profile of these drugs prohibits ong-term use in SMA patients. Some drugs under clinical investigation
for the treatment of SMA include transcription activators such as histone deacetylase (“HDAC™)
inhibitors (e.g., butyrates, valproic acid, and hydroxyurea), and mRNA stabilizers (mRNA decapping
inhibitor RG3039 from Repligen), intended to increase the amount of total RNA transcribed from the
SMN2 gene. However, the use of HDAC inhibitors or mRNA stabilizers does not address the underlying
cause of SMA and may result in a global increase in transcription and gene expression with potential
safety probiems in humans,

[0023] In an alternative approach, neuroprotective agents such as olesoxime have been chosen for
investigation. Such strategies are not aimed at increasing the production of functional Smn for the
treatment of SMA, but instead are being explored to protect the Smin-deficient motor neurons from
neurodegeneratior.

[0024] A system designed to identify compounds that increase the inclusion of exon 7 of SMN into
RNA transcribed from the SMN2 gene and certain benzooxazole and benzoisoxazole compounds
identified thereby have been described in International Application PCT/US2009/003238 filed May 27,
2009 (published as International Publication Number W0Q2009/151546 and United States Publication
Number US2011/0086833). A system designed to identify compounds that produce a stabilized Smn
protein from SMN2 A7 mRNA and certain iscindolinone compounds identified thereby have been
described in International Application PCT/US2009/004625 filed August 13, 2009 (published as
International Publication Number W0O2010/019236 and United States Publication Number
US2011/0172284). Each of the foregoing documents is herein incorporated in their entirety and for all
purposes.

[0025] All other documents referred to herein are incorporated by reference into the present
application as though fully set forth herein.

[0026] Despite the progress made in understanding the genetic basis and pathophysiology of SMA,
there remains a need to identify compounds that alter the course of spinal muscular atrophy, one of the
most devastating childhood neurological diseases.

SUMMARY

10627} In one aspect, provided herein a compound of Formula (I):




or a form thereofl, wherein:

wy and ws_are independently C-R, or N;

wy 18 C-Ry or N
wi. wa and wy are independently C-R,, C-R,, C-R, or N;
w18 C-R), C-Ry, C-Ror N:

wherein one of ws, Wi, W, and wy 1s C-R, and one other of ws, wa, w; and w5 is C-Ro, provided

that,

when wy 1s C-R . then wy is C-Rs and wy and w- are independently C-R, or N or

when ws is C-R,. then w, is C-R; and w, and w- are independently C-R, or N; or

when w, is C-R,. then wy is C-R, and wy 1s C-R, or N and w, is C-R or N: or,

when w, is C-R,, then w; is C-R; and w; 18 C-R, or N and wy is C-R, or N; and,

wherein any one, two_or three of wy, W, Wi, Wa, Wi, We and wy may optionally be N:

Ry 15 Csalkyl, amino, C)galkyl-amino, (C,salkylh-amino. €, salkoxy-C; salkyl-amino,

(C}.galkyi-amino-C.qalkyl)(C, salkyhamino, (C) salkyl),-amino-C, salkvl-amino,

{(Crgatkylb-amino-Chalkyl (€ satkyhamine, amino-C, satkoxy,

Cysalkyl-amino-C, salkoxy, (C) salkyl),-amino-C, salkoxy,

{Cisalkoxy-C, salkvh)(C, alkyl)aminog-C) salkoxy, amino-Cyalkenyl,

Crsalkyl-amino-C; salkenyl, (C) salkyl-amino-Cs salkenyl, amino-Cs galkynyl,

(hydroxy-C, salkyly{(C, saikyhamino, hydroxy-C salkyl-amino-C, salkyi,

{hydroxy-C, salkyll,-amino-C,_salkyl, (hydroxy-C; calky)(C, sallcyDamino-C, galkyl

