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or a compound of Formulas (I’), (II’), (III’), (IV’), (V’), (collectively referred to herein 

as Formulas (I’)-(V’)” or a pharmaceutically acceptable salt thereof, that regulate PKM2, 

wild type and/or mutant enzymes (such as those described herein).   

In an aspect, there is provided the use of a compound of Formula (I):  

(I) 5 

or a pharmaceutically acceptable salt thereof, in the manufacture of a 

medicament for modulating treating a disease associated with the aberrant activity of 

pyruvate kinase M2 (PKM2) in a subject in need thereof, wherein 

Q is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, 

optionally substituted alkynyl, optionally substituted cycloalkyl, optionally substituted 10 

heterocyclyl, optionally substituted aryl, or optionally substituted heteroaryl;  

R1 is hydrogen, optionally substituted alkyl, optionally substituted haloalkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted 

cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, –ORo1, 

–C(=O)Rc1, or a nitrogen protecting group; 15 

L1 is a bond, optionally substituted alkylene, –O–, –S–, –S−CH2–, –S(=O)CH2–, 

–S(=O)2CH2–, –NR3–, –NR3C(=O)–, –C(=O)NR3–, –C(=O)–, –OC(=O)–,  –C(=O)O–, 

–NR3C(=O)O–, –OC(=O)NR3–,  –NR3C(=O)NR3–,  –OC(R4)2–, –C(R4)2O–, 

–NR3C(R4)2–, –C(R4)2NR3–, –S(=O)2–, –S(=O)–, –S(=O)2O–, –OS(=O)2–, –S(=O)O–, 

–OS(=O)–, –S(=O)2NR3–, –NR3S(=O)2–, –S(=O)NR3–, –NR3S(=O)–, –NR3S(=O)2O–, 20 

–OS(=O)2NR3–, –NR3S(=O)O–, –OS(=O)NR3–, or –S(=O)(=NR3)–, wherein the point 

of the attachment to R2 is on the left-hand side;  

L2 is a bond, optionally substituted alkylene, –C(=O)–, –S(=O)2–, or –S(=O)–, 

wherein the point of the attachment to Q is on the right-hand side;  

R2 is hydrogen, halogen, optionally substituted alkyl, optionally substituted 25 

alkoxy, optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, or 

optionally substituted heteroaryl, or a nitrogen protecting group when L1 is –NR3–, 

–NR3C(=O)–, –NR3C(=O)O–, –NR3C(R4)2–, –NR3S(=O)2–, –NR3S(=O)–, 

–NR3C(=O)NR3–,  –NR3S(=O)2O–, or –NR3S(=O)O–, an oxygen protecting group when 30 
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L1 is –O–, –OC(=O)–, –OC(=O)NR3–, –OC(R4)2–, –OS(=O)2–, –OS(=O)2NR3–, 

–OS(=O)NR3–, or –OS(=O)–, or a sulfur protecting group when L1 is –S–;  

each instance of R3 is independently hydrogen, –ORo2, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, 5 

optionally substituted heteroaryl, or a nitrogen protecting group;  

each instance of Ro1, and Ro2 is independently hydrogen, optionally substituted 

alkyl, or an oxygen protecting group; 

each instance of Rc1 is independently optionally substituted alkyl or –N(Rcn)2, 

wherein each instance of Rcn is independently hydrogen, −C1-6 alkyl, or a nitrogen 10 

protecting group; and 

each instance of R4 is independently hydrogen, optionally substituted alkyl, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted 

cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, or optionally 

substituted heteroaryl 15 

In another aspect of the present disclosure, there is provided use of a compound of 

Formula (I) as defined above or a pharmaceutically acceptable salt thereof, in the 

manufacture of a medicament for treating cancer, obesity, a diabetic disease (e.g. 

diabetic nephropathy (DN)), atherosclerosis, restenosis, coronary artery disease (CAD), 

Bloom Syndrome (BS), benign prostatic hyperplasia (BPH), or an autoimmune disease. 20 

In another aspect, there is provided the use of a compound of Formula (I) as defined 

above or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament 

for treating hyperglycemia in a subject in need thereof.  

In another aspect, there is provided the use of a compound of Formula (I) as defined 

above or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament 25 

for treating a diabetic disease in a subject in need thereof  

In one example, the disclosure provides a method of modulating pyruvate kinase 

M2 (PKM2) activity in a subject, comprising administering an effective amount of  a 

compound of Formula (I) or a pharmaceutically acceptable salt thereof: 
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(I) 

wherein Q, R1, R2, L1, L2 and Q are as defined herein. 

 In one example, the compound or pharmaceutically acceptable salt thereof is 

selected from the compounds of Table 1, and Figures 1A-1C, 2A-2C, and 3. 

