
COMPOUNDS FOR INHIBITING BETA-AMYLOID PRODUCTION
[0001] This application claims the benefit of priority
to US provisional patent application 60/777,772, filed
March 1, 2006, which is hereby incorporated by
reference in its entirety. Field of the Invention
[0002] The present invention relates to compounds for
the treatment of diseases associated with cerebral
accumulation of Alzheimer's amyloid, such as
Alzheimer's disease, and methods of use of the
compounds for the treatment and diagnosis of diseases
associated with cerebral accumulation of Alzheimer's
amyloid. Description of Related Art [0003] Alzheimer's
disease (AD) is the most common neurodegenerative
disorder of aging, afflicting approximately 1% of the
population over the age of 65. Characteristic features
of the disease include neurofibrillary tangles
composed of abnormal tau protein, paired helical
filaments, neuronal loss, and alteration in multiple
neurotransmitter systems. The hyperphosphorylation of
microtubule-associated tau protein is a known marker
of the pathogenic neuronal pre-tangle stage in AD
brain (Tan et al., "Microglial Activation Resulting
from CD40R/CD40L Interaction after Beta-Amyloid
Stimulation," Science (1999) 286:2352-55). [0004] A
significant pathological feature of AD is an
overabundance of diffuse and compact senile plaques in
association with limbic areas of the brain. Although
these plaques contain multiple proteins, their cores
are composed primarily of b-amyloid protein, a 39-43
amino acid proteolytic fragment that is
proteolytically derived from amyloid precursor protein
(APP), a transmembrane glycoprotein. Additionally,
C-terminal fragments (CTF) of APP are known to
accumulate intraneuronally in AD. [0005] b-amyloid is
derived from APP, a single-transmembrane protein with
a 590 to 680 amino acid extracellular amino terminal
domain and an approximately 55 amino acid cytoplasmic
tail. Messenger RNA from the APP gene on chromosome 2
1 undergoes alternative splicing to yield eight
possible isoforms, three of which (the 695, 751 and
770 amino acid isoforms) predominate in the brain. APP
undergoes proteolytic processing via three enzymatic
activities, termed a-, b-and g-secretase.
Alpha-secretase cleaves APP at amino acid 17 of the
b-amyloid domain, thus releasing the large soluble
amino-terminal fragment a-APP for secretion. Because
a-secretase cleaves within the b-amyloid domain,this
cleavage precludes b-amyloid formation. Alternatively,
APP can be cleaved by b- secretase to define the amino
terminus of b-amyloid and to generate the soluble
aminoterminal fragment b-APP. Subsequent cleavage of
the intracellular carboxy-terminal domain 



of APP by g-secretase results in the generation of
multiple peptides, the two most common being a 40
amino acid b-amyloid (Abl-40) and 42 amino acid
b-amyloid (Abl-42). Abl-40 comprises 90-95% of the
secreted b-amyloid and is the predominant species
recovered from cerebrospinal fluid (Seubert et al.,
Nature, 359:325-7, 1992). In contrast, less than 10%
of secreted b-amyloid is Abl-42. Despite the relative
paucity of Abl-42 production, Abl-42 is the
predominant species found in plaques and is deposited
initially, perhaps due to its ability to form
insoluble amyloid aggregates more rapidly than Abl-40
(Jarrett et al., Biochemistry, 32:4693-7, 1993). The
abnormal accumulation of b-amyloid in the brain is
believed to be due to decreased clearance of b-amyloid
from the brain to the periphery or excessive
production of b-amyloid. Various studies suggests
excessive production of b-amyloid is due to either
overexpression of APP or altered processing of APP, or
mutation in the g secretases or APP responsible for
b-amyloid formation. [0006] b-Amyloid peptides are
thus believed to play a critical role in the
pathobiology of AD, as all the mutations associated
with the familial form of AD result in altered
processing of these peptides from APP. Indeed,
deposits of insoluble, or aggregated, fibrils of
b-amyloid in the brain are a prominent
neuropathological feature of all forms of AD,
regardless of the genetic predisposition of the
subject. It also has been suggested that AD
pathogenesis is due to the neurotoxic properties of
b-amyloid. The cytotoxicity of b-amyloid was first
established in primary cell cultures from rodent
brains and also in human cell cultures. The work of
Mattson et al. (J. Neurosci., 12:376-389, 1992)
indicates that b-amyloid, in the presence of the
excitatory neurotransmitter glutamate, causes an
immediate pathological increase in intracellular
calcium, which is believed to be very toxic to the
cell through its greatly increased second messenger
activities. [0007] Concomitant with b-amyloid
production and b-amyloid deposition, there exists
robust activation of inflammatory pathways in AD
brain, including production of pro inflammatory
cytokines and acute-phase reactants in and around
b-amyloid deposits (McGeer et al., J . Leukocyte
Biol., 65:409-15, 1999). Activation of the brain's
resident innate immune cells, the microglia, is
thought to be intimately involved in this inflammatory
cascade. It has been demonstrated that reactive
microglia produce pro-inflammatory cytokines, such as
inflammatory proteins and acute phase reactants, such
as alpha- 1-antichymotrypsin,transforming growth
factor b, apolipoprotein E and complement factors, all
of which have been shown to be localized to b-amyloid
plaques and to promote b-amyloid plaque "condensation"
or maturation (Nilsson et al., J . Neurosci.
21:1444-5, 2001), and which at high levels promote
neurodegeneration. Epidemiological studies have shown
that patients 



