
STYRYLPYRIDINE DERIVATIVES AND THEIR USE FOR BINDING
AND IMAGING AMYLOID PLAQUES BACKGROUND OF THE
INVENTION Field of the Invention [0001] This invention
relates to novel styrylpyridine compounds, the uses
thereof in diagnostic imaging and inhibiting amyloid-b
aggregation, and methods of making these compounds.
Background Art [00021 Alzheimer's disease (AD) is a
progressive neurodegenerative disorder characterized
by cognitive decline, irreversible memory loss,
disorientation, and language impairment. Postmortem
examination of AD brain sections reveals abundant
senile plaques (SPs) composed of amyloid-b (Ab)
peptides and numerous neurofibrillary tangles (NFTs)
formed by filaments of highly phosphorylated tau
proteins (for recent reviews and additional citations
see Ginsberg, S. D., et al., "Molecular Pathology of
Alzheimer's Disease and Related Disorders," in
Cerebral Cortex: Neurodegenerative and Age-related
Changes in Structure and Function of Cerebral Cortex,
Kluwer Academic/Plenum, NY (1999), pp. 603-654;
Vogelsberg-Ragaglia, V., et al, "Cell Biology of Tau
and Cytoskeletal Pathology in Alzheimer's Disease,"
Alzheimer's Disease, Lippincot, Williams & Wilkins,
Philadelphia, PA (1999), pp. 359-372). [0003]
Amyloidosis is a condition characterized by the
accumulation of various insoluble, fibrillar proteins
in the tissues of a patient. An amyloid deposit is
formed by the aggregation of amyloid proteins,
followed by the further combination of aggregates
and/or amyloid proteins. Formation and accumulation of
aggregates of b-amyloid (Ab) peptides in the brain are
critical factors in the development and progression of
AD. [0004] In addition to the role of amyloid deposits
in Alzheimer's disease, the presence of amyloid
deposits has been shown in diseases such as
Mediterranean fever, Muckle-Wells syndrome, idiopathic
myeloma, amyloidpolyneuropathy, amyloid
cardiomyopathy, systemic senile amyloidosis, amyloid
polyneuropathy, hereditary cerebral hemorrhage with
amyloidosis, Down's syndrome, Scrapie,
Creutzfeldt-Jacob disease, Kuru,
Gerstamnn-Straussler-Scheinker syndrome, medullary
carcinoma of the thyroid, Isolated atrial amyloid,
b2-microglobulin amyloid in dialysis patients,
inclusion body myositis, b2-amyloid deposits in muscle
wasting disease, and Islets of Langerhans diabetes
Type II insulinoma. [0005] The fibrillar aggregates of
amyloid peptides, Abi-40 and Abi_42, are major
metabolic peptides derived from amyloid precursor
protein found in senile plaques and cerebrovascular
amyloid deposits in AD patients (Xia, W., et al, J.
Proc. Natl. Acad. Sd. U.S.A. 97:9299-9304 (2000)).
Prevention and reversal of Ab plaque formation are
being targeted as a treatment for this disease
(Selkoe, D., J . JAMA 283:1615-1617 (2000); Wolfe,
M.S., et al., J . Med. Chem. 41:6-9 (1998);
Skovronsky, D.M., and Lee, V.M., Trends Pharmacol. ScL
27:161-163 (2000)). [0006] Familial AD (FAD) is caused
by multiple mutations in the A precursor protein
(APP), presenilin 1 (PSl) and presenilin 2 (PS2) genes
(Ginsberg, S. D., et ah, "Molecular Pathology of
Alzheimer's Disease and Related Disorders," in
Cerebral Cortex: Neurodegenerative and Age-related
Changes 



in Structure and Function of Cerebral Cortex, Kluwer
Academic/Plenum, NY (1999), pp. 603-654;
Vogelsberg-Ragaglia, V., et al, "Cell Biology of Tau
and Cytoskeletal Pathology in Alzheimer's Disease,"
Alzheimer's Disease, Lippincot, Williams & Wilkins,
Philadelphia, PA (1999), pp. 359-372). [0007] While
the exact mechanisms underlying AD are not fully
understood, all pathogenic FAD mutations studied thus
far increase production of the more amyloidogenic
42-43 amino-acid long form of the Ab peptide. Thus, at
least in FAD, dysregulation of Ab production appears
to be sufficient to induce a cascade of events leading
to neurodegeneration. Indeed, the amyloid cascade
hypothesis suggests that formation of extracellular
fibrillar Ab aggregates in the brain may be a pivotal
event in AD pathogenesis (Selkoe, D . J., "Biology of
b-amyloid Precursor Protein and the Mechanism of
Alzheimer's Disease,"Alzheimer's Disease, Lippincot
Williams & Wilkins, Philadelphia, PA (1999), pp.
293-310; Selkoe, D. J., J. Am. Med. Assoc.
253:1615-1617 (2000); Naslund, J., et al, J. Am. Med.
Assoc. 283:1571-1577 (2000); Golde, T. E., et al,
Biochimica et Biophysica Acta 1502:172-187 (2000)).
[0008] Various approaches in trying to inhibit the
production and reduce the accumulation of fibrillar Ab
in the brain are currently being evaluated as
potential therapies for AD (Skovronsky, D. M. and Lee,
V. M., Trends Pharmacol. ScL 27:161-163 (2000);
Vassar, R., et al., Science 286:735-741 (1999); Wolfe,
M. S., et al.,J. Med. Chem. 41:6-9 (1998); Moore, C.
L., et al., J. Med. Chem. 45:3434-3442 (2000);
Findeis, M. A., Biochimica et Biophysica Acta
1502-J6-S4 (2000); Kuner, P., Bohrmann, et al., J.
Biol. Chem. 275:1673-1678 (2000)). It is therefore of
interest to develop ligands that specifically bind
fibrillar Ab aggregates. Since extracellular SPs are
accessible targets, these new ligands could be used as
in vivo diagnostic tools and as probes to visualize
the progressive deposition of Ab in studies of AD
amyloidogenesis in living patients. [0009] To this
end, several interesting approaches for developing
fibrillar Ab aggregate-specific ligands have been
reported (Ashburn, T. T., et al., Chem. Biol.
3:351-358 (1996); Han, G., et al, J. Am. Chem. Soc.
/75:4506-4507 (1996); Klunk, W. E., et al, Biol
Psychiatry 35:627 (1994); Klunk, W. E., et al,
Neurobiol Aging 7(5:541-548 (1995); Klunk, W. E., et
al, Society for Neuroscience Abstract 23:1638 (1997);
Mathis, C. A., et al, Proc. XIIth Intl. Symp.
Radiopharm. Chem., Uppsala, Sweden:94-95 (1997);
Lorenzo, A. and Yankner, B. A., Proc. Natl Acad. Sd.
U.S.A. 91: 12243-12247 (1994); Zhen, W., et al, J.
Med. Chem. 42:2805-2815 (1999)). The most attractive
approach is based on highly conjugated chrysamine-G
(CG) and Congo red (CR), and the latter has been used
for fluorescent staining of SPs and NFTs in postmortem
AD brain sections (Ashburn, T. T., et al, Chem. Biol
3:351-358 (1996); Klunk, W. E., et al, J. Histochem.
Cytochem. 37:1273-1281 (1989)). The inhibition
constants (Ki) for binding to fibrillar Ab aggregates
of CR, CG, and 3'-bromo- and 3'-iodo derivatives of CG
are 2,800, 370, 300 and 250 nM, respectively (Mathis,
C. A., et al, Proc. XIIth Intl. Symp. Radiopharm.
Chem.,Uppsala, Sweden:94-95 (1997)). These compounds
have been shown to bind selectively to Ab (1-40)
peptide aggregates in vitro as well as to fibrillar Ab
deposits in AD brain sections (Mathis, C. A., et al,
Proc. XIIth Intl. Symp. Radiopharm. Chem., Uppsala,
Sweden:94-95 (1997)). [0010] There are several
potential benefits of imaging Ab aggregates in the
brain. The imaging technique will improve diagnosis by
identifying potential 



patients with excess Ab plaques in the brain;
therefore, they may be likely to develop Alzheimer's
disease. It will also be useful to monitor the
progression of the disease. When anti-plaque drug
treatments become available, imaging Ab plaques in the
brain may provide an essential tool for monitoring
treatment. Thus, a simple, noninvasive method for
detecting and quantitating amyloid deposits in a
patient has been eagerly sought. Presently, detection
of amyloid deposits involves histological analysis of
biopsy or autopsy materials. Both methods have
drawbacks. For example, an autopsy can only be used
for a postmortem diagnosis. [0011] The direct imaging
of amyloid deposits in vivo is difficult, as the
deposits have many of the same physical properties
(e.g., density and water content) as normal tissues.
Attempts to image amyloid deposits using magnetic
resonance imaging (MRI) and computer-assisted
tomography (CAT) have been disappointing and have
detected amyloid deposits only under certain favorable
conditions. In addition, efforts to label amyloid
deposits with antibodies, serum amyloid P protein, or
other probe molecules have provided some selectivity
on the periphery of tissues, but have provided for
poor imaging of tissue interiors. [0012] Potential
ligands for detecting Ab aggregates in the living
brain must cross the intact blood-brain barrier. Thus
brain uptake can be improved by using ligands with
relatively smaller molecular size (compared to Congo
Red) and increased lipophilicity. Highly conjugated
thioflavins (S and T) are commonly used as dyes for
staining the Ab aggregates in the AD brain
(Elhaddaoui, A., et al, Biospectroscopy 7:351-356
(1995)). [0013] A highly lipophilic tracer,
[18F]FDDNP, for binding both tangles (mainly composed
of hyperphosphorylated tau protein) and
plaques(containing Abprotein aggregates) has been
reported. (Shoghi-Jadid K, et al, Am J Geriatr
Psychiatry. 2002; 10:24-35). Using positron-emission
tomography (PET), it was reported that this tracer
specifically labeled deposits of plaques and tangles
in nine AD patients and seven comparison subjects.
(Nordberg A. Lancet Neurol. 2004;3:519-27). Using a
novel pharmacokinetic analysis procedure called the
relative residence time of the brain region of
interest versus the pons, differences between AD
patients and comparison subjects were demonstrated.
The relative residence time was significantly higher
in AD patients. This is further complicated by an
intriguing finding that FDDNP competes with some
NSAIDs for binding to Ab fibrils in vitro and to Ab
plaques ex vivo (Agdeppa ED, et al. 2001; Agdeppa ED,
et al., Neuroscience. 2003;l 17:723-30). Imaging
b-amyloid in the brain of AD patients by using a
benzotbiazole aniline derivative, [p C]6-OH-BTA-l
(also referred to as [1 1C]PIB), was recently
reported. (Mathis CA, et al., Curr Pharm Des. 2004;
10:1469-92; Mathis CA, et al, Arch. Neurol. 2005,
62:196-200.). Contrary to that observed for [18F]FDDNP
[1 1C]O-OH-BTA-I binds specifically to fibrillar Ab in
vivo. Patients with diagnosed mild AD showed marked
retention of [UC]6-OH-BTA-1 in the cortex, known to
contain large amounts of amyloid deposits in AD. In
the AD patient group, [n C]6-OHBTA- I retention was
increased most prominently in the frontal cortex.
Large increases also were observed in parietal,
temporal, and occipital cortices and in the striatum
11C]O-OH-BTA-I retention was equivalent in AD patients
and 