 Also provided is a method of modulating pyruvate kinase M2 (PKM2) activity in 5 

a subject in need thereof, comprising administering a pharmaceutical composition 

comprising an effective amount of a compound of Formulas (I)-(IX) or a 

pharmaceutically acceptable salt thereof, or a compound of Formulas (I’)-(V’) or a 

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. 

In another example, provided is a method of modulating (e.g., increasing or 10 

decreasing) the level of PKM2 activity in a subject in need thereof comprising 

administering an effective amount of a compound described herein to the subject.  In 

some examples, a compound or a composition described herein is used to maintain 

PKM2 in its active conformation or activate pyruvate kinase activity in proliferating 

cells as means to divert glucose metabolites into catabolic rather than anabolic processes 15 

in the patient. In certain eaxmples, the provided method increases the level of (i.e. 

activating) PKM2 activity in the subject. In certain examples, the provided method 

decreases the level of PKM2 activity in the subject.       

In another example, provided is a method of modulating (e.g., increasing or 

decreasing) the level of plasma glucose in a subject in need thereof comprising 20 

administering an effective amount of a compound described herein to the subject. In 

certain examples, the provided method increases the level of plasma glucose in the 

subject. In certain examples, the provided method decreases the level of plasma glucose 

in the subject.      
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In another example, provided is a method of inhibiting cell proliferation in a subject 

in need thereof comprising administering an effective amount of a compound described 

herein to the subject.  E.g., this method can inhibit growth of a transformed cell, e.g., a 

cancer cell, or generally inhibiting growth in a PKM2-dependent cell that undergoes aerobic 

glycolysis.  5 

In another example, provided is a method of treating a subject suffering from or 

susceptible to a disease or disorder associated with the function of PKM2 comprising 

administering an effective amount of a compound described herein to the subject. In certain 

examples, the method further comprises identifying or selecting a subject who would benefit 

from modulation (e.g., activation) of PKM2 and/or plasma glucose.  E.g., the patient can be 10 

identified on the basis of the level of PKM2 activity in a cell of the patient for treatment of 

cancer associated with PKM2 function.  In another example, the selected patient is a subject 

suffering from or susceptible to a disorder or disease identified herein, e.g., a disorder 

characterized by unwanted cell growth or proliferation. In certain examples, the disease is a 

neoplastic disorder. In certain examples, the disease is cancer, obesity, a diabetic disease 15 

(e.g. diabetic nephropathy (DN)), atherosclerosis, restenosis, coronary artery disease (CAD),

Bloom Syndrome (BS), benign prostatic hyperplasia (BPH), or an autoimmune disease. In 

certain examples, the disease is cancer. In certain examples, the disease is a diabetic disease. 

In certain examples, the diabetic disease is diabetic nephropathy (DN). In certain examples, 

the disease is coronary artery disease (CAD).    20 

In one example, provided is use of a compound described herein or a 

pharmaceutically acceptable salt thereof or a pharmaceutical composition comprising the 

same in any of the methods of the disclosure described above. In one example, provided is a 

compound described herein or a pharmaceutically acceptable salt thereof or a 

pharmaceutical composition comprising the same for use in any of the method of the 25 

disclosure described above. In another example, provided is use of a compound described 

herein or a pharmaceutically acceptable salt thereof or a pharmaceutical composition 

comprising the same for the manufacture of a medicament for any of the method as 

described. 

30 

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1A-1C are listings of the structures of other exemplary compounds used in 

the methods of the invention. 
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CLAIMS 

 

1. Use of a compound of Formula (I):  

(I) 

or a pharmaceutically acceptable salt thereof, in the manufacture of a 5 

medicament for treating a proliferative disease in a subject in need thereof, wherein 

Q is optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted heterocyclyl, 

optionally substituted aryl, or optionally substituted heteroaryl;  

R1 is optionally substituted alkyl, optionally substituted haloalkyl, optionally 10 

substituted alkenyl, optionally substituted alkynyl, optionally substituted cycloalkyl, 

optionally substituted heterocyclyl, optionally substituted aryl, –ORo1,  

–C(=O)Rc1, or a nitrogen protecting group; 

L1 is a bond, optionally substituted alkylene, –O–, –S–, –S−CH2–, –S(=O)CH2–, 

–S(=O)2CH2–, –NR3–, –NR3C(=O)– , –C(=O)NR3–, ––C(=O)–,  –OC(=O)– ,   15 

–C(=O)O–, –NR3C(=O)O–, –OC(=O)NR3–,  –NR3C(=O)NR3–,  –OC(R4)2–, –C(R4)2O–, 

–NR3C(R4)2–, –C(R4)2NR3–, –S(=O)2–, –S(=O)–, –S(=O)2O–, –OS(=O)2–, –S(=O)O–, 

–OS(=O)–, –S(=O)2NR3–, –NR3S(=O)2–, –S(=O)NR3–, –NR3S(=O)–, – NR3S(=O)2O–, 

–OS(=O)2NR3–, – NR3S(=O)O–, –OS(=O)NR3–, or –S(=O)(=NR3)–, wherein the point 

of the attachment to R2 is on the left-hand side;  20 

L2 is a bond, optionally substituted alkylene, –C(=O)–, –S(=O)2–, or –S(=O)–, 

wherein the point of the attachment to Q is on the right-hand side;  