using non-steroidal anti-inflammatory drugs (NSAIDS)
have as much as a 50% reduced risk for AD (Rogers et
al., Neurobiol. Aging 17:681-6, 1996), and post-mortem
evaluation of AD patients who have undergone NSAID
treatment has demonstrated that risk reduction is
associated with diminished numbers of activated
microglia (Mackenzie et al., Neurology 50:986-90,
1998). Further, when Tg APPsw mice, a mouse model for
Alzheimer's disease, are given an NSAID (ibuprofen),
these animals show reduction in b-amyloid deposits,
astrocytosis, and dystrophic neurites correlating with
decreased microglial activation (Lim et al., J .
Neurosci. 20:5709-14, 2000). [0008] At present,
treatment for AD is limited. However, there are
several drugs approved by the FDA to improve or
stabilize symptoms of AD (Alzheimer's Disease
Medications Fact Sheet: (July 2004) U.S. Department of
Health and Human Services), including Aricept(r)
(donepezil), Exelon(r) (rivastigmine), Reminyl(r)
(galantamine) Cognex(r) (tacrine) and Namenda (r)
(memantine). The effects with many drugs currently in
use is small (Tariot et al., JAMA (2004), 291 :
317-24). Treatments for AD remain a largely unmet
clinical need. [0009] U.S. Patent Application No.
2005009885 (January 13, 2005) (Mullan et al.)
discloses a method for reducing beta-amyloid
deposition using nilvadipine, as wells as methods of
diagnosing cerebral amyloidogenic diseases using
nilvadipine. Nimodipine has been studied for the
treatment of dementia. Fritze et al., J . Neural
Transm . (1995) 46: 439- 453; and Forette et al.
Lancet (1998) 352: 1347-1351). [0010] Augmentation of
capacitative calcium entry (CCE) through the
identification of agonist of plasma membrane
store-operated calcium channels that mediate CCE, has
been suggested as a treatment for AD (Tanzi et al.
Neuron (2000) 27: 561-572). U.S. Patent Application
Publication No. 20020015941 (February 7, 2002)
discloses a method for the treatment of a
neurodegenerative disease such as AD involving
administering an agent which is capable of
potentiating CCE. [0011] There continues to be a need
to identify compounds that can treat the inexorable
progression of brain degeneration which is a hallmark
of AD, wherein the treatment addresses b-amyloid
production and the concomitant b-amyloid deposition,
b-amyloidneurotoxicity (including abnormal
hyperphosphorylation of tau), microglial-activated
inflammation, and altered or over expression of APP
which is seen in AD patients. SUMMARY [0012] Provided
are compounds that are useful in methods for the
treatment of diseases associated with the accumulation
of Alzheimer's amyloid. [0013] In one embodiment,
provided is a compound of Formula I or a salt, ester
or prodrug 



thereof: Formula I or a compound of Formula II or a
salt, ester or prodrug thereof: Formula II wherein: n
is 3, 4 or 5; R is optionally substituted alkyl, e.g.,
methyl, ethyl, isopropyl, butyl, isobutyl; optionally
substituted alkenyl; optionally substituted alkynyl;
optionally substituted cycloalkyl; optionally
substituted heteroalkyl; optionally substituted aryl;
optionally substituted heteroaryl; or optionally
substituted acyl; and Am is the residue of an amine,
such as an optionally substituted alkylamine.[0014] In
one embodiment, compounds provided herein include the
following:I-52B[0015] Also provided are methods of
treating a disease associated with cerebral
accumulation of b-amyloid in animals or humans
afflicted with the disease, such as AD, by
administering a therapeutically effective amount of at
least one compound disclosed herein, such as a
compound of Formula I, II, III or IV as disclosed
herein. [0016] The method may in one embodiment
include one or more of reducing b-amyloid production,
b-amyloid deposition, b-amyloid neurotoxicity
(including abnormal hyperphosphorylation of tau) and
microgliosis. Because most diseases having cerebral
accumulation of Alzheimer's amyloid, such as AD, are
chronic, progressive, intractable brain dementias, it
is contemplated that the duration of treatment with at
least one of the active agents can optionally last for
up to the lifetime of the animal or human. [0017] In
another embodiment, a method is provided for treating
a disease associated with cerebral accumulation of
Alzheimer's amyloid, comprising administering to the
animal or human a therapeutically effective amount of
at least one compound disclosed herein, or a salt,
ester or prodrug thereof. Preferably the active agent
opposes the pathophysiological effects of the cerebral
accumulation of Alzheimer's amyloid, and may, for
example, reduce b-amyloid production, b-amyloid
deposition, b-amyloid neurotoxicity and/or
microgliosis in animals and humans afflicted with the
disease. [0018] In another embodiment, a diagnostic
method for a disease associated with cerebral
accumulation of Alzheimer's amyloid in an animal or
human is provided, comprising: taking a first
measurement of plasma, urine, serum, whole blood, or
cerebral spinal fluid (CSF) concentration of b-amyloid
in the peripheral circulation of the animal or human;
administering a diagnostically effective amount in
unit dosage form of at least one activecompound
disclosed herein, or salt, prodrug or derivative
thereof, to the animal or human; taking a second
measurement of plasma, serum, whole blood, urine or
CSF concentration of 



