
profile of these drugs prohibits long-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 R03039 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 problems 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 Smn-deficient motor neurons from 

neurodegeneration. 

[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 W02009/151546 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 isoindolinone compounds identified thereby have been 

described in International Application PCT/US2009/004625 filed August 13, 2009 (published as 

International Publication Number W02010/019236 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 

100271 	In one aspect. provided herein a compound of Formula (I): 

w2,-.„,--wi, 
ws- 	-- l- 	w7  

II 
W4C- ---N-.,..--W6 

W5  

0 

(1)  
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or a form thereof, wherein: 

w1  and w5  are independently C-R1  or N; 

w2  is C-Rb  or N- 

wl. %%el  and w2  are independently C-R1, C-R2. C-111  or N: 

vs is C-R1. C-R2. C-12. or N; 

wherein one of w3. wb, wb  and w2  is C-R1  and one other of w1, w4. wi and w2  is C-R2, provided 

that 

when wt  is Cap. then wb  is C-R2  and w4  and w, are independently C-R1  or N: or, 

when w;  is C-R2, then wb_is Cal  and wi  and w2  are independently C-121  or N; or, 

when w, is Cal, then w2  is C-R, and w3  is C-R. or N and wb  is C-Rs  or N; or, 

when w is C-R 	then w7  is C-R and wl  is C-R or N and w is C-' or bl• and 

wherein any one, two or three of w1, w2„ w3. w4. w1. wb  and w2  may optionally be N; 

R1  is Chalky'. amino, Cualkvl-amino. (Cualkyl)tamino. Cualkoxv-C1. alkyl-amino 

(Ci.alkoxv-CI:Ralkyl),-amino. (Ci.balkoxy-C i.Ralkv1)(Cualkyl)atnino. amino-CI: alkyl, 

Ci.alkyl-amino-Cialkvl. (Ckalkyl),-amino-Cmalkyl, 

C1.5alkoxv-Ci.balkyl-amino-Ci.Ralkyl, (Cialkoxv-C I,Balky1)7-amino-CI:Ralkyl. 

(Cualkoxv-Cualkv1)(Cualkyliamino-Cualkyl. amino-Cualkvl-amino, 

(amino-Cualkyl)ramino. (amino-Ci.balkyl)(Ci.balkyl)amino 

Cualkyl-amino-Cialkyl-amino_Wmallcvl-amino-Ciolkyl)ramino, 

(Cualkyl-amino-C3.01kv1)(Ciaalkyllamino. (CialkvI)ramino-C1.Ralkyl-amino, 

c(Cialky11,-amino-Cialkyll(Ciallcvl)amino. amino-Claalkoxv, 

Cialkyl-amino-Cialkoxy. (C1.8alkyl),-amino-C1.alkoxv, 

Cialkoxv-Cmalkyl-amino-Cualkoxv, Cualkoxy-Ci.aalkyl-amino-Ci.alkoxy, 

(Cualkoxv-Cualkyl)(Cialkynamino-C1 .5alkoxy. amino-C,alkenyl, 

Cualkyl-amino-C24alkenyIJCialkyl),-amino-C7.01kenyl. amino-Cualkynyl, 

Cialkyl-amino-Ctalkynyl. (Ci.Ralkyl)ramino-C,.Ralkynvl, halo-CI:alkyl-amino, 

(halo-Ci.Ralkylb-amino, (halo-Chalkyll(Cialkyl)amino, hydroxy-Ci.alkyl, 

hydroxv-Cialkoxy-Cualkyl, hydroxy-C1.8alkyl-amino, (hydroxy-Cialkyl)ramino 

(hydroxv-Ci.balkyl)(CI.Ralkvflamino, hydroxv-Ci.alkyl-amino-Ci.salkyl, 

fhvdroxv-Ci.alkv117-amino-C14alkyl. (hydroxy-Cualkyll(Cualkynamino-Cualkvl, 

hydroxy-Ci.balkyl-amino-Cualkoxy. (hydroxy-Cualky1)2-amino-Cmalkoxy, 

(hYdroxy-Cualkyl)(Cualkyl)amino-Cualkoxv 

hydroxy-Cualkyl-amino-Cialkyl-amino. (hydroxy-Ci.balkyl-amino-Cualkyllramino, 
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wherein, 

