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(57) Abstract: A new class of quinoline compounds is useful for the detection and treatment of Alzheimer's disease and other neuro -
degenerative diseases such as amyloidoses and tauopathies. The compounds can be synthesized in radiolabeled form for use as ima -
ging agents, which can be used for early detection of aggregates in the brain or other tissues prior to onset of symptoms, allowing

o early therapeutic intervention. The compounds are also useful for the prevention and treatment of such diseases.
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TITLE OF THE INVENTION:

Quinoline Derivatives for Diagnosis and Treatment of Alzheimer’s Disease

BACKGROUND

Alzheimer's disease (AD) is a neurodegenerative disease characterized by
progressive loss of cognition and motor control. Although symptoms of AD generally arise
later in life, clinical diagnosis often occurs at a much earlier stage. While pharmacological
intervention may delay the cognitive decline, the disease is progressive, with no known cure,
and eventually death ensues. The emotional and financial burdens borne by the individuals
and their care givers are high. Cost of care and treatment are estimated to rise to more than
$1 trillion annually by 2050, which has generated considerable interest in developing
improved methods for earlier diagnosis and more effective intervention (1).

Although diagnosis of AD is still based upon clinical evaluation of patients, post-
mortem evaluation of the brains of patients has provided a number of potential biomarkers
for non-invasive detection. In particular, the presence of increased levels of amyloid beta
(AB) plaques and tau neurofibrillary tangles (NFT) has given rise to competing hypotheses
concerning the genesis of the disease (2). In most cases, both features are present,
although they may not progress at the same rate. One result of these conflicting findings is
the development of divergent non-invasive imaging strategies. Most efforts at developing an
imaging agent for AD have focused on agents having an avidity for AB, largely as a result of
modifications of the thioflavin-T dye, which is used to stain plaques in post-mortem brain (3).
This observation gave rise to [''C]-PiB, the first clinically useful AD imaging agent (4,5), and
subsequently to ['®F]-fluorbetapir (6,7), ['®F]-florbetaben (8,9) and ['®F]-flutemetamol (10,11),
all approved by the FDA (see Fig. 1A). The development of these agents, as well as many
other analogs and derivatives, has been the subject of recent reviews (12-17). Figure 1B
illustrates a number of potential imaging agents, which are either in clinical trials or in
preclinical studies. These all possess two aromatic rings linked through a linking group, and
a radionuclide is either part of the central core or appended as a prosthetic group on the
periphery. All of these agents show a preference for binding AR plaque as opposed to tau
NFTs. The structure-localization relationships for NFT (tau)-avid imaging agents were the
subject of number of recent articles (18-24); clearly they are divergent from the AB-selective

agents (see Fig. 1C).



10

15

20

25

30

WO 2016/183578 PCT/US2016/032700

Metal chelating agents that bind to aggregates of tau and Ap have been investigated.
These agents are characterized by avidity for metal ions, including ions of iron, copper and
zinc. 8-Hydroxyquinoline and its halogenated derivative clioquinol, known chelators of these
metal ions, have been shown to bind to both tau and AR aggregates in post-mortem AD
brain tissues (25-29). Radiochemical methods were developed for the rapid preparation of
either radioiodinated or radiofluorinated products, and the compounds were evaluated in AD
mouse models or as imaging agents (22,25,30-32). Of particular interest were the ['®F]-2-
fluoro-8-hydroxyquinolines, which displayed significant binding to the AB-protein in vivo in
rodent models and were taken on to nonhuman primates. Unfortunately, ["®F]-2-fluoro-8-
hydroxyquinoline (['®F]-CABS13) demonstrated poor brain penetration in the normal
subjects, and was accompanied by rapid, high conversion to a polar metabolite (25). For
therapy, chelating groups that sequester copper and iron ions tend to inhibit aggregation of
B-amyloid and tau proteins (26-28). Efforts to couple these properties together have
generated hybrid compounds that exhibit high affinity for the AR and tau proteins and
sequester metal ions (33,34) Two examples of such hybrid compounds are shown in Fig.
1D.

Both ApB-selective and tau-selective approaches appear to be capable of
discriminating between AD and non-AD patients when the disease burden is sufficiently high
and symptoms are advanced. However, there remains an urgent need for diagnostic agents
that can detect the nascent disease, i.e., before clinical symptoms are apparent and at a
point when pharmacological intervention can delay or block the progression of the disease.
The availability of such agents also would facilitate the development of such
pharmacological agents by allowing non-invasive monitoring of disease models in non-

human species.

SUMMARY OF THE INVENTION
The invention provides a new class of quinoline compounds for use in the detection
and treatment of Alzheimer’s disease. The compounds recognize amyloid-beta and/or tau
proteins associated with Alzheimer’s disease and other neurodegenerative diseases such as
amyloidoses and tauopathies. The compounds can be synthesized in radiolabeled forms for
use as imaging agents, which can be used for early detection of aggregates in the brain or
other tissues prior to onset of symptoms, allowing early therapeutic intervention.