b-amyloid in the peripheral circulation of the animal
or human; and calculating the difference between the
first measurement and the second measurement, wherein
a change in the plasma, serum, whole blood, urine or
CSF concentration of b-amyloid in the second
measurement compared to the first measurement, such as
an increase or decrease in concentration, indicates a
possible diagnosis of a disease associated with
cerebral accumulation of Alzheimer's amyloid in the
animal or human. [0019] In a further embodiment, a
method is provided for treating traumatic brain
injury, comprising administering to the animal or
human a therapeutically effective amount in unit
dosage form of at least one compound disclosed herein,
or salt, ester or prodrug thereof. In one embodiment,
the administration of the active agent begins
immediately following the injury. In one embodiment,
the compound reduces the risk of b-amyloid production,
Ab deposition, b-amyloid neurotoxicity and/or
microgliosis. [0020] The compound optionally is one
that optionally reduces b-amyloid production by at
least about 5%, 10%, 15%, 20%, 25%, 30%, or 50%, in
cells that overexpress APP or a fragment thereof, as
measured, for example in a culture medium comprising
the cells. [0021] In one embodiment, the compound
optionally reduces b-amyloid production, e.g.,
production of total AB1-4O and AB1-42, by at least
about 20% or more in cells that overexpress APP or a
fragment thereof. [0022] Optionally, the cells are
Chinese hamster ovary cells that overexpress APP751,
or are selected from human neuronal precursor cells
(HNPC); primary culture of human astrocytes;
neuroblastoma cells; human brain microvascular
endothelial primary culture; or human umbilical cord
endothelial cells (HUVEC). [0023] In one embodiment,
the compound is administered in an amount of about
0.02 to 1000 mg per unit dose; or about 0.5 to 500 mg
per unit dose. Optionally pharmaceutical formulations
comprising the compounds are provided that contain,
e.g. 7-3000 mg, or, e.g. 10-1000 mg, or 100-500 mg of
active compound. [0024] The therapeutically effective
amount of compound that is administered, e.g., in unit
dosage form to animals or humans afflicted with a
cerebral amyloidogenic disease or suffering from a
traumatic brain injury, as well as administered for
the purpose of determining the risk of developing
and/or a diagnosis of a cerebral amyloidogenic disease
in an animal or human, can range from for example from
about 0.05 mg to 20 mg per day, about2 mg to 15 mg per
day about 4 mg to 12 mg per day, or about 8 mg per
day. The daily dosage in one embodiment can be
administered in a single unit dose or divided into
two, three or four unit doses per day. 



[0025] The disease associated with cerebral
accumulation of Alzheimer's amyloid is for example,
Alzheimer's disease, cerebral amyloid angiopathy,
hereditary cerebral hemorrhage with amyloidosis
Dutch-type, other forms of familial Alzheimer's
disease and familial cerebral Alzheimer's amyloid
angiopathy. Cerebral amyloidogenic diseases that can
be treated or diagnosed include transmissible
spongiform encephalopathy, scrapie, traumatic brain
injury, cerebral amyloid angiopathy, and
Gerstmann-Straussler-Scheinker syndrome. BRIEF
DESCRIPTION OF THE DRAWINGS [0026] Figure 1 is a bar
graph showing the effect of compounds 1-38, 1-50C and
1-36 on Abl-40 production by 7W WT APP 751 Chinese
hamster ovary (7W WT APP 751 CHO) cells. [0027] Figure
2 is a bar graph showing the effect of 10 compounds at
different concentrations on Abl-40 production by 7W WT
APP751 CHO cells. [0028] Figure 3 is a graph showing
the effect of various compounds on Abl-40 production
by 7W WT APP75 1CHO cells at various concentrations.
[0029] Figure 4 is a bar graph showing the effect of
various compounds on Abl-42 production by 7W WT APP751
CHO cells at various concentrations. [0030] Figure 5
is a bar graph showing the effect of various compounds
on Abl-40 production by 7W WT APP751 CHO cells at
various concentrations. [0031] Figure 6 is a bar graph
showing plasma beta-amyloid (Ab) (% of control) levels
after treatment with compounds 1-52C and 1-76D in an
in vivo experiment. [0032] Figure 7 is a bar graph
showing brain water soluble beta-amyloid (Ab) levels
after treatment with compounds 1-52C and 1-76D in an
in vivo experiment.DETAILED DESCRIPTION [0033]
Provided are compounds that can decrease b-amyloid
production in mammalian cells and can be used in the
diagnosis and treatment of diseases associated with
the accumulation of b-amyloid in individuals.
Compounds and pharmaceutical compositions comprising
the compounds are provided that can be used in one
embodiment to treat the inexorable progression of
brain degeneration that is a hallmark of certain
diseases associated with cerebral accumulation of
Alzheimer's amyloid, such as Alzheimer's disease (AD),
in animals and humans. Definitions [0034] As used
herein, the term "Alzheimer's amyloid" is defined as a
b-amyloid amino acid fragment that is for example
proteolytically derived from amyloid precursor protein
(APP). A b-amyloid amino acid fragment may include,
for example, about 5 to 43 or 5 to 47 