comparison subjects in areas known to be relatively
unaffected by amyloid deposition (such as subcortical
white matter, pons, and cerebellum). Recently, another
1 1C labeled Ab. plaque-targeting probe, a stilbene
derivative- [1 1C]SB- 13, has been studied. In vitro
binding using the [3H]SB-13 suggests that the compound
showed excellent binding affinity and binding can be
clearly measured in the cortical gray matter, but not
in the white matter of AD cases. (Kung M-P, et al,
Brain Res. 2004;1025:89-105. There was a very low
specific binding in cortical tissue homogenates of
control brains. The Kd values of [3H]SB-13 in AD
cortical homogenates were 2.40.2 nM. Highbinding
capacity and comparable values were observed (14-45
pmol/mg protein) {Id.). As expected, in AD patients
[11C]SB-13 displayed a high accumulation in the
frontal cortex (presumably an area containing a high
density of Ab plaques) in mild to moderate AD
patients, but not in agematched control subjects.
(Verhoeff NP, et al., Am J Geriatr Psychiatry. 2004;
12:584-95). [0015] It would be useful to have a
noninvasive technique for imaging and quantitating
amyloid deposits in a patient. In addition, it would
be useful to have compounds that inhibit the
aggregation of amyloid proteins to form amyloid
deposits and a method for determining a compound's
ability to inhibit amyloid protein aggregation.
SUMMARY OF THE INVENTION [00161 The present invention
provides novel compounds of Formulae I, Ia, II and HI.
[0017] The present invention also provides diagnostic
compositions comprising a radiolabeled compound of
Formulae I, Ia, II and in a pharmaceutically
acceptable carrier or diluent. [0018] The invention
further provides a method of imaging amyloid deposits,
the method comprising introducing into a patient a
detectable quantity of a labeled compound of Formulae
I, Ia, II and III or a pharmaceutically acceptable
salt, ester, amide or prodrug thereof. [0019] The
present invention also provides a method for
inhibiting the aggregation of amyloid proteins, the
method comprising administering to a mammal an amyloid
inhibiting amount of a compound Formulae I, Ia, II and
III or a pharmaceutically acceptable salt, ester,
amide, or prodrug thereof. [0020] A further aspect of
this invention is directed to methods and
intermediates useful for synthesizing the amyloid
inhibiting and imaging compounds of Formulae I, Ia, II
and III described herein.DESCRIPTION OF THE FIGURES
[0021] Fig. 1 depicts a film resulting from the
imaging of a compound of the present invention. [0022]
Fig. 2 depicts brain and bone uptake of styrylpyridine
2 in comparison to a stilbene analog. [0023] Fig. 3
depicts film autoradiography comparing styrylpyridine
2 in comparison to a stilbene analog. [0024] Fig. 4
depicts a saturation curve of styrylpyridine 2 in AD
brain homogenates. [0025] Fig. 5 depicts several
compounds of the present invention and their
respective binding data. [0026] Fig. 6 depicts in
vitro autoradiography of macroarray brain sections.
[0027] Fig. 7 depicts the in vitro stability of F-1 8
labeled tracers toward 



pooled human liver microsomal fractions. Tracers in
PBS without microsomal fractions served as the
control. Values (% of unchanged parent compound) were
average of duplicates. [0028] Fig. 8 depicts specific
binding of [18F]2 to pooled AD and control brain
tissue homogenates. Gray and white matters were
dissected from the cortical regoins. High specific
binding was detected mainly in gray matter. The values
presented are the mean  SEM of six measurements.
Relatively low binding was observed in white matter
homogenates. In contrast, homogenates of control
brain, either grey or white matters, showed
significantly lower specific binding of [18F]2. [0029]
Fig. 9 depicts: (top) HPLC profile of compound [18F]2;
(bottom) UV trace of non-radioactive reference
compound 2, (350 ran). HPLC condition: Agilent 1100
series; Phenomenex Gemini C-1 8 column 5m 250 x 4.6
mm, CH3CN/Ammonium formate buffer ( 1 mM) 8/2 v/v, 1
mL/min. Rt. 6.34 min (radioactive), 6.05 min (UV).
Retention time gap was due to the detector
configuration.DETAILED DESCRIPTION OF THE INVENTION
[0030] A compound of Formula I, or a pharmaceutically
acceptable salt thereof; wherein, n is an integer from
one to six; at least one, no more than three, of Ai,
AJ, A3, A and A5 is N, the others are -CH or -CR2 as
permitted; R1 is selected from the group consisting
of: a. -(CH2)pNRaRb, wherein Ra and Rb are
independently hydrogen, Ci alkyl, hydroxy(C 1-4)alkyl
or ImIo(C1- 4)alkyl, and p is an integer from 0 to 5;
b. hydroxy, c. C1-4 alkoxy, d. hydroxy(Ci-4)alkyl, e.
halogen, f. cyano, g. hydrogen, h. nitro, i. (d-C
4)alkyl, j . halo(Ci-C 4)alkyl, k. formyl, 1.
-NHCO(Ci-4 alkyl), and m. -OCO(Ci-4 alkyl); R2 is
selected from the group consisting of:wherein q is an
integer from 1 to 10; Z is selected from the group
consisting of halogen, halogen substituted benzoyloxy,
halogen substituted benzyloxy, halogen substituted
phenyl(C 1-4)alkyl, halogen substituted aryloxy, and a
halogen substituted C6_k aryl, or Z can also be
hydroxy; and R30, R3 1, R32 and R33 are in each
instance independently selected from the group
consisting of hydrogen, hydroxy, C1 alkoxy, Ci-4
alkyl, and hydroxy(C -4)alkyl; or Z is hydroxy;
wherein q is an integer from 1 to 10, Rx and Ry are
hydrogen, hydroxy or C alkyl; t is 0, 1, 2 or 3; and
Z, R30, R3 1, R32 and R33 are as described above;
wherein Y is selected from the group consisting of
halogen, halogen substituted benzoyloxy, halogen
substituted halogen substituted aryloxy, and halogen
substituted Ce-io aryl; U is selected from the 



group consisting of hydrogen, hydroxy, halogen,
halogen substituted benzoyloxy, halogen substituted
phenyl(Ci-4)alkyl, halogen substituted aryloxy, and
halogen substituted C6-io aryl; and R34, R35, R36,
R37, R38, R39 and R40 are in each instance
independently selected from the group consisting of
hydrogen, halogen, hydroxy, C M alkoxy, Q\ alkyl, and
hydroxy(CM)alkyl;wherein Rx and Ry are hydrogen,
hydroxy or C1-4 alkyl; t is 0, 1, 2 or 3; and Y,
U3R34, R35, R36, R37,R38, R39 and R40 are as described
above; iii. NR1R", wherein at least one of R' and R"
is (CH2)dX, where X is halogen, preferably F or 18F,
and d is an integer from 1 to 4; the other of R and R"
is selected from the group consisting of hydrogen, Ci-
alkyl, halo(Ci^)alkyl, and hydroxy(C )alkyl; iv.
NR'^'-Cd^alkyl, wherein at least one of R1and R" is
(CH2)dX, where X is halogen, preferably F or 18F, and
d is an integer from 1 to 4; the other of R1and R" is
selected from the group consisting of hydrogen, Ci- 4
alkyl, halo(Ci-4)alkyl, and hydroxy^ _4)alkyl; v.
halo(Ci-4)alkyl; and vi. an ether (R-O-R) having the
following structure: [haloCd^alkyl-O-CCi^alkyl]-; and
R7 and R8 are in each instance independently selected
from the group consisting of hydrogen, hydroxy, amino,
methylamino, dimethylamino, C alkoxy, Ci- alkyl, and
hydroxy(C 1-4)alkyl. [0031] Preferred compounds
include those where the halogen, in one or more
occurrence on the structure, is a radiolabeled
halogen. Also preferred are compounds wherein the
halogen is selected from the group consisting of I,
123I, 125I, 131 I, Br, 76Br, 77Br, F or 18F.
Especially preferred compounds are those that contain
18F. Compounds containing 123I are also especially
preferred. [0032] Useful values of R1 are listed
above. Preferred values are hydroxy or NRaRb(CH2)p-,
wherein p is an integer from 0 to 5, and Ra and Rb are
independently hydrogen, C -4 alkyl or (CH2)dX, where X
is halogen, and d is an integer from 1 to 4 Useful
values of p include integers from 0 to 5. Preferably,
p is 0, 1 or 2. Most preferably, p is 0 such that R1
representsNRaRb. In preferred embodiments, R1 is
either in the meta or para position relative to the
respective bridge. Apreferred value of R1 is NRaRb,
wherein Ra and Rb are independently hydrogen or C1
alkyl. In this embodiment, it is preferable that the
C1-4 alkyl is methyl. Preferably one of Ra and Rb is
hydrogen, the other is C1-4 alkyl, such as methyl.
Most preferably, both Ra and Rb are methyl. Another
preferred value of R1 is hydroxy. Also preferred are
any prodrug groups that after administration yield a
preferred value of R1. Such prodrug groups are
well-known in the art. [0033] Useful values of n
include integers from 1 to 6. Preferably, the value of
n is from 1 to 4. Most preferably, the value of n is
from 1 to 3. It is especially preferred that n is one.
[0034] Useful values of R7 and R8 are in each instance
independently selected from the group consisting of
hydrogen, hydroxy, amino, methylamino, dimethylamino,
C1-4 alkoxy, C1-4 alkyl, and hydroxy(Ci-4)alkyl. The
value of n determines the number of R7 and R8 group(s)
present in the compound. If present more than once in
a particular compound, in each instance of R7 and R8
the value can be different from any other value of R7
and R8. In preferred embodiments, R7 and R8 are each
hydrogen in every instance. 



