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

FIELD OF THE INVENTION

The present invention relates to compounds for use in preventing and/or treating
neurodegenerative diseases or pain, or both.

BACKGROUND OF THE INVENTION

United States patent publication No. US20120295863 discloses dual-action compounds {argeting
adenosine AZA receptor and adenosine transporter for prevention and treatment of newrodegenerative
diseases. A selective Aqa 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 maodel,
and rescue the urea cyvcle deficiency of HD disease by enhancing the activity of the ubiquitin~
proteasome system (Chiang et al | 2009 Hum Mol Genet 18:2929-2942; Chou et al, 2005 .7
Neurochem. 93:310-320). However, CGS is known to exert strong immunosuppressive effect and other
side effects, and is therefore not suitable for clinical use.

N-(4-hydroxybenzvhadenaosine, designated as T1-11 in US201202935863 and also an Az.R agonist,
has been suggested to have a therapeutic potential in treating neural degenerative diseases. However, it
is still difficult to develop T1-11 as an orally available drug due to its poor bicavailability (7' < 5%).
Oral broavailability Is an important property mn drug development hecause it represents the percentage
of a substance that reaches svstenuc circulation after absorption and metabolism.

SUMMARY OF THE INVENTION

In one aspect, the invention relates to a compound of formula (1) or (1A):
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or a pharmaceuatically acceptable salt thereof, wherein X 1s halogen.

The halogen (F, Cl, Br or 1) may be located at 3-, 4- or S-position in formula (I}, 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-vDmethy]Jadenosine, ¥ -[{4-halothien-2-yDmethviladenosine, and N-[(5-halothien-

2-ylimethvitladenosine.
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In another embodiment of the invention, the compound is selected from the group consisting of
N*-[(2-halothien-3-yD)methyiJadenosine, N-{(4-halothien-3-y imethyl Jadenosine, and N°~[(5-
halothien-3-y] pnethyljadenosine.

Farther in another embodiment of the invention, the compound 1s selected from the group

consisting of N°-{(S-bromothien-2-y1methyl]adenosine, N'-[{(4-bromothien-2-yl)methvi]adenosine,

N-[(3-bromothien-2-y!ymethyl Jadenosine, A*-[(3-chlorothien-2-y| ymethyi Jadenosine, N°-{(4-

chlorothien-2-vl ymethylJadenosine, and N[(3-chlorothien-2-y])meth vi]adenosine.

In another embodiment of the vention, the compound is selected from the group consisting of
N-[(2-brom othien-3-yl}methyljadenosine, No[(4-bromothien-~3 -vhimethyljadenosine, N[5~
bromothien-3-viimethylJadenosine N-[{2-chlorothien-3~ylmethyl|adenosine, N°-[{4-chlorothien-3-~
ylimethylladenosine, and A°-[{5-chiorothien-3-yl)methyl]adenosine.

In another aspect, the invention relates to a method for preparing the compound of formula (1) or
formula (IA) as aforementioned, comprising the step of {1} or (1)

{1y
{a) reacting 6-chloropurine nibofuranoside in the presence of a base with
(thienylymethanamine that is substituted with flyorine, chlorine, bromine or iodine and has formula 3

or 3A;
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to afford the compound of formula (I} or (1A); or

(al) reacting (2'.3-O-isopropylidenejadenine in the presence of a base with a hydroxyt group-
protecting agent to afford a derivative of (2',3'-C-isopropylideneladenine having a hydroxyl
protecting group;

{b) reacting the derivative of (2',3"-OU-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 anune protecting group;

{c) perfonuing a coupling reaction by reacting the dertvative of (2',3'-0-
isopropylidenejadenine having the hvdroxyl and amine protecting groups with a substituted

{thienyDmethy] group-containing compound of formula 7 or 7A:
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wherem X is F, (4, Br, or I, and Y 15 X, OH, methanesalfonate {OSQ,CHy, OMs), p-toluenesulfonate

(OS8O CsHy-p-CH;, OTs), or tnfluoromethanesulfonate {OSOLCF;, OT1,
to afford a product contaiming 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 (A}

In one embodument of the invention, the base in step (a) may be diisopropylethylamine. The
hydroxyl group-protecting agent may be feri-butyldimethylsilyl chloride. The amine group-
protecting agent may be Di-zerf-butyl dicarbonate. The base in step (al) may be imidazole.

In another embodiment of the mvention, i step (I)a), the base 15 ditsopropylethylamine and the
substituted (thienyDmethanamine is: (i} (5-bromothien-2-vlymethanamine to afford A°-[(5-

bromothien-2-yhimethylJadenosine; or (i) {S-chlorothien-2-y1)methanamine to afford N-{(5-

3
chlorothien-2-yl}methyl]adenosine.

Further in another embodiment of the invention, the coupling reaction 1s preformed 1t the
presence of {riphenylphosphine and dusopropyl azodicarboxylate. The substituted (thienvl ymethyl
group-containing compound may be (S-bromothien-2-vlymethanol.

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 sait thereof; and
{b) a pharmaceutically acceptable carrier, excipient or vehicle,

Yet in another aspect, the invention relates to use of the compound as atorementioned 1o 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 protemn-misfolding disease.

In one embodiment of the tnvention, the neurodegenerative disease is selected from the group
cousisting of Alzheimer’s disease, Parkinson’s disease, amvotrophic lateral sclerosis, Prion disease,
Huntington's disease, and spinal cerebellar ataxias. The spinal cerebellar 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 actd-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 tnvention, the pain s selected from the group consisting of

inflarmmatory pain, cancer pain, chest pann, back pain, neck pain, shoulder pain, migramne, headache,
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myofascial pain, join pain, muscular pain syndromes, neuropathic pain, peripheral pain, sympathetic
pain, postoperative pain, post-traumatic pain, and multiple sclerosis pain,

In another embodiment of the invention, the pain may be a dvsfunctional pain. The dysfunctional
pain may be selected from the group consisting of fibromyalgia, myofascial pamn, 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 illastrate 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 1o the same or like elements of an

embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 shows the blood concentrations of T1-11 (A) and JIMF3464 (B) in ICR mice receiving
itravenous (1 mg/kg) or oral (10 mg/kg) of T1-11 or IMF3464. The oral bicavailability of Ti-11
and IMF3464 were estimated to be 2.8% and 17.4%, respectively.

FIG. 2 shows the effects of A.R agonists {CGS21680, T1-11, IMF3464, and IMFE3818) on
serum deprivation-induced cell degth. Serum-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}).

