI), particle counts,
and the like. In an embodiment, this correlation is
accomplished using standard jar test methods to
measure fluorescence and a water quality parameter
such as turbidity and then calculating the derivative
of the inverse of fluorescence response with respect
to treating agent dose. Then at the acceptable water
quality parameter dose point, the derivative of the
inverse fluorescence is the initial set point. Once
implemented in full-scale, the set point will be
fine-tuned for the optimal full-scale water process.
Inverse fluorescence can be related to quenching via
Stern-Volmer plots. The Stera-Volmer relationship is:
1/If= ( 1 + Kd[Q])/I 0 where: Kd = Quenching Rate
Constant, [Q] = Quencher(s) Concentration, I0 =
Fluorescence w/o Quenching, If = Measured
Fluorescence. As noted above, for purposes of this
invention, quenching is defined as occurring when the
Stern-Volmer plot is essentially linear. For purposes
of this invention I0 is assumed proportional to ppm of
product added(= k*ppm), then 1/If= (1/k +
Kd[Q]/k)*(l/ppm) + 0. Here 'k' is a product factor
that describes the concentration of the fluorescent
molecule (i.e. the tracer) in the product being dosed
(i.e. the treating agent). Therefore, if fluorescence
quenching is occurring, a plot of I/If vs. 1/ppm is
linear with a slope equal to (1/k + Kd[Q])Zk) and a
Y-intercept of zero. In an embodiment, the set point
of the derivative of the inverse fluorescence response
with respect to the treating agent dosage is used to
automatically control treating agent dosage. In an
embodiment, an algorithm controls dosage iteration and
calculates the slope and residual function as defined
above. Dosage iteration refers to a method of making a
small adjustment in dosage, allowing the system to
equilibrate, then measuring some response.More
particularly, at a particular treating agent dosage
(doseO, the treated water's fluorescence (F1) is
measured. The treating agent dosage is then
incremented to slightly different dose (dose 2) and
the system is allowed to equilibrate. At this new
dose, the fluorescence (F ) is measured. In an
embodiment, the time required for the system to
equilibrate is the retention time of the system, i.e.
the time needed for the fluorescence to adjust to a
change in treating agent dosage. Equilibration time
for filtration systems is typically about five to
about ten minutes but can be longer depending on the
particular system. At this point the slope of the
inverse fluorescence vs. dosage curve is calculated
with the algebraic relationship: slope = (1/F 1 -
1/F2)AcIoSe1 - dose2) . This slope is compared to a
setpoint determined as described above and if it is
greater than the setpoint, dosage is incrementally
reduced, if it is less, the dose is incrementally
increased. This is what we term slope control. Then
the measured fluorescence and 



dose information is used to calculate the ideal slope
and this is the initial setpoint. Once the full-scale
system is activated, the setpoint is fine-tuned for
optimal system performance. The foregoing is referred
to as "manual set point determination. Polymer
residuals are estimated by the fluorescence function
using metrix I or II as described above and if the
residuals are too high, the dosage is automatically
reduced. In an embodiment, the residuals fluorescence
function is used to monitor the system to ensure
excessive residuals are not being fed to the treatment
system. In another embodiment, the slope is used to
automate the treating agent feed. Thus, the algorithm
serves to maintain dosage control and insure that the
treating agent residuals do not exceed an application
specific set point. For example, in reverse osmosis
(RO) pretreatment systems, using iterative control
allows for dosage adjustment for changing influent
waters, which is different from a fluorescence set
point, which is valid only for a set influent. This
technology's main advantage is the ability to monitor
treating agent residuals and thus allow for the use of
treating agents (a.k.a. - polyelectrolytes) for RO
pretreatment to reduce RO influent's silt density
index (SDI) and minimize cleaning cost, labor and lost
water production. Additionally, the fluorescence
intensity of the process stream shows the presenceof
trace amounts of tagged or traced treating agent in
the process stream. This fluorescence shows a sudden
rapid change immediately following the optimal dosage.
This rapid, non-proportional change in fluorescence
can then be used as an indication of the optimal
polymer dosage (the polymer dosage set point). See
FIGS 2 and 4, discussed in detail below. As this set
point can change in time due to, for example,
fluctuations in the quality of the process water or
operational upsets, the non-proportional change in
fluorescence can be used to automatically change the
set point, thereby eliminating manual intervention.
Accordingly, in another embodiment, the change in the
measured fluorescence intensity of the process water
at the first and second treating agent doses is
correlated with a non-proportional change in measured
fluorescence, wherein the nonproportional change in
measured fluorescence of the process water is used to
determine a set point corresponding to the optimal
treating agent dosage. According to this embodiment,
the set point can be automatically determined by
starting the system with a suboptimal dose (may be 0
ppm) of tagged or traced treating agent and measuring
and data logging the initial mean value of
fluorescence, Fl, and the corresponding polymer dose,
Pl. The polymer dose is then incrementally increased,
for example by about 0.1 ppm to a value P2 and the
system is allowed to equilibrate as described above.
The new mean fluorescence value (F2) and the
corresponding traced polymer dose, P2 are data logged.
