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COMPOUNDS FOR USE IN PREVENTION AND TREATMENT OF
NEURODEGENERATIVE DISEASES AND PAIN

FIELD OF THE INVENTION
The present invention refates 1o compounds for use in preventing and/or treating
neurodegenerative diseases or pain, or both.
BACKGROUND OF THE INVENTION

Untied States patent publication No. USZ20120285863 discloses dual-action compounds targeting

(¥l

adenosing AZA receptor and adenosine transporter for prevention and treatiment of neurodegenerative

diseases. A selective Az, adenosine receptor (AzaR) agonist named CGS21680 (in short, CGS) has

been shown to be able to attenuate Huntington's disease (HD) symptoms in a transgenic mouse model,
10 and rescue the urea cycle deficiency of HD disease by enhancing the activity of the ubiguitin~

proteasome system (Chiang et al | 2009 Him Mol Gener. 18:2029-2042; Chou et al., 2005 7

Newrachem. 93:310-320). However, CGS is known to exert strong imnunosuppressive effect and other

side effects, and is therefore not suitable for clinical use.

N-(d-hydrosybenzyljadenasine, designated as T1-11 in US20120293863 and also an Az R agonist,

15 bas been suggested to have a therapeutic potential in freating neural degenerative diseases. However, it

is still difficult to develop T1-11 as an orally avaiable drug due to its poor bicavailability (7' < 5%).

Oral bioavailability is an important property in drug development because it represents the percentage

of & substance that reaches systentic circulation after absorption and metabolisn.

SUMMARY OF THE INVENTION

20 In one aspect, the invention relates to a compound of formula (1) or (IA):
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or a pharmaceutically acceptable salt thereof, wherein X is halogen.

The halogen (F, CL Br or 1) may be tocated at 3-, 4~ or S-position in formula (1), or at 2-, 4- or 5-
position in formula (1A).

In one embodiment of the invention, the compound is selected from the group consisting of A
[(3-hatothien-2-vyDmethv] Jadenosine, N°-{{4-halothien-2-yDmethviladenosine, and M-{(3-halothien-

2-ylymethvijadenosine.
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In another embodiment of the mvention, the compouond 1s selected from the group consisting of
N*-[(2-halothien-3-yl)methyl|adenosine, N-{{4-halothien-3-y]imethyl jadenosine, and §°-[(3-
halothien-3-vhmethyljadenosine.

Fuarther in another embodiment of the invention, the compound is selected from the group
consisting of N*-[(5-bromothien-2-yimethyl]adenosine, N'-[{(4-bromothien-2-yDmethyi]adenosine,
N-[(3-bromothien-2-yymethyl fadenosine, A*-[(5-chlorothien-2-v ymethyi Jadenosine, A°-{(4-
chlorothien-2-ylymethyiJadenosine, and &°-[(3-chlorathien-2-y1)meth viladenosine.

In another embodiment of the invention, the compound is selected from the group consisting of
N-[(2-bromothien-3-yDmethyl jadenosine, N-[(4-bromothien-3-ylimethyl ladenosine, N*-[(5-
bromothien-3-y}ymethyljadenosine N°-[(2-chlorothien-3~ylymethyiJadenosing, N*-[(4-chlorothien-3-~
yhimethyljadenosine, and A”-[(5-chiorothien-3-y)methyl Jadenosine.

In another aspect, the invention relales to a method for preparing the compound of formuda (1) or
formuta (IA) as aforementioned, comprising the step of (1) or ()

{1y
(a) reacting d-chloropurine riboturanoside in the presence of a base with
{thienvymethanamine that is substituted with fluorine, chlorine, bromine or iodine and has formula 3

or 3A

S

S
>
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to afford the compound of formula (1) or (1A); or

{1y

(al} reacting (2',3-O-isopropyiidene)jadenine in the presence of a base with a hydroxyi group-
protecting agent to afford a derivative of (2',3-O-isopropylideneladenine having a hydroxvi
protecting group;

{b) reacting the derivative of {2',3'-O-isopropylidene)adenine having the hydroxyl protecting
aroup with an amine group-protecting agent to afford a derivative of (2 3 isopropylidene)adenine
having the hydroxyl protecting group and an amine protecting group;

{c} performing a coupling reaction by reacting the derivative of (2',3-0-
isopropylidenejadenine having the hvdroxyl and anune protecting groups with a substituted

{thienyDimethvl group-containing compound of formula 7 or TA:
, ¥i, ¥ EIOUp B F
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wherem X 18 F, (8, By, or I, and Y 15 X, O, methanesulfonate (OS50, CHy, OMs), p-toluenesulfonate

(O8O0, CsH-p-CHa, OTs), or tnfluoromethanesulfonate (OSO,CF;, OTH,
to afford a product containing the protecting groups and the substituted (thienylimethvl group and;
and

(d) removing the protecting groups from the product of step (¢} in an acidic condition to afford
the compound of formula (1) or (JA).

In one embodiment of the invention, the base in step {a) may be diisopropylethylamine. The
hydroxyl group-protecting agent may be fers-butyldimethylsilyl chloride. The amine group-
protecting agent may be Di-ferf-butyl dicarbonate. The base in step (at) may be imidazole.

In another embodiment of the invention, n step (I}{(a), the base 1s ditsopropylethylamine and the
substituted (thienyDmethanamine is: (i) (5-bromothien-2-viymethanamine 1o afford A-[(5-
bromothien-2-yDmethylJadenosine; or (i) {5-chlorothien-2-y)methanamine to afford N-[(5-
chlorothien-2-ylimethyl]adenosine.

Further in another embodiment of the invention, the coupling reaction is preformed in the
presence of {niphenylphosphine and disopropyl azodicarboxylate. The substitoted {thienylymethyl
group-containing compound may be (5-bromothien-2-vl ymethanol.

Further in another aspect, the invention relates to a composition comprising:

{a) a therapeutically effective amount of the compound as aforementioned or a
pharmaceutically acceptable salt thereof, and
{b) a pharmaceutically accepiable carrier, excipient or vehicle,

Yet in another aspect, the invention relates {0 use of the compound as aforementioned in the
manufacture of a medicament for treating a neurodegenerative disease and/or pain in a subject in
need thereof. Alternatively, the invention relates to the compound as aforementioned for use in
freating a neurodegenerative disease and/or pain in a subject in need thereof. The neurodegenerative
disease may be a protein-misfolding disease.

In one embodinent of the invention. the neurodegenerative disease is selected from: the group
consisting of Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosts, Prion disease,
Huntington's disease, and spinal cerebellar ataxias. The spinal cerebeliar ataxias may be selected
from the group consisting of spinal cerebellar ataxias 2, spinal cerebellar ataxias 3, and spinal
cerebellar ataxias 7. The pain may be acid-induced pain. The acid-induced pain may be acid-induced
muscle pain. The acid-induced muscle pain may be acid-induced chronic muscle pain,

o one embodiment of the invention, the pain s selected from the group consisting of

inflammatory pain, cancer pain, chest pain, back pain, neck pain, shoulder pain, migraine, headache,

Led
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myofascial pain, jown pam, muscular pain syndromes, neuropathic pain, peripheral pain, sympathetic
pain, postoperative pain, post-tranmatic pain, and multiple sclerosis pain.

In another embaodiment of the invention, the pain may be a dysfunctional pain. The dysfumctional
pain may be selected from the group consisting of fibromyalgia, myolascial pam, bladder pain
syndrome, and a pain caused by irritable bowel syndrome.

These and other aspects will become apparent from the following description of the preferred
embodiment taken in conjunction with the following drawings, although variations and modifications
therein may be affected without departing from the spirit and scope of the novel concepts of the
disclosure.

The accompanying drawings illustrate one or more embodiments of the invention and, together
with the written description, serve to explain the principles of the invention. Wherever possible, the
same reference numbers are used throughout the drawings to refer o the same or hike elements of an

embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the blood concentrations of T1-11 {A) and IME3464 (B) in ICR mice receiving
intravenous (I mgikg) or oral (10 mg/kg) of T1-11 or IMF3464. The oral bicavailability of T1-11
and IMF3464 were estimated to be 2.8% and 17.4%, respectively.