One aspect of the invention is a compound having the formula:
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R3 Rg

Ry is OH, OCH.CsHs, NO2, NH», aminoacyl, aminosulfonyl, NHCHs, or N(CHs),; and R, and
Rs are independently F, CI, Br, |, or aryl, heteroaryl, CH=CH-aryl, or CH=CH-heteroaryl,
wherein any of the aforementioned aryl groups can be halo-substituted at any position. In
certain embodiments the compound is used as an imaging agent for amyloid plaques and/or
neurofibrillary tangles, such as amyloid plaques containing beta amyloid (AB) neurofibrillary
tangles containing tau, and one or both of R, and R; include a radioisotope of F, Br, or |,
such as "®F or '®|. 4. In certain embodiments, the compound prevents and/or reverses the
formation of amyloid plaques and/or neurofibrillary tangles in a mammal, such as in the brain
of the mammal. The mammal can be a human. In certain embodiments, the compound
binds a metal ion, such as an ion of iron, copper, or zinc. In certain embodiments, the
compound is an active component of a pharmaceutical composition.

Another aspect of the invention is a method of diagnosing or prognosing a disease or
condition in a subject associated with the presence of amyloid deposits and/or neurofibrillary
tangles in an organ or tissue of the subject. The method includes the step of administering a
compound described above to the subject. The administered compound binds to and aids in
the detection of amyloid deposits and/or neurcfibrillary tangles. The subject can be a
mammal, such as a human.

Yet another aspect of the invention is a method to aid in treating or preventing a
disease or condition in a subject associated with a presence of amyloid deposits and/or
neurofibrillary tangles. The method includes the step of administering a compound
described above to the subject. The administered compound decreases the amount of
amyloid deposits and/or neurofibrillary tangles in the subject. The subject can be a mammal,
such as a human.

Still another aspect of the invention is a method of synthesizing a compound
described above. The method includes the steps of. (a) preparing an intermediate which is
8-(benzyloxy)-3-(tributylstannyl)quinoline or 8-(benzyloxy)-6-(tributylstannyl)quinoline; (b)
subjecting the intermediate to halodestannylation to obtain 8-(benzyloxy)-3-haloquinoline or
8-(benzyloxy)-6-haloquinoline; and (c) subjecting the product obtained in (b) to
debenzylation to obtain 3-halo-8-hydroxyquinoline or 6-halo-8-hydroxyquinoline.  Halo
represents F, Br, or |, and in methods for the preparation of an imaging agent, the

halodestannylation is radiohalodestannylation, and 3-radiohalo-8-hydroxyquinoline or 6-



10

15

20

25

WO 2016/183578 PCT/US2016/032700

radiohalo-8-hydroxyquinoline is obtained, wherein halo represents a radioisotope of F, Br, or
|, such as "®F or '%|.
The invention can be further summarized with the following listing of embodiments:

1. A compound having the formula:

.

R3 Ry
wherein R, is selected from the group consisting of OH, OCH,CgsHs, NO,, NH,, aminoacyl,
aminosulfonyl, NHCH;, and N(CH,),; and R, and R; are independently from the group
consisting of F, Cl, Br, |, or aryl, heteroaryl, CH=CH-aryl, or CH=CH-heteroaryl, wherein any
of the aforementioned aryl groups can be halo-substituted at any position.
2. The compound of embodiment 1, wherein at least one of R, and R; is selected from
radioisotopes of F, Br, and I.
3. The compound of embodiment 2, wherein at least one of R, and Rs is '®F or "%
4. The compound of any of the preceding embodiments that binds to amyloid plaques
and/or neurofibrillary tangles in a mammal.
5. The compound of embodiment 4, wherein the amyloid plaques comprise beta
amyloid (AB) and/or the neurofibrillary tangles comprise tau.
6. The compound of any of the preceding embodiments that prevents and/or reverses

the formation of amyloid plaques and/or neurofibrillary tangles in a mammal.

7. The compound of any of the preceding embodiments that binds a metal ion.

8. The compound of embodiment 7, wherein the metal ion is an ion of iron, copper, or
zinc.

9. The compound of embodiment 1 that is selected from the following compounds,

wherein X is a halogen selected from F, Br, and |, and wherein R is H or C1-C6 alkyl::
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10. The compound of any of the preceding embodiments that is capable of crossing the

blood-brain barrier of a mammal.
11. The compound of any of the preceding embodiments that is an imaging agent for

visualizing amyloid beta plaques and/or tau neurofibrillary tangles in the brain of a mammal.
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12. A pharmaceutical composition comprising the compound of any of the preceding
embodiment and an excipient, carrier, or diluent.

13. A method of diagnosing or prognosing a disease or condition in a subject, the
disease or condition associated with a presence of amyloid deposits and/or neurofibrillary
tangles in an organ or tissue of the subject, the method comprising the step of administering
a compound of any of the preceding embodiments to the subject, whereby the presence of
amyloid deposits and/or neurofibrillary tangles is detected.