In connection with the fluorescence values the
operator should decide on the confidence level the
data has to satisfy to be recognized as genuine change
(for example, 95 percent confidence that a change in
fluorescence represents a real change based on the
system parameters). The treating agent dosage P2 is
then incrementally increased until a point of
non-proportional change in fluorescence (inflection
point) corresponding to the optimal treating agent
dose occurs. For example, such a point of
non-proportional change could occur when F2 is more
than about 50 percent of Fl as large changes in
fluorescence for an incremental increase in traced or
tagged treating agent are not expected outside the
optimal dosage region. After a suitable amount of
time, for example 30 minutes, data log the new mean
fluorescence value (F3) and the corresponding traced
polymer dose (P3). If F3 isgreater than F2 by a
significant amount the polymer dose should be
decreased. If F3 is significantly smaller than F2 the
polymer dose should be increased to return to the
inflection point. Suitable data logging protocols
should measure the variable of interest (eg.,
fluorescence) and accumulate 100-300 data points;
calculate the mean and the standard deviation for the
measurement; ensure that the standard deviation is low
(for example less than about 10 percent of the mean);
and store the measured mean (Fj), the standard
deviation (S;) and the number of data points (N;) used
to calculate the above. In an embodiment, the set
point is automatically changed to account for
fluctuations in the process water quality. In an
embodiment, the treating agent dosage is automatically
maintained at the set point. In an embodiment, the
treating agent is traced with one or more fluorescent
tracers. These fluorescent tracers may or may not be
appreciably or significantly affected by any other
chemistry in the water treatment process, or by the
other system parameters such as pH, temperature, ionic
strength, redox potential, microbiological activity or
biocide concentration. As long as the chemistry in the
water treatment process does not significantly change
during the retention time (usually about ten minutes),
the control algorithm automatically accounts for
significant changes in fluorescence. The fluorescent
tracers must be transportable with the water treatment
process water and thus are substantially, if not
wholly, water-soluble therein at the use
concentration, under the temperature and pressure
conditions specific and unique to the water treatment
process. Representative fluorescent tracers include,
but are not limited to tracers described in U.S.
Patent No. 6,730,227, incorporated herein by
reference. In an embodiment, the tracers are selected
from fluorescein, sodium salt (CAS Registry No.
518-47-8, aka Acid Yellow 73, Uranine);
1,5-naphthalenedisulfonic acid disodium salt (hydrate)
(CAS Registry No. 1655-29-4, aka 1,5 - NDSA hydrate); 



xanthylium,
9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-,
chloride, disodium salt, also known as Rhodamine WT
(CAS Registry No. 37299-86-8);
l-deoxy-l-(3,4-dihydro-7,8-dimethyl-2,4-dioxobenzo[g]p
teridin-10(2H)-yl)-D- ribitol, also known as
Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5);
fluorescein (CAS Registry No. 2321-07-5);
2-anthracenesulfonic acid sodium salt (CAS Registry
No. 16106-40-4); 1,5-anthracenedisulfonic acid (CAS
Registry No. 61736-91-2) and salts thereof; 2,6-
anthracenedisulfonic acid (CAS Registry No.
61736-95-6) and salts thereof; 1,8-
anthracenedisulfonic acid (CAS Registry No.
61736-92-3) and salts thereof; and mixtures thereof.
The fluorescent tracers listed above are commercially
available from a variety of different chemical supply
companies. In an embodiment, the treating agent is
tagged with a fluorescent moiety, for example by
incorporating the fluorescent moiety into a polymeric
treatment polymer itself, or by post modification of a
treatment polymer with a fluorescent moiety capable of
forming a covalent bond with the treatment polymer.
The preparation and use of polymers containing a
fluorescent moiety is described in, for example, U.S.
Patent Nos. 6,312,644; 6,077,461; 5,986,030;
5,998,632; 5,808,103; 5,772,894; 5,958,788 and PCT
US01/81654, incorporated herein by reference. The
dosage of the fluorescent tracer is an amount that is
at least sufficient to provide a measurable
concentration in the treated water. Typical doses
range from about 50 ppt (parts per trillion) to about
100 ppb (parts per billion), preferably from about 0.1
ppb to about 10 ppb, based on fluorescent agent
concentration. Note that 50 ppt is about the detection
limit of currently available industrial fluorometers.