consecutive amino acids of the b-amyloid sequence. As
used herein, the terms "b-amyloid," "b-amyloid
protein" and "Ab" are used interchangeably with
Alzheimer's amyloid that accumulates cerebrally in an
animal or human. [0035] As used herein the phrase a
cell that "overexpresses APP or fragment thereof
refers to a cell that overexpresses an amyloid
precursor protein, or fragment thereof, that in one
preferred embodiment, includes a b-amyloid sequence
and b and g secretase cleavage sites. The cell that
overexpresses APP or a fragment thereof preferably
expresses an APP or fragment thereof that produces
b-amyloid in the cell in which it is expressed. [0036]
As used herein, the term "amyloidogenic disease"
includes a disease associated with cerebral
accumulation of Alzheimer's amyloid. [0037] The term
"alkyl", as used herein, unless otherwise specified,
includes a saturated straight, branched, or cyclic,
primary, secondary, or tertiary hydrocarbon, of C1 2
and specifically includes methyl, ethyl, propyl,
isopropyl, cyclopropyl, butyl, isobutyl, secbutyl,
tbutyl, pentyl, cyclopentyl, isopentyl, neopentyl,
hexyl, isohexyl, cyclohexyl, cyclohexylmethyl, heptyl,
cycloheptyl, octyl, cyclo-octyl, dodecyl, tridecyl,
pentadecyl, icosyl, hemicosyl, and decosyl. Where the
alkyl group is referenced as being optionally
substituted, then the group is optionally substituted
with, e.g., halogen (fluoro, chloro, bromo or iodo),
hydroxy, amino, alkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate,
heterocycle, phenyl, aryl, phosphonic acid, phosphate,
or phosphonate, eitherunprotected, or protected as
necessary, as known to those skilled in the art, for
example, as taught in Greene, et al., Protective
Groups in Organic Synthesis , John Wiley and Sons,
Second Edition, 1991, hereby incorporated by
reference. [0038] The term "lower alkyl", as used
herein, and unless otherwise specified, includes a C1
to C4 saturated straight, branched, or if appropriate,
a cyclic (for example, cyclopropyl) alkyl group.
[0039] The term "aralkyl" as used herein unless
otherwise specified, includes an aryl group linked to
the molecule through an alkyl group. [0040] The term
"alkaryl" as used herein unless otherwise specified,
includes an alkyl group linked to the molecule through
an aryl group. [0041] The term "aryl ether" as herein
unless otherwise specified, includes an aryl group
linked to the molecule through an ether group. [0042]
The term "alkyl ether" as herein unless otherwise
specified, includes an alkyl group linked to the
molecule through an ether group. [0043] The term "aryl
thioether" as herein unless otherwise specified,
includes an aryl 



group linked to the molecule through a sulfur. [0044]
The term "alkyl thioether" as herein unless otherwise
specified, includes an alkyl group linked to the
molecule through a sulfur. [0045] The term "amino"
includes an "-N(R' )2" group, and includes primary
amines, and secondary and tertiary amines which is
optionally substituted for example with alkyl, aryl,
hetercycle, and or sulfonyl groups. Thus, (R') 2 may
include, but is not limited to, two hydrogens, a
hydrogen and an alkyl, a hydrogen and an aryl, a
hydrogen and an alkenyl, two alkyls, two aryls, two
alkenyls, one alkyl and one alkenyl, one alkyl and one
aryl, or one aryl and one alkenyl. [0046] Whenever a
range of carbon atoms is referred to, it includes
independently and separately every member of the
range. As a nonlimiting example, the term "C1-C1O
alkyl" is considered to include, independently, each
member of the group, such that, for example, C1- Cio
alkyl includes straight, branched and where
appropriate cyclic C1, C2, C3, C4, C , C , C7, C8, C9
and C1O alkyl functionalities. [0047] The term "amido"
includes a moiety represented by the structure
"-C(O)N(R' )2", wherein R' may independently include
H, alkyl, alkenyl and aryl that is optionally
substituted.[0048] The term "protected" as used herein
and unless otherwise defined includes a group that is
added to an atom such as an oxygen, nitrogen, or
phosphorus atom to prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen
protecting groups are known to those skilled in the
art of organic synthesis. [0049] The term "aryl", as
used herein, and unless otherwise specified, includes
a stable monocyclic, bicyclic, or tricyclic carbon
ring with up to 8 members in each ring, and at least
one ring being aromatic. Examples include, but are not
limited to, benzyl, phenyl, biphenyl, or naphthyl.
Where referenced as being optionally substituted, the
aryl group can be substituted with one or more
moieties including halogen (fluoro, chloro, bromo or
iodo), hydroxy, amino, alkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, or phosphonate, either
unprotected, or protected as necessary, as known to
those skilled in the art, for example, as taught in
Greene, et al., Protective Groups in Organic
Synthesis, John Wiley and Sons, Second Edition, 1991.
[0050] The term "halo", as used herein, includes
chloro, bromo, iodo, and fluoro. [0051] The term
"alkenyl" includes a straight, branched, or cyclic
hydrocarbon of C2-22 with at least one double bond.
Examples include, but are not limited to, vinyl,
allyl, and methyl-vinyl. Where indicated as being
optionally substituted, the alkenyl group can be 