R2 is halogen, optionally substituted alkyl, optionally substituted alkoxy, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted 

cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, or optionally 25 

substituted heteroaryl, or a nitrogen protecting group when L1 is –NR3–, 

–NR3C(=O)–, –NR3C(=O)O–, –NR3C(R4)2–, –NR3S(=O)2–,–NR3S(=O)–, 

–NR3C(=O)NR3–,  – NR3S(=O)2O–, or –NR3S(=O)O–, an oxygen protecting group 

when L1 is –O–, –OC(=O)–, –OC(=O)NR3–,  –OC(R4)2–, –OS(=O)2–, –OS(=O)2NR3–, 

–OS(=O)NR3–, or –OS(=O)–, or a sulfur protecting group when L1 is –S–;  30 
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each instance of R3 is independently hydrogen, –ORo2, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, 

optionally substituted heteroaryl, or a nitrogen protecting group;  

each instance of Ro1, and Ro2 is independently hydrogen, optionally substituted 5 

alkyl, or an oxygen protecting group; 

each instance of Rc1 is independently optionally substituted alkyl or –N(Rcn)2, 

wherein each instance of Rcn is independently hydrogen, −C1-6 alkyl, or a nitrogen 

protecting group; and 

each instance of R4 is independently hydrogen, optionally substituted alkyl, 10 

optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted 

cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, or optionally 

substituted heteroaryl.  

  

2. Use of a compound of Formula (I) as defined in claim 1 or a pharmaceutically 15 

acceptable salt thereof, in the manufacture of a medicament for treating cancer, obesity, 

a diabetic disease (e.g. diabetic nephropathy (DN)), atherosclerosis, restenosis, coronary 

artery disease (CAD), Bloom Syndrome (BS), benign prostatic hyperplasia (BPH), or an 

autoimmune disease.  

 20 

3. Use of a compound of Formula (I) as defined in claim 1 or a pharmaceutically 

acceptable salt thereof, in the manufacture of a medicament for treating hyperglycemia 

in a subject in need thereof.  

 

4. Use of a compound of Formula (I) as defined in claim 1 or a pharmaceutically 25 

acceptable salt thereof, in the manufacture of a medicament for treating a diabetic 

disease in a subject in need thereof.  

 

5. The use of any one of the preceding claims, wherein:  

Q is optionally substituted −C1-C6 alkyl, optionally substituted C3-C12 cycloalkyl, 30 

optionally substituted 3- to 14-membered heterocyclyl, optionally substituted 6- to 14-

membered aryl, or optionally substituted 5- to 14-membered heteroaryl;  

R1 is optionally substituted −C1-C6 alkyl, optionally substituted 

−C1-C6 haloalkyl, optionally substituted −C2-C6 alkenyl, optionally substituted 



 

269 
 

−C2-C6 alkynyl, optionally substituted C3-C12 cycloalkyl, optionally substituted 3- to 14-

membered heterocyclyl, optionally substituted 6- to 12-membered aryl, –ORo1, 

–C(=O)Rc1, or a nitrogen protecting group;   

L1 is a bond, optionally substituted C1-6 alkylene, –O–, –S–, –S−CH2–, 

–S(=O)CH2–, –S(=O)2CH2–, –NR3–, –NR3C(=O)– , –C(=O)NR3–, ––C(=O)–, 5 

 –OC(=O)– ,  –C(=O)O–, –NR3C(=O)O–, –OC(=O)NR3–,  –NR3C(=O)NR3–, 

 –OC(R4)2–, –C(R4)2O–, –NR3C(R4)2–, –C(R4)2NR3–, –S(=O)2–, –S(=O)–, –S(=O)2O–, 

–OS(=O)2–, –S(=O)O–, –OS(=O)–, –S(=O)2NR3–, –NR3S(=O)2–, –S(=O)NR3–, 

–NR3S(=O)–, – NR3S(=O)2O–, –OS(=O)2NR3–, –NR3S(=O)O–, –OS(=O)NR3–, or 

–S(=O)(=NR3)–, wherein the point of the attachment to R2 is on the left-hand side;  10 

L2 is a bond, optionally substituted C1-C6 alkylene, –C(=O)–, –S(=O)2–, or 

–S(=O)–, wherein the point of the attachment to Q is on the right-hand side; 