Improvements in fluorometer technology are likely to
reduce this detection limit and are envisioned. The
fluorescent tracers can be detected by utilizing a
variety of different and suitable techniques. For
example, fluorescence emission spectroscopy on a
substantially continuous basis, at least over a given
time period, is one of the preferred analytical
techniques according to an embodiment of this
invention. One method for the continuous on-stream
measuring of chemical tracers by fluorescence emission
spectroscopy and other analysis methods is described
in U.S. Patent No. 4,992,380, incorporated herein by
reference. Examples of fluorometers that may be used
in the practice of this invention include the Xe II
and TRASAR(r) 8000 fluorometer (available from Nalco
Company,Naperville, IL); the Hitachi F-4500
fluorometer (available from Hitachi through Hitachi
Instruments Inc., San Jose, CA); the JOBIN YVON
FluoroMax-3 "SPEX" fluorometer (available from JOBIN
YVON Inc., Edison, NJ); and the Gilford Fluoro- TV
spectrophotometer or the SFM 25 (available from
Bio-tech Kontron through Research Instruments
International, San Diego, CA). It should be
appreciated that the foregoing list is not
comprehensive and is intended only to show examples of
representative fluorometers. Other commercially
available fluorometers and modifications thereof can
also be used in this invention. It should be
appreciated that a variety of other suitable
analytical techniques may be utilized to measure the
amount of fluorescent tracers. Examples of such
techniques include combined HPLC-fluorescence
analysis, colorimetry analysis, ion selective
electrode analysis, transition metal analysis,
chemiluminescence, pulsed fluorescence measurements,
and the like. In an embodiment, the present invention
includes a controller programmed with the foregoing
algorithm and which continuously (i.e. within the
timescale of the retention time, typically every few
minutes) makes incremental changes in the treating
agent dosage and performs the calculations described
above so as to maintain the treating agent residuals
at the desired set point. The controller can be
configured and/or adjusted in a variety of different
and suitable ways. Alternative methods could include
using three or more points to measure the fluorescence
response and then use analytical curve fitting methods
to determine optimal dosage. The controller can be
either hard wired (e.g., electrical communication
cable), or can communicate with the other components
described herein by wireless communication (e.g.,
wireless RF interface), a pneumatic interface and the
like. As described above, this invention is a method
of monitoring treating agent residuals and controlling
treating agent dosage in water treatment processes.
"Treating agent" is meant herein without limitation to
include treatment chemicals that enhance solid-liquid
separation, membrane separation process performance,
antiscalants that retard/prevent scale formation and
deposition on surfaces in contact with the treated
water, antifoulants that retard/prevent membrane
fouling, biodispersants,microbial-growth inhibiting
agents such as biocides and cleaning chemicals that
remove deposits from surfaces that contact the treated
water. The present invention is applicable to all
industries that can employ water treatment processes.
For example, the different types of industrial
processes in which the method of the present invention
can be applied generally include raw water processes,
waste water processes, industrial water processes,
municipal water treatment, food and beverage
processes, pharmaceutical processes, electronic
manufacturing, utility operations, pulp and paper
processes, mining and mineral processes,
transportation-related processes, textile processes,
plating and metal working processes, laundry and
cleaning processes, leather and tanning processes, and
paint processes. In particular, food and beverage
processes can include, for example, dairy processes
relating to the production of cream, low-fat milk,
cheese, specialty milk products, protein isolates,
lactose manufacture, whey, casein, fat separation, and
brine recovery from salting cheese. Uses relating to
the beverage industry including, for 



example, fruit juice clarification, concentration or
deacidifcation, alcoholic beverage clarification,
alcohol removal for low-alcohol content beverages,
process water; and uses relating to sugar refining,
vegetable protein processing, vegetable oil
production/processing, wet milling of grain, animal
processing (e.g., red meat, eggs, gelatin, fish and
poultry), reclamation of wash waters, food processing
waste and the like. Examples of industrial water uses
as applied to the present invention include, for
example, boiler water production, process water
purification and recycle/reuse, softening of raw
water, treatment of cooling water blow-down,
reclamation of water from papermaking processes,
desalination of sea and brackish water for industrial
and municipal use, drinking/raw/surface water
purification including, for example, the use of
membranes to exclude harmful micro-organisms from
drinking water, polishing of softened water, membrane
bio-reactors, mining and mineral process waters.
Examples of waste water treatment applications with
respect to the method of this invention include, for
example, industrial waste water treatment, biological
waste treatment systems, removal of heavy metal
contaminants, polishing of tertiary effluentwater,
oily waste waters, transportation related processes
(e.g., tank car wash water), textile waste (e.g., dye,
adhesives, size, oils for wool scouring, fabric
finishing oils), plating and metal working waste,
laundries, printing, leather and tanning, pulp and
paper (e.g., color removal, concentration of dilute
spent sulfite liquor, lignin recovery, recovery of
paper coatings), chemicals (e.g., emulsions, latex,
pigments, paints, chemical reaction by-products), and
municipal waste water treatment (e.g., sewage,
industrial waste). Other examples of industrial
applications of the present invention include, for
example, semiconductor rinse water processes,
production of water for injection, pharmaceutical
water including water used in enzyme
production/recovery and product formulation, and
electro-coat paint processing. In an embodiment, the
present invention is applied in raw or treated water
applications where the filtrate is used as feed for
reverse osmosis units. It is particularly important
that polymer residuals not foul RO membranes, although
the present invention is envisioned for any
application where the use pretreatment polymers is
desired, but excessive polymer residuals are not, as
well as applications that benefit from control of
treating agent dosing. Some examples would be, surface
water clarification, ground water clarification,
tertiary treatment of wastewater, and seawater
clarification. The product of such clarification
processes could be used for, but not limited to,
industrial process water, boiler or cooling water
make-up water, or residential water. In an embodiment,
the water treatment process is a solid-liquid
separation process. In an embodiment, the solid-liquid
separation process comprises treatment of the water
with one or more coagulants or flocculants, or a
combination thereof, to form a mixture of water and
coagulated and flocculated solids and separation of
the coagulated and flocculated solids from the water.