F1Gs. 3A-B show the effect of IMF3464 on motor deficits and lifespan. JMF3464 {0.11
ug/mouse/day), IMFI907 (0,11 yg/mouse/day ) or vehicle {CON) was administrated subcutaneously
to the mdicated mice of 7 weeks old using ALZET osmotie nunmipumps for 6 weeks. Rotarod
performance (A) and lifespan (B} of these mice were assessed. * p << Q.08 ¥%% p <0003,

FIGs. 4A-B show the effects of T1-11 in preventing mutant SCAZ2 gene overexpression-induced
protein aggregations and behavioral performance in SCA2 transgenic mice. (A) pSCA2-22Q-EGFP
or pSCA2-104Q-EGFP-transfected cells were treated with 10 yM T1-11 or 10 uM IMF 1907 (a T1-
1 1-dertved A4-R agonist) for 24 h. Cells were harvested and subjected to a filter retardation assay or
pmage 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.

FIGs. 5A-C show that Ti-11 ameliorates the motor dysfunction and pontine neuronal death of SCA3
transgenme mice. {AY SCAJ fransgenic nuce were given drinking water contaning vehicle (6.2% DMSO)
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or T1-11 (0.1 mg/ml} beginmng at 4 weeks-old. Rotarod test showed that compared to wild-type (WT)
mice, vehicle-treated 4-month-old ataxin-3-Q79 transgenic mice exhibited a significantly shorter
latency to fall and motor incoordination. Rotarod performance of T1-11-treated 4-month-old SCA3
transgenic mice {1 mg per day) was significantly better than that of vehicle-treated ataxin-3-Q79 mice

S atthe same age. Each point shows the mean £ 8. E. of 7-8 nuce. {B-C) Immunohistochemical staining of
neurenal marker NeuN mdicated that daly oral administration of T1-11(] mg per day) stgmficantly
ameliorated neuronal death i the pontine nucletl of 8 SCAJ transgenic mouse at the age of 4 months
{SCA3 + T1-11). Scale bar is 50 gm. Each bar shows the mean + S.E. of 7-8 mice * P < 0.01 compared
to SACS fransgenic mice.

10 FIGs. A-C show that IMF 1907 alleviates the ataxic symptom and pontine neuronal death of SCA3
transgenic mice. {A) Rotarod test indicated that compared to vehicle-treated 4-month-old SCA3
transgenic mice, rotarod performance of IMF1907 -treated 4~month-old SCA3 mice (1 mg per day)
was stignificantly improved. Each point shows the mean + S.E. of 6 mice. (B~C) Imnumocytochenieal
staining of NeuN showed that oral administration of IMF1907 (3 mg per day) sigmficantly prevented

15 neuronal death in the pontine nuclei of a SCA3 mouse at the age of 4 months (SCA3 + IMF1907). Scale
bar 15 50 pm. Each bar represents the mean + S E. of 6 nuee. * P < .81 comparad to SCA3 muce

FlGs. 7A-C show that IMF3464 ameliorates the ataxia and pontine neuronal death of SCA3
transgenic mice. (A) SCAS transgenic nuce displaved an impaired rotarod performance. Daily
administration of IMF3464 (0.3 mg per day) greatly improved the rotarod performance of 4-month-

20 old SCA3 mice. {(B-C) mmunocytochemical staining of neuronal marker NeuN demonstrated that daily
oral treatment of IMF34564 (0.3 myg per day) significantly ameliorated neuronal death in the pontine
nucler of a SCA3Z transgenic mouse at the age of 4 months. Each bar shows the mean -+ S E. of 6 mice #
P2 001 compared to SCA3J transgenic mice.

FIGs. RA-B show that wreatment with IMF 1907 improved the motor functions of the TDP-43

25 transgenic mice. 4 different doses of IMFI907 (3.7, 1.25, 0.5, 8.1 medkg) were tested, UTL: transgenic
mice treated with DMSO. W wild type nuce treated wath DMSQO. Statistics was done with two- way
ANOVA. For the Rotarcd, statistical significance was reached at all points for 1.5 & 0.5mg/kg, from 12-
21 wk for O.1mg/ke, and 10-12 wk for 3. 7mg'kg For gnip strength, statistical sigmficance was reached at
all points for all tested doses. N 18 {CTL), 15 (WTY, 15 (0. 1), 15(0.5), 15(1.25), 5 (3. 7).

30 FIG. 9 show treatment with IMF3464 reduced TDP-43 mislocalization in NSC34 cells. Cells
were pretreated with IMP3464 (30 pM) for one hour, and then treated with AICAR (I 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).

FIGs. 10A-C show the analgesic effect of IMF3464 on a mouse model of fibromvalgia. (A-1 and

35

A-2) Oral administration of T1-11 showed no analgesic effect on a mouse model of fibromyalgia, in
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which mice developed chrome muscle pam after intramuscular acid injection and a gemstein
treatment. Open arrows indicate the tme 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
fibromyalgsa, 1n which mice developed chronic widespread pain after treated with mtermittent cold
stress for 2 days. The analgesic effect of IMFE3464 is dose-dependent. The effective dose started
from 100 pgfkg {1.p.). (C) Oral admimstration of IMFE3464 (1 mg/kg} showed an analgesic effect on
the intermuttent cold stress model.

DEFINITIONS

Unless otherwise defined, all technical and scientific tenms used herein bave 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
syrptom or predisposition toward such a disease and/or pain, with the purpose of cure, alleviate,
relieve, remedy, ameliorate, or prevent the disease and/or pain, the symptons of i, or the
predisposition towards it. 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
therapeutic effect on the treated subject. Effective doses will vary, as recognized by those skilted i
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 Estunating the Safe Starting Dose 1n Clinical Trialsg
for Therapeutics in Aduolt Healthy Volunteers™ published by the U.S. Department of Health and
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-(indo}-3-v)ethvi]adenosine and was disclosed in U.S.
patent pubhication No. 20120295863 Al as compound 6.