14. The method of embodiment 13, wherein the disease or condition is associated with
the presence of amyloid deposits, and wherein the disease or condition is selected from the
group consisting of Alzheimer’s disease, Parkinson’s disease, Huntington’s disease,
spongiform encephalopathy, diabetes mellitus type 2, fatal familial insomnia, atrial
amyloidosis, atherosclerosis, rheumatoid arthritis, familial amyloid polyneuropathy,
hereditary non-neuropathic systemic amyloidosis, dialysis related amyloidosis, cerebral
amyloid angiopathy, and systemic AL amyloidosis.

15. The method of embodiment 13, wherein the disease or condition is associated with
the presence of neurofibrillary tangles, and wherein the disease or condition is selected from
the group consisting of Alzheimer’s disease, progressive supranuclear palsy, chronic
traumatic encephalopathy, primary age-related tauopathy, corticobasal degeneration, and
postencephalitic parkinsonism.

16. A method to aid in treating or preventing a disease or condition in a subject, the
disease or condition associated with a presence of amyloid deposits and/or neurofibrillary
tangles in the subject, the method comprising the step of administering a compound of any
of embodiments 1-11 or the pharmaceutical composition of embodiment 12 to the subject,
whereby amyloid deposits and/or neurofibrillary tangles in the subject are decreased.

17. The method of embodiment 16, wherein the disease or condition is associated with
the presence of amyloid deposits, and wherein the disease or condition is selected from the
group consisting of Alzheimer’s disease, Parkinson’s disease, Huntington’s disease,
spongiform encephalopathy, diabetes mellitus type 2, fatal familial insomnia, atrial
amyloidosis, atherosclerosis, rheumatoid arthritis, familial amyloid polyneuropathy,
hereditary non-neuropathic systemic amyloidosis, dialysis related amyloidosis, cerebral
amyloid angiopathy, and systemic AL amyloidosis.

18. The method of embodiment 16, wherein the disease or condition is associated with
the presence of neurofibrillary tangles, and wherein the disease or condition is selected from
the group consisting of Alzheimer’s disease, progressive supranuclear palsy, chronic
traumatic encephalopathy, primary age-related tauopathy, corticobasal degeneration, and

postencephalitic parkinsonism.
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19. A method of synthesizing a compound of any of embodiments 1-11, the method
comprising the steps of:

(a) preparing an intermediate compound which is 8-(benzyloxy)-3-
(tributylstannyl)quinoline or 8-(benzyloxy)-6-(tributylstannyl)quinoline;

(b) subjecting the intermediate to halodestannylation to obtain 8-(benzyloxy)-3-
haloquinoline or 8-(benzyloxy)-6-haloquinoline; and

(c) subjecting the product obtained in (b) to debenzylation to obtain 3-halo-8-
hydroxyquinoline or 6-halo-8-hydroxyquinoline;
wherein halo represents F, Br, or |.
20. The method of embodiment 19, wherein step (b) comprises radiohalodestannylation,

and in step (¢) 3-radiohalo-8-hydroxyquinoline or 6-radiohalo-8-hydroxyquinoline is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows several prior art therapeutic and diagnostic agents directed to
binding amyloid beta (AB). Figure 1B shows a number of prior art potential imaging agents
which are in clinical trials or in preclinical studies. Figure 1C shows several prior art tau-
selective imaging agents. Figure 1D shows prior art hybrid metal-binding AB/tau protein avid
therapeutic agents for inhibition of protein aggregation.

Figures 2A and 2B show compounds of the invention based on a 3-,6-substituted-8-
(hydroxyl/amino)quinolone structure.

Figure 3 shows a scheme for the radiosynthesis of 3-radiohalogenated-8-
hydroxyquinolines.

Figure 4 shows a scheme for the preparation of 3-iodo- and 3-fluoro-8-
hydroxyquinoline via methods appropriate for radiosynthesis. Reagents and conditions: (i)
NBS, HOAc; (ii) Fe. HOAc-H,O; 70% H,SO,, 220 °C, 72 h, (iv) CsHsCH.Br, K,CO3, DMF; (v)
BusSn,, Pd(0), (vi) NIS, dioxane; (vii) Selectfluor, AfOTT; (viii) BBr;, (CH3)sCeH.

Figures 5A-5D show additional synthetic schemes to produce compounds of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention provides a new class of quinoline compounds for use in the detection
and treatment of Alzheimer’s disease and other neurodegenerative diseases related to the
accumulation of amyloid or neurofibrillary tangles. The invention also provides novel
approaches to the synthesis of both unlabeled and labeled forms of the quinoline
compounds. The molecular structure of the compounds includes features that recognize

amyloid-beta and/or tau proteins associated with Alzheimer's disease and also bind metal
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ions such as Cu®* and Fe** associated with the disease process. The compounds can inhibit
the aggregation process that leads to the characteristic plaques and tangles and prevent the
development and progression of Alzheimer’s disease. In their radiolabeled forms (e.g., "°F or
'23)), these compounds can non-invasively detect aggregates in the brain prior to or following
the onset of symptoms, allowing specific therapies to be initiated so as to retard, stop, or
reverse the disease process.