Suitable flocculatants include high molecular weight
cationic, anionic, nonionic, zwitterionic or
amphoteric polymers. Suitable flocculants generally
have molecular weights in excess of 1,000,000 and
often in excess of 5,000,000. The polymeric flocculant
is typically prepared by vinyl addition polymerization
of one ormore cationic, anionic or nonionic monomers,
by copolymerization of one or more cationic monomers
with one or more nonionic monomers, by
copolymerization of one or more anionic monomers with
one or more nonionic monomers, by copolymerization of
one or more cationic monomers with one or more anionic
monomers and optionally one or more nonionic monomers
to produce an amphoteric polymer or by polymerization
of one or more zwitterionic monomers and optionally
one or more nonionic monomers to form a zwitterionic
polymer. One or more zwitterionic monomers and
optionally one or more nonionic monomers may also be
copolymerized with one or more anionic or cationic
monomers to impart cationic or anionic charge to the
zwitterionic polymer. While cationic polymer
flocculants may be fonned using cationic monomers, it
is also possible to react certain non-ionic vinyl
addition polymers to produce cationically charged
polymers. Polymers of this type include those prepared
through the reaction of polyacrylamide with
dimethylamine and formaldehyde to produce a Mannich
derivative. Similarly, while anionic polymer
flocculants may be formed using anionic monomers, it
is also possible to modify certain nonionic vinyl
addition polymers to form anionically charged
polymers. Polymers of this type include, for example,
those prepared by the hydrolysis of polyacrylamide.
The flocculants may be used in the solid form, as an
aqueous solution, as a water-in-oil emulsion, or as
dispersion in water. Representative cationic polymers
include copolymers and terpolymers of (meth)acrylamide
with dimethylaminoethyl methacrylate (DMAEM),
dimethylaminoethyl acrylate (DMAEA), diethylaminoethyl
acrylate (DEAEA), diethylaminoethyl methacrylate
(DEAEM) or their quaternary ammonium forms made with
dimethyl sulfate, methyl chloride or benzyl chloride.
Water-soluble coagulants are well known and
commercially available. Suitable coagulants may be
inorganic or organic. Representative inorganic
coagulants include alum, sodium aluminate,
polyaluminum chlorides or PACls(which also may be also
be referred to as aluminum chlorohydroxide, aluminum
hydroxide chloride, basic aluminum chloride and
polyaluminum hydroxychloride, and the like),
sulfatedpolyaluminum chlorides, polyaluminum silica
sulfate, ferric sulfate, ferric chloride, and the like
and blends thereof. 



Many water-soluble organic coagulants are formed by
condensation polymerization. Examples of polymers of
this type include epichlorohydrindimethylamine, and
epichlorohydrin-dimethylamine-ammonia polymers.
Additional coagulants include polymers of ethylene
dichloride and ammonia, or ethylene dichloride and
dimethylamine, with or without the addition of
ammonia, condensation polymers of multifunctional
amines such as diethylenetriamine,
tetraethylenepentamine, hexamethylenediamine and the
like with ethylenedichloride and polymers made by
condensation reactions such as melamine formaldehyde
resins. Additional coagulants include cationically
charged vinyl addition polymers such as polymers and
copolymers of diallyldimethylammonium chloride,
dimethylaminoethylmethacrylate,
dimethylaminoethylmethacrylate methyl chloride
quaternary salt, methacrylamidopropyltrimethylammonium
chloride, (methacryloxyloxyethyl)trimethyl ammonium
chloride, diallylmethyl(betapropionamido) ammonium
chloride,
(beta-methacryloxyloxyethyl)trimethylammonium
methylsulfate, quaternized polyvinyllactam,
dimethylamino-ethylacrylate and its quaternary
ammonium salts, vinylamine and acrylamide or
methacrylamide which has been reacted to produce the
Mannich or quaternary Mannich derivatives. The
molecular weights of these cationic polymers, both
vinyl addition and condensation, range from as low as
several hundred to as high as one million. Preferably,
the molecular weight range should be from about 20,000
to about 1,000,000. The selection of the proper
flocculant and coagulant for a particular application
and determination of the effective dose may be
empirically determined by one of skill in the art of
water treatment based on the characteristics of the
particular water being treated. The coagulated and
flocculated solids may then be separated from the
water by any of a number of means available in the art
of solid-liquid separation including clarifiers, by
centrifuges, dissolved air flotation, mechanical means
such as belt press or plate and frame press, and
membrane filtration or media filtration.