Chemical synthesis
In one approach, 6-chloropurine nbofuranoside (2) was treated with an optionally substituted

{thienvl)methananmine (3) m the presence of a base to give the desired compound of formula (I},

&
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For example, ditsopropylethylamine was used as a base, and the substitution reaction of 6~
chloropurine ribofuranoside with (S-bromothien-2-yl)methanamine was carried out by heating i a

solvent of 1-propanol to afford A-[(5-bromothien-2-yDmethyl Jadenosine (IMF3464, structure 1),
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In another approach, (2'.3-C-isopropylidene)adenine (4) was treated with feri-butyldimethylisily
chloride (TBDMSCH) 1 the presence of a base imidazole to give a syl ether denivative (8). The 6-
amino group was protected as a carbamate 6 bearing feri-butoxycarbonyl (Boc) substituent. An

optionally substituted (thienylmethyl group was mtroduced, and the desired compound of Tormula (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-vhmethanol
{compound 7, wherein X = 5.Br, Y = OH) was promoted by using triphenviphosphine and
dusopropy! azodicarboxylate (DEAD) to give compound 8. Global deprotection of the silyl, acetonide
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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Oral bioavailability

15 To measure oral bioavaslability of a test compound, blood samples were collected from male ICR
mice (6 weeks old; 20-25g) after oral (10 mg/kg) or intravenous (1 mg'kg) adminstrations of the test
compound. The blood samples collected at the indicated periods were extracted with methanol
contatning 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

20 IMF34964 1 ICR mice were 2.8% and 17.4%, respectively, indicating that the oral absorption of

IMFE3464 was more than 0-fold higher than that of T1-11.
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JMFE3464 binding to AR and ENT1 and protecting neuronal cell apoptosis

We first characterized the pharmacological properties of IMF3464 asing radiohigand binding
assays, Table 1 shows pharmacological properties of T-11, IMF 1907, and IMF3464. Binding of the
indicated compounds to Agy adenosinme receptor (A4R) and an adenosine transporter (ENT1) was
characterized using standard binding protocols. As shown in Table 1, IMF3464 bound 10 the AgsR
and an adenosine transporter - equilibrative nucleoside transporter 1. The affinity of JMF3464
toward AzaR was similar 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 IMF1907. Our study also indicated
that N°-{{S~chlorothien-2 -vlmethyljadenosine (JMF3818} also inhibited the apoptosis of PC12 cells
caused by serum withdrawal, IMF3818 at 10 pM inhibited Ag4 receptor and adenosine transporter

(ENTT) by 34% and 96%, respectively (FIG. 2).

Table 1
Compound AR ENTH
(K1, uM) (K, M)
casateso | 608 -
Ti-11 262 0,34
IMF1907 4,39 347
JMF3464 1.70 Q.05

JMFE3464 exerting beneficial effects on major symptoms of Huntinglon’s disease (HD) in a
transgenic mouse model of HD

As the AzaR and ENTU are located in the striatum and have been implicated in stratal function,
we hypothesized that chronic treatment with JMF3464 would modulate the progression of HD. We
tested the effect of IMF3464 in a transgenic mouse model (R&/2) of HD 1n which AzaR agonists
have beneficial effects. The addition of IMF3464 (0.11 mgfkg/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 term)
treatment with JMF3464.

Beneficial effects of JMIF3464 on spinal cerebellar ataxias 2 (SCA2Z)

Since activating proteasome activity could be the mechanismo of Az.R receptor signaling pathway
in preventing mutant Hit aggregations or behavioral performance in R6/2 transgenic mouse {(Huang
etal, 2011 PLoS One. 6:220934; Lee et al., 2012 PLoS Ore. 7:¢38865), 1t 15 possible that AaR
agonist might also have benefits in alleviating other polyQ diseases, such as SCAZ2. Indeed, our data

showed that Ti-11 1s effective 1s preventing mutant ATXN2 aggregations (F1G. 4A) and behavioral

b=y

Q



WO 2015/061426 PCT/US2014/061734
performance in SCA2 transgenic mice (474XN2Y) (FIG. 4B), supporting the above hypothesis.
Given that the bioavailabitity of IME3464 1s sigmticantly better than T1~11, we reasoned that
IMF 3464 would also produce a beneficial effect on SCA2.

Beneficial effects of T1-11 and its analogues on spinecerebellar ataxias 3 (SCAJ3)

LA

Compared to wild-type mice, vehicle-treated SCA3 transgenic mice expressing polvglutamine-
expanded ataxin-3-Q79 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. 5A and
64, 4 month-old SCA3 transgenic mice treated with daily oral admumistration of T1-11 {1 mg per
day) or IMF1907 {1 mg per day) exhibited a significantly improved rotarod performance. Similar to
10 SCAS3 patients, a prominent neuronal death was tound in the pontine nuclet of SCA3 transgenic mice

{F1Gs 3B and 6B}, In accordance with the results of rotarod assays, daily oral treatment of T1-11
(F1Gs. SB and 5CYor IMFI907 (PIGs. 68 and Fig 6C) signuficantly alleviated poatine neuronal
death 1n SCA3 transgenic mice (FIGs. 58, 5C, 6B and Fig 6C). The results provide evidence that a
sustatned oral treatment of Ti-11 or IMF1907 ameliorates neurological and neuropathological

15 phenotypes of SCAJ transgenic mice,

IMF3464 has a much higher bioavailability. Therefore, IMF3464 was also expected to exert 8
beneficial effect on mutant ataxin-3-Q79-1induced ataxia and neurodegeneration in SCA3J transgenic
mice. As expected, daily application of IMF3464 (0.3 mg per day) alleviated the ataxia (FIG. 7A)
and pontine neuronal death (FIGs. 7B and 7C) of SCA3 transgenic mice.

20 Beneficial effects of IMF1907 and JMFE3464 on amvyotrophic lateral sclerosis (ALS)

As shown in FIG. BA-B, transgeric mice given IMF 1907 at 4 different doses (3.7, 1.25, 0.5 and
0.1 mg/kg/day) 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. IME3464, an analogue of T1-11 and IMF 1907, has a much higher bicavailability.

25 Therefore, IMF3464 is expected 1o 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 IMF3464 is capable of preventing the initial step of ALS pathogenesis. These
findings support that IMF3464 exhibits beneficial effects on ALS.

Beneficial effects of JMKF3464 on pain

30 Although T1-11 (i.p.) showed excellent analgesic effects on 2 mouse models of fibromyalgia

{acid-induced chronic widespread pain and intermittent cold stress models), its bioavailability 1s 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 whach nuce developed fibromyalgia-like pain atter intranwuscalar

acid injection and a genistein treatment (FIG, 10A). IMF3464, an analogue of T1-11, showed an

10
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analgesic eftfect on a mouse model of fibromyalgia, 10 which mice developed chronic widespread
pain after bemng treated with an intermitient cold stress for 2 days (FIG. 10B). Consistent with its
good bioavailability, oral administration of JMF3464 (1 mg/kg) showed an analgesic effect on the
intermitient cold stress model (FIG. 10C).