R2 is  halogen, optionally substituted −C1-C6 alkyl, optionally substituted −C1-C6 

alkoxy, optionally substituted −C3-C12 cycloalkyl, optionally substituted 3- to 14-

membered heterocyclyl, optionally substituted −C6-C12 aryl, or optionally substituted 3- 15 

to 14-membered heteroaryl, or a nitrogen protecting group when L1 is –NR3–, –

NR3C(=O)–, –NR3C(=O)O–, –NR3C(R4)2–, –NR3S(=O)2–, 

–NR3S(=O)–, –NR3C(=O)NR3–,  –NR3S(=O)2O–, or –NR3S(=O)O–, an oxygen 

protecting group when L1 is –O–, –OC(=O)–, –OC(=O)NR3–,  –OC(R4)2–, –OS(=O)–, 

–OS(=O)2–, –OS(=O)2NR3–, –OS(=O)NR3–, or –OS(=O)–, or a sulfur protecting group 20 

when L1 is –S–;  

each instance of R3 is independently hydrogen, –ORo2, optionally substituted 

−C1-C6 alkyl, optionally substituted −C2-C6 alkenyl, optionally substituted −C2-C6 

alkynyl, optionally substituted C3-C12 cycloalkyl, optionally substituted C3-C12 

heterocyclyl, optionally substituted C6-C12 aryl, optionally substituted C5-C12 heteroaryl, 25 

or a nitrogen protecting group;  

each instance of Ro1 and Ro2 is independently hydrogen, optionally substituted 

−C1-C6 alkyl, or an oxygen protecting group; 

each instance of Rc1 is independently optionally substituted −C1-C6 alkyl or 

–N(Rcn)2, wherein each instance of Rcn is independently hydrogen, −C1-C6 alkyl, or a 30 

nitrogen protecting group; 

each instance of R4 is independently hydrogen, optionally substituted −C1-C6 

alkyl, optionally substituted −C2-C6 alkenyl, optionally substituted −C2-C6 alkynyl, 

optionally substituted C3-C12 cycloalkyl, optionally substituted 3- to 14-membered 
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heterocyclyl, optionally substituted C6-C12 aryl, or optionally substituted 5- to 14-

membered heteroaryl.  

 

6. The use of any one of the preceding claims, wherein:  

Q is C6-C12 aryl, 5- to 6-membered monocyclic heteroaryl, or 8- to 12-membered 5 

bicyclic heteroaryl, each of which is substituted with 0-3 occurrences of Rc;  

R1 is selected from −C1-C6 alkyl, −C1-C6 haloalkyl, C3-C7 monocyclic cycloalkyl 

and 3- to 14-membered heterocyclyl, –ORo1, –C(=O)Rc1, or a nitrogen protecting group; 

wherein each alkyl, cycloalkyl or heterocyclyl is substituted with 0-3 occurrences of Rd; 

R2  is selected from halogen, −C1-C6 alkyl, −C1-C6 alkoxy, C3-C7 monocyclic 10 

cycloalkyl, C6-C12 bicyclic cycloalkyl, 3- to 14-membered heterocyclyl, 

C6-C12 aryl, 5- to 6-membered monocyclic heteroaryl, 8- to 12-membered bicyclic 

heteroaryl, wherein each alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl is 

substituted with 0-3 occurrences of Re, or a nitrogen protecting group when L1 is –NR3–, 

–NR3C(=O)–, –NR3C(=O)O–, –NR3C(R4)2–, –NR3S(=O)2–,–NR3S(=O)–, 15 

–NR3C(=O)NR3–,  –NR3S(=O)2O–, or –NR3S(=O)O–, an oxygen protecting group when 

L1 is –O–, –OC(=O)–, –OC(=O)NR3–,  –OC(R4)2–, –OS(=O)–, –OS(=O)2–, 

–OS(=O)2NR3–, –OS(=O)NR3–, or –OS(=O)–, or a sulfur protecting group when L1 is 

–S–;    

R3 is selected from hydrogen, –ORo2, −C1-C6 alkyl, C3-C7 monocyclic cycloalkyl, 20 

C6-C12 bicyclic cycloalkyl, 3- to 14-membered heterocyclyl, C6-C12 aryl, 5- to 6-

membered monocyclic heteroaryl, and 8- to 12-membered bicyclic heteroaryl, wherein 

each alkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl is substituted with 0-3 

occurrences of Rf; 

R4 is selected from hydrogen, −C1-C6 alkyl, C3-C7 monocyclic cycloalkyl, and 3- 25 

to 14-membered heterocyclyl, wherein each alkyl, cycloalkyl or heterocyclyl is 

substituted with 0-1 occurrences of Rg; 