optionally substituted in the same manner as described
above for the alkyl groups. [0052] The term "alkynyl"
includes a C2-22 straight or branched hydrocarbon with
at least one triple bond. Where indicated as being
optionally substituted, the alkynyl group can be
optionally substituted in the same manner as described
above for the alkyl groups. [0053] The term "alkoxy"
includes a moiety of the structure -O-alkyl. [0054]
The term "heterocycle" or "heterocyclic" includes a
saturated, unsaturated, or aromatic stable 5 to 7
membered monocyclic or 8 to 1 1 membered bicyclic
heterocyclic ring that consists of carbon atoms and
from one to three heteroatoms including but not
limited to O, S, N, and P; and wherein the nitrogen
and sulfur heteroatoms may optionally be oxidized,
and/or the nitrogen atoms quarternized and including
any bicyclic group in which any of the above-defined
heterocyclic rings is fused to a benzene ring. The
heterocyclic ring may be attached at any heteroatom or
carbon atom which results in the creation of a stable
structure. Nonlimiting examples or heterocyclic groups
include pyrrolyl, pyrimidyl, pyridinyl, imidazolyl,
pyridyl, furanyl, pyrazole, oxazolyl, oxirane,
isooxazolyl, indolyl, isoindolyl, thiazolyl,
isothiazolyl, quinolyl, tetrazolyl, bonzofuranyl,
thiophrene, piperazine, and pyrrolidine.[0055] The
term "acyl" includes a group of the formula R'C(O),
wherein R' is a H, or a straight, branched, or cyclic,
substituted or unsubstituted alkyl or aryl. [0056] The
term "host", as used herein, unless otherwise
specified, includes mammals (e.g., cats, dogs, horses,
mice, etc.), humans, or other organisms in need of
treatment, all of which can be treated or diagnosed
using the methods described herein. [0057] The term
"treatment" as used herein includes any manner in
which one or more of the symptoms of a disease or
disorder are ameliorated or otherwise beneficially
altered. [0058] The term "pharmaceutically acceptable
salt" as used herein, unless otherwise specified,
includes salts of active compounds which are prepared
with relatively nontoxic acids. When compounds contain
relatively basic functionalities, acid addition salts
can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired
acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition
salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts
derived from relatively nontoxic organic acids like
acetic, propionic, isobutyric, maleic, malonic,
oxalic, benzoic, succinic, suberic, fumaric, mandelic,
phthalic, benzenesulfonic, p-tolylsulfonic, citric, 



tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or
galactunoric acids and the like (see, for example,
Berge, S. M., et al, "Pharmaceutical Salts", Journal
of Pharmaceutical Science, 1911, 66, 1-19). The
neutral forms of the compounds may be regenerated by
contacting the salt with a base or acid and isolating
the parent compound in the conventional manner. The
pharmaceutically acceptable salt in one embodiment is
a salt that is, within the scope of sound medical
judgment, suitable for use in contact with the tissues
of a host without undue toxicity, irritation, allergic
response and the like, and is commensurate with a
reasonable benefit/risk ratio and effective for their
intended use. [0059] The term "pharmaceutically
acceptable esters" as used herein, unless otherwise
specified, includes those esters of one or more
compounds, which are, within the scope of sound
medical judgment, suitable for use in contact with the
tissues of hosts without undue toxicity, irritation,
allergic response and the like, are commensurate with
a reasonable benefit/risk ratio, and are effective for
their intended use.[0060] The term "pharmaceutically
acceptable prodrugs" as used herein, unless otherwise
specified, includes those prodrugs of one or more
compounds of the composition which are, with the scope
of sound medical judgment, suitable for use in contact
with the tissues of hosts without undue toxicity,
irritation, allergic response and the like, are
commensurate with a reasonable benefit/risk ratio, and
are effective for their intended use. Pharmaceutically
acceptable prodrugs also include zwitterionic forms,
where possible, of one or more compounds of the
composition. The term "prodrug" includes compounds
that are rapidly transformed in vivo to yield the
parent compound, for example by hydrolysis in blood.
[0061] The term "enantiomerically enriched", as used
herein, refers to a compound that is a mixture of
enantiomers in which one enantiomer is present in
excess, and preferably present to the extent of 95% or
more, and more preferably 98% or more, including 100%.
[0062] The term "optionally substituted," as used
herein, includes substituted and unsubstituted.
Wherein a group is referenced as "optionally
substituted" the group may be optionally substituted
with e.g., halogen, hydroxyl, amino, alkylester,
arylester, silylester, alkylamino, arylamino,
alkylamido, arylamido, alkoxy, aryloxy, nitro, cyano,
alkenyl, alkynyl, heterocycles, sulfonic acid,
sulfate, phosphonic acid, phosphate, boronic acid, or
borate. Compounds [0063] A variety of compounds are
provided as disclosed herein and below, which in one
embodiment can be used in methods described herein,
including the treatment or diagnosis of 



diseases associated with cerebral accumulation of
Alzheimer's amyloid. [0064] Exemplary compounds
include a compound of Formula I or a pharmaceutically
acceptable salt, ester or prodrug thereof: Formula I
or a compound of Formula II or a pharmaceutically
acceptable salt, ester or prodrug thereof:Formula II
wherein: n is 3, 4 or 5 ; R is optionally substituted
alkyl, e.g., methyl, ethyl, isopropyl, butyl,
isobutyl; optionally substituted alkenyl; optionally
substituted alkynyl; optionally substituted
cycloalkyl; optionally substituted heteroalkyl;
optionally substituted aryl; optionally substituted
heteroaryl; or acyl; or any of the groups listed below
for R in Table 1; and Am is the residue of an amine,
such as an optionally substituted alkylamine, and
wherein Am is optionally selected from one of the
groups listed for Am in Table 2 below, or is
optionally selected from the groups listed in Table 3
below. [0065] In another embodiment, a compound of
Formula III is provided: Formula III wherein: n is 3,
4 or 5 ; and Am is a residue of an amine, such as an
optionally substituted alkyl amine, or Am is
optionally selected from the groups listed below in
Table 2 or 3. [0066] In one embodiment of a compound
of Formula I or II, R is selected from the groups
listed below in Table 1.METHOD AND APPARATUS FOR
PRODUCING SYNTHESIS GAS FROM WASTE MATERIALS
BACKGROUND OF THE INVENTION Carbonaceous material can
be reacted with steam at elevated temperatures to form
syn gas, which is a combination of carbon monoxide and
hydrogen. As disclosed in U.S. patent 6,863,878, if
the initial reaction reaches a temperature greater
than about 450 F before the available oxygen is
reacted, combustion occurs. This produces unwanted
carbon dioxide, ash and slag. To avoid this, as
disclosed in U.S. patent 6,863,878, the temperature
must be maintained at 450 F until after the available
oxygen is reacted. SUMMARY OF THE INVENTION 