(hydroxy-CI.Ralkyl)l-amino-C jakalkyl-amino, 

ihydroxy-Ci.salkyl-amino-Ci.galkylkCi.8alkyllamino, 

(hydroxy-Ci.lialkyl)(Ct.galkyl)amino-Ci.salkyl-amino, 

f(hydroxy-Cualky1)2-amino-Ci.galkylychaalkyllamino, 

f(hydroxy-Caulkyll(Chialkyllamino-ChaalkylyCj.salkyllamino, heterocvclvl 

heterocvclvl-Ci.salkyl, heterocyclyl-Ci.salkoxy, heterocvclvl-amino, 

(heterocycly1)(Ciatalkyl)amino, heterocvclvl-amino-CmalkYl, 

heterocvclvl-Cligalkyl-amino. (heterocvclvl-Chsalkyl)ramino, 

fheterocyclyl-Ci.galkyl)(Ci.galkynamino, heterocvclvl-Ciaalkyl-amino-Cmalkyl, 

cheterocyclyl-Ciaalkyllramino-C1.8alkyl. 

heteroc 	I I-C 	all ino-C . alk I heter 	cl I-ooc 	x 

heterocvclvl-carbonyl heterocyclyl-carbonyl-oxy. CHicycloalkyl, aryl-Cualkyl-amino, 

(aryl-C1.01k I -amino 	a 	I-C . alk 1 C 	allyia ,Lm_j_ii yiLcImi,t yino 	I-C . alk 1-amino-C 	alk 1 

faryl-Cualky112-amino-CualkylJaryl-Cualkyll(Caalkyllamino-Cualkyl. heteroaryl 

heteroarvl-C).salkyl heteroaryl-C14alkoxy, heteroaryl-amino, heteroarA-Caulkyl-amino, 

(heteroaryl-Cmalkyl)2-amino. (heteroaryl-Cualkyll(Cisalkyllamino, 

heteroaryl-CHalkyl-amino-Ci.Ralkyl. (heteroaryl-Cuialky112-amino-Coalkyl or 

fheteroaryl-Ci_Ralkyl)(Cmalkyl)amino-Cialkyl; 

each instance of heterocyclY1. CLucycloalkyl, aryl and heteroaryl is optionally 

wherein, 

substituted with one. two or three R3 substituents and optionally, with one additional Rs  

substituent: or, 

each instance of heterocyclyl. C144cycloalkyl, aryl and heteroaryl is optionally 

R2  is 

substituted with one. two, three or four R1  substituents; 

aryl, arvl-amino, aryl-amino-carbonyl. heterocyclyl, heteroaryl or heteroaryl-amino; 

wherein, each instance of aryl. heterocvclvl and heteroarvl is optionally substituted with one, two 

RI  is. 

or three Rtsubstituents and optionally, with one additional R, substituent• 

in each instance, independently selected from hydrogen, halogen or Cualkyl; 

Rb is hydrogen, halogen, Caalkyl or Chgalkoxy: 

It, is hydrogen, halogen or CI.Ralkyl; 

RI  is, in each instance independently selected from cyano, halogen. hydroxy, oxo, Coalkyl, 

halo-C 	al 	C 	al 	-carbon 1 C 	alk 	halo-C 	alkox 	C 	alkox -C 	alk 

Ci.galkoxy-carbonyl. amino, Ci.salkyl-amino. (Ci.salkyl)ramino. amino-Ci.salkyl, 

Ci.salkyl-amino-Ci.salkyl. (Ci.aalkyl)ramino-C1.8alkyl. amino-CI.Ralkyl-amino, 

Cualkyl-amino-Cielkyl-amino, (Coalkyl-amino-Cjaalky1)2-amino, 
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In one 

iCualicyllrainino-Coalkyl-amino. f(Ci.galkylli-amino-C1.salky112-amino, 

is 

(Cjialkyl-amino-Cualkyll(Caalkyllamino, 

f(coalky112-amino-Ci.salkyll(CHalkyl)amino, Ch8alkoxy-Ci.olkyl-amino, 

(CiAalkoxy-C I .Ralky112-amino. (C14alkoxy-Cj.galkyl)(Ci.galkyl)amino, 

Ci.galkyl-carbonyl-amino, Ci.salkoxy-carbonyl-amino, hydroxy-Ci.salkyl, 

hydroxy-Cwialkoxy-Cjaalkyl, hydroxy-Ckaalkyl-amino, (hydroxy-Ci.galkyliramino or 

f hydroxy-Cisalkyl)(Ci  •alkyl)amino• 

RI  is CLucycloalkvl. Cnicycloalkyl-Chaalkyl. C1.14cycloalkyl-amino, aryl-Ci.salkyl, 

a 	I-C .:alkox -carbon I a 	-sulfi 	i 	C 	alk I heteroc c1 I or 

heterocyclyl-Cualkyl; wherein, each instance of Chicycloalkyl. aryl and heterocvclvl 

optionally substituted with one, two or three RI  substituents;. 