[0035] Useful values of R2 include substructures i,
i', ii, ii', iii, iv, v, and vi, as depicted above. In
preferred embodiments of Formula I, R2 is either in
the meta or para position relative to the respective
bridge. Preferably, R2 is substructure i or ii. Also
preferred are substructures i1 and ii1. In these
embodiments, useful values of q include integers from
one to ten. Preferably, in a compound where R2 is i or
i', q is an integer from 1 to 5. Most preferably, q is
1 to 4, especially 3 or 4. In substructure i or i',
useful values of R30, R3 1, R32 and R33 independently
include hydrogen, hydroxy, C alkoxy, C1 alkyl, and
hydroxy(Ci t)alkyl. Preferred compounds include those
where one or more of R30, R3 1, R32 and R33 are
hydrogen. More preferred compounds include those where
each of R30, R3 1, R32 and R33 is hydrogen. [0036] In
substructure ii or ii', useful values of Y, U and R34,
R35, R36, R37, R38, R39 and R40 are described above.
Preferred compounds include those where U is
hydroxy.[00371 Useful compounds include those
compounds where at least one, no more than three, of
Ai, A2, A3, A4 and A5 is N, and the others are -CH or
-CR2 as permitted. It is more preferred that N be in
position A4. [0038] Preferred compounds of Formula I
include those compounds wherein A4 is N, having the
following formula: wherein R8 and Rb are independently
selected from hydrogen or Ci-C4 alkyl, Z is as
described above and q is an integer from 1 to 5.
Examples of preferred compounds include: wherein q is
an integer from 1 to 4; such as, [0039] Other
preferred compounds of Formula I, when R2 is ii,
include: andIn another aspect, the present invention
is directed to compounds of Formula I, having the
following structure: or a pharmaceutically acceptable
salt thereof, wherein: at least one, no more than
three, of Ai, A2, A3, A4 and A5 is N, the others are
-CH, or -CR2 as permitted; n is an integer from 1 to
6; R1 includes all useful values described above,
preferably hydroxy or NRaRb(CH2)p-, wherein p is an
integer from 0 to 5, and Ra and Rb are independently
hydrogen, C1-4 alkyl or (CH2)dX, where X is halogen,
and d is an integer from 1 to 6; R2 is selected from
the group consisting of: wherein q is an integer from
2 to 10; Z is -Ch; wherein q is an integer from 1 to
10, Rx and Ry are hydrogen, hydroxy or Ci-4 alkyl; t
is 0, 1, 2 or 3; and Z, R30, R3 1, R32 and R33 are as
described; and Z is - Ch; wherein Z is -Ch, R30, R3 1,
R32 and R33 are as described above, andwherein Y is
-Ch; U is selected from the group consisting of
hydrogen, hydroxy, halogen, halogen substituted
benzoyloxy, halogen substituted phenyl(Ci-4)alkyl,
halogen substituted aryloxy, and halogen substituted C
-io aryl; and R34, R35, R36 R37, R38, R39 and R40 are
in each instance independently selected from the group
consisting of hydrogen, halogen, hydroxy, alkoxy, C
alkyl, and hydroxy(Ci-4)alkyl; wherein, Rx and Ry are
hydrogen, hydroxy or C1- alkyl; t is 0, 1, 2 or 3; and
Y, U, R34, R35, R36, R37, R38, R39 and R40 are as
described above; iv. -(CH )W-O-Ch, wherein w is an
integer from 1 to 10; v. -Ch; and vi. -(CEb) -Ch,
wherein w is an integer from 1 to 10; wherein, the
moiety "-Ch" is a chelating ligand capable of
complexing with a 



metal to form a metal chelate. Many ligands are known
in the art and are suitable for use as a labeling
moiety for the compounds of the present invention.
Those of skill in the art will understand that such
ligands provide a way to label compounds and the
invention is not limited to particular ligands, many
of which are interchangeable. Preferably, this ligand
is a tri- or tetradentate ligand, such as N3, N2S, NS
, N4 and those of the N S type, represented by, but
not limited to, the following structure:[0041] wherein
Rp.is hydrogen or a sulfhydryl protecting group, and
R9 R10, R11, R12, R13, R14, R15, R16, R43 and R44 are
in each instance independently selected from the group
consisting of hydrogen, hydroxy, amino, methylamino,
dimethylamino, C1-4 alkoxy, C1-4 alkyl, and When
complexed with a metal such as 99m-Tc, -Ch has the
following structure: [00421 Additionally, a rhenium
radioisotope can be complexed with the tetradentate
ligand, rather than technetium. When the chelating
moiety is not complexed with a metal, Rp are both
hydrogen, or can be any of the variety of protecting
groups available for sulfur, including methoxymethyl,
methoxyethoxymethyl, />-methoxybenzyl or benzyl.
Sulfur protecting groups are described in detail in
Greene, T.W. and Wuts, P.G.M., Protective Groups in
Organic Synthesis, 2nd Edition, John Wiley and Sons,
Inc., New York (1991). Protecting group Rp can be
removed by appropriate methods well known in the art
of organic synthesis, such as trifluoroacetic acid,
mercuric chloride or sodium in liquid ammonia. In the
case of Lewis acid labile groups, including
acetamidomethyl and benzamidomethyl, Rp can be left
intact. Labeling of the ligand with technetium in this
case will cleave the protecting group, rendering the
protected diaminedithiol equivalent to the unprotected
form. Further, several ligands of the general N2S2
type are known, and can be used interchangeably
without changing the scope of the invention; andR7 and
R8 are in each instance independently selected from
the group consisting of hydrogen, hydroxy, amino,
methylamino, dimethylamino, C1-4 alkoxy, C1-4 alkyl,
and hydroxy(Ci-4)alkyl. [0043] Preferred values of R1
are hydroxy or NRaRb(CH 2)P-, wherein p is an integer
from 0 to 5, and Ra and Rb are independently hydrogen,
C1-4 alkyl or (CH2)<jX, where X is halogen, and d is
an integer from 1 to 4 Useful values of p include
integers from 0 to 5. Preferably, p is 0, 1 or 2. Most
preferably, p is 0 such that R1 represents NRaRb. In
preferred embodiments, R1 is either in the meta or
para position relative to the respective bridge. A
preferred value of R1 is RaRb, wherein Ra and Rb are
independently hydrogen or C1 alkyl. In this
embodiment, it is preferable that the C1.4 alkyl is
methyl. Preferably one of Ra and Rb is hydrogen, the
other is C1-4 alkyl, such as methyl or both Ra and Rb
are methyl. Another preferred value of R1 is hydroxy.
Also preferred for R1 are any groups that after
administration into the body metabolize or degrade to
the preferred values of R1 listed above. Such groups
are known in the art to constitute a prodrug and the
groups capable of forming prodrugs are wellknown to
one of ordinary skill in the art. [0044] Useful values
of n include integers from 1 to 6. Preferably, the
value of n is from 1 to 4. Most preferably, the value
of n is from 1 to 3. It is especially preferred that n
is one. [0045] Useful values of R7 and R8 are in each
instance independently selected from the group
consisting of hydrogen, hydroxy, amino, methylamino, 



dimethylamino, Q -4 alkoxy, Ci-4 alkyl, and
hydroxy(Ci- 4)alkyl. The value of n determines the
number of R7 and R8 group(s) present in the compound.
If present more than once in a particular compound, in
each instance of R7 and R8 the value can be different
from any other value of R7 and R8. In preferred
embodiments, R7 and R8 are each hydrogen in every
instance. [0046] Useful values of R2 include
substructures i, i', ii, iii and iii' as depicted
above. In preferred embodiments of Formula I, R2 is
either in the meta or para position relative to the
respective bridge. Preferably, in a compound where R2
is i or i\ q is an integer from 2 to 5. Most
preferably, q is 3 or 4. In substructure i or i1,
useful values of R30, R3 1, R32 and R33
independentlyinclude hydrogen, hydroxy, C1 alkoxy, C
alkyl, and hydroxy(Ci-4)alkyl. Preferred compounds
include those where one or more of R30, R3 1, R32 and
R33 are hydrogen. More preferred compounds include
those where each of R30, R3 1, R32 and R33 is
hydrogen. [0047] In substructure iii or Ui', useful
values of U and R34, R35, R36 R37, R38, R39 and R40
are described above. Preferred compounds include those
where U is hydroxy. [0048] Useful compounds include
those compounds where one, no more than three, of A ,
A , A3, A4 and A5 is N, and the others are -CH or -CR2
as permitted. It is preferred that if only one OfA1, A
, A3, A and A5 is N, that it is A4. [0049] In another
aspect, the present invention is directed to a
compound of Formula II, having the following
structure: or a pharmaceutically acceptable salt
thereof, wherein: at least one, no more than three, of
Ai, A2, A3, A4 and A5 is N, the others are -CH, -CR3
or -CR4 as permitted; R5 and R5 are independently
hydrogen or C1-4 alkyl; R1 and R2, in each instance,
is independently selected from the group consisting of
hydrogen, halogen, C1-4 alkyl, cyano,
carboxy(Ci-5)alkyl, trifluoromethyl, nitro,
halo(Ci-4)alkyl, formyl and NR6R7(CH2)P-, wherein p is
an integer from 0 to 5, and R6 and R7 are
independently hydrogen, Ci-4 alkyl or (CH2)dX, where X
is halogen, and d is an integer from 1 to 4; in
addition to the values listed above for R1 and R2, R1
and/or R2 can independently also be hydroxy; R3 is
selected from the group consisting of hydrogen,
halogen, Ci 4 alkyl, cyano, carboxy(Ci-5)alkyl,
trifluoromethyl, nitro, halo(Ci. 4)alkyl, formyl, N R
R7CCH2V , wherein p is an integer from 0 to 5, and R6
and R7 are independently hydrogen, Ci-4 alkyl or (CH )
X where X is halogen, and d isan integer from 1 to 4,
18Fluoromethyl, 18Fluoroethyl, 18Fluoropropyl and
Sn(alkyl) 3; R4 is selected from the group consisting
of: a. C1-4 alkylthio, b. Ci-4 alkylsulfonyl, c.
hydroxy, d. Ci-4 alkoxy, e. NR6R7(CH2)p-,wherein p is
an integer from 0 to 5, and R6 and R7 are
independently hydrogen, Ci- alkyl or (CH2)dX, where X
is halogen, and d is an integer from 1 to 4, f.
phenyl(Ci. 4)alkyl, g. C6-Io aryl, h. heteroaryl, 



i . heterocycle, j . heterocycle(C 1-4)alkyl, and k.
C3-6 cycloalkyl, wherein said phenyl(C 1-4)alkyl,
Ce-io aryl, heteroaryl, heterocycle, heterocycle(Ci-
4)alkyl or C3- cycloalkyl is substituted with one of
the following: Ci 4 alkylthio, C alkyl sulfonyl,
methoxy, hydroxy, dimethylamino or methylamino; and,
X' is hydrogen, 18Fluoromethyl, 18Fluoroethyl,
18Fluoropropyl, 125I, 123I, 131I, 18F, 76Br, 77Br or
Sn(alkyl) 3; provided that one of R1, R2, R3 or R4 is
NR6R7(CH2)P-. In another embodiment, it is also
provided that one of R1, R2 or R4 is hydroxy. [0050]
Useful values of R5 and R5' include all the values
listed above. Preferably, R5 and R5' are independently
hydrogen or a C1.4 alkyl such as methyl. Also
preferred, R 1 and R2 are independently hydroxy,
monomethylamine or dimethylamine. 10051] Useful values
of R3 include all those values listed above. More
preferably, R3 is hydrogen, 18Fluoromethyl,
18Fluoroethyl, 18Fluoro rropyl, 125I, 123I, 131 I or
18F.[0052] Useful values of R1 and R2 include all the
values listed above. Preferably, R1 and R2 are
independently hydrogen or a C1 alkyl such as methyl.
[0053] Useful values of R4 include all those values
listed above. Preferably, R4 is methylthio,
methylsulfonyl, hydroxy, methoxy or N R6R7CCH )P-.
[0054] Useful values of X' include all those listed
above. Preferred values include hydrogen,
18Fluoromethyl, 18Fluoroethyl or 18Fluoropropyl, 125I,
123I, 131I and 18F. [0055] In all compounds of the
present invention wherein only one of A , A2, A3, A
.and A5 is N, it is more preferred that A4 is N.
[0056] Representative compounds of the present
invention include: wherein -Ch is an N2S2 type
chelating moiety, X, q, Ra, Rb, R7, R8, R30, R3 1, R32
and R33 are as described above. Most preferably, Ra
and Rb are both methyl. [0057] In another embodiment
are compounds of Formula I'a having the following
general structure:wherein at least one, no more than
three, of A1, A , A3, A and A5 is N, the others are
-CH; q is an integer from 1 to 10; R1and R" are each
independently hydrogen or Ci-4 alkyl and X is a
radiolabeled halogen or -Ch moiety. An example of
these compounds include compounds of Formula Ia having
the following structure: wherein at least one, no more
than three, of A1, A , A , A and A5 is N, the others
are -CH; q is an integer from 1 to 10; and X is a
radiolabeled halogen or -Ch moiety. Preferably, a mono
or di Ci-4 alkylamino, more preferably monomethylamino
or dimethylamino and PEG substituents are in the para
position relative to the ethylene bridge. Also, it is
preferred that A is N, and Ai, A , A3 and A5 are each
-CH. Preferred values of q are integers from 2 to 5;
and especially preferred values are 3 and 4. Preferred
values of X include 123I and 18F. The most preferred
value of X is 18F. In another embodiment of the
present invention are compounds of Formula III having
the following structure: or a pharmaceutically
acceptable salt thereof; wherein, n is an integer from
one to six; at least one, no more than three, of Ai,
A2, A3, A and A5 is N, the 