The compounds of the invention are quinoline derivatives substituted at the 8 position
with a substituent that, together with the nitrogen of the quinoline ring, preferably can form a
coordination structure with a metal ion, such as metal ions that promote or are associated
with the formation of amyloid plaque and/or neurofibrillary tangles. The compounds are also
substituted at the 3 and/or 6 positions with substituents containing a halide for use as a
radiolabel in imaging applications. These substitution sites are chemically and metabolically
stable and have little effect on the chelating capacity of the quinoline moiety. Each of the
substitution sites can be individually manipulated to facilitate optimization of chemical and
biological properties. The compounds can also have antibacterial and/or antifungal activity.

Prior efforts to prepare labeled 8-hydroxyquinoline derivatives have used substituents
at positions either ortho or para (i.e., 5-,7-) to the 8-hydroxy group. Labels were introduced
via electrophilic substitution, or ortho/para (2-,4-) to the 1-nitrogen, which can be introduced
from the corresponding —one derivative. In all of these cases, the properties of the chelating
moiety (8-OH and 1-N) are significantly affected by resonance. The 2-fluoro derivative, in
addition to reducing the electron density at 1-N, is also susceptible to nucleophilic
displacement. These derivatives were prepared and evaluated in the prior art largely
because they were synthetically accessible and not necessarily because they would have
the optimal properties.

The 3-position of the quinoline ring, however, has distinct advantages, as it only
exerts a modest inductive effect on either the 8-OH or the 1-N chelating group. It also is
stable against displacement by endogenous nucleophiles. A review of the literature
indicates that very few 3-halogenated 8-hydroxy quinolines have been reported, largely
because of the difficulties associated with their synthesis. Nevertheless, because
radiotracers require relatively small quantities for undertaking imaging studies, the key steps
are the final radiolabeling and purification step, and low yields in the initial portion of the
synthesis can be tolerated.

The present invention combines the metal binding capacity of 8-hydroxy/amino
quinolines, with the ApR/tau protein seeking capacity of the styryl moiety to generate a new
class of hybrid agents (see examples shown in Figs. 2A-2B) for detecting and/or treating
AR/tau aggregates in humans and other mammals. These compounds can be prepared via

a novel scheme starting from commercially available 8-nitroquinoline. The presence of the
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nitro group results in the introduction of functional groups selectively at the 3- and 6-
positions. These sites are not accessed by electrophilic substitution on 8-hydroxy or 8-
aminoquinolines which generate 5- and 7-substitution. Skraup synthesis gives 6- but not 3-
substituted quinolines. Other syntheses via anilines generate 2- and 4-substituted 8-
hydroxy/amino quinolines, but not the 3-substituted quinolines. The process of the invention
can interconvert the initial 3-/6-bromo intermediates via stannyl or boronyl reagents to
radiohalogenated products for imaging or to the aryl(heteroaryl)/vinylaryl(heteroaryl)
products for therapy. The process is efficient and versatile. One can replace the 8-hydroxy
group with alkoxy groups or generate the 8-amino analog which can be converted to
mono/di-substituted alkyl/acyl derivatives.

The invention includes 3-,6-substituted-8-(hydroxyl/amino)quinoline compounds

described by Formula (I) below.

In compounds of Formula (), Ry can be OH, OCH.CsHs, NO,, NH,, aminoacyl,
aminosulfonyl, NHCHs, or N(CHs),; and R, and R; can be independently F, Cl, Br, |, or aryl,
heteroaryl, CH=CH-aryl, or CH=CH-heteroaryl, wherein any of the aforementioned aryl
groups can be halo-substituted at any position. For use as radiodiagnostics, compounds of
Formula (1) can include any radioisotopes of F, Br, and I. A number of specific compounds
of Formula (l) suitable for use as therapeutic or diagnostic agents are shown in Figs. 2A-2B.
Precursors were prepared that can be converted to either radioiodinated derivatives
for SPECT or radiofluorinated derivatives for PET. The approach is shown in Fig. 3. It
should be noted, that the previously reported syntheses of 3-iodo and 3-fluoro-8-
hydroxyquinoline are not appropriate for translation to the radiolabeled materials. In the
synthetic approach of the invention, however, the radiohalogenated products can be derived
from a tri-n-butylstannylated intermediate using an electrophilic
radiofluoro/iododestannylation method. This key stannylated intermediate can be prepared
using 3-bromo- 8-benzyloxyquinoline, the protected derivative of 3-bromo-8-
hydroxyquinoline.  3-Bromo-8-hydroxyquinoline was not commercially available, and a
process was developed by which sufficient quantities of the requisite precursor could be