or 

R< is. in each instance independentlysdemn halogen.h drox 	c 	no nitro.. allcect I 

halo-C 	alk I C 	alkox 	halo-C 	alkcpJA y,a nino C 	alk I-amino 	C . alk I -amino 

Ciaalkyl-thin; 

R, is in each instance ind . 	dent 	selected from halo len hvdrox 	no nitro C 	alk 

Ci.Ralkenyl, halo-Ci.Ralkyl, hydroxv-Ci.salkvI.Ci.galkoxy, halo-C lialkoxv, 

Cmalkoxy-Ci.galkyl. amino. Ci.salkyl-amino, (Coalkyl)ramino or Ci.salkyl-thio; and, 

R7 is Cuicycloalkyl. Clticycloalkyl-oxy, aryl. heterocycly1 or heteroaryl. 

aspeetexample, provided herein are compounds of Formula (I): 

5c 



...03,.. t
w,...w., 

44: .....N 	16 .5  
oL 

(I) 
100281 	or a form thereof, wherein w1, w2, w3, w4, w5, w6 and w7 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 

einbetilimemexample, provided herein is a pharmaceutical composition comprising a compound of 

Formula (I) or a fonn thereof, and a pharmaceutically acceptable carrier, excipient or diluent. In a 

specific eifibediniefttexample, provided herein is a compound of Formula (I) or a form thereof, or a 

phannaceutical composition thereof for treating spinal muscular atrophy (SMA). 

100291 	SMA is caused by deletion or mutation of the SMN I 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 

Smn that would have been expressed from the SMN I 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 

SMN2 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 pan, on the 

Applicants discovery that a compound of Formula (I) 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 SMN2 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 SMN 1 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 SMNI into mRNA that is transcribed from the SMN1 gene. 

100301 	In another aspect. provide herein is 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 

etwbeEliniewtexample, provided herein are compounds of Formula (I) 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 enibeelinientexample, provided herein are compounds of Formula (I) or a form thereof 
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that may be used to modulate 

SMN I gene. In yet another embedifftentexample, 

the inclusion of exon 7 of SMN I into 

provided herein 

mRNA that is transcribed from the 

are compounds of Formula (I) or a 

form thereof that may 

is transcribed from the 

be used 

SMN 1 

to modulate the inclusion of exon 

and SMN2 genes, respectively. 

7 of SMN I and SMN2 into mRNA that 
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[0031] 	In another aspect, the present invention refers to the use of the compound of the present 

invention 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 embodimentexample, 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 

composition of the present invention for use in treating SMA in a human subject in need thereof The 

compound of Formula (I) or a form thereof is preferably administered to a human subject in a 

pharmaceutical composition. In another specific embodimentexample, provided herein is the use of a 

compound of Formula (I) for treating SMA, wherein the compound enhances the inclusion of exon 7 of 

SMN2 into mRNA that is transcribed from the SMN2 gene. Without being limited by theory, compounds 

of Formula (I) 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 

[0032] 	In another aspectexample, provided herein are primers and/or probes described below in the 

Biological Examples (e.g., SMN primers such as SEQ ID NO. 1, 7, 8, 11 or 13, and/or SEQ ID NO. 2, 9 

or 12, and/or SMN probes such as a SEQ ID NO. 3 or 10) and the use of those primers and/or probes. In 

a specific embodimentexample, provided herein is an isolated nucleotide sequence comprising SEQ ID 

NO. 1, 2, 3, 7, 8, 9, 10, 11, 12 or 13. In another specific - 	- - - 	example, provided herein is an 

isolated nucleotide sequence consisting essentially of SEQ ID NO. 1, 2, 3, 7, 8, 9, 10, 11, 12 or 13. In 

herein is 	isolated another specific embodimentexample, provided 	an 	nucleotide sequence consisting of 

SEQ ID NO. 1, 2, 3, 7, 8, 9, 10, 11, 12 or 13. 