hydroxy-C,salkyl-amino-C, saikoxy. (hydroxy-C, saikyl)--amino-C, salkoxy,

(hydroxv-C, alkyli(C, salkvllamino-C, salkoxy,

5a



{(hvdroxy-C: salkyl).-amine-C, salkyl-amino,

(hydroxy-C)salkvi-amino-C, yalkyl)(C, salkvl)amino,

(avdroxy-C, qalkvi(C, salkvilamino-C, salkvi-amino,

[(hydroxy-C, salkyl),-amino-C; «alkylC) salkyl)amino

heterocyclyl-C, salkyl. heterocyelvi-C salkoxy, heterocyelyl-amino

(heterocyelyh(C) salkyvl)amino, heterocyelvl-amine-Ci galkyi,

heterocyelyl-C . qalkvl-amino, (heterocyclvl-C, salkyl}:-amino,
(heterocyelyl-C; galkvl)(C).salkyvilamino, heterocvelyl-C, salkvl-amino-C, salkyl.

{heterocyelyl-C, sallkyl),-amino-C.salkyl

wherein, each instance of heterocyelvl, Cs.jscycloalkyl, aryl and heteroaryl is optionally

substituted with one, two or three Rs substituents and optionally, with one additional R4

substituent; or,

wherein, each instance of heterocyelvl, Cy j,eveloalkyl, aryl and hetercaryl is optionally

substituted with one, two. three or four Rs substituents;

R, is aryl, arvl-amino, aryvl-amino-carbonyl, heterocyelvl, hetercaryl or heteroaryi-amino:

wherein, each instance of arvl, heterocvelyi and heteroarvl is optionally substifuted with one., two

or three R, substituents and optionally, with one additional Ry substituent;

R, is. in each instance. independently selected from hydrogen, halogen or C, salkyl;

Ry is hydrogen, halogen, C, salkyl or C)galkoxy;

R, is hydrogen. halogen or C; galkyl;

R. is. in each instance, independently selected from cyano, halogen, hyvdroxy, oxo, Cgalkyl,

Cisalkoxy-carbonyl, amino, C)salkyi-amino, (C,.salkyl);-amino, amine-C, salkyl,

Cygalkyl-amino-C) galkyl, (C,salkyl)y-amine-C, salkyl, amino-C, salkyl-amino,

Cisalkyl-amino-C, galkyl-amino, (C) salkyl-amino-C,salkyl),-amino
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heterocyelyl-C; saikyl: wherein, each instance of Cs jacvcloalkyl, aryl and heterocyelyl is

optionally substituted with one, two or three R; substituents;

halo-C, salkyl, C; salkoxy, halo-C) salkoxy, amino, C;alkyl-amino, (C)salkvl);-amino or

Cisalkyl-thio;

R, is. in each instance. independently selected from halogen, hvdroxy. cyano, nitre, €, salkyvi,

Cogalkenyl, halo-C) ealkyl, hvdroxy-C, sallkyl, C, satkoxy, hale-C) galkoxy,

In one aspeetexample, provided herein are compounds of Formula (1)



(I
10928} or a form thereof, wherein wy, Wy, W, W, Ws, W and wy are as defined herein. In another

aspect, provided herein is a pharmaceutical composition comprising an effective amount of the compound

of the present invention and pharmaceutically acceptable carrier, excipient or diluent. In one

embedimentexample, provided herein is a pharmaceutical composition comprising a compound of
Formula (1) or a form thereof, and a pharmaceutically acceptable carrier, excipient or diluent. In a
specific emnbedimentexample, provided herein is a compound of Formula (1) or a form thereof, or a
pharmaceutical composition thereof for treating spinal muscular atrophy (SMA).

[0029] SMA is caused by deletion or mutation of the SMN1 gene, resulting in selective degeneration
of Smn-deficient motor neurons. Although human subjects retain several copies of the SMN2 gene, the
small amount of functional Smn protein expressed from SMN2 does not fully compensate for the loss of

Smmn that would have been expressed from the SMN1 gene, In another aspect, provided herein is an in

vitro method for enhancing the inclusion of exon 7 of SMN2 into mRNA that is transcribed from the