Membranefiltration is generally considered micro or
ultra filtration involving pliable membranes, ceramic
membranes and the like. Media filtration is generally
considered to be any granular media involved as a
barrier to contaminants in water and they are commonly
sand, anthracite, and garnet. Any media that functions
as a barrier is envisioned and this includes, but is
not limited to, micro and macro breads, powders,
activated carbon, ceramics, etc. In an embodiment, the
solid-liquid separation process is a membrane
separation process wherein the coagulated and
flocculated solids are separated from the water by
filtration through a membrane Residuals monitoring and
dosage control according to this invention can be used
to enhance the operational efficiency of membrane
filtration systems as described below. Membrane
separations commonly used for water purification or
other liquid processing include microfiltration (MF),
ultrafiltration (UF), nanofiltration (NF), reverse
osmosis (RO), electrodialysis, electrodeionization,
pervaporation, membrane extraction, membrane
distillation, membrane stripping, membrane aeration,
and other processes. The driving force of the
separation depends on the type of the membrane
separation. Pressure-driven membrane filtration, also
known as membrane filtration, includes
microfiltration, ultrafiltration, nanofiltration and
reverse osmosis, and uses pressure as a driving force,
whereas the electrical driving force is used in
electrodialysis and electrodeionization. In an
embodiment, the membrane separation process comprises
one or more pretreatment steps wherein a portion of
the coagulated and flocculated solids are separated
from the water prior to filtration of the water
through a nanofiltration and/or reverse osmosis
membrane. In an embodiment, the membrane separation
system is a reverse osmosis system. In reverse
osmosis, the feed stream is typically processed under
cross flow conditions. In this regard, the feed stream
flows substantially parallel to the membrane surface
such that only a portion of the feed stream diffuses
through the membrane as permeate. The cross flow rate
is routinely high in order to provide a scouring
action that lessens membrane surface fouling. This can
also decrease concentrationpolarization effects (e.g.,
concentration of solutes in the reduced-turbulence
boundary layer at the membrane surface, which can
increase the osmotic pressure at the membrane and thus
can reduce permeate flow). The concentration
polarization effects can inhibit the feed stream water
from passing through the membrane as permeate, thus
decreasing the recovery ratio, e.g., the ratio of
permeate to applied feed stream. A recycle loop(s) may
be employed to maintain a high flow rate across the
membrane surface. Reverse osmosis processes can employ
a variety of different types of membranes. Such
commercial membrane element types include, without
limitation, hollow fiber membrane elements, tubular
membrane elements, spiral-wound membrane elements,
plate and frame membrane elements, and the like, some
of which are described in more detail in "The Nalco
Water Handbook," Second Edition, Frank N. Kemmer ed.,
McGraw-Hill Book Company, New York, N.Y., 1988,
incorporated hereinto, particularly Chapter 15
entitled "Membrane Separation". It should be
appreciated that a single membrane element may be used
in a given membrane filtration system, but a number of
membrane elements can also be used depending on the
industrial application. A typical reverse osmosis
system is described as an example of membrane 



filtration and more generally membrane separation.
Reverse osmosis uses mainly spiral wound elements or
modules, which are constructed by winding layers of
semiporous membranes with feed spacers and permeate
water carriers around a central perforated permeate
collection tube. Typically, the modules are sealed
with tape and/or fiberglass over-wrap. The resulting
construction has one channel, which can receive an
inlet flow. The inlet stream flows longitudinally
along the membrane module and exits the other end as a
concentrate stream. Within the module, water passes
through the semi-porous membrane and is trapped in a
permeate channel which flows to a central collection
tube. From this tube it flows out of a designated
channel and is collected. In practice, membrane
modules are stacked together, end-to-end, with
interconnectors joining the permeate tubes of the
first module to the permeate tube of the second
module, and so on. These membrane module stacks are
housed in pressurevessels. Within the pressure vessel
feed water passes into the first module in the stack,
which removes a portion of the water as permeate
water. The concentrate stream from the first membrane
becomes the feed stream of the second membrane and so
on down the stack. The permeate streams from all of
the membranes in the stack are collected in the joined
permeate tubes. Within most reverse osmosis systems,
pressure vessels are arranged in either "stages" or
"passes." In a staged membrane system, the combined
concentrate streams from a bank of pressure vessels
are directed to a second bank of pressure vessels
where they become the feed stream for the second
stage. Commonly systems have 2 to 3 stages with
successively fewer pressure vessels in each stage. For
example, a system may contain 4 pressure vessels in a
first stage, the concentrate streams of which feed 2
pressure vessels in a second stage, the concentrate
streams of which in turn feed 1 pressure vessel in the
third stage. This is designated as a "4:2:1" array. In
a staged membrane configuration, the combined permeate
streams from all pressure vessels in all stages are
collected and used without further membrane treatment.
Multi-stage systems are used when large volumes of
purified water are required. The permeate streams from
the membrane system may be further purified by ion
exchange or other means. In a multi-pass system, the
permeate streams from each bank of pressure vessels
are collected and used as the feed to the subsequent
banks of pressure vessels. The concentrate streams
from all pressure vessels are combined without further
membrane treatment of each individual stream.
Multi-pass systems are used when very high purity
water is required, for example in the microelectronics
or pharmaceutical industries. It is well known to
those skilled in the art, that various coagulants are
needed to maximize the efficiency of solid-liquid
separation. As noted above, amongst these suitable
coagulants are aluminum and iron compounds and
synthetic polyelectrolytes. Unfortunately, using
aluminum, such as alum, produces residuals that form
intractable scale on membranes. Polyelectrolytes are
frequently used for general clarification, but since
RO membranes are anionic polyamide films and
polyelectrolyte coagulants are cationic, it is widely
feared that polymer will deposit on membranes via
electrostaticattraction and cause permanent fouling.
This situation would require expensive, inefficient
membrane replacement. Therefore, in reverse osmosis
filtration systems, pretreatment is critical to
efficient operation. Reverse osmosis pretreatment
schemes will vary with the type of water. For example,
waters that have greater than ca. 10 NTU will usually
utilize sedimentation followed by filtration. Waters
that are cleaner than ca. 10 NTU can use direct
filtration techniques. Filtration generally consists
of a media filter or a membrane micro or ultrafilter.