FI1G. 2 shows the effects of Az, R agonists (CGS21680, T1-11, IMF3464, and IMF3818) on
serum deprivation-induced cell death. Seram-deprived PC12 cells were treated with or without the
mdicated reagent(s) for 24 h. Cell viability was expressed as a percentage of the results from MTT
assays compared to the mean of a serum-containing control group. Data points represent the mean =
SEM {(n=3-6),

FHGs. 3A-B show the effect of JMF3464 on motor deficits and lifespan. JMF3464 {(0.11
pgfmouse/day ), IMFLI07 (011 ug/mousefday ) or vehicle (CON) was administrated subcutaneously
to the mdicated mice of 7 weeks old using ALZET osmotic munipumps for 6 weeks. Rotarod
performance (A) and lifespan (B} of these mice were assessed. * p <7 Q.05 ¥¥% 5y <0 005

FIGs. 4A-B show the effects of T1-11 in preventing mutant SCA2 gene overexpression-induced
protein aggregations and behavioral performance in SCA2 wansgenic mice. (A) pSCAZ-22Q-EGFP
or pSCA2-104Q-EGFP-transfected cells were treated with 10 pM T1-11 or 10 pM IMFI907 (a T1-
I-dertved Aza-R agonist) for 24 h. Cells were harvested and subjected to a filter retardation assay or
image acquisition. (B) Wild type (WT) or transgenic mice {SCAZ) drank water with or without T1-
11. Rotarod performance was used to measure the behavioral function of mice.

FlGs. SA-C show that Ti~11 ameliorates the motor dysfunction and pontine newronal death of SCA3
transgemc mice. {AY SCAJ fransgenic mice were given drinking water containing vehicle {¢.2% DMSO)
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or TI-11 (0.1 mg/ml) beginming at 4 weeks-old. Rotarod test showed that compared to wild-type (WT)
mice, vehicte-treated 4-month-old ataxin-3-Q79 transgenic mice exhibited a significantly shorter
tatency to fall and motor incoordination. Rotarod performance of T1-1 1-treated 4-month-old SCA3
transgenic mice {1 myg per dav) was significantly better than that of vehicle-treated ataxin-3-Q79 mice
at the same age. Each point shows the mean + 8 E. of 7-8 nuce. (B-C) Immunohistochenucal staining of
neuronal marker NeuN mdicated that daily oral administration of T1-11{} mg per dav) sigmificantly
ameliorated neuronal death m the pontine nuclet of a SCA3 transgenic moase al the age of 4 months
{SCA3 + T1-11). Scale bar is 50 um. Bach bar shows the mean + S.E. of 7-8 mice * P < 0.01 compared
o SACS transgenic mice.

FIGs. 8 AC show that IMF1907 alleviates the ataxic symoptom and pontine newronal death of SCA3
transgenic mice. {A) Rotarod test indicated that compared to vehicle-trested 4-month-old SCA3
transgenic mice, rotarod performance of IMF1907 -treated 4-month-old SCA3 mice (1 mg per day)
was significantly improved. Each point shows the mean & S.E. of 6 mice. (B-C) Immunocytochemical
staimng of NeuN showed that oral admunistration of IMF1907 {1 mg per day) significantly prevented
neuronal death in the pontine nuclei of a SCA3 mouse at the age of 4 months (SCA3 + IMF1907). Scale
bar 15 50 um. Each bar represents the mean + SE. of 6 mice. * P < (.01 compared to SCAZ muce.

FIGs. 7A-C show that IMF3464 ameliorates the ataxia and pontine neuronal death of SCA3
transgerme mice. {A) SCAS transgenic nuce displayed an mmpaved rotarod performance. Daily
administration of IMF3464 (0.3 mg per day) greatly improved the rotarod performance of 4-month-
old SCA3 mice. (B-C) Immunocviochemical staining of neuronal marker NeuN demonstrated that daily
oral treatment of IMF3464 (0.3 myg per day) significantly ameliorated neuronal death in the pontine
nucler of a SCA3 transgenic mouse at the age of 4 months. Bach bar shows the mean + S E. of 6 mice #
P 0.1 compared to SCA3 transgenic mice.

FIGs. 8A-8 show that treamment with JMF1907 improved the motor functions of the TDP-43
transgenic mice. 4 different doses of IMFL1907 (3.7, 1.25, 0.5, 0.1 mgfyg) were tested. UTL: transgenic
mice treated with DMSO. WT wald type mice treated with DMSQO. Statistics was dove with two- way
ANOVA. For the Rotarod, statistical significance was reached at all points for 1.5 & 0.5mg/kyg, from 12-
21 wk for 0. Img/ke, and 10-12 wh for 3. Tmg'kg For grip strength, statistical sigmficance was reached at
all points for all tested doses. Ne= 18 (UTL), 1§ {WT}, IS{O1L 1505, 15(125,53G.7).

FIG. 9 show treatment with IMF3464 reduced TDP-43 mislocalization in NSC34 cells. Celis
were pretregted with IMP3464 (30 uM) for one hour, and then treated with AICAR (1 mM, Al) in
the presence of IMF3464 for additional 24 hrs. TDP-43 (red) localization was analysed by
immunostaining. The locations of nuclei were marked by Hochest (blue).

F1Gs. 10A-C show the analgesic effect of JIMF3464 on a mouse model of fibromyalgia. (A-1 and

A-2) Oral administration of T1-11 showed no analgesic effect on a mouse model of fibromyalgia, in
]



which mice developed chrome muscle pain after intramuscuolar acid injection and a genistein
treatment. Open arrows indicate the time mice recetved acid mjection. Black arrows indicate the time
mice received T1-11 {p.o.). (B) IMF3464 shows an analgesic effect on a mouse model of

fibromyalgia, in which mice developed chronic widespread pain after treated with mtermittent cold

LA

stress for 2 days. The analgesic effect of IMF3464 is dose-dependent. The effective dose started

from 100 ug/kg {1.p.y (C) Oral administration of IME3464 (1 mg/kg) showed an analgesic effect on
the intermittent cold stress model.
DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS
10 Unless otherwise defined, all technical and scientific rerms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention pertains. In the case
of conflict, the present document, including definitions will control.
The term "treating” or “treatment” refers to administration of an effective amount of a
therapeutic agent Lo a subject in need thereof, who has a neurodegenerative disease and/or pain, or a
15 symptom or predisposition toward such a disease and/or pain, with the purpose of cure, alleviate,
rebieve, remedy, ameliorate, or prevent the disease and/or pain, the symptoms of i, or the
predisposition towards 1t Such a subject can be identified by a health care professional based on
results from any suitable diagnostic method.
“An effective amount” refers to the amount of an active compound that is required to confer a
20 therapeutic effect on the wreated subject. Effectve doses will vary, as recognized by those skilfed
the art, depending on rout of administration, excipient usage. and the possibility of co-usage with
other therapeutic treatment.
The “Guidance for Industry and Reviewers Estimating the Safe Starfing Dose in Clinical Trials

for Therapeutics in Adult Healthy Yolunteers™ published by the U.S. Department of Health and

P
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Human Services Food and Drug Administration discloses a “therapeutically effective amount™ may
be obtained by calculations from the following formula;

HED = animal dose in mg/kg -~ {(animal weight in kg/human weight in kg) **

IMF 1907 denotes the compound N[2-(indol-3-vethvi]adenosine and was disclosed in U.S.
patent publication No. 20120295863 A1 as compound 6.
30 Chemical synthesis
In one approach, 6-chloropurine ribofuranoside (2) was treated with an optionally substituted

{thienvmethanamine {3} in the presence of a base to give the desired compound of formula (I).

&



LY

For example, ditsopropylethylamine was used as a base, and the substitution reaction of 6-
chloropurine ribofuranoside with {(S-bromothien-2-ymethanamine was carried out by heating in a

solvent of 1-propanol to afford AC-[(5-bromothien-2-vDmethy] Jadenosine (IMF3464, structure 1),
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o another approach, (2°.3"-CO-isopropylidenejadenine (4) was treated with feri-butyldimethyisilyt
chloride (TBDMSCH in the presence of a base ymidazole to give a sily! ether derivative (8). The 6-
amino group was protected as a carbamate 6 bearing feri-butoxycarbonyl (Boc) substituent. An

optionally substituted (thienylymethy! group was introduced, and the desired compound of formula (1)

LA

was obtained after removal of all protecting groups in acidic conditions.