[00331 	In certain emb dimenEexamples, the amount of mRNA that is transcribed from the SMN1 

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 disclosed herein. In other embsdimentsexarnples, 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 

embodimentexample, the patient is an SMA patient. In another specific cmhodimentexample, the patient 

is not an SMA patient. 

[0034] 	In certain embodimenEexamples, the amount of mRNA that is transcribed from the SMNI 

and/or SMN2 gene and includes exon 7 of SMNI and/or SMN2 as well as the amount of mRNA that is 

transcribed from the SMNI and/or SMN2 gene and does not include exon 7 of SMN1 and/or SMN2 may 

be used as biomarkers for treating a patient with a compound, such as 
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disclosed herein. In a specific emb dimentexample, the patient is an SMA patient 	In another specific 

ernbodimemexample, the patient is not an SMA patient. 

[0035] 	In accordance with these embeclimantsexamples, an SMN primer(s) and/or an SMN probe 

described below may be used in assays, such as PCR (e.g., qPCR), 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 SMNI gene and/or SMN2 gene and does or does not include exon 7 of SMNI and/or 

SMN2. 

[0036] 	In a specific emb dimentexample, 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 ID 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-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 (I) or a form thereof) enhances the inclusion of exon 7 of SMN2 into mRNA that is transcribed 

from an SMN2 gene. 

[0037] 	In 	 described below in 	Biological a specific embodimentexample, a primer and/or probe 	 the 

Examples (e.g., SMN primers such as SEQ ID NO. 1, 7, 8, 11 or 13 and/or SEQ ID 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-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 (I) or a form thereof) enhances the inclusion of exon 7 of SMNI into mRNA that is transcribed 

from an SMNI gene. 

[00381 	In a specific emb 	dimentexample, a primer and/or probe described below in the Biological 

Examples (e.g., SMN primers such as SEQ ID NO. 1, 7, 8, II or 13 and/or SEQ ID 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-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 (I) or a form thereof) enhances the inclusion of exon 7 of SMNI and/or SMN2 into mRNA that 

is transcribed from an SMN1 and/or SMN2 gene. 

[0039] 	In another embodimentexample, 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 ID NO. 3 or 10) is used in an assay, such as RT-PCR, RT- 
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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 SMN2 gene and includes exon 7 of SMN2 in a patient sample. In a specific 

emsodimentexample, the patient is an SMA patient. In another specific emb 	dimentexample, the patient 

is not an SMA patient. 

[0040] 	In another emberlimentexample, 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 ID 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 SMNI gene and includes exon 7 of SMN1 in a patient sample. In a specific emb dimentexample, the 

is 	SMA 	In 	 is 	SMA patient 	an 	patient. 	another specific emboditnentexample, the patient 	not an 	patient. 

100411 	In another embodimentexample, 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 ID 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 SMNI and/or SMN2 gene and includes exon 7 of SMN1 and/or SMN2 in a patient sample. In a 

specific 	 example, the patient is an SMA patient. In another specific embodimentexample, the 

patient is not an SMA patient. 

100421 	In another emberlimentexample, 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-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 a patient's response to a compound (e.g., a 

compound of Formula (I) or a form thereof). In a specific embodimentexample, the patient is an SMA 

patient. In another specific emb dimentexample, the patient is not an SMA patient. 

[0043] 	In 	 herein is 	for determining another embodimentexample, provided 	a method 	 whether a 

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

W02010/019236) 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-qPCR, PCR, endpoint RT-PCR, qPCR 

or rolling circle amplification; and (b) detecting the amount of mRNA that is transcribed from the 

minigene and includes exon 7 of the SMN2, wherein (I) 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 is transcribed from the SMN2 gene. 

[00441 	In another embodimentexample, 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 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 W02010/019236) 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. I and/or 2) along with applicable 

components for, e.g., RT-PCR, RT-qPCR, PCR, endpoint RT-PCR, qPCR or rolling 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 inclusion 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 SMN I in the presence of the compound relative to the amount of mRNA 

that is transcribed from the minigene and includes exon 7 of SMNI in the absence of the compound 

indicates that the compound does not enhance the inclusion of exon 7 of SMNI into mRNA that is 

transcribed from the SMN1 gene. 