SMINZ gene, comprising contacting a human cell with the compound of the present invention. The

compounds, compositions thereof and uses therewith described herein are based, in part, on the
Applicants discovery that a compound of Formula () increases the inclusion of exon 7 of SMN2 into
mRNA that is transcribed from an SMN2 minigene. The minigene reproduces the alternative splicing
reaction of exon 7 of SMIN2 which results in exon 7 skipping in the majority of SMN2 transcripts. Thus,
compounds of Formula (I) or a form thereof may be used to modulate inclusion of exon 7 of SMN2 into
mRNA that is transcribed from the SMN2 gene. Applicants have also discovered that a compound of
Formula (I) increases the inclusion of exon 7 of SMN1 into mRNA that is transcribed from an SMN1
minigene. Thus, compounds of Formula {I) or a form thereof may be used to modulate inclusion of exon
7 of SMN1 into mRNA that 1s transcribed from the SMN1 gene.

[0030] In another aspect, provide hierein 1s an in vitro method for increasing the amount of Smn

protein, comprising contacting a human cell with the compound of the present invention. In a specific

embedimentexample, provided herein are compounds of Formula (1) or a form thereof that may be used
to modulate the inclusion of exon 7 of SMN2 into mRNA that is transcribed from the SMN2 gene. In

another specific embedimentexample, provided herein are compounds of Formula (1) or a form thereof



that may be used to modulate the melusion of exon 7 of SMNT into mRNA that is transcribed from the
SMN1 gene. In yet another embedimentexample, provided herein are compounds of Formula (1) or a
form thereof that may be used to modulate the inclusion of exon 7 of SMN1 and SMN?2 into mRINA that

1s transcribed from the SMN1 and SMN2 genes, respectively.



[GG31] In another aspect, the present invention refers to the use of the compound of the present

mvention in the manufacture of a medicament for treating SMA in a human subject in need thereof, In

another aspect, provided herein is the use of a compound of Formula (I) or a form thereof for treating
SMA. In a specific embedimentexample, provided herein is a method for treating SMA in a human
subject in need thereof, comprising administering to the subject an effective amount of a compound of

Formula (I) or a form thereof, In another aspect, the present invention refers to the pharmaceutical

composifion of the present invention for use in treating SMA in a human subiject in need thereof., The

compound of Formula (1) or a form thereof is preferably administered to a human subject in a
pharmaceutical composition. In another specific embedimentexample, provided herein is the use of a
compound of Formula (I) for freating SMA, wherein the compound enhances the inclusion of exon 7 of
SMN?Z into mRNA that is transcribed from the SMN2 gene. Without being limited by theory, compounds
of Formula (1) enhance inclusion of exon 7 of SMN2 into mRNA that is transcribed from the SMN2 gene
and increase levels of Smn protein produced from the SMN2 gene, and thus can be used to treat SMA in a
human subject in need thereof,

[003Z2] In another aspeetexample, provided herein are primers and/or probes described below in the
Biological Examples (e.g., SMN primers such as SEQ IDNO. 1, 7,8, 11 or 13, and/or SEQ IDND. 2, 9
or 12, and/or SMN probes such as a SEQ D NO. 3 or 10) and the use of those primers and/or probes. In
a specific embedimentexample, provided herein is an isolated nucieotide sequence comprising SEQ 1D
NO.1,2,3,7,8,9,10, 11, 12 or 13. In another specific embedimentexample, provided herein is an
isolated nucleotide sequence consisting essentially of SEQ ID NO. 1, 2,3,7,8,9, 10, 11, 12 0or 13. In
another specific embedimentexample, provided herein is an isolated nucleotide sequence consisting of
SEQIDNG.1,2,3,7,8,9,10,11, 12 or 13.

[6033] In certain embedimestsexamples, the amount of mRNA that is transcribed from the SMINI
gene and/or SMN2 gene and does not include exon 7 of SMN1 and/or SMN2 may be used as a biomarker
for SMA, such as disciosed herein. In other embedimentsexamples, the amount of mRNA that is
transcribed from the SMN1 and/or SMN2 gene and includes exon 7 of SMN1 and/or SMN2 may be used
as a biomarker for treating a patient with a compound, such as disclosed herein. In a specific
embedimentexample, the patient is an SMA patient. In another specific embedimentexample, the patient
is not an SMA patient.