For example, the coupling reaction of compound 6 with {5-bromothien-2-viimethanol
{compound 7, wherein X = 5-Br, Y = OH} was promoted by using triphenyiphosphine and
dusopropyl azodicarboxyiate (DIAD) to give compound 8. Global deprotection of the silyl, acetomde
and Boc groups in compound 8 was achieved in acidic conditions to give compound 1.

10 Using the same chemical approach, compound (IA), was obtained.
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Ovral bioavailabiliy

oy
(¥ 0

To measure oral bioavailability of a test compound, blood samples were collected from male ICR
mice (6 weeks old;, 20-25g) after oral (10 mg/kg) or intravencus (1 mg/kg) administrations of the test
compound. The blood samples collected at the indicated periods were extracted with methanol
containing 0.1% formic acid, and then 10 ul. of each extracted sample were injected to UPLC-
MSMS for quantitation. The results (FIG, 1A-B) showed that oral biogvailability of T1-11 and
200 IMF34964 i ICR mice were 2.8% and 17.4%, respectively, indicating that the oral absorption of

IMFE3464 was more than 6-fold higher than that of T1-11,

8



LA

is

20

O
LA

JMF3464 binding to Az, R and ENT1 and protecting neuronal cell apoptosis

We first characterized the pharmacological properties of IMF3464 using radiobigand binding
assays, Table T shows pharmacological properties of T1-11, IMF 1907, and IMF3464. Binding of the
indicated compounds to Az, adenosine receptor (A;4R) and an adenosine transporter (ENT1} was
characterized using standard binding protocols, As shown in Table |, IMF3464 bound to the AzsR
and an adenosine transporter - equilibrative nucleoside transporter 1. The affinity of IMF3464
toward Az.R was sinmular to those of T1-11 and IMF1907 {an analogue of T1-11), whereas its
affinity toward ENT1 was much better than those of T1-11 and JIMF1907. Our study also indicated
that N-{(5-chlorothien-2-yhmethyljadenosine (JMF3818) alse inhibited the apoptosis of PC12 cells
caused by serum withdrawal, IMF3818 at 10 pM inhibited Ay receptor and adenosine transporter
(ENT1) by 34% and 96%, respectively (FIG. 2).

Table 1

Compound AR ENTH
| (K3, M) (K, M)
CGS21680 008
Ti-11 242  0.34
IMF1907 439 347
JMF 3464 170 0.05

JME3464 exerting beneficial effects on major symptoms of Huntinglon’s disease (HD) in a
transgenic mouse model of HD

As the AzaR and ENT1 are located in the striatum and have been implicated in stuatal function,
we hypothesized that chronic treatment with IMF3464 would modulate the progression of HD, We
tested the effect of IMF3464 in a transgenic mouse model {(R6/2) of HD 1n which Az.R agonists
have beneficial effects. The addition of IMF3464 (0.11 mg/kg/day) to mice from the age of 7 weeks
counteracted the progressive deterioration in motor coordination as assessed by rotarod performance
{FIG. 3A). The shortened lifespan of R6/2 mic was also improved by a sustained (long termy)
treatment with JIMF3464.
Beneficial effects of JME3464 on spinal cerebellar ataxias 2 (8SCA2})

Since activating proteasome activity could be the mechanism of AzaR receptor signaling pathway
i preventing mutant Hit aggregations or behavioral performance in R6/Z transgenic mouse {(Huang
etal., 2011 FLoS One. 6:220934; Lee et 8l 2012 PLoN One. 7:€38865), 1t 18 possible that AR
agonist might also have benefits in alleviating other polyQ diseases, such as SCAZ2. Indeed, our data

showed that T1-11 is effective 1s preventing mutant ATXN2 aggregations (FI1G. 4A) and behavioral
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performance 1 SCAZ transgenic mice (A7TAXN2 T (FIG. 4B), supporting the above hypothesis.
Given that the bicavailability of IMF3464 1s sigmiticantly better than T1-11, we reasoned that
JMF3464 would also produce a beneficial effect on SCA2.

Beneficial effects of TH-11 and ity analogwes ou spinocerebeliar ataxias 3 (SCA3)

Compared to wild-type mice, vehicle-treated SCA3 transgenic mice expressing polvglutamine-
expanded afaxin-3-0Q79 displayed various ataxic symptoms, including an impaired rotarod
performance (FIGs. SA and 6A) with an onset age of about 3-4 months. As shown in FIGs. SA and
6A, 4 month-old SCA3 transgenic mice treated with datly oral admunstration of T1-11 {1 mg per
dayy or IMF 1907 {1 my per day) exhibited a significantly improved rotarod performance. Similar to
SCA3 patients, a prominent neuronal death was found in the pontine nuclel of SCAS transgenic mice
{Fi1Gs 5B and 6B). In accordance with the results of rotarod assays, daily oral treatment of T1-11
(F1Gs. 5B and 5CY or IMF1907 (FIGs. 68 and Fig 6C) sigruficantly alleviated pontine neuronal
death 1n SCA3J transgenic mice (FIGs. 538, 5C, 6B and Fig 6C). The results provide evidence thata
sustained oral treatment of T1-11 or JIMF1907 ameliorates neurological and neuropathological
phenotypes of SCAJ transgenic mice,

IMF3464 has a much higher bioavailability. Therefore, IMF3464 was also expected to exert g
beneficial effect on mutant ataxin-3-Q79-mduced ataxia and nenrodegeneration in SCA3 transgenic
mice. As expected, daily application of IMF3464 (0.3 mg per dav) alleviated the ataxia (FIG. 7A)
and pontine neuronal death (FIGs. 7B and 7C) of SCA3 transgenic mice.

Beneficial effects of JMEFI1907 and IMF3464 on amvotrophic lateral sclerosis (ALR)
As shown in FIG. BA-B, transgenic mice given JMFE 1997 at 4 different doses (3.7, 1.25, 0.5 and
0.1 mg/kgfday) performed significantly better on rotarod and grip strength tests than control mice,
The dose of 1.25mg/kg showed the greatest benefit. These data indicated a clear improvement on the
motor function, JIMEF3464, an analogue of T1-11 and IMF 1907, has a much higher bioavailability.
Therefore, IMEF3464 is expected to exert a beneficial effect in ALS mice, Treating NSC34 cells with
JME3464 normalized TDP-43 mislocalization caused by AMPK activation {FIG. 9), which supports
the notion that JMF3464 1s capable of preventing the initial step of ALS pathogenesis. These
findings support that IMF3464 exhibits beneficial effects on ALS,
Beneficial effects of JMF3464 on pain

Although T1-11 (i.p.) showed excellent analgesic effects on 2 mouse models of fibromyalgia
{acid-induced chronic widesm'ead pain and intermittent cold stress models), its bioavadability s very
fow. Oral administration of T1-11 (up to 2 mg/kg) showed no analgesic effect on an acid-induced
chronic widespread pain model, in which mice developed fibromyalgia-tike pain after intramuscuolar

acid injection and a genistein treatment (FIG. 10A4). IMF3464, an analogue of T1-11, showed an
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analgesic effect on a mouse model of fibromyalgia, in which mice developed chronic widespread
pain after bemg treated with an intermittent cold stress for 2 days (FIG. 10B). Consistent with s
good bloavailability, oral administration of IMF3464 (1 mg/kg) showed an analgesic effect on the
intermittent cold stress model (FIG. 10C)

EXAMPLE 1

All reagents and solvents were of reagents grade and were used without further purification
unless otherwise specified. Tetrahydrofuran and diethyl ether were distilled from Na/benzophenone
and UH,Cly was distilled from CaH,. All air or moisture sensitive experiments were performed under
argon. All glasses were dried in an oven for more than 2 hours and used after cooling to room
temperature in desiccators. Microwave reactions were conducted using a focused single mode
microwave unit {CEM Discover), The machine consists of a continuously focused microwave power
delivery system with operator-selectable power output.