obtained to undertake radiochemical studies.
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The synthesis of the precursor (see Fig. 4) began with the bromination of 8-
nitroquinoline 1 using N-bromosuccinimide. The presence of the nitro group reverses the
reactivity of the aromatic rings, with the 3-position constituting the most electron rich site. As
the reaction proceeds and the starting material is depleted, bromination at the 6-position of
the 3-brominated product 2 also becomes a competing reaction. Use of excess NBS can
essentially consume all of the starting material but at the expense of the mono-brominated
product. Therefore, only a slight excess of reagent was employed and a chromatographic
separation gave the pure product 2 distinct from the dibrominated 3 and nonbrominated 1
materials. The 8-nitro group was reduced using iron powder and acetic acid to give the 3-
bromo-8-aminoquinoline 4. Recrystallization gave the pure product needed for the
subsequent displacement reaction. Previous syntheses of the 3-bromo-8-hydroxyquinoline
reported good yields for the nucleophilic substitution product from 8-aminoquinoline.
Conditions were 70% sulfuric acid at 220-230°C in a sealed tube, however, in our hands this
was a more complex reaction. The reaction appeared to be sensitive to both the
concentration of sulfuric acid and temperature. Use of lower concentrations (50-60%) at
220-230°C gave only the 8-hydroxy product 5, albeit in low yields (10-25%) and the reaction
required 5-7 days. Higher temperatures resulted in a complex mixture of materials, including
significant decomposition. Higher concentrations of acid (>75%) also caused decomposition
and lower yields (< 15%) over a range of temperatures (220-250°C) and times (1-5 days).
Ultimately, the conditions that were most consistent for this conversion to 5 were 65%
sulfuric acid, 230°C for 2-4 days, which gave yields in the 30-40% range.

Protection of the 8-hydroxy group was achieved by benzylation with benzyl bromide
in DMF to give 6 in good yields. Based upon the studies with the 2-fluoro analog, this group
could eventually be removed by hydrogenation or acid (22). Stannylation with hexabutyl
ditin and Pd(0) gave the tri-n-butylstannyl quinoline derivative 7 in good overall yields and in
high purity. The stannylated intermediate was rapidly converted directly to the
corresponding 3-iodo-8-benzyloxyquinoline 8 using N-iodosuccinimide (NIS) in good overall
yields. Although hydrogenation had been used previously to deprotect the 2-fluoro analog,
conditions were avoided here that may cause reductive dehalogenation, especially for the 3-
iodo product. The 3-bromo-8-benzyloxyquinoline 6 was evaluated with trifluoroacetic acid in
dichloromethane, conditions which reportedly remove benzyl groups quickly. In the hands of
the inventor, however, debenzylation was a slow process. Rather than exploring alternative
protecting groups, other conditions were examined. Boron tribromide is more often used for
removing O-methyl groups; however, the inventor considered that the presence of the
adjacent N1-group could activate the Lewis acid and facilitate the process. Indeed, BBr;
regenerated 3-bromo-8-hydroxyquinoline 5 in less than 15 minutes at ambient temperature.

Application of these conditions to the 3-iodo intermediate resulted in a rapid and complete

10
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conversion to 3-iodo-8-hydroxyquinoline 10. Therefore, demonstration of a practical route to
the radioiodinated derivative was established. Fluorodestannylation was achieved using
SELECTIFLUOR and silver triflate in dichloromethane. The reaction proceeded rapidly to
give the 3-fluoro-8-benzyloxyquinoline 9 which underwent facile debenzylation with BBr; to
give 3-fluoro-8-hydroxyquinoline 11 in good isolated yields.

Figures 5A-5D illustrate additional synthesis pathways that can be used to produce
compounds of the invention.

In summary, novel imaging agents based on the 8-hydroxyquinoline scaffold have
been demonstrated. An efficient synthetic scheme for the radiosynthesis of either '*’I- or
'®F_radiotracers has been developed using 3-tri-n-butylstannyl-8-benzyloxyquinoline as the
key intermediate (precursor). The final two steps proceed rapidly and in high yield and can

be translated directly to a radiochemical process.

EXAMPLES

Example 1. Reagents and Instrumentation

All reagents were purchased and used as received, without purification. Silica gel
chromatography was performed on 35-70 mesh silica gel (60A) using glass columns. All 'H
NMR was obtained on a Varian spectrometer (400 MHz) at room temperature. Reported
chemical shifts (0) are given in parts per million (ppm) and are referenced to chloroform-d
(0=7.26) or tetramethylsilane (06=0.00). Melting points were determined in a Thermo
Scientific manual melting point apparatus. LC-MS analysis was conducted on a HPLC
SUNFIRE C18 column (4.6 mm x 50 mm, 3.5 ym column; 10 pL injection; 30% to 100%
acetonitrile/water and 0.1% formic acid gradient; 150 mL/min flow rate) with 254 nm UV
single wave length detection and Waters Micromass ZQ time-of-flight (TOF) mass
spectrometer (electrospray ionization). Analytical thin-layer chromatography (TLC) was
performed on polyester sheets pre-coated with silica gel matrix 60 F254 obtained from

Sigma-Aldrich and visualized under UV light or stained with iodine.

Example 2. Synthesis of 3-Bromo-8-nitroquinoline.