others are -CH, -CR2 or -CR3 as permitted; R1 includes
all the useful values listed above under Formula I,
preferably hydroxy or NRaRb(CH2)P- wherein p is an
integer from 0 to 5, and Ra and Rb are independently
hydrogen, Ci 4 alkylor (CH2)dX, where X is halogen,
and d is an integer from 1 to 4, R3 is selected from
the group of 125I, 123I 1311, 18F, 18F(C 1-C4) alkyl,
76Br, 77Br or Sn(alkyl) 3; R2 is selected from the
group consisting of: wherein q is an integer from 1 to
10; Z is selected from the group consisting of
hydrogen, hydroxy, halogen, C1-4 alkoxy, Ci-4 alkyl,
and hydroxy(Ci_4)alkyl; and R30, R3 1, R32 and R33 are
in each instance independently selected from the group
consisting of hydrogen, hydroxy, C1 alkoxy, C1-4
alkyl, and hydroxyCd -4)alkyl; Wherein q is an integer
from 1 to 10, Rx and Ry are hydrogen, hydroxy or C1-4
alkyl; t is 0, 1, 2 or 3; and Z, R30, R3 1, R32 and
R33 are as described; wherein Y and U are
independently selected from the group consisting of
hydrogen, hydroxyl, halogen, C alkoxy, C1-4 alkyl, and
hydroxy(C 1-4)alkyl; U is selected from the group
consisting of hydrogen, hydroxy, halogen, halogen
substituted benzoyloxy, halogen substituted phenyl
d^alkyl, halogen substituted aryloxy, and halogen
substituted C -io aryl; and R34, R35, R36, R37, R38,
R39 and R40 are in each instance independently
selected from the group consisting of hydrogen,
halogen, hydroxy, Ci-4 alkoxy, C1-4 alkyl, and hydroxy
(C1-4)alky 1;wherein Rx and Ry are hydrogen, hydroxy
or Ci- alkyl; t is 0, 1, 2 or 3; and Y, U, R34. R35,
R36, R37, R38, R39 and R40 are as described above;
iii. NR1R", wherein at least one of R' and R" is
(CH2)dX, where X is halogen, preferably F or 18F, and
d is an integer from 1 to 4; the other of R' and R" is
selected from the group consisting of hydrogen, C1-4
alkyl, ImIo(C 1-4)alkyl, and hydroxyCQ^alkyl; iv.
NRTR.'XCi-Oalkyl, wherein at least one of R1 and R" is
(CH2) X, where X is halogen, preferably F or 18F, and
d is an integer from 1 to 4; the other of R' and R" is
selected from the group consisting of hydrogen, C\ . 4
alkyl, halo(Ci- 4)alkyl, and hydroxy(Ci- 4)alkyl; v.
halo(d- 4)alkyl; and vi. an ether (R-O-R) having the
following structure: [halo(Ci^)alkyl-0-(Ci -4)alkyl3-;
and [0059] R7 and R8 are in each instance
independently selected from the group consisting of
hydrogen, hydroxy, amino, methylamino, dimethylamino,
Ci^alkoxy, C1-4 alkyl, and hydroxy(Ci^)alkyl. [0060]
Preferred compounds include those where the halogen,
in one or more occurrence on the structure, is a
radiolabeled halogen. Also preferred are compounds
wherein the halogen is selected from the group
consisting of I, 123I, 125I, 131I, Br, 76Br, 77Br5 F
or 18F . Especially preferred compounds are those that
contain 18F. Compounds containing 123I are also
especially preferred. [0061] Useful values of R1 are
listed above. Preferred values are hydroxy or NRaRb(CH
2)p-, wherein p is an integer from 0 to 5, and Ra and
Rb are independently hydrogen, Cm alkyl or (CH2)aX"
where X is halogen, and d is an integer from 1 to 4
Useful values of p include integers from 0 to 5.
Preferably, p is 0, 1 or 2. Most preferably, p is 0
such that R1 representsNRaRb. In preferred
embodiments, R1 is either in the meta or para position
relative to the respective bridge. A preferred value
of R1 is NRaRb, wherein Ra and Rb are independently
hydrogen or C1 alkyl. In this embodiment, it is 



preferable that the C1- alkyl is methyl. Preferably
one of Ra and Rb is hydrogen, the other is C1 alkyl,
such as methyl. Most preferably, both Ra and Rb are
methyl. Another preferred value of R1 is hydroxy. Also
preferred for R1 are any groups that after
administration into the body metabolize or degrade to
the preferred values of R1 listed above. Such groups
are known in the art to constitute a prodrug and the
groups capable of forming prodrugs are well-known to
one of ordinary skill in the art. [0062] Useful values
of n include integers from 1 to 6. Preferably, the
value of n is from 1 to 4. Most preferably, the value
of n is from 1 to 3. It is especially preferred that n
is one. [0063] Useful values of R7 and R8 are in each
instance independently selected from the group
consisting of hydrogen, hydroxy, amino, methylamino,
dimethylamino, C1 alkoxy, C1- alkyl, and
hydroxy(Ci-4)alkyl. The value of n determines the
number of R7 and R8 group(s) present in the compound.
If present more than once in a particular compound, in
each instance of R7 and R8 the value can be different
from any other value of R7 and R8. In preferred
embodiments, R7 and R8 are each hydrogen in every
instance. [0064] Useful values of R2 include
substructures i, i', ii, ii1, iii, iv, v, and vi, as
depicted above. In preferred embodiments of Formula I,
R2 is either in the meta or para position relative to
the respective bridge. Preferably, R2 is substructure
i or ii. Also preferred are substructures i' and ii'.
In these embodiments, useful values of q include
integers from one to ten. Preferably, in a compound
where R2 is i or i', q is an integer from 1 to 5. Most
preferably, q is 1 to 4, especially 3 or 4. In
substructure i or i1, useful values of R30, R3 1, R32
and R33 independently include hydrogen, hydroxy, C
alkoxy, C1-4 alkyl, and hydroxy(Ci_4)alkyl. Preferred
compounds include those where one or more of R30, R3 1
R32 and R33 are hydrogen. More preferred compounds
include those where each of R30,R3 1, R32 and R33 is
hydrogen.00 24 [0065] In substructure ii or ii',
useful values of Y, U and R , R 3, R 0, R", R38, R39
and R40 are described above. Preferred compounds
include those where U is hydroxy. [0066] Useful
compounds include those compounds where at least one,
no more than three, OfA1, A2, A3, A4 and A5 is N, and
the others are -CH or -CR2 as permitted. It is more
preferred that N be in position A . Particularly
useful compounds of Formula III include those
compounds where A4 is N, and the others are -CH, -CR2
or -CR3 as permitted. [0067] Especially preferred
compounds of Formula HI wherein A4 is N, include the
following: wherein Ra and Rb are independently
selected from hydrogen or C1-C4 alkyl and q is an
integer froml to 4 and R3 is preferably 123I or 18F;
[0068] Examples of most preferred compounds of Formula
III include the following: and[0069] Other preferred
compounds of Formula III, when R2 is ii, include: and
wherein Y is selected from the group consisting of
hydrogen and F. [0070] Compounds of Formula III when
R2 is i, or i' when t is 0, include hydroxy ethers
such as: 



wherein R1 and R3 are as described above under Formula
III. [0071] In all embodiments of Formulae I and III
containing where t is other than zero, the compounds
have the following general structure wherein there is
at least one carbon-carbon bond between a substituent
and the nitrogen-containing ring: [0072] The compounds
of the present invention can also contain a
radioactive isotope of carbon as the radiolabel. This
refers to a compound that comprises one or more
radioactive carbon atoms, preferably 11C, with a
specific activity above that of the background level
for that atom. It is well known, in this respect, that
naturally occurring elements are present in the form
of varying7 007400 26 isotopes, some of which are
radioactive isotopes. The radioactivity of the
naturally occurring elements is a result of the
natural distribution or abundance of these isotopes,
and is commonly referred to as a background level. The
carbon labeled compounds of the present invention have
a specific activity that is higher than the natural
abundance, and therefore above the background level.
The composition claimed herein comprising a
carbon-labeled compound(s) of the present invention
will have an amount of the compound such that the
composition can be used for tracing, imaging,
radiotherapy, and the like. [0073] In certain
embodiments of the compounds disclosed herein, a
halogen, preferably 18F, or a chelating agent is
linked to the styrylpyridine backbone through a PEG
chain, having a variable number of ethoxy groups. The
fluorinated styrylpyridine, 2, displayed high binding
affinity (Ki = 2.50.4 nM). The dimethylamino analog
showed the greatest affinity. This is in contrast to
stilbene analogs, which tend to possess higher
affinity when monomethylamino substituted. As shown in
Schemes 1-3 herein, radiolabeling was successfully
performed giving the target compounds. The synthesis
of compound 2 in Scheme 5 resulted in a preparation
time of about 60 mins; radiochemical yield of ~35%
(decay corrected); radiochemical purity of >98%; and
specific activity of from about 1,000 to about 1,500
Ci/mmol. In vivo biodistribution of a 18F pegylated
styrylpyridine in normal mice exhibited excellent
brain penetrations and rapid washouts after an iv
injection. Autoradiography of postmortem AD brain
sections of 2 confirmed the specific binding related
to the presence of Abplaques. [0074] Preferable values
under the scope of Ce-io aryl include phenyl, aphthyl
or tetrahydronaphthyl. Preferable values of under the
scope of heteroaryl include thienyl, furyl, pyranyl,
pyrrolyl, pyridinyl, indolyl, and imidazolyl.
Preferable values . under the scope of heterocycle
include piperidinyl, pyrrolidinyl, and morpholinyl. A
preferred embodiment of a Cff-io aryl, heteroaryl,
heterocycle, heterocycle(Ci^.)alkyl or C3-6
cycloalkyl, contains a ring substituted with one of
the following: C1-4 alkylthio, Ci 4 alkyl sulfonyl,
methoxy, hydroxy, dimethylamino or methylamino.[0075]
The compounds of Formulae I5 Ia, II, and III may also
be solvated, especially hydrated. Hydration may occur
during manufacturing of the compounds or compositions
comprising the compounds, or the hydration may occur
over time due to the hygroscopic nature of the
compounds. In addition, the compounds of the present
invention can exist in unsolvated as well as solvated
forms with pharmaceutically acceptable solvents such
as water, 