Melting points were recorded on a Yanaco micro apparatus. Optical rofations were measured on
digital polarimeter of Japan JASCO Co. DIP-1000. {u]p values are given in units of 107 'deg em’ g}
Infrared (IR) spectra were recorded on Nicolet Magna 550-11 NMR spectra were obtained on Varian
Unity Plus-400 (400 MHz) and chemical shifts (8) were recorded in parts per million (ppm) relative
10 0y 7.24/ 8¢ 77.0 {central line of 1) for CHUL/CDC, 8y 2.058/ 8¢ 28.92 for (CH;);COACDL),CO,
Orr 3.31/7 8¢ 49.0 for CHOMH/CD;0D, and 8y 249 (m) /8¢ 39.5 (m) for (CH: 1R SOACD),80. The
spliting patierns are reported as s {singlet), d {(doublet), t (triplet), g (quartet), m (multiplet) and br
{broad). Coupling constants (/) are given in Hz. The ESI-MS experiments were conducted on a
Bruker Daltonics BioTOF HI high-resolution mass spectrometer. Analytical thin-layer
chromatography (T1.C) was performed on E. Merck silica gel 60 Fisq plates (0.25 mm). Compounds
were visualized by UV, amsaldehyde or ninhvdrin spray. Column chromatography was carried out
on columns packed with 70-230 mesh silica gel.

Purity of compounds was assessed to be 295% by HPLC (Agilent HP-1100) with detection at
280 nm wavelength.

2" 3"-O-Isopropylidene-3'-O-{fert-butyldimethyisilvladenosine {5)

To a solution of 2! 3-((-isopropylidene jadenosine {4, 614 mg, 2.00 mmeol) and imidazole (408
mg, 6 mmol} in anhydrous CHCL, (12 mL), cooled in an 1ce bath, was added tert-butyldimethyisiiyl
chloride {TBDMSCL 452 mg, 3 mmol) at 0 °C under an atmosphere of Na. The ice bath was
removed, and the mixture was stivred for 12 h at room temperature. Methanol (4 mL) was added, and
the mixture was stirred for another 15 min, and then concentrated under reduced pressure by rotary
evaporation. The solid residue was dissolved in CHaCly, and washed suceessively with 1T M HCIL,

deionized water and brine. The organic layer was collected, dried over MgSQs, and filtered. The
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tiltrate was concentrated under reduced pressure (o give compound § (819 mg, 1.57 mmol, 78% vield)
as white solids.
6-N-tert-Butoxyearbonyl-2' 3'-O-isopropylidene-8'-O-(feri-butyldimethylsilyDadenosine (6)

A solution of compound 8 (819 mg, 1.57 mmaol} and 4-(dimethylammo)pyridine (DMAP,
catalytic amount} in anhydrous THE (10 ml) was stirred for 2 min under Ny The solution was
copled in an ice bath, and di-ferr-butyl dicarbonate ({BochO, 1.08 mi., 4.71 mmol) was added
dropwise. The ice bath was removed, and the mixture was stirred for 12 h at room temperature. After
the reaction completed, the mixture was concentrated under reduced pressure by rotary evaporation.
The crude product was dissolved in CH;Cly, and washed successfully with | M HU, deionized water
and brine. The organic layer was collected, dried over MgSQy, and filtered. The filtrate was
concentrated under reduced pressure fo give a bis-Boc compound (859 myg, 138 mmol, 87% vield) as
pale yvellow foam.

To a solution of bis-Boc compound (400 mg, 0.64 mumol} in methanol (3 mL) was added
methylamine (025 mL of 40% solution i methanol, 2.54 mmol). The mixture was stirved at room
temperature for 20 h until the TL.C analysis showed complete consumption of the starting material.
The mixture was concentrated under reduced pressure by rotary evaporation. The crude product was
purified by chromatography on a silica gel column with elution of EtQAc/hexane (G:1 to 2:1
gradients) to give compound 6 {300 mg, 0.57 mmol, 88% vield) as pale vellow oil.
6-N-(S8-Bromothien-2-vhmethyl-6-N-fert-butoxycarbonyl-2',3"-O-isopropylidene~-5'-O- (fert-
bhutvidimethyisilyhiadenosine (8, X = 5By}

A solution of compound 6 {300 mg, 0.57 mmol}, (S-bromothien-2-ylmethanol {164 mg, 0.85
mmol) and triphenylphosphine (226 mg, 0.85 mmol) in anhydrons THF (9 mL) was stirred at 45 °C
for 2 min under an atmosphere of No. Diisopropyl azodicarboxylate (DIAD, 0.168 mil., 0.85 mmol)
was added dropwise. The mixture was stirred for another 45 min untit the TLC analysis showed
disappearance of compound 6. The mixture was concentrated under reduced pressure by rotary
evaporation. The crude product was purified by flash chromatography (EtOAc/hexane = 1:9) to give
compound 8 (X = 5-Br} as pale yellow oil.

;’\7"'4(5! Bromothien-2-¥methylladenosine {IME3d64)

Method A7 A suspension of compound 8 (X = 5-Br, 138 mg, 0.19 mmol) in deionized water (3
mL} and THEF (1 mL} was stirred and cooled in an ice bath. Trifluorcactetic acid {5 mbL ) was added
dropwise at 0 °C. The mixture was stirred for 10 min, the ice bath was removed, and the mixture was
stirred for another 30 min. The mixture was concentrated under reduced pressure by rotary
evaporation. The crude product was purified by flash chromatography (MeOH/EIOAC = 1:49) to give

FMF3464 (compound 1} as white powder.
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Method B: A mixture of (S-bromothien-2-yDmethanamine (768 mg, 4 mmol), 6-chloropurine
ribofuranoside (143 mg, 0.5 mmol), and ditsopropylethylamine (2 mL., 12 mmol) in I-propanol (20
mL} was heated at 70 °C for 7 h. The mixture containing the desived product and unreacted (5-
bromothien-2-yhimethanamine was treated with di-ferr-buty] dicarbonate (0.92 ml., 4 mmol) in THF
{6 mL) and NaHCO: (672 mg, 8 mmol) at room temperature for 2 h. The mixture was concentrated
by rotary evaporation, and purified by flash chromatography (silica gel, MeOH/EIOAc = 1:9). The
desired product IMF3464 (39 mg, 27% vield) was obtained by recrystallization from MeOH. The
purity of product was 96% as shown by HPLC on an HC-C18 column (Agilent, 4.6 » 250 mm, § pm)
with elution of gradients of 50% agueous MeOH.

Method C: In a sealed tube (15 mL) were added (S-bromothien-2-ylimethanamine (384 mg, 2
mmol ), 6-chloropurine ribofuranoside {287 mg, 1 mmaol), and ditsopropylethylamine (3 mb., 17
mmol} tn EtOH (8§ mL). The sealed tube was placed into the cavity of a focused monomode
microwave reactor (CEM Discover) and rradiated in 100 W for 20 min at 80 °C. The solvent was
removed by rotary evaporation. The residue was purified by flash chromatography (silica gel,
MeOF/EOAC = 1:9), and recrystallized from MeOH to afford the desired product IMF3464 (159
g, 30% yield)

CysHisBrINsO48; vellow powdes; mp 141.4-141.7 °C; [0]¥p = -43.0 (DMSO, ¢ = 1.0}, TLC (2~
propanol/hexane {2:3)) = 0.38; "H NMR (DMSO-ds, 400 MHz) 3 8.55 (1 H. brs), 8.40 (1 H. s),
B29(1H, brs), 703 (1 H, d, /=36 Hz). 6.78 (1 H, d,.J = 4.0 Hz), .90 (1 H, d, /= 6.0 Hz), 545 (1
Hod J=00Hz), S34-532 (1 H om), S 19 {1 H, d, /=44 Hz), 4.76 (2 H, s}, 4.63-4.530 (1 H, m},
4.15-4.14 (1 H, m), 3.96-3.95 (1 H, m), 3.69-3.65 (1 H, m), 3.57-3.52 (1 FL, m), PC NMR (DMSO-
de, 100 MHz) 0 153,09, 1522, 1485, 1450, 1402, 129.6, 1263, 120.0, 109.7, 879, 858, 73.5, 70.6,
61.6,42.9, ESE-MS caled for Oy sHpBrNsOLS: 442 0185, found: mz 442.0189 [M + HY .