[G034] In certain embedimentsexamples, the amount of mRNA that is transcribed from the SMN1
and/or SMN2 gene and includes exon 7 of SMN1 and/or SMN2 as well as the amount of mRNA that is
transcribed from the SMN1 and/or SMN2 gene and does not include exon 7 of SMN1 and/or SMN2 may

be used as biomarkers for treating a patien{ with a compound, such as



disclosed herein. In a specific emmbedimentexample, the patient is an SMA patient. In another specific
embodimentexample, the patient is not an SMA patient.

[0035] In accordance with these embedimenisexamples, an SMN primer(s) and/or an SMN probe
described below may be used in assays, such as PCR (e.g., gPCR), rolling circle amplification, and RT-
PCR (e.g., endpoint RT-PCR and/or RT-qPCR} to assess and/or quantify the amount of mRNA that is
transcribed from the SMN! gene and/or SMN2 gene and does or does not include exon 7 of SMN1 and/or
SMN2.

[0036] In a specific embedimentexample, a primer and/or probe described befow in the Biological
Examples (e.g., SMN primers such as SEQ ID NO. 1, 7, 8, 11 or 13 and/or SEQ 1D NO. 2, 9 or 12, and/or
SMN probes such as a SEQ ID NO. 3 or 10) is used in an assay, such as RT-PCR, RT-gPCR, endpoint
RT-PCR, PCR, ¢PCR, rolling circle amplification, Northem biot or Southern blot (e.g., an assay such as
described below in the Biological Examples), to determine whether a compound (e.g., a compound of
Formula (1) or a form thereof} enhances the inclusion of exon 7 of SMN2 into mRNA that is transcribed
from an SMN2 gene.

[0037] In a specific embedimentexample, a primer and/or probe described below in the Biological
Examples (e.g., SMN primers such as SEQ IDNO. 1,7, 8, 11 or 13 and/or SEQ ID NO. 2, 9 or 12, and/er
SMN probes such as a SEQ ID NO. 3 or 10) is used in an assay, such as RT-PCR, RT-qPCR, endpoint
RT-PCR, PCR, qPCR, rolling circle amplification, Nerthern blot or Southern blot (e.g., an assay such as
described below in the Biological Examples), to determine whether a compound (e.g., a compound of
Formula {I) or & form thereof) enhances the inclusion of exon 7 of SMN1 into mRNA that is transcribed
from an SMN1 gene.

[GO38] In a specific embedimenteyample, a primer and/or probe described below in the Biological
Examples (e.g., SMN primers such as SEQ ID NO. 1, 7, 8, 11 or 13 and/or SEQ [D NO. 2, 9 or 12, and/or
SMN probes such as a SEQ 1D NO. 3 or 10} is used in an assay, such as RT-PCR, RT-qPCR, endpoint
RT-PCR, PCR, qPCR, rolling circle amplification, Northern blot or Southern blot (e.g., an assay such as
described below in the Biological Examples), to determine whether a compound (e.g., a compound of
Formula (1) or a form thereof) enhances the inclusion of exon 7 of SMN! and/or SMN2 into mRNA that
is transcribed from an SMN1 and/or SMN2 gene.

[0039] In another embedimentexample, a primer and/or probe described below in the Biological
Examples (e.g., SMN primers such as SEQ 1D NO. 7, 11 or 13 and/or SEQ ID NQ, 9 or 12, and/or SMN
probes such as a SEQ 1D NO. 3 or 10) is used in an assay, such as RT-PCR, RT-



gPCR, endpoint RT-PCR, PCR, qPCR, rolling circie amplification, Northern blot or Southern blot (e.g.,
an assay such as described below in the Biological Examples), to monitor the amount of mRNA that is
transcribed from the SMN2 gene and includes exon 7 of SMN2 in a patient sample. In a specific
embodimentexample, the patient 1s an SMA patient. In another specific embedimentexample, the patient
is not an SMA patient.