EXAMPLE L

All reagents and solvents were of reagents grade and were used without further purification
uniess otherwise specified. Tetrahydrofuran and diethyl ether were distilled from Na‘benzophenone
and CH,Cl,y 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 miero apparatus. Optical rofations were measured on

digital polarimeter of Japan JASCO Co. DIP-1000. {u ]y, values are given in units of 10 'deg em® ¢!

Infrared (IR) spectra were recorded on Nicolet Magna S50-H1. NMR spectra were obtained on Varian
Unity Plus-400 (400 MHz) and chemical shifts (§) were recorded in parts per million {(ppm) relative
10 0y 7.24/ 8¢ 77.0 (central line of 1) for CHCL/CDCly, 8y 2.0587 8¢ 29.92 for (CH;),COACD;)CO,
O 3.31/ 8¢ 49.0 for CHOM/CDR0D, and 0 2.49 (m) /B¢ 39.5 (m) for (CHR)S0ACD80. The
splitting patterus are reported as s {(singlet), d {doublet), t {iriplet), q (guartet). m (multiplet) and br
(‘br@ad}. Co’upiing constants (;f} are gi’ve.n in Hz. The ESI-MS experimenls were conducted on a
chromatography (FL.C) was pezimmed on E. Merck silica gel 60 Fasy piaie% {025 mm) Compounds
were visualized by LIV, anisaldehvde or ninhydrin spray. Column chromatography was carried out
on columns packed with 70-230 mesh silica gel.

Purity of compounds was assessed to be >95% by HPLC (Agilent HP-1100) with detection at
280 nm wavelength.

2", 3"-O-1sopropylidene-5'-O-{ferf-butyldimethylsilvDadenosine (5)

To a solution of 2, 3-(O-isopropylidene jadenosine (4, 614 mg, 2.00 mmol) and imidazole (408
mg, 6 mmol} in anhydrous CHCL, (12 mb), cooled in an ice bath, was added fers-butyldimethyisiiyl
chloride (TBDMSCL 452 mg, 3 mmol) at 0 °C under an atmosphere of Na. The ice bath was
removed, and the mixture was stirred 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 CH;Cls, and washed successively with 1 M HCJ,

deionized water and brine. The organic layer was collected, dried over MgSQ,4, and filtered. The
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filirate was concentrated under reduced pressure to give compound § (819 mg, 1.57 mmol, 78% vield)
as white solids.
6-V-tert-Butoxycarbonyl-2' 3'-O-isopropylidene-5'-O-(feri-butyldimethylsilyladenosine (6)

A solution of compound 8 (819 mg, 1.57 mmol} and 4-{dimethylammo)pyridine (DMAP,
catalytic amount) in anhydrous THF (10 mL) was stirred for 2 min under N, The solution was
cooled in an ice bath, and di~ferr-butyl dicarbonate {({(BockO, 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 CHCly, and washed successfully with 1 M HCI, deionized water
and brine. The organic layer was collected, dried over MgSQy;, and filtered. The filtrate was
concentrated under reduced pressure 1o give a bis-Boc compound (859 mg, 1.38 mmol, 87% vield} as
pale yellow foam.

To a solution of bis-Boe compound (400 mg, 0.64 mmol} in methanol (8 mL) was added
methylamine (0.25 ml of 40% solution in methanol, 2.54 mmol). The mixture was stivred at room
temperature for 20 h until the TLC analysis showed complete consumption of the sfarting 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 EtQActhexane {011 to 2:1
gradients) to give compound 6 {300 mg, 0.57 mmol, 88% vield) as pale vellow oil.
6-N-(S-Bromothien-2-ylymethyl-6-N-ferf-butoxycarbonyl-2",3'-O-isopropylidene~-8'-0- (fert-
butyldimethylsilyDadenosine (8, X = 5-Br)

A solution of corapound 6 (300 mg, 0.57 mmol}, (S-bromothien-2-yDmethanol {164 mg, 085
mmol) and triphenylphosphine (226 mg, 0.85 mmaol) in anhydrons THF (9 mL) was stirred at 45 °C
for 2 min under an atmosphere of Ny, Diisopropyl azodicarboxylate (DIAD, 0.168 mL., 0.85 mmol)
was added dropwise. The nrixture was stirred for another 45 min until 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.

.;\-"*-{( S-Bromothien-2-yljmethyljadenosine (JVMF3404)

Method A: A suspension of compound 8 (X = 3-Br, 138 mg, 0.19 mmol) in deionized water (§
mL} and THF (1 ml.} was stirred and cooled in an ice bath. Trifluorcactetic 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 another 30 min. The mixture was concentrated under reduced pressure by rotary
evaporation. The crude product was puntied by flash chromatography (MeOH/EtOAC = 1:49) to give

JME3464 (compound 1} as white powder.
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Method B: A muxture of (S-bromothien-2-ymethanamine (768 mg, 4 mmol}, 6-chloropurine
riboturanoside (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 mixiure containing the desived product and unreacted (5-
bromothien-2-yhimethanamine was treated with di-fers-buty] dicarbonate (0.92 ml., 4 mmol) in THF
{6 mL) and NaHCOs {672 mg, & mamol) at room temperatare for 2 h. The mixture was concentrated
by rotary evaporation, and purified by flash chromatography (silica gel, MeOH/EtOAc = 1:9). The
desired product IMF3464 (539 mg, 27% vield) was obtained by recrystallization from MeOH. The
purity of product was 96% as shown by HPLC on an HO-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 diisopropylethylamine (3 mb, 17
mmol} in EtOH (8§ 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 was puritied by flash chromatography (silica gel,
MeOH/EtOAC = 1.9}, and recrystallized from MeOH to afford the desired product IMF3464 (159
mg, 36% yield).

CrsHisBrN«O4S; vellow powder; mp 141.4-141.7°C; [u } “py = 430 {DMSO, o= 1.0}, TLC {2~
propanol/hexane (2:3)) Br= 0.38; 'H NMR (DMSO-¢s, 400 MHz) 3 8.55 (1 H, brs), 8.40 (1 H, ),
8291 H, brs), 7TO3 (1 H,d, /=306 Hz), 678 {1 H,d,./=40Hz), 590 (1 H, d, /J=60Hz), 545 (1
H, d, J=00Hz), 5345321 H,m), 519 (1 H, d, /=44 Hz), 476 (2 H, ), 4.63-4.539 (1 H, m},
415414 (1 H, m), 3.96-3.95 (1 H, m), 3.69-3.65 (1 H, m), 3.57-3.52 (1 F, m), PC NMR (DMSO-
de, 100 MHz) 6 1539, 1522, 148.5, 145.0, 140.2, 1296, 1263, 120.0, 109.7, 879, 858, 73.5, 70.6,
61.6, 42.9, ESI-MS caled for CsHiBrNsO4S: 442 0185, found: mz 442.0189 [M + HY.
*\-"f"-{",[‘llim_vli-yt-methyl)adenﬂsine {(IMF3461)