N Thien-3-yl-methyljadenosine (JMF3461)

A mixture of 3-{aminomethyithiophene {8.23 mlb., 2.5 mmeol), S-chlovopurine ribofiranoside
{143 mg, 0.5 mmol), and ditsopropylethylamine (2 ml., 12 mmol) in T-propacol (25 ml.) was heated
at 80 °C for 6 h- The mixture was concentrated by rotary evaporation, and recrystatlized from MeQH
to vield the desired product IMF3461 (136 mg, 75% vield). The purity of product was 99% as shown
by HPLC on an HC-C18 column {Agilent, 4.6 x 250 mm, § um) with elution of gradients of 30%
aqueous MeOH. CsHN:OQsS, yellow powder; mp 134.3-135.1 °C; o™ = ~38.6 (DMSO, ¢ = 1.0);
TLC (2-propanolfhexane, (2:3)) Re= 0.33; 'H NMR (DMSO-d;, 400 MHz) § 8.36 (2 H. brs), 822 (1
HLe), T43 (P H, dd, J=3, S Hz), 728 (1 M, d, /= 16 Hx), TOO (L HL d, ./ =48 Hz), S88 (1 H, d. J
=64 Hz), SA3 (1 H & J=00Hz), 538 (1 H. q,/=406Hz), 5171 H,d, J=44Hz), 469 2 H, s},
463416 (T H, m), 414413 (T H, m), 3.97-395 (1 H, m), 3.69-3.64 (1 H, m), 3.57-3.52(1 H, m).

—
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BCONMR (DMSO-ds, 100 MHz) 8 154.4, 152.3, 148.5, 1408, 139.9, 127.9, 1251, 120.0, 1198,
879,859, 735, 70.7, 617, 42.9; ESEMS caled for CysHpaNsO4S: 364 1080, found: mz 3641079
M+ H]'

N Thien-2-vl-methyDadenosine (JMF3462)

A mixture of 2-(aminomethylthiophene (025 mL, 2.5 mimol}, 6-chloropurine ribofuranoside
(143 mg, 0.5 mmol), and ditsopropylethylamine (2 mL, 12 mmol) in T-propanol (25 ml.) was heated
at 80 °C for 7 h. The mixture was concentrated by rotary evaporation, and recrystallized from Me(OH
to vield the desived product JIME3462 (154 mg, 85% yield). The punity of product was 99% as shown
by HPLC on an HC-C18 column (Agilent, 4.6 = 230 mun, § pm) with elution of gradients of 30%
aqueous MeOH. €, sHpNsQ48; white powder; mp 149.2-149.7 °C; [0]5)h = -68.2 (DMSO, ¢ = 1.0);
TLC (2-propanol/hexane, (2:3)) Br= 0.35; 'H NMR (DMSO-d5, 400 MHz) § 8.51 (1 H, brs), 839 (1
Hyosh 827 (0 H bes), 732 (1 H, d, /= S2H), 728 (0 H, & JJ=32He), 693 {1 H, dd, /= 18,26
Hz), S89 {1 H, d, J=06.0Hz), 5.46-545 (1 H, m), S36 (1 H, q, /= 4.6 Hz), 520-518 {1 H, m},
4.64 (2 H, 8}, 4.16~-4.13 (1 H, m), 3.97-3.95 (1 H, m), 3.70-3.65 (1 M, m), 3.58-3.52 (1 H, m), 3.57~
3.52 (1 H, m), MO NMR (DMSO-d, 100 MHz) § 154.1, 152.2, 1485, 142.9, 140.0, 126.5, 1253,
124.7, 1200, 87.9, 85.9, 73.5, 70.6, 61.6, 42.9; ESI-MS caled for CalaNs05S: 3641080, found:
mz 3641081 M + H].

NS-j(4-Bromothien-2-yl)methyl]adenosine

A mixture of (4-bromothien-2-yDHmethanamine (1152 mg, 6 mumol), 6-chloropurine
ribofuranoside {214 mg, 0.75 mmol), and diisopropviethylamine (3 mL, 18 mmol) in 1-propancl (30
ml.) was heated at 70 °C for 7 h. The mixture containing the desired product and unreacted (3-
bromothien-2-vi)methanamine was treated with di-rerr-butyl dicarbonate (1.4 mL, 6 mmol} in THF
{8 mL) and NaHCO: (1 g, 1.2 mmol) at room temperature for 2 . The mixture was concentrated by
rotary evaporation and purified by flash chromatography (silica gel, MeOMWEOAc = 1:9) 10 afford
A-[(4-bromothien-2-y1)methyl jadenosine.

N°-§(3-Bromothien-2-yl)methyljadenosine

In a sealed tube (15 mL) was added (3-bromothien-2-ylmethanamine (576 mg, 3 mmol), 6-
chloropurine ribofuranoside (430 mg, 1.5 mmoly, and diisopropylethylamine (4.5 mL, 15.5 mmol) in
EtOH (10 mL). The sealed tube was placed into the cavity of a focused monomode microwave
reactor {CEM Discover) and irradiated in 100 W for 20 min at 80 "C. The solvent was removed by
rotary evaporation. The residue is purified by flash chromatography (silica gel, MeOH/EtOAc = 1:9)
1o afford A "?[(‘ 3-bromothien-2-vhmethyljadenosine

A-{(2-Bromothien-3-yl)methyl|adenosine
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In a sealed tube (15 mbL) was added (2-bromothien-3-yDmethanamine (384 mg, 2 mmol}, 6-
chloropurime ribofuranoside (287 mg, 1 mmel), and diisopropylethylamine (3 mL, 17 mmol) m
EtOH (8 mL). The sealed tube was placed into the cavity of 4 focused monomode nicrowave reactor
{(CEM Discover) and irradiated in 100 W for 20 min at 80 "C. The solvent was removed by rotary
evaporation. The residue was purified by flash chromatography (silica gel, MeQH/EtQAC = 1:9) to

afford N-[{(2-bromothien-3-vhimethyl Jadenosine.

.;\*"ri‘§{4~ Bromothien-3-v}methyijadenosine

A mixture of (4-bromothien-3-yiimethanamine {768 mg, 4 mmol), 6-chloropurine ribofuranoside
{143 mg, 0.5 mmol), and ditsopropylethylamine (2 mb. 12 mumol} tn T-propacol (20 ml} was heated
at 70 °C for 7 h. The mixture containing the desired product and unreacted (4-bromothien-3-
vlymethanamine was treated with di-fert-butyl dicarbonate (0.92 mL, 4 mmol) in THF (6 mL) and
NaHCO; (672 mg, 8 mmol) al room temperature for 2 h. The mixture was concentrated by rotary
evaporation and purified by flash chromatography {silica gel, MeOH/EtOAc = 1:9) to afford A°-[(4-
bromothien-3-vhmethyljadenosine.
6-N-(5-Bromothien-3-yl}methyl-6-N-ferf-butoxyearbonyl-2",3'-(-isopropylidene-5'-O-{fert-
butyldimethylisilyDadenosine

A solution of compound 6 (360 mg, 0.68 mmal), (S-bromothien-3-ylymethanol (197 mg, 1.02
mmol) and triphenylphosphine (271 mg, 1.02 mmaol) in anhydrons THF (10 mL) was stirred at 453 7°C
for 2 min under an atmosphere of Ny, Diisopropy! azodicarboxylate (DIAD, 0.20 mL., 1.02 mmol)
was added dropwise. The mixture was stired until the TLC analysis showed disappearance of
compound & The mixture was concentrated under reduced pressure by rotary evaporation. The crude
product was purified by flash chromatography (EtOAc/hexane = 1:9) to afford 6-N-(S-bromothien-3-

yhmethyl-6-N-fere-butoxycarbouyl-2°,3-O-isopropylidene-5'-0- (rert-butvidimethylsilyladenosine.

N-{(5-Bromothien-3-yl)methyijadenosine

A suspension of 6-A.{S-bromothien-3-yDmethvl-6-Nopert-butoxyearbonyl-2' 340
isopropylidene-3'-0- (rerr-butyldimethylsiyladenosine (138 mg, 0.19 mmol} in deionized water (5
mb) and THF (1 mL) was stirred and cooled in an ice bath. Trifluoroactetic acid (5 mL) was added
dropwise at 0 "C. The mixture was stirred for 10 min, the ice bath was removed, and the mixture was
stirred for ancther 30 min. The mixture was concentrated under reduced pressure by rotary
evaporation. The crude produe{ was purified by flash chromatography (MeOQH/FELOAC = 1:49) to
afford N¥-[(3-bromothien-3-yDmethyl Jadenosine.