L1 is a bond,  an alkylene substituted with 0-3 occurences of Rh, –O–, –S–, 

–S–CH2–, –S(=O)CH2–, –S(=O)2CH2–, –NR3–, –NR3C(=O)– , –C(=O)NR3–, –C(=O)–,  

–OC(=O)– ,  –C(=O)O–, –NR3C(=O)O–, –OC(=O)NR3–, –NR3C(=O)NR3–, –OC(R4)2–, 30 

–C(R4)2O–, –NR3C(R4)2–, –C(R4)2NR3–, –S(=O)2–, –S(=O)–, –S(=O)2O–, –OS(=O)2–, 

–S(=O)O–, –OS(=O)–, –S(=O)2NR3–, –NR3S(=O)2–, –S(=O)NR3–, –NR3S(=O)–, 

– NR3S(=O)2O–, –OS(=O)2NR3–, –NR3S(=O)O–, –OS(=O)NR3–, or –S(=O)(=NR3)–, 

wherein the point of the attachment to R2 is on the left-hand side;  
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L2 is a bond, an alkylene substituted with 0-3 occurences of Rh, –C(=O)–, 

–S(=O)2–, or –S(=O)–, wherein the point of the attachment to Q is on the right-hand 

side; 

each Rc is independently selected from halo, −C1-C6 alkyl, −C1-C6 haloalkyl, 

−C1-C6 hydroxyalkyl, −OH, −OC1-C6 alkyl, −C1-C6 aminoalkyl, −NH(C1-C6 alkyl), 5 

−N(C1-C6 alkyl)2, −C(=O)OC1-C6 alkyl, −C(=O)OH, −C(=O)C1-C6 alkyl, −C(=O)NH2, 

−C(=O)NH(C1-C6 alkyl), −C(=O)N(C1-C6 alkyl )2, −NHC(=O)NH2, −NHC(=O)NH(C1-

C6 alkyl), –NH(C=O)N(C1-C6 alkyl)2, −NHC(=O)(C1-C6 alkyl), −N(C1-C6 

alkyl)C(=O)(C1-C6 alkyl), –S(=O)2NH2, –S(=O)2NH(C1-C6 alkyl), –S(=O)2N(C1-C6 

alkyl)2, −NHS(=O)2(C1-C6 alkyl), −NH2, −CN, and −NO2; or two instances of Rc 10 

attached to the same or adjacent carbon atoms, are taken together with the carbon atoms 

to which they are attached form a cycloalkyl or a heterocyclylC(=O)OH; 

each Rd is independently selected from halo, −C1-C6 alkyl, −OH, −OC1-C6 alkyl, 

−NH2 and −CN; 

each Re is independently selected from halo, −C1-C6 alkyl, −C1-C6 haloalkyl, 15 

−C1-C6 hydroxyalkyl, −OH, −OC1-C6 alkyl, −C1-C6 aminoalkyl, −NH(C1-C6 alkyl), 

−N(C1-C6 alkyl)2, −C(=O)OC1-C6 alkyl, −C(=O)OH, −C(=O)C1-C6 alkyl, −C(=O)NH2, 

−C(=O)NH(C1-C6 alkyl), −C(=O)N(C1-C6 alkyl )2, −NHC(=O)NH2, −NHC(=O)NH(C1-

C6 alkyl), –NH(C=O)N(C1-C6 alkyl)2, −NHC(=O)(C1-C6 alkyl), −N(C1-C6 

alkyl)C(=O)(C1-C6 alkyl), –S(=O)2NH2, –S(=O)2NH(C1-C6 alkyl), –S(=O)2N(C1-C6 20 

alkyl)2, −NHS(=O)2(C1-C6 alkyl), −NH2, −CN, and −NO2; or two instances of Re 

attached to the same or adjacent carbon atoms, are taken together with the carbon atoms 

to which they are attached form a cycloalkyl or a heterocyclyl; 

each Rf is independently selected from halo, −C1-C6 alkyl, −C1-C6 haloalkyl, 

−C1-C6 alkoxy, −OH, −NH2, −CN and −NO2; 25 

each Rg is independently selected from halo, −C1-C6 alkyl, −C1-C6 haloalkyl, 

−C1-C6 alkoxy, −OH, NH2, −CN and NO2 and; 

each Rh is independently selected from halo, −C1-C6 alkyl, −C1-C6 haloalkyl, 

−C1-C6 hydroxyalkyl, −OH, −OC1-C6 alkyl, −C1-C6 aminoalkyl, −NH(C1-C6 alkyl), 

−N(C1-C6 alkyl)2, −C(=O)OC1-C6 alkyl, −C(=O)OH, −C(=O)C1-C6 alkyl, −C(=O)NH2, 30 

−C(=O)NH(C1-C6 alkyl), −C(=O)N(C1-C6 alkyl )2, −NHC(=O)NH2, −NHC(=O)NH(C1-

C6 alkyl), –NH(C=O)N(C1-C6 alkyl)2, −NHC(=O)(C1-C6 alkyl), −N(C1-C6 

alkyl)C(=O)(C1-C6 alkyl), –S(=O)2NH2, –S(=O)2NH(C1-C6 alkyl), –S(=O)2N(C1-C6 

alkyl)2, −NHS(=O)2(C1-C6 alkyl), −NH2, −CN, and −NO2, S(=O)2aryl, S(=O)2heteroaryl 



 

272 
 

and =NOH or two instances of Rh attached to the same or adjacent carbon atoms, are 

taken together with the carbon atoms to which they are attached form a cycloalkyl or a 

heterocyclyl. 