Media filters consist of particulate solids on the
order of 1mm diameter. While a wide variety of
materials can be used, the most common materials are
sand, garnet and anthracite singly or in combination.
Micro and ultrafilters can consist of either ceramic
or membrane construction and have significantly
smaller pore size compared to media filters. All three
of these types are used for RO pretreatment. Various
coagulants can be used as filter aids in RO
pretreatment. Filter aids function by modifying the
influent's particle size and surface properties in
order to facilitate particulate capture by the filter.
Which type of filter aid to use varies from water to
water and for optimal filtration, the proper
chemistry, or even mix of chemistries, is critical. In
an embodiment, this invention is a reverse osmosis
pretreatment system wherein the portion of coagulated
and flocculated solids is removed from the water by
filtration through a media filter. In an embodiment,
this invention is a reverse osmosis pretreatment
system wherein the filter aid is one or more
coagulants selected from alum, polyaluminum chloride,
ferric chloride, ferric sulfate,
poly(diallyldimethylammonium chloride) and Epi-DMA. In
an embodiment, this invention is a reverse osmosis
pretreatment system wherein the fluorescent tracer is
selected from fluorescein, rhodamine B, rhodamine WT
and 1,3,6,8-pyrenetetrasulfonic acid tetrasodium salt.
In an embodiment, this invention is a reverse osmosis
pretreatment system wherein the fluorescent tracer is
poly(diallyldimethylammonium chloride) tagged with
luminol, rhodamine or fluorescein.The foregoing may be
better understood by reference to the following
examples, which are presented for purposes of
illustration and are not intended to limit the scope
of the invention. Example 1 



As discussed above, the optimal treating agent dosage
is calculated using the inverse derivative of
fluorescence response with respect to treating agent
dose and correlating to a water quality parameter, in
this case turbidity, using standard jar test methods
to measure fluorescence and turbidity. For purposes of
this example, jar tests are accomplished using a
four-unit jar tester from A&F Machine Products Co.,
Berea, OH (model number "JAR MIXER") according to the
following protocol. 1) Place a 250-1,000 mL test
sample in a sample jar and initiate stirring at 200
rpm. 2) Add treating agent via syringe into the vortex
of the stirred sample and continue stirring for 30
seconds. 3) Slow the stirring to 15 to 60 rpm and
continue stirring for 5 minutes. 4) Stop stirring,
remove the paddles from the sample and allow the
sample to settle for 5 minutes. 5) Remove a sample of
the supernatant via pipette or syringe from a level
about 1 cm below the sample surface and filter the
sample through a 5 mm syringe filter directly into the
turbidity and fluorescence sample cells for
measurement of the appropriate property. The treating
agent promotes the agglomeration of smaller particles
into larger particles, or floes, that can be more
readily separated from the water, for example by
settling or filtration. In the event that visible
floes are formed, the floe size of the average
particle formed may be ranked versus the benchmark.
Other factors such as water clarity between floe
particles, floe shape, tightness, etc. may also be
noted for comparison.All jar tests should be
benchmarked using a plant's current coagulation
program. This allows for adjustment of testing
parameters to correlate with full-scale performance.
The actual dose in use in the plant at the time of the
tests is set as the dose benchmark for the series of
tests and the clarifier overflow turbidity (or color,
etc.) is the performance benchmark. The parameters of
the jar test can be varied based on the treatment
application and characteristics of the samples being
tested. Accordingly, alternative methods may employ a
longer fast mix of 1 to 5 minutes and a slow mix of
2-10 minutes with or without a settling stage. For
example, if alum is added at the intake and travels a
long distance, then the fast mix will be longer than
if alum is added only 20 feet before the clarifier. A
plant that is hydrologically overloaded will need a
slow mix shorter slow mix. These factors are varied
based on experience of treatment personnel. For this
example 1, Mississippi River water is jar tested using
30 ppm of a 50 weight percent ferric sulfate solution
and augmenting the ferric sulfate coagulant with a
fluorescein-traced poly(diallyldimethylammonium
chloride) ("polyDADMAC") coagulant. The polyDADMAC is
approximately 20-weight percent polymer and 0.19
weight percent fluorescein with the balance being an
approximately one weight percent saline solution. The
polyDADMAC solution concentration is listed in Table 1
in ppm on a weight/weight ("w/w") basis. The
performance metrics are turbidity in NTU and detected
fluorescein fluorescence in ppb (w/w) of fluorescein
in the filtrate. The Fluorometer is a Hitachi Model
F-4500 and calibration is accomplished using
fluorescein in deionized water. A Hach portable
turbidimeter Model 2100P is used for NTU measurements.
The results are summarized in Table 1. Table 148 21 In
Table 1, the last column is quenching which is
analytically calculated as the inverse of the
fluorescence. Therefore the quenching has units of
ppb"1. Note that the fluorescence units can be
arbitrary and for the purposes of the invention, only
relative fluorescence intensity is required. Example 2
Testing is also accomplished in the field according to
the method of Example 1 using the Hach 2100P
turbidimeter on Mississippi River water that has been
previously treated for turbidity removal resulting in
a turbidity of about 1NTU. Fluorescence data is
obtained using a TRASAR 8000 Fluorometer from Nalco
Company, Naperville, IL. The TRASAR 8000 requires a
correction at zero added fluorescein with the
correction being a subtraction of 0.06 ppb
fluorescein. This correction is attributed to less
precise optics versus the research grade Hitachi.