[0046] In another embedimentexampie, a primer and/or probe described below in the Biological
Examples (e.g., SMN primers such as SEQ ID NO. 7, 11 or 13 and/or SEQ 1D NO. % or 12, and/or SMN
probes such as a SEQ ID NO. 3 or 10) is used in an assay, such as RT-PCR, RT-gPCR, endpoint RT-
PCR, PCR, gPCR, rolling circle amplification, Northern blot or Southern blot (e.g., an assay such as
described below in the Biological Examples), to monitor the amount of mRNA, that is transcribed from
the SMN1 gene and includes exon 7 of SMNI in a patient sample. In a specific embedimentexample, the
patient is an SMA patient. In another specific embedimentexample, the patient is not an SMA patient.
[0041] In another embedimentexample, a primer and/or probe described below in the Biological
Examples (e.g., SMN primers such as SEQ ID NO. 7, 11 or 13 and/or SEQ ID NO. 9 or 12, and/or SMN
probes such as a SEQ 1D NO. 3 or 10) is used in an assay, such as RT-PCR, RT-qPCR, endpoint RT-
PCR, PCR, qPCR, rolling circle amplification, Northern blot or Southern blot (e.g., an assay such as
described below in the Biological Examples), to monitor the amount of mRNA that is transcribed from
the SMN1 and/or SMN2 gene and includes exon 7 of SMN1 and/or SMN2 in a patient sample. Ina
specific embedimentexample, the patient is an SMA patient. In another specific embedsmentexample, the
patient is not an SMA patient.

16042] In another embedimentexample, a primer and/or probe described below in the Biological
Examples (e.g., SMN primers such as SEQ ID NO. 7, 8, 11 or 13 and/or SEQ ID NO. 9 or 12, and/or
SMN probes such as a SEQ ID NO. 3 or 10} is used in an assay, such as RT-PCR, RT-gPCR, endpoint
RT-PCR, PCR, qPCR, rolling circle amplification, Northern blot or Southern blot (e.g., an assay such as
described below in the Biclogical Examples), to monitor a patient’s response to a compound (e.g., a
compound of Formula (I} or a form thereof). In a specific embedimentexample, the patient is an SMA
patient. In another specific embediznentexample, the patient is not an SMA patient,

[¢043] In another embedimentexample, provided herein is a method for determining whether a

compound (e.g., a compound of Formula (I} disclosed herein) enhances the inclusion of exon 7



of SMN2 into mRNA that is transcribed from the SMN2 gene, comprising {a) contacting mRNA that is
transcribed from an SMN2 minigene described herein or in International Application
PCT/US2009/004625, filed August 13, 2009 {published as International Publication Number
WO02010/019236) or United States Publication Number US2011/0172284 in the presence of a compound
(e.g., a compound of Formula (I} disclosed herein) with a primer(s) described herein {e.g., SEQ ID NO. 1
and/or 2) along with applicable components for, e¢.g., RT-PCR, RT-gPCR, PCR, endpoint RT-PCR, gPCR
or roliing circle amplification; and (b) detecting the amount of mRNA that is iranscribed from the
minigene and includes exon 7 of the SMN2, wherein (1) an increase in the amount of mRNA that is
transcribed from the minigene and includes exon 7 of SMN2 in the presence of the compound relative to
the amount of mRNA that is transcribed from the minigene and includes exon 7 of SMN2 in the absence
of the compound indicates that the compound enhances inclusion of exon 7 of SMN2 into mRNA that is
transcribed from the SMN2 gene; and (2) no change or no substantial change in the amount of mRNA that
is transcribed from the minigene and includes exon 7 of SMN2 in the presence of the compound relative
to the amount of mRNA that is transcribed from the minigene and includes exon 7 of SMN2 in the
absence of the compound indicates that the compound does not enhance the inclusion of exon 7 of SMN2
into mRNA that 15 (ranscribed from the SMN2 gene.