 

7. The use of any one of the preceding claims, wherein the compound is of Formula 5 

(II):  

 (II) 

or a pharmaceutically acceptable salt thereof, wherein: 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 10 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 15 

alkyl, or an oxygen protecting group; and 

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl. 

 

8. The use of any one of the preceding claims, wherein L1 is C1-6 alkylene 

substituted with Rj and Rk;  20 

wherein each instance of Rj and Rk is independently selected from H, halogen, 

−CN, –ORo7, –N(Rn5)2, –N(Rn5)C(=O) Rc5, –C(=O)N(Rn5)2, –C(=O)Rc5, –C(=O)ORo7, 

–SRjs, –S(=O)2Rjs, or –S(=O)Rjs, optionally substituted −C1-C6 alkyl; or Rj and Rk can be 

taken together with the carbon atom to form C=O, C=NRjn, an optionally substituted 

C3-C6 monocyclic cycloalkyl ring or an optionally substituted C3-C6 monocyclic 25 

heterocyclyl ring;  

each of Rn5 and Rjn is independently hydrogen, optionally substituted −C1-C6 

alkyl, −ORo8, or a nitrogen protecting group; 

each instance of Ro7 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 30 



 

273 
 

each instance of Ro8 is indepenently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc5 is independently optionally substituted −C1-C6 alkyl; and  

each instance of Rjs is independently optionally substituted −C1-C6 alkyl, 

optionally substituted C6-12 aryl, optionally substituted heteroaryl, or a sulfur protecting 5 

group. 

 

9. The use of any one of the preceding claims, wherein Q is of one of the following 

formulae:  

; 10 

wherein: 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2,  15 

–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, –S(=O)Rs1, 

–S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, –S(=O)N(Rn2)2,  

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, –N(Rn2)S(=O)2N(Rn2)2, 

–N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or –OS(=O)2N(Rn2)2; or two 20 

instances of Rn attached to the same or adjacent carbon atoms, taken together with the 
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carbon atoms to which they are attached to form an optionally substituted cycloalkyl or a 

heterocycloalkyl; wherein: 

each instance of Rn2 is independently hydrogen, an optionally substituted 

−C1-C6 alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted 5 

−C1-C6 alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently an optionally substituted −C1-C6 

alkyl;  

each instance of Rs1 is independently an optionally substituted −C1-C6 

alkyl or a sulfur protecting group;  10 

n is 0, 1, 2, or 3, as valency permits; and  

each of Rna, Rnb, and Rnd is independently hydrogen, an optionally 

substituted −C1-C6 alkyl, or a nitrogen protecting group. 

 

10. The use of any one of claims 1-8, wherein Q is of one of the following formulae:  15 
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 wherein each instance of Rn is independently selected from hydrogen, halogen, 

−CN,−NO2,−N3, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted aryl, 

optionally substituted heterocyclyl, optionally substituted heteroaryl, –ORo4, –SRs1, 5 

–N(Rn2)2, –C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, 

–S(=O)Rs1, –S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, 

–S(=O)N(Rn2)2, –S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, 

–N(Rn2)C(=O)ORo4, –OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 

–N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, 10 

–OS(=O)2N(Rn2)2, or two instances of Rn attached to the same or adjacent carbon atoms, 

taken together with the atoms to which they are attached form an optionally substituted 

cycloalkyl or a heterocycloalkyl;  

each instance of Rna and Rnb is independently hydrogen, optionally substituted 

−C1-C6 alkyl, or a nitrogen protecting group; 15 

each instance of Rn2 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently optionally substituted −C1-C6 alkyl;  20 

each instance of Rs1 is independently optionally substituted −C1-C6 alkyl, or a 

sulfur protecting group; and  

n is 0, 1, 2, or 3, as valency permits. 
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11. The use of any one of the preceding claims, wherein R2 is selected from  halogen, 

optionally substituted C1-C6 alkyl, optionally substituted C2-C6 alkenyl, C2-C6 alkoxyl, 

optionally substituted phenyl, naphthalenyl, C3-6 cycloalkyl, optionally substituted 5-

membered heteroaryl, optionally substituted 6-membered heteroaryl, optionally 

substituted 8-membered bicyclic heteroaryl, and optionally substituted 9-membered 5 

bicyclic heteroaryl. 