NO, NO, NO;
N N N
x NEBS x . X
—_—
HOAc
/ 100°C / Br Br / Br
1 2
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To 5 mL of acetic acid were added 8-nitroquinoline (0.2 g, 1.15 mmol) and N-
bromosuccinimide (0.102 g, 0.575 mmol). The solution was heated to reflux for 2 h, cooled
to ambient temperature, and poured over 20 mL of water. The crude product was collected
by filtration, washed with cold water and air dried. The crude product (a mixture of
monobrominated, dibrominated, and unbrominated material) was purified by column
chromatography (9 g) using 3:1 hexane/ethyl acetate as the eluent. Chromatography gave 2
as a white solid (0.121 g, 42% yield, mp 122 °C, lit mp 123 °C) as well as the 3,6-dibromo-8-
nitroquinoline (0.054 g, mp: 179 °C). "H NMR (400MHz, CDCl;) 8 9.05 (1H, s), 8.43 (1H, s),
8.05-8.07 (1H, d, J= 7.2 Hz), 7.97 (1H, d, J= 8.8 Hz), 7.7 (1H, t, J = 8.0 Hz) for 2. '"H NMR
(400MHz, CDCl;) 8 9.04 (1H, d, J=1.2 Hz), 8.34 (1H, d, J= 2.4 Hz), 8.12 (2H, d, J= 1.2 HZ)

for 3,6-dibromo-8-nitroquinoline.

Example 3. Synthesis of 3-Bromoquinolin-8-amine.

N02 NH2
N N
A Fe (s! N
EtOH
Z g HC Z g
2 4

Intermediate 2 (0.847 g, 3.3 mmol) was dissolved in 30 mL of acetic acid-water (2:1),
followed by the addition of iron powder (0.935 g, 16.7 mmol). The reaction mixture was
stirred at ambient temperature for 18 hours. Solvent was removed by rotary evaporation; the
product mixture was suspended in dichloromethane and filtered through CELITE to remove
iron salts. The resultant solid was purified by column chromatography on silica gel (35 Q)
using dichloromethane as the eluent. Fractions containing the product were combined,
evaporated to dryness to yield 4 as a yellow solid 0.45 g (60 % yield, mp 104 °C, lit mp =
106-107 °C). "H NMR (400MHz, CDCls) 8 8.72 (1H, d, J = 2.4 Hz), 8.21 (1H, d, J=2.0 Hz),
7.32-7.38 (1H, t, J= 8.0 Hz), 7.06 (1H, d, J= 8.0 Hz), 6.92 (1H, d, J = 7.2 Hz), 4.8-5.2 (3H,

s).
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Example 4. Synthesis of 8-Hydroxy-3-bromoguinoline.

NH, OH
N N
=N HZSOQ =
heat
A Br A Br
4 5

8-Amino-3-bromoquinoline (4) (0.3 g, 1.3 mmol) was dissolved in 10 mL of 70%
sulfuric acid and placed in a Q-Tube (Sigma Aldrich). The tube was sealed and heated with
stirring at 220°C for 3 days. After cooling to ambient temperature, the reaction solution was
brought to pH 8 by addition of NH,OH (16 M), followed by extraction with ethyl acetate (4 x
25 mL). The organic phases were combined, dried over Na,SO,, filtered, and evaporated to
dryness. The crude product was purified by column chromatography on silica gel (7 g) using
3:1 dichloromethane/hexane as the eluent. Fractions containing the product were combined
and evaporated to dryness to give 5 as a white solid 0.184 g (34% yield, mp 99-101 °C, lit
mp 111.5-112.5 °C). 'H NMR (400 MHz, CDCl;) 8 8.77 (1H, d, J= 2.0 Hz), 8.32 (1H, d, J =
2.0 Hz), 7.99 (1H, s), 7.48 (1H, t, J= 8.0 Hz), 7.18 (1H, dd, J = 23.2 Hz, J = 9.6 Hz). LCMS
found 225.90, [M+2H]" .

Example 5. Synthesis of 8-(Benzyloxy)-3-bromoguinoline.

Ph
OH k @)
N
[ K2C03, BnBr N\
DMF, 60°C
# Br Z Br
5 6

3-Bromo-8-hydroxyquinoline 5 (0.105 g, 0.48 mmol) was dissolved in 3mL of
anhydrous DMF containing K,CO,; (0.071 g, 0.515 mmol), followed by addition of
benzylbromide (0.088 g, 0.515 mmol). The reaction mixture was stirred at 60 °C for 2 h.
The reaction mixture was poured over water and extracted with ethyl acetate (3 x 25 mL).
The combined organic phases were washed with brine; then dried over Na,SO, (anhydrous).
The mixture was filtered, evaporated to dryness, and the crude product was purified by

column chromatography on silica gel (6 g) using a 1:1 dichloromethane/hexane to 100%
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dichloromethane gradient. fractions containing product were combined, followed by removal
of solvent, to give 6 as a pale yellow solid (0.114g, 77.5% vyield, mp 120 °C). 'H NMR (400
MHz, CDCl;) 6 8.94 (1H,d, J=2.4), 828 (1H, d, J=2.0Hz), 7.49 (2H, d, J = 7.2 Hz), 7.27-
7.4 (5H, m), 7.03 (1H, d, J = 8.0 Hz), 5.41 (2H, s). MP: 120°C. LCMS found 313.89, [M+H]".

Example 6. Synthesis of 8-(Benzyloxy)-3-(tributylstannyl)quinoline.