[0045] 	In another 	 example, 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 W02010/019236) or United States 

Publication Number U S2011/0172284 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 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 is transcribed from the SMN2 gene. 

[0046] 	In another 	: a ' 	example, 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 SMNI 

into mRNA that is transcribed from the SMN I gene, comprising (a) contacting mRNA that is transcribed 

from an SMNI minigene described in International Application PCT/US2009/004625, filed August 13, 

2009 (published as International Publication Number W02010/019236) 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 mini gene and includes exon 7 of the SMN I , 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 inclusion 

of exon 7 of SMN I 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 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 SMN2 into mRNA that is transcribed from the SMN2 gene. 

10047] 	In another embodimentexample, 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 W02010/019236) 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, 

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 relative to the 
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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 is transcribed from the SMN2 gene. 

[00481 	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 I 

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 W02010/019236) 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, 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 SMN I 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 inclusion 

of exon 7 of SMN 1 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 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 transcribed from the SMN1 gene. 

[0049] 	In another aspeetexample, provided herein are kits comprising 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 ID NO. 2, 9 or 12, and/or SMN probes such as a SEQ ID NO. 3 or 10) and the use thereof. 

BRIEF DESCRIPTION OF THE FIGURES 

[00501 	Figure I, referenced in Biological Example 1, is a schematic drawing of the SMN2-A 

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

13 



742-(dimethylamino)ethoxy]-2-(4-ethy1-6-methylpyrazolo[1,5-a]pyrazin-2-y1)-9-
methyl-4H-pyrido[1,2-a]pyrimidin-4-one 

742-(dimethylamino)ethoxy1-2-(4-ethy1-6-methylpyrazolo[1,5-a]pyrazin-2-y1)-4H-
pyrido[1,2-a]pyrimidin-4-one 

2-(4-ethy1-6-methylpyrazolo[ I ,5-a]pyrazin-2-y1)-7-(pipe din-4-ylmethoxy)-4H-
pyrido[1,2-a]pyrimidin-4-one 

2-(4-ethy1-6-methylpyrazolo[1,5-a]pyrazin-2-y1)-742-(piperidin-l-ypethoxy]-4H-
pyrido[1,2-a]pyrimidin-4-one 

2-(4-ethy1-6-methylpyrazolo[1,5-a]pyraz 	-2-y1)-743-(morpholin-4-yl)propoxy]-4H-
pyrido[1,2-a]pyrimidin-4-one 

743-(dimethylamino)propoxy]-2-(4-ethy1-6-methylpyrazolo[1,5-a]pyrazin-2-y1)-4H-
pyrido[1,2-a]pyrimidin-4-one, or 

2-(4,6-dimethylpyrazolo[1,5-a]pyrazin-2-y1)-7-[(3aR,6aS)-5- 
methylhexahydropyrrolo[3,4-c]prTol-2(1H)-y1]-4H-pyrido[1,2-a]pyrimidin-4-one 

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

thereof 

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

of: 

2-(3,5-difluoro-4-hydroxypheny1)-7-(piperaz n-l-y1)-4H-pyrido[1,2-a]pyt 	idin-4-
one hydrochloride 

7-[4-(dimethylamino)piperidin-l-y1]-2-(3-fluoro-4-methoxypheny1)-4H-quinolizin- 
4-one acetate 

2-(2-methy1-1,3-benzothiazol-6-y1)-7-(piperidin-4-y1)-4H-pyrimido[1,2-1Thyridazin- 
4-one trifluoroacetate (1:1), or 

2-(1,3-dimethylpyrrolo[1,2-a]pyrazin-7-y1)-7-(1,2,3,6-tetrahydropyridin-4-y1)-4H-
pyrazino[1,2-a]pyrimidin-4-one hydrochloride (1:2) 

or a free base, isotopologue, stereoisomer, racemate, enantiomer, diastereomer or 

tautomer thereof. 

9.  A pharmaceutical composition comprising an effective amount of the compound of 

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

10.  The pharmaceutical composition of claim 9 for use in the treatment of spinal muscular 

atrophy (SMA). 

11.  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 I. 
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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 claim I. 

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

SMA patient. 

' 	- 	- 	 - 	-  	- .- : : 	: 	: 	: 

te-the-subjeet-an-effeetive-ameunt-Use of the compound of claim 1 in the manufacture of 

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

. 

te-the-subjeet-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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