{(5-Chlorothien-2-yhmethanamine
A mixture of 2-{aminomethythiophene (1 mL, 10 mmol), di-zerr-butyl dicarbonate (2.5 mL, 11

mimol}, and NaHCO; (840 mg, 10 mmoly in THF (13 ml.) was stirred at room temperature for 3 h to

e
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give a suspension confaiming pale yellow solids. The muixture was concentrated under reduced
pressure, and the residue was extracted with CHzCly and H; O, The organic phase was dried over
MeSO,, filtered, and purified by flash chromatography on a sitica gel column with ehution of
EtOAchexane (1:20) to give ferf-butyl (thien-2-vl)methyl carbamate (CiplsNOSS, 1.62 g, 76%
vield).

A mixture of fert-butyl {thien-2-yDimethy| carbamate {106 mg, 0.5 mmol}, N-chiorosuccinimide
(73 mg, 0.535 mmol) in benzene (0.3 ml.) was stirred at 80 °C. After 2 b, acetic acid (0.3 mL, 5 mmol)
was added and reacted for further 21 h. The mixture was extracted with CH:Cly and H, O, The
organic phase was dried over MgSO,, filtered, and puritied by flash chromatography on a silica gel
column with elution of EtOAc/hexane (1:20} to give ferr-butyl (S-chlorothien-2-yDimethyl carbamate
(CaH14CINGRS, 82.6 mg, 67% yield).

A mixture of the above-prepared compound (65 mg, 0.26 mmol) and TFA (1 mi., 13 mmol} in
CHCL {1 mL) was stirved for 3 b at room temperature. The solution was concentrated under reduced
pressure to give (S-chlorothien-2-ylmethanamine (~100% vield), CsHNSCL: pale vellow solid; 'H
NMR (400 MHz, CD:0DYS 7.07 (1 FL d. /= 4.0 Hz), 6.95 (1 H, d, J= 3.6 Flz), 426 (2 1, s}, PC
NMR (100 MHz, CD,0D) 8 1349, 1328, 150.7, 128.0, 38.8; ESF-HRMS caled for CsHACINS:

147 9988, found: sz 147.9995 [M +HY".
Nli('S;-Chlm‘othim«}-yl)meihy!]adeu osine (JME3818)

A mixture of {5~chlorothien-2-y1methanamine (35 4 mg, 0.24 mmol), 6-chloropurine
ribofuranoside {0.12 mmol) and diisopropylethvlamine (0.36 mL, 2 mmol) in EtOH (1 mL) was
stirred in a seal tube at 80 °C by microwave irradiation for 30 min. The mixture was cooled to room
temperature, and concentrated under reduced pressure to give pale vellow oif, which was washed
successively with HO and MeOH to give the title compound IMF3818. CiHicCINSOLS, white solid:
HONMR (400 MHz, CD:OD) 8 829¢1 H.8), 827 (1 H, 8, 688 (1 H. d /=36 Hz), 6.79 (1 H,d. J
=36 Hz), 596 (1 H, d, J=68Hz), 474477 (1 H, m),432-434 (1 H m), 4171 H. d, /=28
Hz), 389 (1 H, dd, /=124, 2.0 Hz), 3.75 (1 H, dd,.J= 124, 2.8 Hz); "'C NMR (100 MHz, CD;0D)
& 156.0, 153.6, 142.8, 142.0, 1299, 127.0, 1266, 121.7,91.5, 88,4, 75,6, 72.9, 63 .7, 40.4; ESI-
HRMS caled for CisH-CINSO4S: 3980690, found: ez 398.0692 [M + HY .

Pharmacokinetic studv. The compound was administered as aqueous solutions in normal saline.
Male ICR miee were purchased from BioL ASCO Tatwan Co., Ltd. To measure oral bioavailability
of test compounds (T1-11 and IMF3464), blood samples were collected from male ICR mice (6
woeks old; 20-28g) atter oral (10 mg/kg) or infravenous (1 rog/kg) adnunistrations of test
compounds. For T1-11, blood samples were collected at 2, 10, 30, 60, 120, 360 minutes after

intravenous administration and at 15, 30, 45, 60, 120, 360 minutes after oral administration. For
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IME3464, the blood samples were collected at 2, 10, 30, 60, 120, 240, 360, 480 minutes after
intravenous adminisiration and at 15, 30, 60, 90, 120, 240, 360, 480 minutes after oral administration.
The blood samples were extracted by methanol with 0.1%% formic acid, and then 10 uL of the
extracted samples were injected to UPLC-MSMS to for quantitation.

The pharmacokinetic parameters were obtained using a pharmacokinetic program WinNonlin,
fitting data to a noncompartmental model. The pharmacokinetic parameters including the area under
the plasma concentration-versus-time curve (AUC) to the last sampling time, (AUCy 120}, to the time
wnfinity (AUC, . ), the termunal-phase half-ife (Ty 2}, the maximum concentration of compound in
plasma (Cae), the time of Chu (T, and the first order rate constant associated with the terminal
portion of the curve (4) were estimated via linear regression of time vs. log concentration. The total
plasma clearance (CL) was caleulated as dose/ AUC .. The oral bicavailability (/) of the test
compound by oral administration was calculated from the AUC ... of the oral dose divided by the
AU of the 1.v. dose.

EXAMPLE 2

Readivligand binding axsays. Radioligand binding assays were performed by MDS Pharma
Services Taiwan (Taipel, Tatwan) using standard binding protocols. For AusR binding assays,
membrane proteins coltected from HEK293 cells overexpressing human Az.R were incubated in the
reaction buffer [50 mM Tris-HCH (pH 7.4), 10 mM MgCla, | mM EDTA, and 2 U/mL adenosine
deaminase] containing "H-CGS21680 (30 nM) for 90 min at 25 °C. Nonspecific binding was
assessed in the presence of 50 uM adenosine-3'-N-ethyvlcarboxamide. To measure the binding affinity
of T1-11 1o the AR, membrane proteins collected from Chinese hamster ovary (CHOMK T cells
overexpressing human AsR were incubated with "H-AB-MECA (0.5 nM) for 60 min at 23 °C in the
reaction buffer containing 25 mM HEPES (pH 7.4}, 5 oM MgaCs, I mM CaCl, and 0.1% bovine
serum albumin. Nonspecific binding was assessed i the presence of 1 uM IB-MECA (Tocris
Bioscience, Ellisville, MO, USA). Binding assays for adenosine transporters were conducted as
described earlier. Membrane fractions collected from the cerebral corntex of Duncan Hartley-derived
cuinea pigs were incubated with “H-labeled 6-[(4-nitrobenzyDthio}-9-R-D-ribofuranosylpurine
(NBTL 0.5 nM) for 30 min at 25 °C in the incubation buffer containing 50 mM Tris-HCI (pH 7. 4).
Nonspecitic binding was assessed in the presence of § uM NBTI, an effective inhibitor of
equilibrative nucleoside transporters. Note that NBT1 is a high-affinity inhibitor of ENT1, and

olass

o

inhibits only human (hENT1 at 0.5 oM. Reactions were terminated by filtration over GF/B
fibers and washing with the reaction buffer.

Cell culture and transient transfection
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Rat PC12 cells purchased from American Type Culture Collection (ATCC, Manassas, VA, LISA)
were maintained in DMEM supplemented with 10% horse serum and 5% FBS and incubated in a
CO, incubator (5%) at 37 “C. LIPOFECTAMINE™ 2000 (Invitrc ogen) was used as a vehicle to
transter plasmids into cells according to the manufacture's protocol. Plasmids were kindly provided
by Dr. Pulst (Department of Neurology, University of Utah, USA). Normally, 5 g of DNA
combined with § pl of LIPOFECTAMINE™ 2000 was applied to each well of 6~well plates. The
plating number was (1~1.5)x 10° cellsfwell. After transfections for 6 h, cells were treated with
reagents for another 24 h. Images were taken with a Zeiss Axiovert 200M inverted fluorescence
microscope (Gottingen, Genmany).