OBn OBn
N N
N Sn,Bug, Pd(PPh,), N .
o u
dioxane, 60°C /
/ Br / Sn_
| Bu
6 7 Bu

8-(Benzyloxy)-3-bromoquinoline (6) (0.250 g, 0.796 mmol) was added to 8 mL of dry
dioxane containing 5 % mole equivalents of tetrakis(triphenylphosphine)palladium(0) (0.046
g, 0.04 mmol) and hexabutyl ditin (0.508 g, 0.875 mmol). The mixture was heated at 120 °C
and stirred under argon for 16 h. The reaction solution was cooled to ambient temperature,
filtered through CELITE to remove stannyl salts, and the solvent was removed by rotary
evaporation. The resultant oil was purified by chromatography on silica gel (7.5 g) using
100% hexanes, followed by 20% ethyl acetate in hexanes, as the eluents. Fractions
containing product were combined and evaporated to dryness to yield 7 as a pale yellow oil
(0.200 g, 48% yield). 'H NMR (400MHz, CDCls) 8 9.00 (1H, d, J = 1.2 Hz), 8.2 (1H, s), 7.53
(2H, d, J=7.2 Hz), 7.2-7.4 (5H, m), 6.9 (1H, t, J = 4.4 Hz), 542 (2H, s), 1.52-1.62 (6H, m),
1.3-1.4 (7H, m), 1.14-1.2 (5H, t, J = 8.0 Hz), 0.84-0.94 (9H, t, J = 7.2 Hz). LCMS found
525.97, [M+H]".

Example 7. Synthesis of 8-(Benzyloxy)-3-iodoguinoline.

OBn
OBn
N
X N
P NIS, THF S
/ S/ ;>
|n\Bu RT, 2h pZ |
7 Bu 8

8-(Benzyloxy)-3-(tributylstannyl)quinoline (7) (0.257 g, 0.490 mmol) was dissolved in

5 mL of anhydrous THF. The solution was degassed with argon before the addition of N-
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iodosuccinimide (0.121 g, 0.539 mmol). The reaction solution was stirred at ambient
temperature for 2 h, and the solvent was removed by rotary evaporation. The crude product
was dissolved in dichloromethane and washed with saturated sodium bicarbonate (10 mL x
3), followed by brine (10 mL x 1). The organic phases were combined, dried over MgSO,
(anhydrous), filtered, and evaporated to dryness. The residue was purified by
chromatography on silica gel (9 g) using a 10%-30% ethyl acetate in hexanes elution
gradient. The fractions containing the product were combined and evaporated to dryness to
give 8 as a white solid (0.128 g, 72.5% yield). 'H NMR (400MHz, CDCls) 8 9.08 (1H, s),
8.51 (1H, s), 7.5 (2H, d, J= 7.2 Hz), 7.2-7.4 (5H, m), 7.05 (1H, d, J = 8.0 Hz), 5.43 (2H, s).
LCMS found 361.83, [M+H]".

Example 8. Synthesis of 3-lodo-8-hydroxyquinoline.

OBn OH
N N
AN BBr;, DCM - A
pentamethylbenzene
15min, -78°C
8 10

8-(Benzyloxy)-3-iodoquinoline (8) (100 mg, 0.318 mmol) was dissolved in 2.5 mL of
anhydrous DCM. The solution was degassed with argon and stirred at -15 °C. A solution of
BBr; (1.0 M solution, 0.637 mmol) was injected drop wise into the solution over 10 min while
the reaction mixture was cooled to -78 °C. The solution was stirred at -78 °C for 30 minutes
until the full conversion of 8 was determined by LC-MS. The reaction was quenched with the
addition of 3 mL of a 10:1 chloroform/methanol solution. The crude solution was warmed to
ambient temperature, evaporated to dryness, and purified by chromatography on silica gel (9
g) using a 100% dichloromethane to 10% methanol in dichloromethane elution gradient.
The fractions containing the product were combined and evaporated to dryness to yield 10
as a white solid (0.069 g, 89% yield).

This application claims the priority of U.S. Provisional Application No. 62/161,473
filed 14 May 2015 and entitled “Preparation and Uses of Novel Quinolone Derivatives:
Diagnostic and Therapeutic Agents for Alzheimer's Disease”, the whole of which is hereby
incorporated by reference.

As used herein, "consisting essentially of" allows the inclusion of materials or steps

that do not materially affect the basic and novel characteristics of the claim. Any recitation
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herein of the term "comprising", particularly in a description of components of a composition
or in a description of elements of a device, can be exchanged with "consisting essentially of"
or "consisting of".

While the present invention has been described in conjunction with certain preferred
embodiments, one of ordinary skill, after reading the foregoing specification, will be able to
effect various changes, substitutions of equivalents, and other alterations to the

compositions and methods set forth herein.
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CLAIMS
That which is claimed is:
1. A compound having the formula:
Ry
N
ey
=
R3 R

H

wherein R, is selected from the group consisting of OH, OCH»CgHs, NO,, NH,, aminoacyl,
aminosulfonyl, NHCHs;, and N(CH,),; and R, and R; are independently selected from the
group consisting of F, CI, Br, |, or aryl, heteroaryl, CH=CH-aryl, or CH=CH-heteroaryl,

wherein any of the aforementioned aryl groups can be halo-substituted at any position.