A mixture of 3-{aminomethyljthiophene (0.25 ml., 2.5 mmol), s-chloropurine ribofuranoside
{143 mg, 0.5 mmol), and diisopropylethylamine (2 mb., 12 mmol) in -propasol {25 mL} was heated
at 80 °C for 6 h. The mixture was concentrated by rotary evaporation, and recrystatlized from MeOH
1o 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 = 250 mm, 5 um) with elution of gradients of 30%
aqueons MeOH. CisHpNsO4S; vellow powder; mp 13431351 °C; {a}"’*m =38 6 (DMSO, ¢ = 1.0},
TLC (2-‘pmpanalihexane‘ (2:3)) Re= 0.33; 'H NMR (DMSO-d;, 400 MHz) 8 8.36 (2 H, br s), 8.22
Hoe), 743 (1 H, dd, J=3,5Hz), 728 (1 H,d, J=16H), TOO (T H. d, /=48 Hz), 588 (1 H, d, J
=64 Hz), S43 (1 H, d, J=060Hz), SH38(1 H, ¢, /=46 Hz), S 171 H,d J=44Hz), 469 (2 H,s),
463416 (1 H, m), 4. 14-4 13 (V1 H, m), 397-395 (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) § 154.4, 1523, 148.5, 140.8, 139.9, 127.9, 125.1, 120.0, 1198,
879,859,735, 70.7, 61.7,42.9; ESEMS caled for CysHpaN;O4S: 364 1080, found: miz 364.1079
M+ H].

N*{Thien-2-vl-methyhadenosine (JMF3462)

A nixture of 2-(aminomethyhthiophene (0.25 mL, 2.5 mimol), 6-chloropurine ribofuranoside
(143 mg, 0.5 munol), and ditsopropylethylamine (2 ml,, 12 mamol) in 1-propanol (25 ml.) was heated
at 80 °C for 7 h. The mixture was concentrated by rotary evaporation, and recrystatlized from MeOH
to vield the desired product IMFE3462 (154 mg, 85% vield). The pusity of product was 99% as shown
by HPLC on an HC-C18 column (Agilent, 4.6 » 250 mum, 5 um) with elution of gradients of 50%
aqueous MeOH. CsH7N:048; white powder; mp 149.2-149.7 °C; [a]7) = ~68.2 (DMSO, ¢ = 1.0);
TLC (2-propanol/hexane, {2:3)) Rr=0.35, "H NMR (DMSO-ds, 400 MHz) 5 8.51 (1 H, brs), 8.39 (1
H,oel, 8271 H,brs), 732 (1 H,d, /=52 H2), 728 O H, d, J=32Hx), 693 (1 H, dd, /= 18,26
Hz), S89 {1 H, d, /=060 Hz), 546-545 (1 H, m), 536 (1 H, q, /=4 6 Hz), $20-5 18 {1 H, m},
4.64 (TH, s), 4.16-4.13 (1 H. m), 3.97-3.95 (1 H. m), 3.70-3.65 (1 H, m), 3.58-3.52 (1 H, m), 3.57-
352 (1 H, m), PO NMR (DMSO-de, 100 MH2) 8 1541, 152.2, 148.5, 142.9, 140.0, 126.5, 1253,
124.7,120.0, 87.9, 859, 73.5, 70.6, 61.6, 42.9; ESI-MS caled for CsHiaNs04S: 364 1080, found:
mrz 364 1081 {M + H]™
N-j(4-Bromothien-2-yl)methyl]adenosine

A mixture of {(4-bromothien-2-yhmethanamine (1152 mg, 6 mmol), 6-chloropurine
ribofurancside (214 myg, 0.75 mmol), and diisopropviethylamine (3 mL, 18 mmol} in 1-propanol (30
ml.} was heated at 70 °C for 7 h. The mixture containing the desired product and unreacted (3-
bromothien-2-vi ymethanamine was treated with di-ferr-butyl dicarbonate (1.4 mL, 6 mmol} in THF
{8 mL) and NaHCO: { 1 g, 1.2 mmol) at room temperature for 2 b, The mixture was concentrated by
rotary evaporation and punified by flash chromatography (silica gel, MeOH/EIQAc = 1:9) 1o afford
AN[(4-bromothien-2-yl)methyl jadenosine.

N-{(3-Bromothien-2-y))methyl]adenosine

In a sealed tube (15 mL) was added (3-bromothien-2-yUmethanamine (376 myg, 3 nunol), 6-
chloropurine ribofuranoside (430 mg, 1.5 mmol}, 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
rotary evaporation. The residue 1s punified by flash chromatography (silica gel, MeOH/EtOAc = 1.9)
to afford A°-[(3-bromothi en-2-ylmethyliadenosive.

AN-{(2-Bromothien-3-yl)methyl[adenosine
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In a sealed tube (15 mL) was added (2-bromothien-3-yDmethanamine (384 mg, 2 mmol}, 6-
chloropurine ribofuranoside (287 mg, 1 mmol}, and ditsopropylethylamune (3 mi, 17 mmol) in
E1OH (8 mL). The sealed tube was placed into the cavity of a focused monomode nicrowave reactor
{CEM Discover) and isvadiated in 100 W for 20 min at 30 °C. The solvent was removed by rotary
evaporation. The residue was purified by flash chromatography (silica gel, MeOH/EtQAC = 1:9) to

afford ¥°-[(2-bromothien-3-yhmethyl Jadenosine.

NS4 Bromothien-3-¥l}methyl|adenosine

A mixture of (d-bromothien-3-ylmethanamine {768 mg, 4 mmol}, 6-chloropurine ribofuranoside
{143 mg, 0.5 mmol), and diisopropylethylamine (2 mb., 12 mmol} tn {-propanol {20 mL} was heated
at 70 °C for 7 h. The mixture containing the desired product and unreacted (d-bromothien-3-
ylimethanamine was treated with di-tert-butyl 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/EtOAc = 1:9) to afford A*-[(4-
bromothien-3-vipmethyljadenosine,
6-N-(5-Bromothien-3-ylymethyl-6-N-fert-buioxycarbonyl-2',3'-O-isopropylidene-5'-O-{fert-
butyldimethylsilyDadenosine

A solution of compound 6 (360 myg, 0.68 mmal), (5-bromothien-3-vlymethanol (197 mg, 1.02
mmol) and triphenylphosphine (271 mg. 1.02 mmol) in anhydrous THF (10 mL) was stirred at 457°C
for 2 min under an atmosphere of Na. Diisopropyl azodicarboxylate (DIAD, 0.20 mL, 1.02 mmol)
was added dropwise. The mixture was stirred ontil the TLC analysis showed disappearance of
compound 6. The mixtare was concentrated under reduced pressure by rotary evaporation. The crude
product was purified by flash chromatography (EtOAc/hexane = 1:9) to aftord 6-N-(5-bromothien-3-

2t

yvhmethyl-6-N-teri-butoxyearbonyl-2',3'-O-1isopropylidene-5'-0- (fert-butvidimethylsilyljadenosine.