ATT assey. Survival was assessed by 3-(4,5-dimethyithiazol-2-y1)-2,S-diphenyl tetrazolium
bromide (MTT) merabolism assay. In brief, after treatment, MTT was added to the medium
(0.5mg/ml)y and incubated at 37°C for 23 b The plating number voas 1x10% cellsiwell in a 96-well
plate. After discarding the medinm, DMSO was applied to the well to dissolve formazan crystals,
and the absorbances at 570 and 630 nm i cach well were measured on a mucro-enzyme-hinked
immunosorbent assay (ELISA) reader.

EXAMPLE 3

Animals and drug adminisiration. Male R6/2 mice (Mangiarini et al,, 1996 Ce/l. 87:493-5306) and
littermate controls were originally obtained from Jackson Laboratories (Bar Harbor, ME, USA), and
mated to female control mice (B6CBAFI). Offspring were identified by a polymerase chain
reaction (PCR) genotyping technique of genomic DNA extracted from tail tissues using primers
tocated in the transgene {,’?3‘~{iCG{IT{ZA(ZSG’1"17!13'37{3{3'1“1’”17'3_“;%«3‘; SEQID NO: §, and §'-
GOGCTGAGGAAGCTGAGGAG-3", SEQ 1D NO: 2) to ensure that the number of CAG repeats
remained approximately 150, Animals were housed at the Institute of Biomedical Sciences Animal
Care Facility under a 12/12-h light/dark cvele. Body weights of mice were recorded once daily.

Animal experiments were performed under protocols approved by the Academia Sinica Institutional
Animal Care and Utilization Committee, Taipei, Tatwan.

Rotarod performance. Notor coordination was assessed using a rotarod apparatus (UGO
BASILE, Comerio, laly) at a constant speed {12 rpm) over a period of 2 min (Carter et al., 1999 .7
Newrosci. 19:3248-3257). All mice were trained for 2 days at the age of 4 weeks to allow them to
become acquainted with the rotarod apparatus. Anumals were then tested three {imes per weel at the
ages of 412 weeks. For each test, animals were placed mn the apparatus before initiation of rotation.
Latency to fall was recorded automatically. Each mouse was given three tnals for a maximum of 2
min tor each trial.

EXAMPLE 4

18



LA

20

30

Animals. The CSTBL/6 mice were purchased from National Laboratory Animal Center {Taitwan}.
The transgenic mice (A7AXN2") were provided by Dr. Pulst. Mice were kept in a soundproof
room under a 12/12 h hght/dark cycle and controlled temperature (22+2°C). Food and water were
available ad libttum. Al efforts were made to minimize the number of animals used and their pain
and discomfort, according to the principles and directives of the NIH Guide for the Care and Use of
Laboratory Animals. These experiments were also reviewed and approved by the Institutional
Anumal Care and Use Committee at the National Research Institute of Chinese Medicine (Approval
No: 100-15).

Filter retardation assay, This method followed that described by Wanker et al. (1999 Methods
Erzymol. 309:375-386) with a few modifications. In brief, harvested cells were resuspended 1n the
tysis buffer (50 mM Tris-HCH (pH 8.8}, 100 mM NaCl, 5.0 mM MgCly, 1 mM EDTA, and 0.5%
{wiv) IPGEAL containing 1x protease inhibitor cocktail (Roche Dragnostics, Indianapolis, IN,
USAY) and sonicated for 10 s (] pulsefs). Equal protein concentrations {13-~20 pg/well) in each group
were filtered through a 2% sodium dodecylsulfate (SDS-pre~equilibrated cellulose-acetate
membrane (0.2 um; Whatman, Maidstone, Kent, UK} using the Bio-Dot SF Apparatus (Bio-Rad,
Hercules, CA, USA} During suction, each well was washed with 200 ul 0.1% SDS twice. The blot
was blocked in TBS (100 mM Tris-HCT and 1530 }mM NaCl; pH 7 4) contauming 3% nonfat dried
mitk for 1 h at room temperature and then incubated with anti-polyvglutamine (1:5000, MAB1574)
antibody in 3% bovine serum albumin (BSA) with 0.02% NaN; (4 °C overnight} to probe normal
and mutant ATAXNZ. The subsequent methods were the same as those described above.

Raotarod performance. The wild type and transgenic mice at the age of 5 weeks old were used in
this study. Motor coordination was assessed using a rotared apparatus (UGO BASILE, Comerio,
Italy} at an accelerated speed (10 to 28 rpm) over a period of 5 min. Al mice were trained for 2 days
within the age of 5 weeks to allow them to become acquainted with the rotarod apparatus. Besides, in
this week part of the transgenic mice were started to take T1-11 dissolving in their daily drinking
water. Animals were then formally tested 2 times per week from the age of 6 weeks. For each test,
animals were placed in the apparatus before inttiation of rotation. Latency to fall was automatically
recorded. Each mouse was given 2 trials per time. Mice were permitted to rest for 2030 min
between trials.

EXAMPLE 5

Behavioral rest. Balance and coordination functions of mice were determined by performing

rotarod test. Mice were placed oo the moving drum of & rotarod apparatus (Accelerating Model, Ugo

Basile Biological Research Apparatus), which was then accelerated until mouse fell from the drum
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onto a plate to stop the timer. Latency to fall was measured in four daily trials over the course ot 4
days.

Tmmunohistochenical staiing. Wild-type or SCAJ trausgenic mice were anesthetized and
perfused transcardially with 4% paratormaldehyde in PBS. Brain was equilibrated in Tissue-Tek
embedding medium and frozen in liguid nitrogen. Coronal sections (20 um) prepared by crvostat
sectioning were permeabilized i 0.1 % Triton X-100, and incubated at 4°C tor 48 hours with diluted
anti-NeuN monoclonal antiserum {Chemicon). Subsequently, sections were washed and incubated
with biotinylated horse anti-mouse 1gG followed by incubation with avidin-biotin-horseradish
peroxidase complex. The secttons were then washed and developed in a diaminobenzidine solution.
NeuN-positive neurons were visualized and counted by a Leica DM2500 niicroscope equipped with
a Retiga-2000R CCD camera (Qlmaging) and a 3-axis computer-controlled MAC 600 motorized
stage (Ladl Electronics) with the aid of Stereolnvestigator software (MBF Bioscience). Each analysis
mcluded the processing of 15 brain sections per mouse.

EXAMPLE 6

Animals and dreng delivery. Transgenic mice BOSIL-Te(Pmp-TARDBPMJiel/] were purchased
from the Jackson Laboratory (Bar Harbor, Maine USA), and bred by the National Laboratory Animal
Center in Taman, The transgenic mice were screened by POR with a forward primer 57-GGT GGT
GGG ATG AAC TTT GG-37 (SEQ 1D NO: 3) and a reverse primer 57-GTG GAT AAC CCC TCC
COCAGQGU CTA GAC-3T (SEQ D NO: 4). The wild type mice were non-transgenic hitermates.
Mice of 6 weeks of age recerved surgery to bear an ALZET micro-osmotic pump Model 1004
{DURECT Corporation, Cupertino, CA, USA) containing DMSO or IMF1907 as indicated,
embedded subcutaneously at the ventral lateral side of the abdomen. The pump was replaced every
28 days.

Grip strength. The grip strength was measured with Grip Strength-Meter (TSE Systems, Inc.,
MO, USA). Briefly, a mouse was hand-picked by its tatl and allowed to grasp a height-adjustable
arip mounted on a torce sensor. A pulling force was applied to the mouse by its tail. The maximum
torce was shown on a digital display panel of a connected control unit when the mouse released s
grip. bach mouse was repeatedly tested 3 times.

Roterod performance. The motor coordination of wild type and fransgenic mice was assessed
using an apparatus (UGO BASILE, Comerio, laly) at constant speed (40 rpm) for 120 seconds. All
mice were trained for 2 days per week for 2 weeks. Mice were then formally tested 2 tunes per week
from the age of 9 weeks. For each test, animals were placed in the apparatus before inmitiation of
rotation. Latency to fall was automatically recorded. Each mouse was given 3 {rials per time. Mice

were permitted to rest for 20 min between trials.
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Cell culture and fransfection. The motor nearon cell fine (NSC34) was a generous

o

Netl Cashman (Bram Research Centre, The University of British Columbia, €

-anada), and cultured in
a ligh-glucose Dulbecco’s modified Eagle’s medivn (DMEM) containing 10% fetal calf serum
(FCS), 2 mM L-glutamine, and 1% penicillin/streptomycin {(Iavitrogen GibecoBRL, Carlsbad, CA,
USAYat 37 °C under 5% CO..