ethanol, and the like. Ih general, the solvated forms
are considered equivalent to the unsolvated forms for
the purposes of the present invention. [0076] When any
variable occurs more than one time in any constituent
or in Formula I, Ia, II or III its definition on each
occurrence is independent of its definition at every
other occurrence. Also combinations of substituents
and/or variables are permissible only if such
combinations result in stable compounds. [0077] The
term "alkyl" as employed herein by itself or as part
of another group refers to both straight and branched
chain radicals of up to 8 carbons, preferably 6
carbons, more preferably 4 carbons, such as methyl,
ethyl, propyl, isopropyl, butyl, f-butyl, and
isobutyl. [0078] The term "alkoxy" is used herein to
mean a straight or branched chain alkyl radical, as
defined above, unless the chain length is limited
thereto, bonded to an oxygen atom, including, but not
limited to, methoxy, ethoxy, npropoxy, isopropoxy, and
the like. Preferably the alkoxy chain is 1 to 6 carbon
atoms in length, more preferably 1-4 carbon atoms in
length. [0079] The term "monoalkylamine" as employed
herein by itself or as part of another group refers to
an amino group which is substituted with one alkyl
group as defined above. [0080] The term "dialkylamine"
as employed herein by itself or as part of another
group refers to an amino group which is substituted
with two alkyl groups as defined above. [0081] The
term "halo" or "halogen" employed herein by itself or
as part of another group refers to chlorine, bromine,
fluorine or iodine and their isotopes. The term
"radiohalogen" refers specifically to radioactive
halogen isotopes.[0082] The term "haloalkyl" as
employed herein refers to any of the above alkyl
groups substituted by one or more chlorine, bromine,
fluorine or iodine with fluorine and chlorine being
preferred, such as chloromethyl, iodomethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, and
2-chloroethyl. [0083] The term "alkylthio" as employed
herein by itself or as part of another group refers to
a thioether of the structure: R-S, wherein R is a Ci-4
alkyl as defined above. [0084] The term
"alkylsulfonyl" as employed herein by itself or as
part of another group refers to a sulfone of the
structure: R-SO , wherein R is a C1 alkyl as defined
above. [0085] The term "aryl" as employed herein by
itself or as part of another group refers to
monocyclic or bicyclic aromatic groups containing from
6 to 12 carbons in the ring portion, preferably 6-10
carbons in the ring portion, such as phenyl, naphthyl
or tetrahydronaphthyl. [0086] The term "heterocycle"
or "heterocyclic ring", as used herein except where
noted, represents a stable 5- to 7- membered
mono-heterocyclic ring system which may be saturated
or unsaturated, and which consists of carbon atoms and
from one to three heteroatoms selected from the group
consisting of N, O, and S, and wherein the nitrogen
and sulfur heteroatom may optionally be oxidized.
Especially useful are rings contain one nitrogen
combined with one oxygen or sulfur, or two nitrogen
heteroatoms. Examples of such heterocyclic groups
include piperidinyl, pyrrolyl, pyrrolidinyl,
imidazolyl, imidazinyl, imidazolidinyl, pyridyl,
pyrazinyl, pyrimidinyl, oxazolyl, oxazolidinyl,
isoxazolyl, isoxazolidinyl, thiazolyl, thiazolidinyl,
isothiazolyl, 



homopiperidinyl, homopiperazinyl, pyridazinyl,
pyrazolyl, and pyrazolidinyl, most preferably
thiamorpholinyl, piperazinyl, and morpholinyl. [0087]
The term "heteroatom" is used herein to mean an oxygen
atom ("O"), a sulfur atom ("S") or a nitrogen atom
("N"). It will be recognized that when the heteroatom
is nitrogen, it may form an NRR moiety, wherein the R
groups independently from one another may be hydrogen
or Ci-4 alkyl, C2-4 aminoalkyl, Ci-4 halo alkyl, halo
benzyl, or R1 and R2 are taken together toform a 5- to
7-member heterocyclic ring optionally having O, S or
NR0 in said ring, where Rc is hydrogen or Ci- alkyl.
[0088] The term "heteroaryl" as employed herein refers
to groups having 5 to 14 ring atoms; 6, 10 or 14 p
electrons shared in a cyclic array; and containing
carbon atoms and 1, 2, 3 or 4 oxygen, nitrogen or
sulfur heteroatoms (where examples of heteroaryl
groups are: thienyl, benzo[b]thienyl,
naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl,
isobenzofuranyl, benzoxazolyl, chromenyl, xanthenyl,
phenoxathiinyl, 2/f-pyrrolyl, pyrrolyl, imidazolyl,
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, indolizinyl, isoindolyl, 3i-T-indolyl,
indolyl, indazolyl, purinyl, 4H-quinolizinyl,
isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl,
quinazolinyl, cinnolinyl, pteridinyl, 4a/ -carbazolyl,
carbazolyl, a, b, or g-carbolinyl, phenanthridinyl,
acridinyl, perimidinyl, phenanthrolinyl, phenazinyl,
isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl
and phenoxazinyl groups). [0089] The term "aralkyl" or
"arylalkyl" as employed herein by itself or as part of
another group refers to Ci alkyl groups as discussed
above having an aryl substituent, such as benzyl,
phenylethyl or 2-naphthylmethyl. [0090] Another aspect
of this invention is related to methods of preparing
compounds of Formulae I, Ia, H and III. [0091] The
synthesis of dimethylamino substituted styrylpyridine
derivative 1 and its fluoropegylated compound 2 is
shown in scheme 1. Compound 1 was obtained by a Wittig
reaction between diethyl 4-
(dimethylamino)benzylphosphonate and
6-chloronicotinaldehyde at the present of potassium
tert-butoxide in DMF (yield 62 %). A direct alkylation
of compound 1 with 2-(2-(2-fluoroethoxy)ethoxy)ethanol
2 using sodium hydride in THF obtained the
fluoropegylated compound 2 (yield 33 %), which can be
used as the cold standard for the radio-labeling. The
preparation of monomethyl amino substituted derivative
6 was accomplished through a route showing in Scheme
2. A Wittig reaction between 4-nitro-benzylphosphonate
and 6-chloronicotinaldehyde at the present of sodium
methoxide in methanol under refiuxing condition
obtained compound 3 in a high yield (88 %). Compound 3
can be easily filtered out after the reaction and used
directly fornext step; no further purification is
required. The alkylation of 3 with 2-(2-(2-
fluoroethoxy)ethoxy)ethanol using sodium hydride in
THF obtained compound 4 (yield 30 %). The nitro group
of compound 4 was reduced using stannous chloride in
ethanol to obtain compound 5 (yield 58 %).
Monomethylation of 5 was achieved using
paraformaldehyde, sodium methoxide and sodium
borohydride to obtain compound 6 in a relatively high
yield (73 %). To make desired F-18 labeled
dimethylamino substituted styrylpyridine derivative
[18F]2, the tosylate 10 (Scheme 3) was used as the
precursor. The preparation of 10 started with a
microwave-assisted alkylation of 3 with triethylene
glycol in DMF to obtain compound 7 (yield 77 %). The 



nitro group of 7 was then reduced to amine using
stannous chloride to give compound 8 (yield 16 %) then
followed by a dimethylation using paraformaldehyde,
sodium cyanoborohydride in acetic acid to obtain
compound 9 in a high yield (95 %). Mesylation of 9 was
tried first, however, the mesylate of 9 was very
unstable and decomposed during the preparation.
Tosylation of 9 was accomplished successfully using
tosylchloride in pyridine to give desired tosylate 10
(yield 4 1 %) as the precursor for making radio
labeled [18F]2.SCHEME 1 SCHEME 2SCHEME 3 SCHEME 4
[0093] Schemes 5-7 depict a synthetic route for
compounds of Formula III. Scheme 5 depicts a synthesis
of several intermediates useful for preparing the
compounds of the invention. Scheme 6 and 7 depict the
synthesis of radiolabeled and non-radiolabeled
compounds of the invention. In compounds 17-110, "I"
in the compound name means "intermediate."TITLE OF THE
INVENTION: SYSTEM AND METHOD OF REBALANCING A
PORTFOLIO OF SEPARATELY MANAGED ACCOUNTS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of priority to U.S.
Provisional Patent Application number 60/785,367 filed
on March 24, 2006, the entire contents of which is
incorporated herein by reference. BACKGROUND OF THE
INVENTION Field of the Invention [0002] The present
invention is generally directed to systems and methods
for managing wealth. More particularly, the present
invention relates to systems and method for
efficiently and effectively rebalancing portfolios
held by a plurality of individual investment accounts
in response to one or several investment decisions.
Summary of the Related Art [0003] Portfolio managers
and money managers manage money and assets for others.
Portfolio managers work for investment management
firms and spend their time researching financial
trading markets and business sectors in order to make
expert investment decisions for their managed
portfolios. A managed portfolio will serve as a model
portfolio for aggregations of arbitrary numbers of
individual accounts, quite possibly hundreds or
thousands of accounts or even more, each account
having holdings composed of a set of positions in
various assets, such as securities or cash or other
financial instruments. [0004] Managed accounts (also
called SMAs or "wrap" accounts) are often managed in
groups. Portfolio managers give individual account
holders theopportunity to select an investment
strategy for their account and/or allow the account
holder to set rules or restrictions for their account.
As a result, in practice, many accounts in a same
portfolio will follow identical investment strategies
while other accounts will differ from that strategy,
slightly or by a lot, due to one or more restrictions.
[0005] A portfolio manager for a separately managed
account usually does not make decisions for each
account individually, on a day-to-day basis. Instead,
a portfolio manager makes decisions for the model
portfolio that serves as an exemplar for each
account's individual portfolio. Such decisions are
sometimes called "investment insights" or simply
"insights." The portfolio manager will determine a
list of holdings that serve as the best possible
representative of the 