 

12. The use of any one of the preceding claims, wherein R2 is of one of the following 

formulae:  
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wherein each instance of Rp is independently selected from hydrogen, halogen, 

−CN, −NO2, −N3, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted aryl, 5 
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optionally substituted heterocyclyl, optionally substituted heteroaryl, –ORo6, –SRs2, 

–N(Rn3)2, –C(=O)N(Rn3)2, –N(Rn3)C(=O)Rc4, –C(=O)Rc4, –C(=O)ORo6, –OC(=O)Rc4, 

–S(=O)Rs2, –S(=O)2Rs2, –S(=O)ORo6, –OS(=O)Rc4, –S(=O)2ORo6, –OS(=O)2Rc4, 

–S(=O)N(Rn3)2, –S(=O)2N(Rn3)2, –N(Rn3)S(=O)Rs2, –N(Rn3)S(=O)2Rs2, 

–N(Rn3)C(=O)ORo6, –OC(=O)N(Rn3)2, –N(Rn3)C(=O)N(Rn3)2, –N(Rn3)S(=O)N(Rn3)2, 5 

– N(Rn3)S(=O)2N(Rn3)2, –N(Rn3)S(=O)ORo6, –N(Rn3)S(=O)2ORo6, –OS(=O)N(Rn3)2, 

–OS(=O)2N(Rn3)2, or two instances of Rp attached to the same or adjacent carbon atoms, 

taken together with the atoms to which they are attached form an optionally substituted 

cycloalkyl or a heterocycloalkyl;  

each instance of Rn3, Rnc, and Rnd is independently hydrogen, optionally 10 

substituted −C1-C6 alkyl, or a nitrogen protecting group; 

each instance of Ro6 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc4 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rs2 is independently optionally substituted −C1-C6 alkyl, or a 15 

sulfur protecting group; and  

p is 0, 1, 2, or 3, as valency permits. 

 

13. The use of claim 12, wherein each instance of Rp is independently hydrogen, 

halogen, optionally substituted C1-4 alkyl, −CN, −NO2, −N3, –ORo6, –N(Rn3)2,  20 

–C(=O)N(Rn3)2, –C(=O)Rc4, or –C(=O)ORo6. 

 

14. The use of any one of claims 1-8 and 11-13, wherein the compound is of Formula 

(III):  

 (III); 25 

or a pharmaceutically acceptable salt thereof, wherein:  

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 30 
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each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl; 5 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2, 

–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, –S(=O)Rs1, 10 

–S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, –S(=O)N(Rn2)2,  

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 

– N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or 

–OS(=O)2N(Rn2)2; or two instances of Rn attached to the same or adjacent carbon atoms, 15 

taken together with the carbon atoms to which they are attached to form an optionally 

substituted cycloalkyl or a heterocycloalkyl; wherein: 

each instance of Rn2 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted −C1-C6 20 

alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently an optionally substituted −C1-C6 alkyl;  

each instance of Rs1 is independently an optionally substituted −C1-C6 alkyl or a 

sulfur protecting group; and 

n is 0, 1, 2, or 3, as valency permits. 25 

 

15. The use of any one of claims 1-9 and 11-13, wherein the compound is of Formula 

(IV):  

 (IV); 

or a pharmaceutically acceptable salt thereof, wherein: 30 
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Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 5 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl; 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 10 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2,  

–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, 

–S(=O)Rs1, –S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, 15 

–S(=O)N(Rn2)2,  

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 

–N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or 

–OS(=O)2N(Rn2)2; or two instances of Rn attached to the same or adjacent carbon atoms, 20 

taken together with the carbon atoms to which they are attached to form an optionally 

substituted cycloalkyl or a heterocycloalkyl; wherein: 

each instance of Rn2 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted −C1-C6 25 

alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently an optionally substituted −C1-C6 alkyl;  

each instance of Rs1 is independently an optionally substituted −C1-C6 alkyl or a 

sulfur protecting group; and 

n is 0, 1, 2, or 3, as valency permits. 30 

 

16. The use of any one of claims 1-9 and 11-13, wherein the compound is of Formula 

(V-a):  
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 (V-a),  

or a pharmaceutically acceptable salt thereof, wherein:  

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 5 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  10 

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl; 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2,  15 

–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, 

–S(=O)Rs1, –S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, 

–S(=O)N(Rn2)2,  

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 20 

–N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or 

–OS(=O)2N(Rn2)2; or two instances of Rn attached to the same or adjacent carbon atoms, 

taken together with the carbon atoms to which they are attached to form an optionally 

substituted cycloalkyl or a heterocycloalkyl; wherein: 

each instance of Rn2 is independently hydrogen, an optionally substituted −C1-C6 25 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently an optionally substituted −C1-C6 alkyl;  
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each instance of Rs1 is independently an optionally substituted −C1-C6 alkyl or a 

sulfur protecting group;   

and m is 0, 1, or 2. 