The present invention is premised on the realization
that syn gas can be produced more efficiently by
modifying the process disclosed in U.S. patent
6,863,878, the disclosure of which is hereby
incorporated by reference. In particular, the
carbonaceous material in the devolatilization zone is
maintained at a temperature less than 450 F until all
of the available oxygen is reacted. In the present
invention, this material is then raised to
atemperature of about 1000 F in the devolaiilization
zone prior to being combined with steam to form the
syn gas in the reformer reactor. From the reformer
reactor, the formed syn gas passes through a series of
particulate separators to remove any formed ash. These
separators are maintained at a temperature greater
than 1500 F, by housing them in the same furnace as
the reformer reactor. This prevents unwanted reactions
which can occur when the syn gas cools, and avoids
carbon buildup in the apparatus. The syn gas from the
separator is rapidly quenched to a temperature well
below 1000 F, preferably to a temperature of about 120
F. At this temperature, the syn gas is stable and wilt
not form carbon deposits or allow unwanted reactions.
At the same time the material is cooled, preferably in
a quencher, any residual tar or oil is separated and
either fed back to the devoiatiiization zone for
reaction or collected for further use. In a further
feature of the present invention, the heat from the
devoiatiiization zone is directed to a preheater
section where water and combustion air are circulated
to recover residual heat. The objects and advantages
of the present invention will be further appreciated
in light of the following detailed description and
drawings, in which: BRIEF DESCRIPTION OF THE DRAWINGS
FlG. 1A and 1B are diagrammatic depictions of the
apparatus used in the present invention; FIG. 2 is a
cross sectional view of an embodiment of the feed
section;FlG. 3 is a schematic elevational view of an
alternate feed section; and FIG. 4 is a plan view of
an auger used in the embodiment shown in FIG. 3.
DETAILED DESCRIPTION OF THE INVENTION 



As shown diagrammatically in FIGS. 1A and 1B, syn gas
facility 10 includes a feed section 12 which
communicates with a devolatilization section 14, in
turn connected to a reformer reactor 16. The reactor
16 is designed to produce syn gas which passes through
particulate separators 18 and 20. The gas is cooled,
filtered, and collected for use. As shown more
particularly in FIGS. 1 and 2, the feed section 12
includes a hopper 38 having an auger 40, which directs
cabonaceous feed material to feed chamber 42. The feed
chamber 42 is connected to a feed tube 44 which leads
to the devoiatilization section 14. Above the feed
section is a cylindrical support 48 which supports a
compacting cylinder 46 designed to force feed material
from the feed chamber 42 into the feed tube 44. The
feed tube 44 leads to a deiumper 50, which
communicates via passage 52 to the devolatifization
section 14. A gate valve 53 prevents backflow through
line 55 from deiumper 50. The devolatiiization section
14 includes four cylindrical reaction chambers
56,58,60 and 62. Each reaction chamber is in
communication with the next reaction chamber. Each
reaction chamber includes an auger 64 which is adapted
to force the feed material through the respective
chambers 56-62 to feed auger 70. The augers 64, in
turn, are operated bymotors 68. The feed auger 70
communicates with the feed eductor 72. Steam from a
steam heater 76 located in furnace 77 is introduced
into an eductor 72 through steam inlet 74. This forces
material cycloconically through line 75 to the reactor
16, also located in furnace 77. The furnace 77
includes a burner 78 and a combustion outlet or plenum
80. In addition to the reactor 16, the furnace
includes steam heater 76 and separators 18 and 20.
Combustion outlet 80 directs heated air to
devolatiiization zone 14, which, in turn, communicates
with a preheater 8 1 which ultimately communicates
with a stack 82. As shown, reformer reactor 16 is a
tubular reactor which communicates with eductor 72 via
fine 83. An outlet line 84 from reactor 16 leads to
the first particulate separator 18. Separator 18
includes a gas outlet line 85 which, in turn, leads to
the second particulate separator 20. Line 9 1 directs
gas from separator 20 to a quench eductor 86 which
directs gas and water through line 87 to a quench tank
88 (FIG. 1B). The quench eductor 86 