,3\-’{"-{{'5-Bmmathien-S—yi)me'l‘hy!} adenosine

A suspension of 6-N-(S-bromothien-3-ymethvl-6-N-rert-butoxyearbonyl-2' 3%-0-
isopropylidene-3'-0- {rerr-butyldimethylsiyladenosine (138 mg, 0.19 mmol} in deionized water (5
ml) and THF (1 mL) was stirred and cooled 111 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 another 30 min. The mixture was concentrated under reduced pressure by rotary
evaporation. The crude product was puritied by flash chromatography (MeOH/ELOAC = 1:49) to
afford N*-[(S-bromothien-3-yDmethylJadenosine.

{S-Chlorothien-2-vyDmethanamine
A mixture of 2-(aminomethvijthiophene (1 ml, 10 mmol), di-fer-butyl dicarbonate (2.5 mL, 11

mmol}, and NabCO; (840 mig, 10 mmol) i THE {13 ml.) was stirred at room temperature for 3 h to
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give a suspension contanung pale yellow solids. The mixture was concentrated under reduced
pressure, and the residue was extracted with CH:Cl; and HyO. The organic phase was dried over
MgSQ,, filtered, and purified by flash chromatography on a sitica gel column with elhution of
EtOAchexane (1:20) to give ferr-butyl (thien-2~-yl)methyl carbamate (CioltisNO3S, 1.62 g, 76%
vield),

A mixture of fers-buty] (thien-2-yDmethy! carbamate {106 mg, 0.5 mmol), N-chlorosuccinimide
(73 mg, 0.35 mmol) in benzene (0.3 mL) was stirred at 80 °C. After 2 b, acetic acid (0.3 mL, $ mmol)
was added and reacted for further 21 h. The mixture was extracted with CHCl; and H,O. The
organic phase was dried over MgSQO,, filtered, and purified by flash chromatography on a silica gel
column with elution of EtOAc/hexane (1:20) to give feri-butyl (S-chlorothien-2-ylymethyl carbamate
(CoHCIND,S, 82.6 mg, 67% vield).

A mixture of the above-prepared compound {65 mg, 0.26 mmol) and TFA (1 mi, 15 mmol} in
CHCLy {3 mL ) was stirred for 3 b at room temperature. The solution was concentrated under reduced
pressure 1o give (S-chlorothien-2-ylymethanamine (~100% vield). CsHaNSCI; pale yellow solid; 'H
NMR (400 MHz, CD:ODYS 7.07 (1 HL d. /= 4.0 Hz), 6.95 (1 H. d, /= 3.6 Hz), 426 (2 H, s); PC
NMR (100 MHz, CD:0D) $ 1349, 132.8, 130.7, 128.0, 388, ESI-HRMS caled for CsH-CINS:

147 9988, found: -z 147 9995 [M +H]"
Fv““-eﬁ'S—Ch!crothien—rz——yl)methy!]aden osine (JME3818)

A mixture of {5~chlorothien-2-ylnethanamine {354 mg, 0.24 mmol)}, 6-chloropurine
ribofuranoside (0.12 mmol) and diisopropylethylamine (0.36 mL., 2 mmol) in EtOH (1 mL) was
stirred in a seal tube at 80 °C by microwave irvadiation for 30 min. The mixture was cooled to room
temperature, and concentrated under reduced pressure to give pale vellow oil, which was washed
successively with H;O and MeOH to give the title compound IMF3818. CsHcCIN5O,S; white solid;
"HNMR (400 MHz, CD:OD)S 829 (1 H, 5), 827 (1 1, 5), 688 (1 H, d. /= 3.6 Fz), 6.79 (1 H, d. J
=36H2), 306 (1 H, &, J=68H%), 474477 (1 H, m), 432434 (1 H, m), 4171 H &, /=28
Hz), 389 (1 H, dd, J= 124, 2.0 Hz), 3.75 (1 H, dd../ = 12.4, 2.8 Hz); “'C NMR (100 MHz, CD:0D)
6 156.0, 153.6, 1428, 1420, 1299 127.0, 1266, 121.7,91.5, 884, 75.6, 729, 63 .7, 40 4; ESI-

Pharmacokine tic studv. The compound was administered as aqueous solutions in normal saline.
Male ICR mice were purchased from BioLASCO Taiwan Co, Ltd. To measuare oral bioavailability
of test compounds (T1-11 and IMF3464), blood samples were collected from male ICR mice (6
weeks old; 20-25g) after oral (10 mg/kg) or infravenous (1 mg'kg) administrations of test
compounds. For T1-11, bleod samples were collected at 2, 10, 30, 60, 120, 360 minutes after

intravenous admimstration and at 15, 30, 45, 60, 120, 360 minuies after oral admintstration. For
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IMFE3464, the blood samples were collected at 2, 10, 30, 60, 120, 240, 360, 480 minutes after
intravenous administration 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 aaid, and then 10 ul of the
extracted samples were injected to UPLC-MSMS to for guantitation.

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
infinity (AUCy ..}, the terminal-phase half-life (T4}, the maximum concentration of compound in
plasma (Cyuuy), the time of Ch (Toe), 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 calculated as dose/AUC; .. The oral bicavailability (/) of the test
compound by oral admunistration was calculated from the AUC,... of the oral dose divided by the
AUC,... of the 1.v. dose.