EXAMPLE7

Mice. Female C37BLON mice aged 8-12 weeks were purchased from Biol.ASCO (¥i-Lan,
Taiwan).

Acid-induced chronic widespread pain model. The fibromyalgia model was modified from the
acid-induced chronic pain model established by Sluka’s group (Sluka et al., 2003 Pain. 106:229-239).
Mice were briefly anesthetized with 2% vaporized isoflurane and received an fsa. injection of 20 ul.
genistein (1 uM) in the left gastrocnemius muscle. After 3 minutes, an injection of 20 ul. acid saline
(pH 4.0) was given to the same site. The mice then developed long-lasting mechanical hyperalgesia
for more than 2 weeks. Analgesic effects of T1-11 {(p.o. with an 0.9-mm /7-0m gavage) were tested 4
days after mice had developed the mechanical hyperalgesia. Mechanical hyperalgesia was assayed
by testing the withdrawal response of mouse hindpaws to 0.2-mN von Frey filament stimulation.

Intermittent cold siress model. The fibromyalgia model was developed by Ueda’s group, in
which mice were treated with mtermittent cold stress for 2 days (Nishiyor and Ueda, 2008 Mo/ Pain.
4:52). Mice freated with intermuttent cold stress developed long-lasting (2 weeks) mechanical and
thermal hyperalgesia. Analgesic effects of IMF3464 (1p. or poa ) were tested in these mice 3 days
after mtermittent cold stress. Mechanical hyperalgesia was assayed by testing the withdrawal
response of mouse hindpaws to 0.2-mN von Frey filament stimulation.

The foregoing description of the exemplary embodiments of the invention has been presented
only for the purposes of illustration and description and is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. Many modifications and variations are possible in light
of the above teaching.

The embodiments and examples were chosen and described in order to explain the principles of
the invention and their practical application so as 1o enable others skilled in the art to utilize the
mvention and various embodinments and with various modifications as are suited to the particular use
contemplated.  Alternative embodiments will become apparent 1o those skilled in the art to which the
present invention pertains without departing from its spint and scope.

All references cited and discussed in this specification are incorporated herein by reference in

their entireties and to the same extent as if each reference was individually wcorporated by reterence.

o
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CLAIMS

What 1s clauned 1s:

1. A compound of formuda (1) or (JA):

S

Ly
HN/—‘<\\‘/*‘
M N N
«Nﬁj
HO N
o
OH OH 0

x

or a pharmaceutically acceptable salt thereof, wherein X is halogen.

2. The compound of claim 1, which is selected from the group consisting of N-{{3-halothien-2-
yhmethylJadenosine, A-{(4-halothien-2-yDmethyi Jadenosine, and N°-[(5-halothien-2-
yhimethylladenosine.

3. The compound of claim 2, which is selected from the group consisting of N°-{{5-bromothien-
2-yDimethytadenosime, N-{{4-brom othien-2-ylymethvi]adenosine, N [(3-bromothien-2-

ylimethyl jadenosine, N-{(S-chlorothien-2-yhmethyl Jadenosine, N*-{{4-chiorothien-2-

yDmethylladenosine, and N*-[(3-chiorothien-2-y] ymethyl Jadenosine

4. The compound of claim 1, which is selected from the group consisting of N -{{2-halothien-3-

yhimethyl|adenosive, N-{(4-halothien-3-ymethvi Jadenosine, and N°-[{5~balothien-3-

yhmethytladenosine.

5. The compound of claim 4, which is selected from the group consisting of N-[(2-bromothien-
J-vDimethytladenosine, Af{'m{{ 4-bromothien-3~yDmethyl Jadenosine, &' -[(5-bromothien~3-
ylimethylJadenosine A*-[{2-chlorothien-3-ylmethy Jadenosine, N°-[(4-chlorothien-3-

yDmethyl|adenosine, and N[ (S-chiorothien-3-y] ymethyl Jadenosine.

. A method for preparing 2 compound of formula (1) or (IA) as claimed in any one of clatms 1
to 5, comprising the step of (1) or (11):
ity
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{a) reacting 6~-chioropurine riboturanoside in the presence ot a base with substituted

{thienyDmethanamine having a formula 3 or 3A:

<
5 { 2x

ngﬁ\&%«x (3) HeN (3A),

wherein X is fluorine, chlonag, bromine or iodine,

to afford the compound of formula {1} or (IA); or

{In

{al) reacting (2',3-(-isopropylidenejadenine in the presence of a base with a hydroxyl group-
protecting agent to afford a derivative of (2'.3-O-isopropylidene)adenine having a hydroxyl
protecting group,

{b) reacting the derivative of (2'3-O-isopropylidene)adenine having the hvdroxyl protecting
group with an amine group-protecting agent to afford a derivative of (2',3-O-isopropylidenejadenine
having the hydroxyl protecting group and an amine protecting group:

(c) performing a coupling reaction by reacting the derivative of (2°.3'-(2-
isopropylidene)adenine having the hydroxyl and amine protecting groups with a substituted
{thienymethyl group-containing compound of formala 7 or 7A:

5
8 L2
Vo O PUNENG =
{7} (TA),

wherein X is F, CL Br, or I, and Y 15 X, OH, methanesultonate (OSOCH;, OMs), p-toluenesulfonate
{OSOCHep-CHs, OTs), or triflucromethanesulfonate (OSOCF;, OTY),
to afford a product containing the protecting groups and the substituted (thienvhymethyl group; and

{d) removing the protecting groups trom the prodoct of step (1D{(c) in an acidic condition to

atford the contpound of formula (1) or {1A).

7. The method of claim 6, wherein in step (I){a) the base is disopropylethylamine and the
substitated (thienylymethanamine is:
(i} (5-bromothien-2-vi)methanamine to afford A*-[{5-bromothien-2-v]ymethyl]adenosine; or

{ii) (5-chlorothien-2-yDmethanamine to afford A-{{S-chlorothien-2-yDmethylJadenosine.

3. The method of claim 6, wherein in step (1D{c) the coupling reaction is preformed in the
presence of triphenviphosphine and ditsopropy] azodicarboxyviate.
9, The method of claim 8, wheretn 1 step (1){c) the substituted (thieny])methy! group-

containing compound is (S-bromothien-2-ylmethanol.
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10, A composition comprising:
{a} a therapeutically effective amount of a compound as claimed in any one of claims 1 1o 5
or g pharmaceutically acceptable salt thereof, and

{b) a pharmaceutically acceptable carrier, excipient or vehicle.

11, Use of a compound as claimed in any one of claims 1 10 5 in the manufacture of a

medicament for treating a nenrodegenerative disease and/or paun in a subject in need thereof.

12, The use of claim 11, wherein the neurodegenerative disease is selected from the group
consisting of Alzheimer’s disease, Parkinson’s disease, amyvotropbic lateral sclerosis, Prion disease,

Huntington's disease, and spinal cerebellar ataxias.

13, The use of claim 12, wherein the spinal cerebellar ataxias is selected from the group

consisting of spinal cerchellar ataxias 2, spinal cerchellar ataxias 3, and spinal cercbellar ataxias 7.

14, The use of claim 11, wherein the pain is acid-induced pain.

15, The use of claim 14, wherein the acid-induced pain is acid-induced muscle pain.

16. The use of claim 15, wherein the acid-induced muscle pain is acid-induced chronic muscle
pain.

17.  Theuse of claim 11, wherein the pain is dysfunctional pain,

18. The use of claim 17, wherein the dysfunctional pain is selected from the group consisting of
fibromyalgia, myofascial pain, bladder pain syndrome, and pain caused by urritable bowel
syadrome.

19, The use of claim 11, wherein the pain is seJected from the gronp consisting of inflammatory
pain, cancer pain, chest pain, back pain, neck pain, shoulder pain, nugraine, headache,
mvofascial pain, join pain, muscular pain syndromes, neuropathic pain, peripheral pain,

sympathetic pain, postoperative pain, post-traumatic pain, and multiple sclerosis pain.

P2
fe

The use of claim 11, wherein the neurodegenerative disease is a proteim-misfolding disease.