PoIyDADMAC is the treating agent. The fast mix is 30
seconds, slow mix three minutes and settling time five
minutes. The Fluorescence Intensity, ppb is without
the 0.06 ppb fluorescein background correction, while
the Corrected Quenching is the inverse of the
corrected Fluorescence Intensity, so it has units of
ppb 1. The results are shown in Table 2 Table 2 Note
that in Table 2, 0.06 ppb is subtracted to correct the
fluorescence. Example 3 Natural surface water from a
lake in Montana, USA, is treated with a dual filter
aid program using ferric sulfate solution and
polyDADMAC, as summarized in Table 3. The fast mix is
two minutes, slow mix ten minutes and no settling time
and the0.057 ppb fluorescein correction is subtracted
from the measured fluorescence intensity. The results
are summarized in Table 3. Table 3 Note that in Table
3, 0.057 ppb is subtracted to correct the
fluorescence. As shown in Table 4, non-weighted
regression analysis of Stern-Volmer plots for the
above data have Vgoodness-of-ft ' (r2) of
approximately 90% for the field data and 99% for the
laboratory data. Data using the Hitachi research grade
Fluorometer 



presumably has a higher fit due to more accurate
fluorescence measurements with significantly lower
background light being detected. Table 4 These data
suggest that the quenching rate constant multiplied by
the quencher concentration varies with the water being
treated. This variability with respect to the water
tested suggests that quenching may be related to water
treatability such that quenching can be advantageously
used as a water treatment parameter. Example 4 For
this Example, Mississippi River water is jar tested
using poly(diallyldimethylammonium chloride)
("polyDADMAC") coagulant according to the method of
Example 1. The polyDADMAC is approximately 20-weight
percentpolymer with the balance being an approximately
one weight percent saline solution. The polyDADMAC
solution concentration is listed in Table 5 in ppm on
a weight/weight ("w/w") basis. The performance metrics
are turbidity in NTU and detected fluorescein
fluorescence in ppb (w/w) of fluorescein in the
filtrate. The Fluorometer is a Hitachi Model F-4500
and calibration is accomplished using fluorescein in
deionized water. A Hach portable turbidimeter Model
2100P is used for NTU measurements. The results are
summarized in Table 5. Table 5 The optimum polymer
dosage, using these low-resolutionjar tests, is found
to be about 1.0 ppm of polyDADMAC (clearest water with
the lowest turbidity, Table 5). As polymer dose is
increased over the optimum (lppm in this particular
case) the turbidity of the filtrate increases again,
i.e., the filtrate water quality diminishes (Table 5).
Simultaneously, the fluorescence intensity of the
filtered water increases disproportionately rapidly
(See FIG. 1). This occurs because the overdosed
polymer breaks through to the filtrate side enhancing
the fluorescence intensity. The more polymer in the
filtrate the greater is the fluorescence enhancement.
Small amounts of polymer (e.g., 0.5 ppm of polyDADMAC
as a 20% active product) significantly increases
fluorescein fluorescence intensity (Fig. 1). This
enhanced fluorescence can be used to indicate the
presence of excess residual polymers. Example 5 A
field trial is conducted in a southern U.S.
petrochemical plant. The plant takes in Mississippi
River water and uses lime softening for clarification.
Water is then pH adjusted to 7 and chlorinated with
bleach. Next, the feed water is heated to 780F in a
plate heat exchanger. Feed residual oxidant of 0.4-0.6
ppm is typically observed down stream from the heat
exchanger. Traced polymer is added as a filter-aid
ahead of the multi-media filter. It is prepared by
blending, 99.77% PoIyDADMAC and 0.23% fluorescein by
weight. Water from the heat exchanger is treated with
traced polyDADMAC and pumped through a static mixer
and into three down-flow multimedia filters. Polymeric
filter aid is fed using a 24-gpd Series E+ Pulsafeeder
(model LPB4MA-VTC1-XXX) pump with 4-20 mA control.
After a 25-minute delay, the filtrate fluorescence is
measured using a Trasar 340 fiuorometer (Nalco Company
part # TSR341) and a VersaTrak PLC controller (Sixnet,
Clifton Park, NY, part # VT-A3-422-44P). The residence
time of the multi media filters is about 25 minutes,
which is the time a very small change takes to
propagate through the system. Chemtrac Systems Inc.'s
"Particle Monitor" (Nalco Company part# 041- PM2501
1.88) measures the "particle Index" as an indicator of
the particulate/contaminants content in the filtrate.
This system can be used to monitor the quality of low
solids, low turbidity systems. The higher the Particle
Index the higher the particulate/contaminants content
in the filtrate. The Detection accuracy is as follows.
Particle monitor: The standard deviation of the
reading is about 15% of the mean. Changing the polymer
dose the trend in Particle Index data is very clear.