{0044 In another embedimentexample, provided herein is a method for determining whether a
compound (e.g., a compound of Formula (I) disclosed herein) enhances the inclusion of exen 7 of SMN1
into mRNA that is transcribed from the SMN1 gene, comprising (a) contacting mRNA that is transcribed
from an SMN1 minigene described in International Application PCT/US2009/004625, filed August 13,
2009 (published as International Publication Number WO2010/019236) or Uniied States Publication
Number US2011/0172284 in the presence of a compound (e.g., a compound of Formula (1) disclosed
herein) with a primer(s) described herein (e.g., SEQ ID NO. 1 and/or 2) along with applicable
components for, e.g., RT-PCR, RT-qPCR, PCR, endpoint RT-PCR, qPCR or roiling circle amplification;
and (b) detecting the amount of mRNA that is transcribed from the minigene and includes exon 7 of the
SMN1, wherein (1) an increase in the amount of mRNA that is transcribed from the minigene and
includes exon 7 of SMN1 in the presence of the compound relative to the amount of mRNA that is
transcribed from the minigene and includes exon 7 of SMN1 in the absence of the compound indicates

that the compound enhances inciusion of exon 7 of SMNI into mRNA that is transcribed from the SMN1
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gene; and {2) no change or no substantial change in the amount of mRNA that is transcribed from the
minigene and includes exon 7 of SMNT1 in the presence of the compound reiative to the amount of mRNA
that is transcribed from the minigene and includes exon 7 of SMN1 in the absence of the compound
indicates that the compound does not enhance the inclusion of exon 7 of SMN1 into mRNA that is
transeribed from the SMNT gene.

[0045] Inr another embedimentexample, provided herein is a method for determining whether a
compound {e.g., a compound of Formula (I} disclosed herein) enhances the inclusion of exon 7 of SMN2
into mRNA that is franscribed from the SMN2 gene, comprising (a) contacting mRINA that is transcribed
from an SMN2 minigene described herein or in International Application PCT/US2009/004625, filed
August 13, 2009 (published as International Publication Number WO2010/019236) or United States
Publication Number US2011/0172284 in the presence of a compound (e.g., a compound of Formula (I)
disclosed herein) with a probe described herein {e.g., SEQ ID NO. 3 or 10} along with applicable
components for, e.g., RT-PCR, RT-qPCR, endpoint RT-PCR, PCR, qPCR, rolling circle amplification
and, as applicable, Northern blot or Southern blot; and (b) detecting the amount of mRNA that is
transcribed from the minigene and includes exon 7 of the SMN2, wherein (1) an increase in the amount of
mRNA that is transcribed from the minigene and includes exon 7 of SMN2 in the presence of the
compound relative to the amount of mRNA that is transcribed from the minigene and includes exon 7 of
SMN2 in the absence of the compound indicates that the compound enhances inclusion of exon 7 of
SMN2 into mRNA that is transcribed from the SMN2 gene; and {2) no change or no substantial change in
the amount of mRNA that is transcribed from the minigene and includes exon 7 of SMN2 in the presence
of the compound reiativé to the amount of mRNA that is transcribed from the minigene and includes exon
7 of SMNZ2 in the absence of the compound indicates that the compound does not enhance the inclusion of
exon 7 of SMN2Z into mRNA that is transcribed from the SMN2 gene.