portfolio manager's insights. Once this list of
securities or financial instruments has been decided
upon, it is represented as a "model portfolio". A
model portfolio may also be called simply a "moder or
a "benchmark" or "benchmark portfolio". [0006] A
portfolio manager's insights indicate the model
portfolio but do not indicate how to adjust individual
accounts within the portfolio. Adjusting individual
accounts is called 'rebalancing . Rebalancing means to
buy or sell securities for an account's portfolio to
bring those securities into an alignment that is as
close as possible to the model portfolio recommended
for that account. Each individual account must be
rebalanced to correspond as closely as possible to the
portfolio manager's investment insights. However, each
individual account has restrictions placed upon it and
compliance rules that will affect the rebalancing
procedure. Accordingly, each account must be
separately rebalanced to implement the insights while
taking into account the restrictions and compliance
rules placed upon it. As a result, the rebalancing of
individual accounts in a managed portfolio can be very
timeconsuming and labor intensive. Because it may be
desirable to rebalance accounts on arbitrary time
scales (yearly, biannually, quarterly, monthly,
weekly, daily, continuously or irregularly), an
enormous amount of work can go into rebalancing
accounts. [0007] Thus, there exists a need for new and
improved systems and methods for rebalancing
individual accounts within a managed portfolio.
SUMMARY OF THE INVENTION [0008] The present invention
relates to features of a wealth management system for
managing a portfolio of individual account holdings.
[0009] According to the present invention,
'sub-models' can be generated for groups of accounts
by incorporating restrictions into existing model
portfolios. Sub models represent model portfolios
after securities (and weightings) specified in the
model portfolio have been modulated by specific
account-level restrictions. As a result, sub-models
can be used in place of models for groups of
individual accounts that share common sets of
restrictions, in order to efficiently and quickly
rebalance account portfolios. While the securities
and/or security weightings described in a sub-model
are usually slightly different from those described by
the parent model, they may also in fact be identical
to those of the model portfolio; in such a case the
sub-model represents an account that follows the model
and that has no restrictions. [0010] According to an
embodiment of the present invention, a system is
provided for portfolio managers to define a particular
set of holdings that make up a model portfolio. The
portfolio manager's insights are recorded and
distributed down to a large number of client accounts
that are subscribed to that portfolio manager's
particular strategy or model while applying individual
restrictions and compliance rules to each of the
individual client accounts. Trade orders are generated
based onthe rebalancing of the individual accounts to
effect the rebalancing and implement the insights.
[0011] According to an embodiment of the present
invention, a system is provided for rebalancing a
portfolio that serves as a model for a plurality of
individual investment accounts, each individual
investment account holding at least one of either
tradeable assets or cash. A data storage facility is
configured to store data defining each of the
plurality of individual investment accounts and
restrictions on each of the plurality of individual
investment accounts. A modeling facility is configured
to receive an investment model and to generate one or
more adjusted models based upon the investment model
and the restrictions in the data storage facility and
to associate each adjusted model to one or more
corresponding 



individual investment accounts. A rebalancing facility
is configured to rebalance account holdings in the
individual investment accounts based upon
corresponding adjusted models from the modeling
facility. [0012] According to an embodiment of the
present invention, a method is provided for
rebalancing a plurality of managed investment accounts
based on an investment model, each of the investment
accounts including a portfolio of assets and having
zero or more restrictions associated therewith. The
method includes steps of associating at least one
sub-model to a group of the plurality of managed
investment accounts, the at least one sub-model
defining a group of restrictions (possibly of size
zero) that are common to the group of managed
investment accounts; receiving an investment model
defining a master portfolio; and rebalancing each of
the group of managed investment accounts based upon
the investment model and the at least one
sub-model.[001 3] According to an embodiment of the
present invention, sub-models are automatically
constructed. Once calculated, the sub-models can be
stored in a data storage facility (e.g., in a
database, or in a file), or used immediately
"on-the-fly." There may be as many as one sub-model
for every individual account. Typically, however,
sub-models are generated for large groups of accounts
having common restrictions. For example, if twenty
thousand accounts follow a Large Cap Value model,
there may be ten thousand accounts that have
restrictions against holding so-called "sin stocks'.
If these 'no-sin-stock' restrictions are the only
restrictions on those accounts, the group of accounts
can all be viewed as following a 'sin-free' variant of
the Large Cap Value model. Thus, one sin-free
sub-model could be generated for and associated with
ten thousand accounts in a portfolio. [0014] According
to one embodiment of the present invention, sub-models
are constructed automatically by a system that
examines account-level restrictions. When encountering
a set of restrictions for an account, the system can
first search a data store to determine if a sub-model
exists that correspond to the combination of the set
of restrictions plus the model portfolio.
Consequently, the system allows sub models to be
shared across many different accounts. In practice,
this search can be implemented in a variety of ways,
including calculating a unique indexing number, or
encoding sub-model restriction sets as a coded string
that compresses the sub model feature space. If a
sub-model already exists for the combination of model
and restrictions that is needed, then that sub-model
can be loaded and used. If the sub model does not yet
exist, it can be constructed. Occasionally, it may be
faster to recreate the submodel dynamically, in
computer memory, rather than loading it from a data
store. Performance benefits still accrue to the
rebalancing algorithm in such acase due to the shared
nature of submodels across accounts holding similar
groups of restrictions. [0015] According to another
embodiment of the present invention, the adjusted
models allow analysis of accounts to identify account
drift relative to account restrictions, rather than
solely relative to the master portfolio model. [001 6]
Further applications and advantages of various
embodiments of the present invention are discussed
below with reference to the drawing figures. BRIEF
DESCRIPTION OF THE DRAWINGS [0017] FIG. 1 is a block
diagram of a system for using sub-models to rebalance
individual investment accounts according to an
embodiment of the present invention. [001 8] FIG. 2 is
a flow diagram of a process for using sub-models to
rebalance individual investment accounts according to
an embodiment of the present invention. [0019] FIG. 3
is a screenshot of an exemplary interface of a system
for managing 



models and sub-models. [0020] FIG. 4 is a flow diagram
of a process for efficiently using sub-models to
rebalance individual investment accounts according to
an embodiment of the present invention. [0021] FIG. 5
is a diagram representing the relationship between a
model and sub-model according to an embodiment of the
present invention. [0022] FIG. 6 is a screenshot of an
exemplary interface of a system which allows users to
view accounts by deviation from a corresponding
model/sub-model. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [0023] While the present invention may be
embodied in many different forms, a number of
illustrative embodiments are described herein with the
understanding thatthe present disclosure is to be
considered as providing examples of the principles of
the invention and that such examples are not intended
to limit the invention to preferred embodiments
described herein and/or illustrated herein. [0024]
Wealth management is often concerned primarily with
asset allocation. Studies show that proper asset
allocation can reduce risk and provide superior
returns when done in conjunction with a properly
maintained portfolio. In a portfolio management
system, a portfolio manager's investment insights are
recorded and distributed down to a large number of
client accounts that are subscribed to that portfolio
manager's particular strategy while applying
individual restrictions and compliance rules to each
of the individual client accounts. Trade orders are
generated based on the rebalancing of the individual
accounts to effect the rebalancing and implement the
insights. The present invention provides systems and
methods for quickly and efficiently rebalancing
individual accounts to effect changes to the accounts
according to portfolio manager insights. [0025] A
model portfolio can consist of a list of securities,
along with numbers representing percentage allocations
to each security. For example, a model may consist of
the following list: {(IBM, 10%), (GE, 10%), (MSFT,
10%), (MO, 10%), (NKE, 15%), (T, 20%), (ITG, 25%)}.
The security identifier need not be a ticker but could
also be any unique identifier including CUSIP, ISIN,
Valoren, SEDOL, a combination of Issuer and Coupon,
etc. The model portfolio need not be described solely
as a list of securities plus percentage allocations
and may also include securities listed by unique
characteristics. For example, one asset might be
describes as "bonds issued by Corporations with a
Moody's Rating Aa1 or better, with a Duration of at
least 3 years but less than 5 years, with a coupon of
8.6%." The model portfolio may also include
suggestions for a particular distribution of
assetclasses or of specific mutual funds or
alternative investment products for accounts following
the model to hold. [0026] Individual accounts can be
rebalanced for several reasons. Three particular
reasons are: ( 1) the portfolio manager makes an
insight triggering rebalancing of the accounts, or (2)
an account drifts out of alignment with the master
portfolio over time due to application of
restrictions, or due to security price fluctuations,
or to changes in other security characteristics, or
(3) the account holder requests certain services, like
withdrawal or depositing of cash, or harvesting of tax
losses or gains. Portfolio rebalancing is complicated
by the fact that, for separately managed accounts,
each account may have specific restrictions or rules
associated therewith restricting the type and quantity
of holdings in the portfolio. [0027] Restrictions can
take several forms. Without limiting the set of
possible restrictions, several common ones are listed
here: a requirement not to buy a security, a
requirement not to accumulate more of a security, a
requirement not to 



hold a security, a requirement not to sell any
holdings of a particular security, a requirement not
to sell specific tax lots of a holding of a particular
security, a requirement not to reduce holdings of a
specific security below a certain percentage of the
account's holdings, or a requirement not to increase
holdings of a specific security above a certain
percentage of the account's holdings. Similar
restrictions can be placed on a particular group of
securities (a "security list"), on the specific
industries or groups of industries associated with the
securities in the account, on the specific sectors or
groups of sectors associated with the securities in
the account, or on any number of arbitrary
characteristics associated with a given security. For
example, when considering fixed income securities, a
restriction can be created requiring that the credit
quality must be above a certain level.[0028]
Restrictions themselves are complicated by the fact
that, when created, restrictions may have an "action"
that indicates what to do with the amount that was
restricted. If a model portfolio recommends holding a
security but there is a restriction against that
security in the account that follows the model, then
when it comes time to rebalance that account the
percentage of the model originally allocated to the
restricted security (the "weighting") must be
redistributed to alternative securities. [0029] The
mechanism by which the weighting is redistributed to
alternative securities is usually specified in the
restriction itself. These mechanisms may include
without limitation "leaving in cash," "prorating to
sector," or "prorating to industry," or other similar
prorating mechanisms. [0030] "Leaving in cash" means
to add the weighting percentage that would otherwise
have been associated with the security being
restricted to the cash weighting specified in the
model. [0031] "Prorating to sector" means to allocate
the weighting percentage that would otherwise have
been associated with the security being restricted to
those securities in the model that are in the same
sector as that which was associated with the security
that is being restricted. The allocation can be
weighted based on any of various techniques, including
using the percentages specified in the model for the
securities that will receive the prorating, or
allocating equally, based on counting each security
that will receive the prorating just once, rather than
based on the model percentages. [0032] "Prorating to
industry" is similar to prorating to sector, except
that the restricted security's industry is used
instead of its sector. There are several
similarprorating methods based on arbitrary lists of
securities, or based on specific security
characteristics. [0033] Rebalancing accounts is not an
instantaneous process. Typically, although the desired
outcome of a rebalancing session is that many
thousands of accounts are rebalanced, each account is
still handled one at a time. The account holdings and
the investment strategy must be loaded by a software
program from a database into the computer's dynamic
memory along with the restrictions on the accounts.
Security-level information like prices, coupons, or
risk factors also must be loaded by the software into
memory. All of this information is then typically
compiled together by a software program and compared
by the computer against the security holdings
specified in the pure "model" that was put together by
the portfolio manager. The differences are calculated,
and for account positions that hold less than a
specific security (or security represented by
characteristics) than were specified by the portfolio
manager in the model, the computer creates a "buy"
order for the security which it stores in the
database. For account positions that hold more 