Field trial: The standard deviation of the reading is
about 10% of the mean. The accuracy can be further
improved by increasing the concentration of
fluorescein in the product. The optimal polyDADMAC
polymer dosage to the multimedia filter influent is
between 0.5-0.7ppm. In this range the particle monitor
has the lowest reading (See FIG. 2), signifying that a
minimum amount of particles/contaminants is present in
the filtrate. Below this polymer dosage more colloids
escape with the filtrate and above this dosage polymer
breakthrough occurs, both of which increase the
particle monitor reading. Similar to the observation
in Table 1, FIG. 2 shows that just beyond the optimal
dosage, a non-proportional increase in the
fluorescence intensity of the filtrate occurs. This
increase is due to the excess traced polymer in the
filtrate, just as wasobserved in the jar test results.
This sharp increase in fluorescence is statistically
>97% significant and is a strong indicator of optimal
traced-polymer dosage level. FIG. 3 is a plot of the
slope of the fluorescence curve in FIG. 2. Around the
optimum traced-polymer dose the fluorescence slope is
7 times higher than the surrounding under and over
dose conditions. This makes it particularly attractive
to be used as a marker to determine optimal polymer
dosage. Thus, as the influent water quality changes
the optimum polymer dose set point can be changed
automatically (See FIG. 4). When dosing a
traced-polymer such that filtrate fluorescence is at
its inflection point, changes in water quality result
in dramatic changes in fluorescence, which are easily
measurable and usable to adjust the set point. This
method eliminates the need for manual interference to
automatically track and dose the optimum amount of
traced-polymer. It should be understood that various
changes and modifications to the presently preferred
embodiments described herein will be apparent to those
skilled in the art. Such changes and modifications can
be made without departing from the spirit and 



scope of the present invention and without diminishing
its attendant advantages. It is therefore intended
that such changes and modifications be covered by the
appended claims.CLAIMS 1. A method of monitoring
residual treating agent and determining optimal
treating agent dosage in process water treated with
the treating agent comprising sequentially i) adding a
first dose of the treating agent traced or tagged with
a fluorescent tracer to the process water, ii)
measuring the fluorescence intensity of the process
water, iii) adding a second dose of the treating agent
traced or tagged with the fluorescent tracer the
process water; iv) measuring the fluorescence
intensity of the process water; and v-a) correlating
the change in measured fluorescence intensity of the
process water at the first and second treating agent
doses to the residual concentration of the treating
agent; or v-b) correlating the change in the measured
fluorescence intensity of the process water at the
first and second treating agent doses with a
non-proportional change in measured fluorescence
intensity, wherein the non-proportional change in
measured fluorescence intensity of the process water
is used to determine a set point corresponding to the
optimal treating agent dosage. 2. The method of claim
1wherein the residual concentration of the treating
agent is correlated with the change in measured
fluorescence intensity of the process water at the
respective treating agent doses using a function of
the difference between molecules of fluorescent tracer
added to the process water and molecules of
fluorescent tracer detected in the process water. 3.
The method of claim 1wherein the residual
concentration of the treating agent is correlated with
the change in measured fluorescence intensity of the
process water at the respective treating agent doses
using a function of the difference between the
fluorescence quenching expected and the fluorescence
quenching detected. 4. The method of claim 1wherein
the residual concentration of the treating agent is
correlated with treating agent dosage.5. The method of
claim 1 wherein the residual concentration of the
treating agent is used to determine an upper limit of
treating agent dosage. 6. The method of claim 5
wherein the treating agent dosage is automatically
maintained below the upper limit. 7. The method of
claim 1wherein the set point is automatically changed
to account for fluctuations in the process water
quality. 8. The method of claim 2 wherein the treating
agent dosage is automatically maintained at the set
point. 9. The method of claim 1 wherein the treating
agent is tagged with a fluorescent tracer. 10. The
method of claim 1 wherein the treating agent is traced
with a fluorescent tracer. 11. The method of claim
1wherein the water treatment process is a solidliquid
separation process. 12. The method of claim 11wherein
the solid-liquid separation process comprises
treatment of the water with one or more coagulants or
flocculants, or a combination thereof, to form a
mixture of water and coagulated and flocculated solids
and separation of the coagulated and flocculated
solids from the water. 13. The method of claim 12
wherein the solid-liquid separation process is a
membrane separation process wherein the coagulated and
flocculated solids are separated from the water by
filtration through a membrane. 14. The method of claim
13 wherein the membrane separation process is a
reverse osmosis pretreatment program wherein the water
is treated with one or more filter aids to form a
mixture of coagulated and flocculated solids and at
least a portion of the coagulated and flocculated
solids are removed from the water prior to filtration
of the water through a reverse osmosis membrane. 15.
The method of claim 13 wherein the portion of
coagulated and flocculated solids is removed from the
water by filtration through a media filter. 16. The
method of claim 13 wherein the filter aid is one or
more coagulants selected from alum, polyaluminum
chloride, ferric chloride, ferric sulfate,
poly(diallyldimethylammonium chloride) and Epi-DMA.17.
The method of claim 13 wherein the fluorescent tracer
is selected from fluorescein, rhodamine B, and
rhodamine WT. 18. The method of claim 13 wherein the
filter aid tagged with a fluorescent tracer is
poly(diallyldimethylammonium chloride) tagged with
luminol, rhodamine or fluorescein. 