EXAMPLE 2

Radivligand binding avsays. Radioligand binding assays were performed by MDS Pharma
Services Taiwan (Taipel, Tatwan) using standard binding protocols. For Az.R binding assays,
membrane proteins coliected from HEK293 cells overexpressing human Az.R were incubated in the
reaction buffer [50 mM Tris-HCH (pH 7.4}, 10 mM MgCla, I 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-ethylcarboxamide. To measure the binding affinity
of T1-11 to the AR, membrane proteins collected from Chinese hamster ovary (CHOY-K 1 cells
overexpressing human A3R were incubated with "H-AB-MECA (0.5 nM) for 60 min at 25 °C in the
reaction buffer containing 25 maM HEPES (pH 7.4}, 5 mM MgC,, 1 mM CaCl,, and 0.1% bovine
serum albumin. Nonspecific binding was assessed in 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 cortex of Duncan Hartley-derived
cuinea pigs were incubated with “H-labeled 6-{(4-nitrobenzyithio}-9-B-D-ribofuranosyipurine
(NBTL, 0.5 nM) for 30 min at 25 °C in the incubation buffer containing 50 mM Tris-HCI (pH 7 .4).
Nonspecific binding was assessed in the presence of 5§ pM NBTI, an effective inhibitor of
equilibrative nucleoside transporters. Note that NBTT is a high-affinity inhibitor of ENTL, and
inhibits only human (h)ENT1 at 0.5 nM. Reactions were terminated by filtration over GF/B glass
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, USA)
were maintained in DMEM supplemented with 10% horse serum and 5% FBS and incubated in a
CO; incubator (5%) at 37 °C. LIPOFECTAMINE™ 2000 (Invitrogen) was used as a vehicle to
transfer 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 ug of DNA
combined with § W of LIPOFECTAMINE™ 2000 was applied to each well of 6~well plates. The
plating number was {1-~1.5) x 10° cells/well. 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 (Géttingen, Germany).

MTT assay. Survival was assessed by 3-(4,5-dimethyvithiazol-2-y1)-2,S-dipheny] tetrazolium
bromide (MTT) metabolism assay. In brief, after treatment, MTT was added to the medium
(0.5mg/ml) and incubated at 37°C for 2~3 h. The plating number was 1x10% cellsiwell in a 96-well
plate. After discarding the medium, 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 micro-enzyme-hnked
immunosorbent assay (ELISA) reader.

EXAMPLE 3

Animals and drug cdminisiration. Male R6/2 mice (Mangiarini et al , 1996 Ceff. 87:493-306} and
littermate controls were originallv obtained from Jackson Laboratories (Bar Harbor, ME, USA), and
mated to female control mice (BOCBAFET). Offspring were identified by a polymerase chain
reaction {PCR) genotyping technique of genomic DNA extracted from tail tissues using primers
tocated 1 the ransgene (5"-CCGUTCAGGTTCTGCTTTTAL3 ™, SEQ ID NQO: 1, and 5~
GGCTGAGGAAGCTGAGGAG-3", SEQ ID 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 cvcle. Body weights of mice were recorded once daily.
Animal experiments were performed under protocols approved by the Academia Sinica Iastitutional
Animal Care and Utilization Committee, Taipei, Taiwan.

Rotarod  performance. Motor coordination was assessed wsing a rotarod apparatus (UGO
BASILE, Comerio, ltaly) 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. Ammals were then tested three times per week at the
ages of 4~12 weeks. For each test, animals were placed in the apparatus before initiation of rotation.
Latency to fall was recorded automatically. Each mouse was given three trials for a maximum of 2
min for each trial.

EXAMPLE 4
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Animals. The CSTBL/6 mice were purchased from National Laboratory Animal Center (Tarwan).
The transgenic mice {(47AXN2Y") were provided by Dr. Pulst. Mice were kept in a soundproof
room under a 12712 h hght/dark cycle and controlied temperature (22+2°C). Food and water were
avarlable ad hbitum. 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 Antmals, These experiments were also reviewed and approved by the Institutional
Antmal 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 m the
lysis buffer (S0 mM Tris-HCH (pH 8.8}, 100 mM Na(l, 5.0 mM MgCly, | mM EDTA| and 0.5%
{wiv) IPGEAL containing 1x protease inhibitor cocktail (Roche Dragnostics, Indianapolis, IN,
LISA)Y) and sonicated for 10 s () pulse/s). Equal protein concentrations {15~20 pgfwell) in each group
were filtered through a 2% sodium dodecylsulfate (SDS)-pre-equilibrated cellulose-acetate
membrane (0.2 pm; 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-HCE and 130 mM NaCl; pH 7.4) containing 3% nonfat dried
milk for I h at room temperature and then incubated with anti-polyglotamine (1:5000, MAB1574)
anttbody 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.

Rotarod performance. The wild type and transgeric mice at the age of S weeks old were used
this study. Motor coordination was assessed using a rotared apparatus (UGO BASILE, Comerio,
ltaly}) at ant accelerated speed (10 to 28 rpm) over a period of 5 min. All nuice were tramed for 2 days
within the age of 5 weeks to allow them to become acquainted with the rotared 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 mitiation 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 3

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

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

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

Immunchistachendcal staining. Wild-type or SCA3S transgenic mice were anesthetized and
perfused transcardially with 4% paraformaldehyde 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 in 0.1 % Triton X-100, and incubated at 4°C for 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 sections were then washed and developed in a diaminobenzidine solution.
NeuN-posttive neurons were visualized and counted by a Leica DM2300 microscope equipped with
a Retiga-2000R CCD camera {Qimaging) and a 3-axis computer-controlled MAC 609 motorized
stage (Ludl Electronics) with the aid of Stereolnvestigator software (MBF Bioscience). Each analysis
ticluded the processing of 15 brain sections per mouse,

EXAMPLE 6

Animals and drug delivery. Transgenic mice BOSIL-Tg(Pmp-TARDBP}el/T were purchased
from the Jackson Laboratory (Bar Harbor, Maine USA), and bred by the National Laboratory Animal
Center m Taman. The transgenic mice were screened by PCR with a forward primer §7-GGT GGT
GGG ATG AAC TTT GG-37 (SEQ D NO: 3) and a reverse primer 5°-GTG GAT AAC CCC TCC
CCC AGC CTA GAC-3" (SEQ ID NO: 4). The wild type mice were non-transgenic Litfermates.
Mice of 6 weeks of age received surgery to bear an ALZET micro-osmotic pump Model 1004
{(DURECT Corporation, Cupertine, CA, USA) containing DMSO or IMF1907 as indicated,
embedded subcutaneously at the ventral lateral side of the abdomen. The pump was replaced every
28 davs.

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

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

were permitted to rest for 20 min between trials.
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Cell culture and fransfection. The motor neuron cell Hine (NSC34) was a generous gift from Dr.
Netl Cashman (Bram Research Centre, The University of British Columbia, Canada), and cultured in
a ligh-glucose Dulbecco’s moditied Eagle’s medium (DMEM) containing 10% fetal calf serum
(FCS), 2 mM L-glatamine, and 1% penrcilhin/streptomycin {Invitrogen (ibeoBRL, Carlsbad, CA,
USA)Y at 37 °C under 3% CO,.