of a specific security (or security represented by
characteristics) than were specified by the portfolio
manager in the model, the computer creates a 'sell'
order for the specific security and, additionally,
adds to the sell order an indication as to which
specific tax lot or tax lots should be sold. The
specific tax lot can be decided by a variety of
algorithms, including highest-cost first-out (HCFO),
last-in first-out (LIFO), first-in first-out (FIFO),
based on specific purchase dates ("versus purchase"),
based on minimal tax algorithms, or left to a trader's
discretion. This one-at-a-time rebalance process is
relatively slow compared to the higher speed process
described below.[0034] In order to achieve scalability
while rebalancing thousands of accounts at a time and
still respecting account-level restrictions and
compliance rules, a mechanism called "sub-models" has
been developed. Sub-models are similar to models or
benchmarks that any account may follow for its
investment strategy, with the exception that
sub-models incorporate the restrictions for the
individual accounts themselves into the actual
security weightings described in the sub-model. These
restrictions are incorporated during sub-model
construction. [0035] For example, an investment model
may suggest that accounts in a portfolio hold 10% IBM,
10% MSFT, 30% GE, and 50% MO. If there is a
restriction at an account level that prevents an
account from holding any tobacco companies, the
sub-model constructed for that account would result in
holdings of 20% IBM, 20% MSFT, 60% GE, and 0% MO. The
MO allocation is set to zero because of the
restriction and the quantity of MO is shifted to the
other holdings in the sub-model. The shifting of
holdings could be prorated based on weights allocated
to other securities in the model or based on sectors,
industries, or other arbitrary mechanisms. [0036] Many
thousands of accounts may share a single set of
restrictions (for example, a "no-sin-stock" set of
restrictions), and thus, the present invention can
achieve scalability by loading sub-models and applying
the sub-models to the corresponding accounts rather
than repeatedly loading the model and calculating how
the model varies with restrictions for each individual
account. [0037] FIG. 1 is a block diagram of a system
for using sub-models to rebalance individual
investment accounts according to an embodiment of the
present invention. System 100 includes a plurality of
portfolio manager systems 102, a wealth management
system 104, a data storage facility 106, which may
includes a modeland sub-model database, and an
execution management system 110, each of which is
coupled with an electronic data network such as the
internet 108. [0038] Portfolio manager systems 102 can
be client graphical user interfaces (GUI) comprised of
a number of forms for receiving and managing data
relating to a plurality of portfolios, individual
accounts, etc., in accordance with the present
invention. As will be described in further detail
below, a portfolio manager system 102 can be
configured to interact with wealth management system
104 in order to rebalance a plurality of individual
accounts in accordance with one or more insights made
by a portfolio manager. Wealth management system 104
can be coupled with the model and sub-model data store
106 that stores relevant data necessary for performing
the functions and process steps described in this
document. Further, as described in additional detail
below, the system is capable of generating one or more
trades in order to effect portfolio rebalancing.
Accordingly, wealth management system 104 or portfolio
manager system 102 can be coupled with an execution or
order management system 110 for generation and
transmission of orders to a trading forum (e.g., ECN,
ATS, etc. (not shown)). 



[0039] According to an embodiment of the present
invention, the system can construct a sub-model by
first loading the definition of the top level model
portfolio from data facility 106. Restrictions can
either be processed one at a time or as a group. If
restrictions are processed one at a time, presorting
can be performed to prevent conflicts created by
overlapping restrictions (for example, a restriction
that prorates to a sector restricted against by
another restriction). When processed one at a time, if
the security that is restricted by the restriction
exists in the model, the weighting for that security
is modulated as specified in the restriction and, if
applicable, the resulting weighting is prorated as
specified in the restriction's action.This is then
repeated for all restrictions, which are processed in
the order specified by the presorting. Afterwards, the
resulting sub-model consists of an altered list of
securities and weightings, and can be substituted for
a model portfolio wherever one is required. [0040] If
processed as a group, restrictions can be handled in
individual groups that all affect each other, or
encoded as a set of constraints or equations and then
run through an algorithm that satisfies all
constraints simultaneously, for example a linear
simplex optimizer or other constraint solving
algorithm. The resulting sub model is then a list of
securities and weightings that is likely altered from
that of the original model, yet which can be
substituted for a model portfolio wherever one is
required. [0041] According to one embodiment of the
present invention, if a sub-model has been created
from a model, and then that model subsequently changes
(e.g., because of an investment insight), there are
two ways to reconstruct the sub-model. The sub-model
can be reconstructed from scratch by discarding the
existing sub model and following the outline described
above to create a new sub-model, or the change/changes
in the model can be "propagated" to the sub-model.
Propagation works by loading the affected restrictions
and processing them in a manner similar to the
processing used to create the original sub-model, thus
creating a revised list of changes that are
subsequently applied to the existing sub-model.
Propagating changes in a model down to a sub-model may
or may not follow the exact process as was used to
create the original sub-model, depending on the nature
of the specific restriction. Certain restrictions can
be applied at any point in the process, and some must
be applied in a specific order. The order in which a
restriction isapplied depends on associativity and
commutativity properties of the restriction, and on
the algorithm chosen for a priori submodel
construction. [0042] Fig. 2 is a flow chart of a
process for performing features of the present
invention. Processing begins at step S2-1 wherein it
is determined if individual investment accounts
deviate from the model. In the next step S2-2,
sub-models are defined by analyzing the restriction
set for each of the managed investment accounts.
Sub-model data can be stored in a variety of formats
such as, for example, in a relational database. The
sub-models are associated with the one or more
accounts upon which they are based. In step S2-3,
asset reallocation is calculated for each of the
sub-models affected by the change in the model. During
this step, the individual accounts are rebalanced
based on the sub-model collectively as a group,
thereby increasing efficiency. Next step S2-4, a
plurality of trade orders, are generated and executed
in order to effect the asset reallocation defined by
step S2-3. [0043] FIG. 3 is a screenshot of an
exemplary interface of a system for managing models
and sub-models that may be part of a system according
to an embodiment of the present invention. Form 300
includes a number of tabs along the top, each of 



which define different detailed blocks including form
fields which display and/or allow entry of data, for
example, sub-model management. This exemplary
interface includes a tree view 302 that shows all
models available, as well as all existing sub models
that have been created relative to a particular model.
Because sub-models can be shared across accounts,
there is a provision for editing sub-model properties
(such as name). [0044] By selecting a particular model
or sub-model, the graphs displaying the sector
breakdown 314 and sector difference 316 are updated to
display that submodel, as is the representation 3 18
of the restrictions that go into making up that
sub-model. The securities and relative weights of
securities are also displayed 306 and change as one
navigates the sub-models. As models and sub-models
change throughout the system, updates are sent to this
screen so that it can always show the most up to date
information. It is possible to edit model positions
directly within this screen, and the user is able to
propagate these changes to the sub-model directly from
this screen. The user is able to select a number of
different kinds of graphs to display (e.g. sector
breakdown, sector difference, industry breakdown,
asset type breakdown, individual securities, etc).
[0045] Fig. 4 is a logical process flow diagram
representing processing performed in the system and
method of the present invention according to an
embodiment thereof. The logical process flow depicted
here includes computational processes, data loading
processes, and data entities. [0046] Data process flow
begins at 400 and proceeds to problem analysis process
402. Problem analysis process 402 interacts with a
rule process 404 which in turn interacts with rules
data 406. The problem analysis process 402 outputs
data to a data load separation process 408 which
outputs to the model loading process 410. The output
from model loading process 410 is input into a
batching process 416. In batching process 416,
accounts 422, positions 426, and tax lots 428 are
loaded via entity loading processes 420 into
rebalancing batches 418. Batch processes thereby apply
the model and sub-models to the individual accounts in
each batch, and the results are output to results
reporting 424. [0047] Fig. 5 illustrates generation of
a restriction-adjusted sub-model from a core model
(e.g., top-level portfolio model). The core model 502
includes a number of account holdings. In this
example, one account holding amounts to 40% of
theportfolio and comprises 20% IBM, 12% MSFT, 5% MO
and 3% NKE. Restrictions 506 are applied to the core
model. Restrictions 506 includes a restriction
allowing purchase of Nike stock (NKE) but prohibiting
purchase of tobacco stocks (such as MO). Accordingly,
no purchasing of MO is allowed by restrictions 506.
According to an embodiment of the present invention, a
core model is adjusted to allocate equally the 5%
holdings of MO amongst the three equities in order to
arrive at the sub-model defined as IBM 22.86% MSFT
13.71% and NKE 3.43% adding up to the original 40%.
[0048] FIG. 6 is a screenshot of an exemplary user
interface for a system that allows users to view
accounts by deviation from their model/sub-model
according to an embodiment of the present invention.
Various clients (i.e. portfolio managers) have vastly
differing numbers of accounts under management. This
number can range from a few hundred to upwards of
seventy thousand in a typical case, with upwards of
one million accounts not out of range for certain
systems. Portfolio managers need a "bird's eye" view
of how all their accounts are performing. [0049] Form
600 screen provides the bird's eye view. Users can
view accounts by deviation from their model/sub-model,
by YTD gain/loss, by performance, and by 



a number of other metrics. This view is composed
primarily of a grid 602 and the HotSpot Monitor 604.
The HotSpot Monitor 604 shows a graphical view of the
information/metric selected for display. This
graphical view provides a histogram or spectrum of
metrics for all or subsets of accounts. Subsets of
accounts can be chosen by using specific filters or
'slices' representing common account characteristics.
The user can click on various parts of this display
(the red and green sections) to select which accounts
are listed within the grid. Columns within the grid
are sortable and groupable by various mechanisms
(forward and reverse sorting,using a tree, using
date-ranges or category groupings, etc). The grid
shows relevant account information, and provides a
mechanism for the user to drill down into the Single
Account Management screen, by double-clicking on a row
or clicking the View Account button 606. The user can
also select a range of rows for rebalancing, tax
harvesting, to propagate model changes, or perform
other investment or account maintenance actions.
[0050] A wealth management system according to one
embodiment of the present invention provides an
SMA-specific set of restrictions that can be placed on
an account. This set of restrictions can be carefully
designed to allow for the creation of sub-models based
on these restrictions. A restriction management
mechanism is provided within the interface of the
system. [0051] A rebalance can be done on one, dozens,
hundreds or thousands of accounts at once. Various
kinds of rebalances can be performed, including
without limitation a "violators" rebalance, a full
rebalance, an asset allocation rebalance, a duration
rebalance, or rebalance of other account or security
level characteristics. A full rebalance will attempt
to bring an account completely in line with a model. A
violators rebalance will only issue correcting orders
for accounts that are outside of a certain "band ,
measured relative to a model. After selecting
particular accounts in the account monitoring screen,
the user can launch the rebalance tool. Alternatively,
rebalance can be launched while viewing a single
account. When rebalancing a single account, positions
that deviate from the model are shown in a grid on the
screen. If the user changes the number of violators to
display, or changes the violator band, the grid will
be updated accordingly to show those positions which
will be considered for rebalancing. When selecting
multiple accounts, this grid showing positions for a
single account is not displayed. When the rebalance is
launched, theprogress monitor is updated continuously.
As information comes back and particular batches are
finished, the graph will update to show a decrease in
the number of accounts remaining to be rebalanced, and
a (probable) increase in the number of orders
generated. At any time, the user can halt an ongoing
rebalance. When a rebalance is finished or halted, a
summary report can be viewed or actual generated
orders can be viewed. In the present system, there is
no 'undo' functionality, however orders that were
generated are generated in a 'proposed1state and can
be subsequently cancelled. [0052] According to an
embodiment of the present invention, the system of the
present invention can include one or more of the
following subsystems:  Batching and dynamic monitoring
capabilities - used by rebalance and multiple tax
harvest to group together large operations that can be
applied to thousands of accounts at a time.  Hotspot
monitor - used to display a summarization of metrics
across thousands of accounts, providing a high-level
view of divergence and exposure.  Sub-models - these
provide an efficient mechanism to provide pre-trade 