[0046] In another embedimentexample, provided herein is a method for determining whether a
compound (e.g., a compound of Formula (1) disclosed herein) enhances the inclusion of exon 7 of SMN|
into mRNA that is transcribed from the SMNI gene, comprising (&) contacting mRNA that 1s transcribed
from an SMN1 minigene described in International Application PCT/US2009/004625, filed August 13,
2009 (published as International Publication Number WO2010/019236) or United States Publication
Number US2011/0172284 in the presence of a
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compound {e.g., a compound of Formula (1) disclosed herein} with a probe described herein {(e.g., SEQ ID
NO. 3 or 10} along with applicable components for, e.g., RT-PCR, RT-qPCR, endpoint RT-PCR, PCR,
gPCR, rolling circle amplification and, as applicable, Northern blot or Southern biot; and (b) detecting the
amount of mRNA that is transcribed from the minigene and includes exon 7 of the SMNI, wherein (1) an
increase in the amount of mRNA that is transcribed from the minigene and includes exon 7 of SMN1 in
the presence of the compound relative to the amount of mRNA that is transcribed from the minigene and
mchzdes exon 7 of SMN1 in the absence of the compound indicates that the compound enhances inclusion
of exon 7 of SMIN1 into mRNA that is transeribed from the SMN1 gene; and (2) no change or no
substantial change in the amount of mRNA that is transcribed from the minigene and includes exon 7 of
SMNT1 in the presence of the compound relative to the amount of mRNA that is transcribed from the
minigene and includes exon 7 of SMNT in the absence of the compound indicates that the compound does
not enhance the inclusion of exon 7 of SMN2 into mRNA that is transcribed from the SMN2 gene.
[0047] In another embedimentexample, provided herein is a method for determining whether a
compound {e.g., a compound of Formula (I} disclosed herein) enhances the inclusion of exon 7 of SMN2
into mRNA that is transcribed from the SMN2 gene, comprising {a) contacting mRNA that is transcribed
from an SMN2 minigene described herein or in International Application PCT/US2009/004625, filed
August 13, 2009 (published as International Publication Number W0O2010/019236) or United States
Publication Number US2011/0172284 in the presence of a compound (e.g., a compound of Formula (I)
disclosed herein) with a primer(s) (e.g., SEQ ID NO. 1 or 2} and/or a probe described herein (e.g., SEQ
ID NO. 3 or 10) along with applicable components for, e.g, RT-PCR, RT-qPCR, endpoint RT-PCR, PCR,
gPCR, rolling circle amplification and, as applicable, Northern blot or Southern blot; and (b} detecting the
amount of mMRNA that 15 franscribed from the minigene and includes exon 7 of the SMN2, wherein (1) an
increase in the amount of mRNA that is franscribed from the minigene and includes exon 7 of SMN2 in
the presence of the compound relative to the amount of mRNA that is transcribed from the minigene and
includes exon 7 of SMN2 in the absence of the compound indicates that the compound enhances inclusion
of exon 7 of SMNZ2 into mRNA that is transcribed from the SMN2 gene; and (2) no change or no
substantial change in the amount of mRNA that is transcribed from the minigene and includes exon 7 of

SMN?2 in the presence of the compound relative to the
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amount of MRNA that is transcribed from the minigene and includes exon 7 of SMN2 in the ahsence of
the compound indicates that the compound does not enhance the inclusion of exon 7 of SMN2 into
mRNA that is transcribed from the SMN2 gene.

[0048] In another embedimentexample, provided herein is a method for determining whether a
compound {e.g., a compound of Formula (1) disclosed herein) enhances the inclusion of exon 7 of SMNI
into mRNA that is transeribed from the SMN1 gene, comprising (a) contacting mRNA that is transcribed
from an SMN1 minigene described in International Application PCT/US2009/004625, filed August 13,
2009 (published as International Publication Number WO2010/019236) or United States Publication
Number US2011/0172284 in the presence of a compound (e.g., a compound of Formula (1) disclosed
herein) with a primer(s) (e.g., SEQ ID NO. 1 or 2) and/or a probe described herein (e.g., SEQ ID NO. 3 or
10} along with applicable components for, e.g, RT-PCR, RT-qPCR, endpoint RT-PCR, PCR, qPCR,
rolling circle amplification and, as applicable, Northern blot or Southern blot; and (b} detecting the
amount of mRNA that is transcribed from the minigene and includes exon 7 of the SMN1, wherein (1) an
increase in the amount of mRNA that is transcribed from the minigene and includes exon 7 of SMNTI in
the presence of the compound relative to the amount of mRNA that s {ranseribed from the minigene and
inciudes exon 7 of SMN1 in the absence of the compound indicates that the compound enhances inclusion
of exon 7 of SMNT into mRNA that is transcribed from the SMN1 gene; and (2) no change or no
substantial change in the amount of mRNA that is transcribed from the minigene and includes exon 7 of
SMN1 in the presence of the compound relative to the amount of mRNA that is transeribed from the
minigene and includes exon 7 of SMN1 in the absence of the compound indicates that the compound does
not enhance the inclusion of exon 7 of SMN1 mito mRNA that is transcribed from the SMNI gene.
[0049] In another aspestexample, provided herein are kits comprising a primer and/or probe
described below in the Biological Examples {e.g., SMN primers such as SEGIDNO. 1, 7,8, 11 or 13
and/or SEQ ID NO. 2, 9 or 12, and/or SMN probes such as la SEQ ID NO. 3 or 10} and the use thereof.