includes a water inlet line 89. The quench tank 88 is
a gas/water/oil separator and includes a gas outlet
94, a water outlet 96 and a tar/oil outlet 98. The tar
outlet 98, as shown, leads to a pump 100 which directs
tar and/or oil via line 102 to line 55 just upstream
of delumper 50. The water outlet 96 is directed
through line 106 through a surge tank 108. The gas
outlet 94 in turn leads to a second quencher eductor
114, which includes a water iniet 116 directed from
tank 117. The quench eductor outlet 118 in turn leads
to a secondary quencher 120. Thequencher 120 includes
a water outlet 122 and a gas outlet 124, which leads
to a quench scrubber 126. The water outlet 122 leads
to water line 106, in turn leading to surge tank 108.
The quench scrubber 126 includes a water outlet 128
which goes to a drain 130. The gas outlet 132 from the
quench scrubber 126 leads to a T 134 wherein a first
line 136 is directed to a water filter 137 which
removes water. A gas outlet 140 from filter 137 passes
to the product gas section 142, and a water outlet 138
leads via line 128 to drain 130. The second line 146
from T 134 is directed to a second water filter 148
which also includes a water outlet 150 which leads
back to the drain 130 via line 128. The gas outlet 152
is directed to a compressor 154 and, in turn, to a
scrubber 156 to remove residual water. The scrubber
156 includes a water outlet 158 directed to either the
drain or makeup water line 244, and a gas outlet 160
which is, in turn, directed to the burner 78 where it
is used to heat the furnace 77. A make up water inlet
200 leads to the surge tank 108. The water in tank 108
can circulate through an optional water treatment
package 204, depending on the particular water
conditions, such as hardness and the like. The tank
108 includes an outlet 206 which is directed to tandem
filters 208a and 208b. The filters have a common
outlet 210 which is directed to T 212. One line from T
212 is directed to a first pump 214. Pump 214 directs
the water through line 213, a filter 2 16 and,
subsequently, to a cooler 2 18 which directs chilled
water back to tank 108. The secondiine 220 from T 212
is directed to a second T 226 which directs a portion
of water to a second pump 228 which directs it to a
tank 117, which, in turn, 



communicates with a chiller 234. Third pump 230
directs water from T 212 through line 89 into quench
eductor 86, as previously described. The apparatus 10
also includes a preheater section 8 1 which utilizes
exhaust gas that has passed from the furnace 77
through the devotatilization section 14 to preheat
water for the steam reactor 16, as weii as combustion
air for the burner 78. The exhaust from furnace 77
passes through exhaust plenum 80 to devolatiiization
section 14 and then through exhaust 240 to the
preheater section 8 1. Water inlet line 244 directs
deionized water through the preheater section through
line 246 to the steam heater 76. A blower 250 is used
to introduce air through the preheater 8 1. This is
exhausted via line 254 to burner 78. In operation,
feed, such as pulverized coal, is introduced through
hopper 38 and feed section 12 where it is compressed
by cylinder 46 and forced through valve 53 and line 55
to the delumper 50. The feed is forced into the
devolatiiization section 14. Cylinder 46 applies
sufficient pressure to compress the feed material and
drive out most air associated with the feed material,
generally 10-20 psi or greater. This force, overcomes
any pressure from the devolatiiization section and
causes the feed material to act as a seal between the
feed section 12 and devolatiiization section 14. This
removes air from the feed and prevents introduction of
unwanted oxygen into the devolatiiization zone.Auger
64 forces the feed through chambers 56-62. The
devolatilization section starts with a tower
temperature first chamber 56, followed by a higher
temperature second chamber 58 and, in turn, a higher
temperature third 60 and fourth 64 chamber. The
temperatures of the chambers are designed so that the
temperature of the feed material does not reach 450 F
until all oxygen in the feed material reacts, in order
to prevent pyroiysis. Generally, the first reaction
chamber will have an initial temperature of about 100
F,with the final devolatilization section at 1000 F.
Most of the free oxygen will react well before the
feed reaches a portion of the devolatilization section
that is at 450 F. The temperature of each section is
controlled by its proximity to exhaust plenum 80 as
well as surface area and residence time. The pressure
from the feed tube 44 through the devolatilization
section 14 is about 125 psig. 



The end product exiting from the devolatilization
section 14 is primarily char and gases liberated
during devolatifization. This end product is directed
to the feed auger 70 leading to steam eductor 72.
Steam from steam heater 76 is directed into the
eductor 72. The temperature of the steam should be
about 1500 F and the pressure is about 125 psi. The
eductor then leads to the reformer reactor 16 wherein
the syn gas is created. In the reactor 16, the reactor
temperature is increased to greater than 1500 F,
preferably about 1550 F at a pressure of about 125
psig. A portion of the reactant flow in reactor 16 can
be directed through line 253 to an inlet immediately
upstream of feed auger 70 to carry solids at low flow
or feed rates.The reaction product from reactor 16,
ash and syn gas, is directed to cyclone separators 18
and 20, which are located within the furnace 77 and
maintained at the same temperature of the reactor 16
of about1 550 F at 125 psi. Separators 18 and 20
remove the ash from the reaction product. The ash is
directed to augers 241 and 243 which move the ash into
dry ash bins 245 and 247 without permitting syn gas to
escape the system. After passing through separators 18
and 20, the syn gas flows via iine 9 1 from the
furnace to quench eductor 86 and quench tank 88 and
where it is cooied to about 120 F by water from tank
108 at about 140 psi. The temperature of the water in
tank 108 is controlled by recirculation through
cooling tower 218 and is preferably about 90 F. The
quench tank 88 separates the gas, water, and oil. The
water is directed back to tank 108 and is reused. The
gas itself is then directed from the quench tank 88 to
a second quench eductor 114. Water at 200 psi from
tank 117 is used to further cool the syn gas to about
7O0F at 125 psi. Chiller 234 is used to establish the
water temperature at about 600F. The cooled gas flows
to the secondary quencher 120 which separates water,
directing it back to tank 108, and allows the gas to
flow to quench scrubber 126, again separating water
that is sent through line 128 to the drain from the
gas that is directed through filters 137 and 148. The
gas from fitter 137 is collected for use. The gas from
filter 148 is fed back to the burner 78 which fuels
the furnace. For initial 