compliance, by building restrictions into a model.
These speeds calculations, and allows the user to see
divergence (using the HotSpot Monitor) relative to the
restriction-adjusted sub-model, rather than just
relative to a model.  Order Bundles - In order to
accommodate the huge volume of orders that can be
created by functional actions within XWM (e.g.
violators rebalance, propagate model change), XWM
provides a mechanism to bundle orders by various
characteristics of an order, including ticker, side,
date, and broker. These are then exported to a trading
system for trading under an 'omnibus'account, and
allocations that come back are handled within XWM,
wherein they are distributed to the appropriate
accounts by various allocation methods (including
without limitation account size, order size, unfilled
order amount, randomly, etc.).  Business Services -
These are XWM-specific business capabilities,
including rebalance, tax harvest, and so on.  Graphs -
a graphing control by a third-party provider has been
used in the present invention for all bar, line and
pie chart displays. Business Service Priority
Negotiation [0053] Different business services have
more or less priority for particular users. For
example, a trader may care much more about getting her
order fills back than she does about having the
portfolio manager's rebalance finish. If the portfolio
manager is the one calling the decisions, however,
they expect the rebalance to take priority. This is
similar to a scheduler in many ways, in that
priorities are dictated by a policy that is set for
each firm. This policy is then read and interpreted by
the priority negotiation service to determine which
services should be given priority in execution. [0054]
The tax lot selection method, used by rebalance (and
by propagate model change), can either be LIFO, FIFO,
HCFO, or our own customized tax algorithm. This
algorithm has been extensively tested and typically
provides better results than any of the standard,
easier to calculate methods like LIFO/FIFO. Model
Management [0055] Model management within the example
system includes the following features: 1) basic
editing capabilities for adding and removing
securities and for changing weights, and 2) some
provision for higher level changes, like
editingweights at an aggregate level (like by sector
or industry) and having these weight changes
propagated to the underlying positions. Sub-model
Management [0056] Sub-models can be created, managed
and refreshed via this service. Sub-models are based
on restrictions, as specified above, and provide
several capabilities to the XWM module. Sub-models
provide a specialized pre-trade compliance capability
that allows the rebalance algorithm to execute at
high-speed. They also allow the account monitor to
rapidly switch between showing account deviation from
a model, or from a restriction-adjusted sub-model.
Sub-models are also useful in the implementation of
more specialized restriction types, particularly for
use in fixed income implementations. Scalability Plane
/ Scalability Mitigation Layer [0057] According to
embodiments of the present invention, .NET remoting is
employed with possible load balancing via Network Load
Balancing (NLB) on Windows Advanced Server. If
additional services are required that are not provided
by .NET remoting, the servers can be accessed via this
plane -calls from the UTs Base Component Manager are
directed to a server side process running the 



scalability plane, which in turn further directs calls
to where they need to go. [0058] The present invention
is not limited to a single-pass rebalance. According
to another embodiment, the present invention can also
be applied to a multi-pass rebalance, or a multi-asset
class rebalance. In the case of multiple asset
classes, a rebalance may make use of a hierarchy of
sub-models, rather than a single sub model. This
involves using a sub-model to specify a distribution
of percentages specifying a portfolio's asset classes
(or investment styles, or currency holdings, or other
grouping). Each such grouping would be called a
'sleeve'. Then within eachsleeve, traditional security
descriptors can be used with percentage allocations
indicating (relative to the total sleeve) how much of
each security to hold. Accounts may be rebalanced
either to this hierarchy of sub-models (rebalancing
first to sleeves, and then to individual security
holdings), or they can be rebalanced to a blended
sub-model that takes the highest-level allocation
percentages and multiplies them by the individual
holdings at the sleeve level, to give a final
percentage. If this latter approach is pursued,
individual security names in the different sleeves
that overlap must be added together to achieve the
'blending'. [0059] As an example, consider an account
that holds 20% Large Cap Growth, 10% Large Cap Value,
10% Mid Cap, 10% International, and 50% Fixed Income.
Suppose that the Large Cap Growth sleeve is in turn
made up of 30% MSFT, 40% IBM, 5% MO, and 25% ITG, and
the Large Cap Value is made up of 50% AA 10% ITG, 5%
C, and 35% T. Assume the Mid Cap, International, and
Fixed Income sleeves all hold a single mutual fund. In
this case, ITG is held in both the Large Cap Growth
and Large Cap Value sleeves. Sub-models can be either
1) constructed individually for both the top-level
allocation to sleeves(Large Cap Growth, Large Cap
Value, Mid Cap, International, Fixed Income) and
individually for each sleeve (Large Cap Growth=MSFT,
IBM, MO, ITG), or 2) constructed as a blended
sub-model. Here, the star character ('*') represents
multiplication :  20% Large Cap Growth * (MSFT.IBM,
MO, ITG)  10% Large Cap Value * ((AA, ITG, C, T)  10%
Mid Cap *(mid-cap mutual fund)  10% International *
(international mutual fund)  50% Fixed Income * (fixed
income mutual fund) Results in: 6% MSFT  8% IBM  1% MO
5% ITG  5% AA  1% ITG  0.5% C  3.5% T  10% mid-cap
mutual fund  10% international mutual fund  50% fixed
income mutual fund [0060] Since ITG is repeated twice,
the percentages are added to get a final distribution.
6% MSFT  8% IBM  1% MO  5% ITG + 1% ITG = 6% ITG 



5% AA  0.5% C  3.5% T  10% mid-cap mutual fund  10%
international mutual fund  50% fixed income mutual
fund[0061] Thus, a number of preferred embodiments
have been fully described above with reference to the
drawing figures. Although the invention has been
described based upon these preferred embodiments, it
would be apparent to those of ordinary skill in the
art that certain modifications, variations, and
alternative constructions could be made to the
described embodiments within the spirit and scope of
the invention. [0062] Sub-models also allow for more
efficient monitoring of large numbers of accounts by
allowing analysis of account drift according to both
restrictions associated with the account as well as
the account's master model portfolio, rather than
solely relative to the account's master model
portfolio without incorporating the account's
restrictions.THE CLAIMS: We claim: 1. A system for
rebalancing a portfolio comprising a plurality of
individual investment accounts, each individual
investment account holding at least one of tradeable
assets and cash, said system comprising: a data
storage facility configured to store data defining
each of said plurality of individual investment
accounts and restrictions on each of said plurality of
individual investment accounts; a modeling facility
configured to receive an investment model and to
generate one or more adjusted models based upon said
investment model and said restrictions in said data
storage facility and to associate each adjusted model
to one or more corresponding individual investment
accounts; and a rebalancing facility configured to
rebalance account holdings in said individual
investment accounts based upon corresponding adjusted
models from said modeling facility. 2. The system
according to claim 1, wherein said restrictions
include rules defining name and quantity of assets
that can be held by an individual account. 3. The
system according to claim 1, wherein: said data
storage facility stores investment strategy data
defining a common set of rules for a first group of
said individual investment accounts;said modeling
facility is further configured to generate a first
adjusted model based upon said investment model and
said investment strategy and to associate said first
adjusted model with each of said first group of
individual accounts; and said rebalancing facility
configured to rebalance each of said individual
investment accounts in said first group based upon
said first adjusted model. 4. The system according to
claim 1, wherein said rebalancing facility generates
one or more trade orders for an individual investment
account being rebalanced which, if executed, would
adjust the holdings in said individual investment
account being rebalanced to match the corresponding
adjusted model. 5. The system according to claim 1,
wherein said restrictions include rules defining tax
restrictions on corresponding individual investment
accounts. 6. The system according to claim 1, wherein
said modeling facility further comprises: a first
component for identifying proposed holdings in said
investment model 



restricted by a first restriction on an individual
investment account; a second component for generating
said adjusted model by distributing the proposed
holdings identified by said first component even
across remaining proposed holding in said investment
model; and a third component for identifying a group
of individual accounts each having said first
restriction being applied thereto and associating said
adjusted model with each individual investment account
in the identified group.7. A computer implemented
method for rebalancing portfolios held by a plurality
of individual investment accounts, each individual
investment account holding at least one of either
tradeable assets or cash, said method comprising steps
of: storing data defining each of said plurality of
individual investment accounts; storing data defining
zero or more restrictions on each of said plurality of
individual investment accounts; receiving data
defining an investment model; generating one or more
adjusted models based upon said stored data defining
the investment model and the restrictions; associating
each adjusted model to one or more corresponding
individual investment accounts; and rebalancing
account holdings in said individual investment
accounts based upon corresponding adjusted models from
said sub-modeling facility. 8. The method according to
claim 7, wherein said restrictions include rules
defining aspects of assets that may be held by an
individual account. 9. The method according to claim
7, further comprising steps of: storing investment
strategy data define a common set of rules for a first
group of said individual investment accounts;
generating a first adjusted model based upon said
investment model and said investment strategy;
associating said first adjusted model with each of
said first group of individual accounts;
andrebalancing each of said individual investment
accounts in said first group based upon said first
adjusted model. 10. The method according to claim 7,
further comprising a step of generating one ore more
trade orders for an individual investment account
being rebalanced which, if executed, would adjust the
holdings in said individual investment account being
rebalanced to match the corresponding adjusted model.
11 The method according to claim 7, wherein said
restrictions include rules defining one or more tax
restrictions on corresponding individual investment
accounts. 12. The method according to claim 7, further
comprising steps of: identifying proposed holdings in
said investment model restricted by a first
restriction on an individual investment account;
generating said adjusted model by distributing the
proposed holdings identified evenly across remaining
proposed holdings in said investment model; and
identifying a group of individual accounts each having
said first restriction being applied thereto;
associating said adjusted model with each individual
investment account in the identified group. 13. A
method of rebalancing a plurality of managed
investment accounts based on an investment model, each
of said investment accounts including a portfolio of
assets and having zero or more restrictions associated
therewith, said method 



comprising steps of:associating at least one sub-model
to a group of said plurality of managed investment
accounts, the at least one sub-model defining a group
of restrictions that are common to said group of
managed investment accounts; receiving an investment
model defining an adjustment of a master portfolio;
and rebalancing each of said group of managed
investment accounts based upon said investment model
and said at least one sub-model. 14. The method as
recited in claim 13, wherein said sub-model is defined
automatically for said managed investment accounts.
15. The method as recited in claim 13, wherein said
sub-model is defined by setting particular
restrictions based upon characteristics of said
assets. 16. The method as recited in claim 13, wherein
changes to said investment model are propagated to
said sub-models. 17. A system for rebalancing a
plurality of managed investment accounts based on an
investment model, each of said investment accounts
including a portfolio of assets and having zero or
more restrictions associated therewith, said system
comprising: means for associating at least one
sub-model to a group of said plurality of managed
investment accounts, the at least one sub-model
defining a group of restrictions that are common to
said group of managed investment accounts;means for
receiving an investment model defining an adjustment
of a master portfolio; and means for rebalancing each
of said group of managed investment accounts based
upon said investment model and said at least one
sub-model. 18. The system as recited in claim 17,
wherein said sub-models are defined by automatically
analyzing said plurality of managed investment
accounts. 19. The system as recited in claim 17,
wherein said sub-models are defined by setting
particular restrictions based upon characteristics of
particular assets. 20. The system as recited in claim
17, wherein changes to said model are propagated to
said sub-models. 21. The system as recited in claim
17, wherein said adjusted models allow analysis of
accounts to indicate account drift relative to account
restrictions. 