BREIEF DESCRIPTION OF THE FIGURES

{0050} Figure 1, referenced in Biological Example |, is a schematic drawing of the SMN2-A

minigene construct, which produces two alternatively spliced mRNA transcripts: a full length
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10.

11.

7-[2-(dimethylamino)ethoxy]-2-(4-ethyl-6-methylpyrazolo[ 1,5-a]pyrazin-2-y1)-9-
methyl-4H-pyrido{1,2-a]pyrimidin-4-one

7-[2-{(dimethylamino)ethoxy]-2-(4-ethyl-6-methylpyrazolo[ 1,5-alpyrazin-2-y1)-4H-
pyrido[1,2-a]pyrimidin-4-one

2-(4-ethyl-6-methylpyrazolo[1,5-alpyrazin-2-yl)-7-(piperidin-4-ylmethoxy)-4H-
pyrido[1,2-a]pyrimidin-4-one

2-(4-ethyl-6-methylpyrazolo[1,5-a]pyrazin-2-y1)-7-[2-(piperidin-1-yDethoxy]-4H-
pyrido[1,2-a]pyrimidin-4-one

2-(4-ethyl-6-methylpyrazolof1,5-a]pyrazin-2-yl)-7-{ 3-(morpholin-4-yl)propoxy}-4H-
pyrido[1,2-alpyrimidin-4-one

7-[3-(dimethylamino)propoxy]-2-(4-ethyl-6-methylpyrazolo[ 1,5-alpyrazin-2-y1)-4H-
pyrido[1,2-a}pyrimidin-4-one, or

2-(4,6-dimethylpyrazolo[1,5-a]pyrazin-2-y1)-7-[(3aR,6a8)-5-
methylhexahydropyrrolo]3,4-clpyrrol-2(1H)-yl]-4H-pyrido[1,2-a]pyrimidin-4-one

or a salt, isotopologue, stereoisomer, racemate, enantiomer, diastereomer or tautomer

thereof.

The compeound of claim 7, wherein the compound is selected from the group consisting

of’

2-(3,5-difluoro-4-hydroxyphenyl)-7-(piperazin-1-y1)-4H-pyrido{1,2-ajpyrimidin-4-
one hydrochloride

7-{4-(dimethylamino)piperidin-1-yl]-2-(3-fluoro-4-methoxyphenyl)-4H-quinolizin-
4-one acetate

2-(2-methyl-1,3-benzothiazol-6-y1)-7-(piperidin-4-yl)-4H-pyrimido[ 1,2-b]pyridazin-
4-one trifluoroacetate (1:1), or

2-(1,3-dimethylpyrrolof1,2-alpyrazin-7-y1)-7-(1,2,3,6-tetrahydropyridin-4-yl1)-4H-
pyrazino{1,2-alpyrimidin-4-one hydrochloride (1:2)

or a {ree base, 1sotopologue, stereoisomer, racemate, enantiomer, diastereomer or

tautomer thereof.

A pharmaceutical composition comprising an effective amount of the compound of

claim 1 and a pharmaceutically acceptable carrier, excipient or diluent,

The pharmacentical composition of claim 9 for use in the treatment of spinal muscular

atrophy (SMA).

An in vitro method for enhancing the inclusion of exon 7 of SMN2 into mRNA that is
transcribed from the SMN2 gene, comprising contacting a human cell with the compound

of claim 1.
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12.

13.

14,

15.

An in vitro method for increasing the amount of Smn protein, comprising contacting a

human cell with the compound of ¢laim 1.

The method of claim 11 or 12, wherein the human cell is a human cell from a human

SMA patient.

»

to-thesublectan-effective-amount-Use of the compound of claim 1 in the manufacture of

a medicament for treating SMA in a human subiject in need thereof.

to-the-subieet-Use of the pharmaceutical composition of claim 9 in the manufacture of a

medicament for treating SMA in a human subject in need thereof,
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