EXAMPLE 7

Mice. Female CS7BLON mice aged 8-12 weeks were purchased from BiolLASCO (Yi-Lan,
Taiwan).

Acid-indnced chronic widespread pain model. The fibromyalgia model was modified from the
acid-induced chironic pain model established by Sluka’s group (Sluka et al., 2003 Peire. 106:229-239).
Mice were briefly anesthetized with 2% vaporized isoflurane and received an /. injection of 20 pl.
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-cm 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 stress model. The fibromyalgia model was developed by Ueda’s group, in
which mice were treated with wtermittent cold stress tor 2 days (Nishiyon and Ueda, 2008 Mol Pain.
4:52). Mice treated with intermuttent cold stress developed long-lasting (>2 weeks) mechanical and
thermal hyperalgesia. Analgesic effects of IME3464 (ip. or p.o.) were tested in these mice 5 days
after intermittent cold stress. Mechanical hyperalgesia was assayed by testing the withdrawal
response of mouse hindpaws to 0.2-mN von Frey filament stumalation.

The foregoing description of the exemplary embaodiments of the Invention has been presented
only for the purposes of tlustration and description and 15 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 t0 enable others skilled in the art to utilize the
mvention and various embodiments and with various modifications as are suited to the particular use
contemplated. Alernative embodiments will become apparent 1o those skilied 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 herem by reference

their entireties and to the same extent as if each reference was individually incorpeorated by reference.
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CLAIMS

What 1s claimed is:

1. A compound of tormuta (1) or (1A)

S~ /
< N
| N,j‘ T )

N" \
o u«D\%
Y ! (A}
OH OH { : OH OH

*

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

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

yhimethyl]adenosine.

3. The compound of claim 2, which is selected from the group consisting of A-{(5-bromothien-
2-yDmethylJadenosine, N-{(4-bromothien-2-vl)methyiJadenosine, N°-[(3-bromothien-2-
vhimethyl]adenosine, Nﬁm[{chhlomthien»}yl}mei’hyi]adenosine, N -{{d-chlorothien-2-

yDimethviJadenosine, and A*-[(3-chiorothien-2-y] ymethyl Jadenosine.

4. The compound of claim 1, which is selected from the group consisting of ¥ -[(2-halothien-3-
yhmethylJadenosine, Af{4-halothien-3 -yl ymethyljadenosine, and N [{5~halothien-3-

yhmethyljadenosine.

5. The compound of claim 4, which is selected from the group consisting of ¥-J(2-bromothien-
3-yDmethylladenosine, N{(4-bromothien-3-y)methy!Jadenosine, N°-[(5-bromothien~3-
yhmethyl]adenosine A°-{(2-chlorothien-3~y1 ymethyljadenosine, N[(4-chlorothien-3-

ylmethyl]adenosine, and N°-[(S~chlorothien-3-y] imethylJadenosine.

. A method for preparing a compound of formula (1) or (1A) as claimed in any one of clatms |
to 5, comprising the step of {1} or (11):

&y
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{a) reacting 6-chloropurine ribofuranoside in the presence of a base with substituted

{thienyhmethanamine having a formula 3 or 3A:

3 \Sh

sz/m?mx 3y PN e (3A),

wherein X is fuorine, chiorine, bromine or ioding,

to atford the compound of formula {1} or (JA); or

an

{al) reacting (2',3'-O-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 denvative of (2'.3'-O-isopropylidenciadenine having the hvdroxyl protecting
group with an amine group-protecting agent to afford a derivative of (2'.3'-CO-isopropylidene)adenine
having the hydroxyl protecting group and an amine protecting group;

{c) performing a coupling reaction by reacting the denivative of (2.3-0-
isopropylidene}adenine having the hydroxy! and amine protecting groups with a substituted

{thienymethyl group-containing compound of formala 7 or TA:

8
g N
v L 7, (TA),

wherein X is F, Cl, Br, or I, and Y 13 X, OH, methanesultonate {OSO,CHs, OMs), p-toluenesulfonate

{OSOCHp-CHs, OTs), or triiftuoromethanesulfonate (OS0,CF;, OTY),

to afford a product containing the protecting groups and the substituted {thienyhmethvl group; and
{d) removing the protecting groups from the product of step (11)(c) in an acidic condition to

atford the compound of formula (1) or (1A).

7. The method of claim 6, wherein in step (I)a) the base is diisopropylethylaming and the
substituted (thienylImethanamine is:
(i) (5-bromothien-2-vhmethanamine 1o afford A°-{(5-bromothien-2-yl imethyl]adenosine; or

{ii) (S-chlorothien-2-yl)methanamine to afford N*-[(S-chlorothien-2-yDmethyljadenosine.

8. The method of claim 6, wherein in step (H){c) the coupling reaction is preformed 1 the
presence of triphenyiphosphine and diisopropyl azodicarboxylate.
9, The method of claim 8, wherein m step (H}c) the substituted (thienylmethyl group-

containing compound is (S~-bromothien-2-yl)methanol.

23



LA

20

WO 2015/061426 PCT/US2014/061734
10. A COMPOSHION COMPrising:

{a) a therapeutically effective amount of a compound as clatmed m any one of claims 1 to 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 clatms 1 o 5 in the manufacture of a

medicament {or treating a neurodegenerative disease and/or pain in a subject in need thereof.

12, Theuseof claun 11, wherein the neurodegenerative disease is selected from the group
consisting of Alzheimer’s disease, Parkinson’s disease, amvotrophic lateral sclerosis, Prion disease,

Huntington's disease, and spinal cerebellar ataxias.

~

13, Theuse of claum 12, wherein the spinal cerebellar ataxias is selected from the group

conststing of spinal cerebeliar ataxias 2, spinal cerebellar ataxias 3, and spinal cerebellar ataxias 7.

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

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

p—
(¥4

16.  Theuse 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 ¢lanm 17, wherein the dysfunctional pain 1s selected from the group consisting of
tibromyalgia, myofascial pain, bladder pain syndrome, and pain caused by urritable bowel
syndrome.

18 The use of clauim 11, wherein the pain is selected from the group consisting of inflammatory
pain, cancer pain, chest pain, back pain, neck pain, shoulder pain, migraine, headache,
mvofascial pain, join pain, muscular pain syndromes, neuropathic pain, peripheral pain,
sympathetic pain, postoperative pain, post-traumatic pain, and multiple sclerosis pain.

~

20, The use of claum 11, wherein the neurodegenerative disease is a protein-misfolding disease.