start up, a separate fuel source can be used.An
alternate feeder 250 is shown in FIGS. 3 and 4. Feeder
250 includes a material hopper 252 having a feed auger
254 leading to feed bin 256. Feed bin 256 includes a
screw 258 rotated by motor 260. The screw leads to
feed tube 44 which connects through outlet 262 to the
devolatilization section 14. As shown in FiG. 4, the
screw 258 has a main shaft 266 and a helical blade
268. The outer diameter of blade 268 remains constant
while the diameter of shaft 266 increases from the
inlet portion 220 to the outlet portion 272. This
decreases the area between the shaft 266 and inlet
tube 44, thereby compressing the feed material as it
is forced into apparatus 10. In use, 20-50% preferably
40% compression is preferred. Thus, the present
invention has many different improvements that improve
the efficiency of the process disclosed in Klepper
U.S. patent 6,863,878. Compressing the feed drives off
unwanted air and forms an inlet seal. Further, heating
the material in a devoiatilization zone to 1000 F
prior to addition of steam improves the efficiency of
the overall reaction and increases the reaction rate.
By maintaining the separators in the furnace and
maintaining their temperature, unwanted reactions are
avoided, and, in particular, carbon deposition on the
apparatus is minimized. The rapid quenching of the syn
gas reaction product further avoids any unwanted
carbon deposition or reaction products. This has been
a description of the present invention along with the
preferred method of practicing the present invention.
However, the.-J Oinvention itself should only be
defined by the appended claims, WHEREIN I CLAIM:1. A
method of feeding carbonaceous material to a
devolatilization reactor comprising introducing said
carbonaceous material to a feed zone; compacting said
material to drive air from said material; forcing said
material into said devoiatilization reactor.2 The
method claimed in claim 1 wherein compacting said
material forms a substantially gas tight seal between
said feed zone and said devolatilization reactor. 3.
The method claimed in claim 2 further comprising
breaking up said compacted material between said gas
tight seal and said devolatilization 



reactor. 4. The method claimed in ciaim 1 wherein said
carbonaceous material is compressed with an auger. 5.
The method claimed in claim 1 wherein said
carbonaceous material is compressed with a ram. 6. The
method claimed in claim 1 wherein said carbonaceous
material is compressed to at least 10 psi. 7. The
method claimed in claim 6 wherein said carbonaceous
material is coal.8. A method of forming syn gas
comprising introducing a carbonaceous feed material
into a devolatilization reactor; heating said
carbonaceous feed material in the absence of added
oxygen to a first temperature below 450 F until
substantially ail oxygen in said feed material is
reacted; subsequently heating said carbonaceous feed
material in the absence of oxygen and without the
addition of steam to a temperature of at least about
10000 F; subsequently adding steam to reaction product
from said devolatilization reactor and forcing said
reaction product to a reformer reactor, said reformer
reactor heated to a reactor temperature to form syn
gas.9. The method claimed in claim 8 wherein heat is
provided to said devolatilization reactor from an
exhaust from a furnace housing said reformer reactor.
10. The method claimed in claim 9 further comprising
directing syn gas to a first particulate separator,
maintaining said syn gas in said separator at said
reactor temperature. 11. The method claimed in ciaim
10 further comprising directing syn gas from said
separator to a water quencher wherein said syn gas is
introduced to said water quencher at said reactor
temperature. 12. The method claimed in ciaim 11
further comprising directing liquid from said quencher
to a separator, and separating water and gas, and
carbonaceous liquid and tar, from each other;
directing said carbonaceous liquid and tar to a feed
section of 



said devoiattlization reactor. 13. The method claimed
in claim 11wherein said syn gas is cooled to a
temperature less than 800 F in said quencher.14. The
method claimed in claim 11 wherein said syn gas is
directed from said first particulate separator to a
second particulate separator which is also maintained
at said reactor temperature, and wherein gas is
directed from said second separator to said
quencher.15. A method of forming syn gas comprising
introducing a carbonaceous feed material into a
devolatilization reactor; heating said carbonaceous
feed materia! in the absence of oxygen in said
devoiatilization reactor; directing reactant product
from said devolatilization reactor to a reformer
reactor and mixing steam with said reactant product
and heating said product to a reactor temperature to
form syn gas; directing said syn gas to a particulate
separator wherein said particulate separator is
maintained at said reactor temperature; directing syn
gas from said separator to a quencher wherein the
temperature of said syn gas is reduced to less than
800 F.16. The method claimed in claim 15 further
comprising directing liquid from said quencher to a
separator and separating water, syn gas and
carbonaceous liquid material; and directing said
carbonaceous liquid material to a feed section of i
said devolatilization reactor.17. An apparatus for
forming syn gas comprising a devolatiiization reactor
in communication with a reformer reactor, in turn in
communication with a first particulate separator
wherein said reformer reactor and said separator are
maintained in a furnace.18. The apparatus claimed in
claim 17 further comprising a second particulate
separator in communication with said first particulate
separator wherein said second particulate separator is
also located in said furnace. 