2. The compound of claim 1, wherein at least one of R, and R; is selected from

radioisotopes of F, Br, and I.

3. The compound of claim 2, wherein at least one of R, and R; is °F or '#|.

4. The compound of claim 1 that binds to amyloid plaques and/or neurofibrillary tangles
in a mammal.

5. The compound of claim 4, wherein the amyloid plaques comprise beta amyloid (AB)

and/or the neurofibrillary tangles comprise tau.

6. The compound of claim 1 that prevents and/or reverses the formation of amyloid

plaques and/or neurofibrillary tangles in a mammal.

7. The compound of claim 1 that binds a metal ion.

8. The compound of claim 7, wherein the metal ion is an ion of iron, copper, or zinc.
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9. The compound of claim 1 that is selected from the following compounds, wherein X is

a halogen selected from F, Br, and |, and wherein R is H or C1-C6 alkyl:

i'OH OH OH
N e . = FNF 123 NN e AN e

e
“ "'3"{?;3 - NC\\\ e \\'\\; o N -
N __-‘,/L.\-\::::;J\,\Nﬁ_‘_‘; ‘»\I *‘Z;\\\M [ e _-:;Ix,\\ *’;‘l\\[‘ s, o,
«WV«;’, \"}{ »\\;;__.:::,,-I\,,\ X
0,

R™NH "
) )
| e - N

- -~ N, et N
. .-”' e \’\.\f.‘:' T ,\\‘-\;}_-4 J| ""\fl e e N
ol o }( =
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10. The compound of claim 1 that is capable of crossing the blood-brain barrier of a

mammal.

11. The compound of claim 1 that is an imaging agent for visualizing amyloid beta

plaques and/or tau neurofibrillary tangles in the brain of a mammal.

12. A pharmaceutical composition comprising the compound of claim 1 and an excipient,

carrier, or diluent.

13. A method of diagnosing or prognosing a disease or condition in a subject, the
disease or condition associated with a presence of amyloid deposits and/or neurofibrillary
tangles in an organ or tissue of the subject, the method comprising the step of administering
a compound of claim 11 to the subject, whereby the presence of amyloid deposits and/or

neurofibrillary tangles is detected.

14. The method of claim 13, wherein the disease or condition is associated with the
presence of amyloid deposits, and wherein the disease or condition is selected from the
group consisting of Alzheimer’s disease, Parkinson’s disease, Huntington’s disease,
spongiform encephalopathy, diabetes mellitus type 2, fatal familial insomnia, atrial
amyloidosis, atherosclerosis, rheumatoid arthritis, familial amyloid polyneuropathy,
hereditary non-neuropathic systemic amyloidosis, dialysis related amyloidosis, cerebral

amyloid angiopathy, and systemic AL amyloidosis.

15. The method of claim 13, wherein the disease or condition is associated with the
presence of neurofibrillary tangles, and wherein the disease or condition is selected from the
group consisting of Alzheimer's disease, progressive supranuclear palsy, chronic traumatic
encephalopathy, primary age-related tauopathy, corticobasal degeneration, and

postencephalitic parkinsonism.
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16. A method to aid in treating or preventing a disease or condition in a subject, the
disease or condition associated with a presence of amyloid deposits and/or neurofibrillary
tangles in the subject, the method comprising the step of administering a compound of claim
1 to the subject, whereby amyloid deposits and/or neurofibrillary tangles in the subject are

decreased.

17. The method of claim 16, wherein the disease or condition is associated with the
presence of amyloid deposits, and wherein the disease or condition is selected from the
group consisting of Alzheimer’s disease, Parkinson’s disease, Huntington’s disease,
spongiform encephalopathy, diabetes mellitus type 2, fatal familial insomnia, atrial
amyloidosis, atherosclerosis, rheumatoid arthritis, familial amyloid polyneuropathy,
hereditary non-neuropathic systemic amyloidosis, dialysis related amyloidosis, cerebral

amyloid angiopathy, and systemic AL amyloidosis.

18. The method of claim 16, wherein the disease or condition is associated with the
presence of neurofibrillary tangles, and wherein the disease or condition is selected from the
group consisting of Alzheimer’'s disease, progressive supranuclear palsy, chronic traumatic
encephalopathy, primary age-related tauopathy, corticobasal degeneration, and

postencephalitic parkinsonism.

19. A method of synthesizing a compound of claim 1, the method comprising the steps
of:

(a) preparing an intermediate compound which is 8-(benzyloxy)-3-
(tributylstannyl)quinoline or 8-(benzyloxy)-6-(tributylstannyl)quinoline;

(b) subjecting the intermediate to halodestannylation to obtain 8-(benzyloxy)-3-
haloquinoline or 8-(benzyloxy)-6-haloquinoline; and

(c) subjecting the product obtained in (b) to debenzylation to obtain 3-halo-8-
hydroxyquinoline or 6-halo-8-hydroxyquinoline;

wherein halo represents F, Br, or |.

20. The method of claim 19, wherein step (b) comprises radiohalodestannylation, and in

step (¢) 3-radiohalo-8-hydroxyquinoline or 6-radiohalo-8-hydroxyquinoline is obtained.
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