 

17. The use of any one of claims 1-9 and 11-13, wherein the compound is of Formula 5 

(V-b):  

 (V-b), 

or a pharmaceutically acceptable salt thereof, wherein:  

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 10 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 15 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl; 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 20 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2,  

–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, 

–S(=O)Rs1, –S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, 

–S(=O)N(Rn2)2,  

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  25 

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 

–N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or 

–OS(=O)2N(Rn2)2; or two instances of Rn attached to the same or adjacent carbon atoms, 

taken together with the carbon atoms to which they are attached to form an optionally 

substituted cycloalkyl or a heterocycloalkyl; wherein: 30 
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each instance of Rn2 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently an optionally substituted −C1-C6 alkyl;  5 

each instance of Rs1 is independently an optionally substituted −C1-C6 alkyl or a 

sulfur protecting group;   

m is 0, 1, or 2; and  

Rnc is independently hydrogen, optionally substituted −C1-C6 alkyl, or a nitrogen 

protecting group. 10 

 

18. The use of any one of claims 1-8 and 10-13, wherein the compound is of Formula 

(VI):  

 (VI) 

or a pharmaceutically acceptable salt thereof, wherein: 15 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 20 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl; 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 25 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2,  
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–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, 

–S(=O)Rs1, –S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, 

–S(=O)N(Rn2)2,  

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 5 

– N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or 

–OS(=O)2N(Rn2)2; or two instances of Rn attached to the same or adjacent carbon atoms, 

taken together with the carbon atoms to which they are attached to form an optionally 

substituted cycloalkyl or a heterocycloalkyl; wherein: 

each instance of Rn2 is independently hydrogen, an optionally substituted −C1-C6 10 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc3 is independently an optionally substituted −C1-C6 alkyl;  

each instance of Rs1 is independently an optionally substituted −C1-C6 alkyl or a 15 

sulfur protecting group;  

n is 0, 1, 2, or 3, as valency permits; and  

Rn7 is hydrogen, optionally substituted −C1-C6 alkyl, or a nitrogen protecting 

group.  

 20 

19. The use of any one of claims 1-9 and 11-13, wherein the compound is of Formula 

(IX):  

 (IX), 

or a pharmaceutically acceptable salt thereof, wherein 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 25 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 30 
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each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl; 

each instance of Rn is independently hydrogen, a halogen, −CN, −NO2, −N3, an 

optionally substituted alkyl, an optionally substituted alkenyl, an optionally substituted 5 

alkynyl, an optionally substituted cycloalkyl, an optionally substituted aryl, an optionally 

substituted heterocyclyl, an optionally substituted heteroaryl, –ORo4, –SRs1, –N(Rn2)2,  

–C(=O)N(Rn2)2, –N(Rn2)C(=O)Rc3, –C(=O)Rc3, –C(=O)ORo4, –OC(=O)Rc3, 

–S(=O)Rs1, –S(=O)2Rs1, –S(=O)ORo4, –OS(=O)Rc3, –S(=O)2ORo4, –OS(=O)2Rc3, 

–S(=O)N(Rn2)2,  10 

–S(=O)2N(Rn2)2, –N(Rn2)S(=O)Rs1, –N(Rn2)S(=O)2Rs1, –N(Rn2)C(=O)ORo4,  

–OC(=O)N(Rn2)2, –N(Rn2)C(=O)N(Rn2)2, –N(Rn2)S(=O)N(Rn2)2, 

–N(Rn2)S(=O)2N(Rn2)2, –N(Rn2)S(=O)ORo4, –N(Rn2)S(=O)2ORo4, –OS(=O)N(Rn2)2, or 

–OS(=O)2N(Rn2)2; or two instances of Rn attached to the same or adjacent carbon atoms, 

taken together with the carbon atoms to which they are attached to form an optionally 15 

substituted cycloalkyl or a heterocycloalkyl; wherein: 

each instance of Rn2 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro4 is independently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 20 

each instance of Rc3 is independently an optionally substituted −C1-C6 alkyl;  

each instance of Rs1 is independently an optionally substituted −C1-C6 alkyl or a 

sulfur protecting group;  

n is 0, 1, or 2; and  

Rnc is independently hydrogen, optionally substituted −C1-C6 alkyl, or a nitrogen 25 

protecting group. 

 

20. The use of any one of the preceding claims, wherein the compound is represented 

by the following structural formula: 

 30 
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(II’) 

or a pharmaceutically acceptable salt thereof, wherein: 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 5 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  10 

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rj and Rk is independently selected from H, halogen, −CN, 

–ORo7, –N(Rn5)2, –N(Rn5)C(=O) Rc5, –C(=O)N(Rn5)2, –C(=O)Rc5, –C(=O)ORo7, –SRjs, 

–S(=O)2Rjs, or –S(=O)Rjs, optionally substituted −C1-C6 alkyl; or Rj and Rk can be taken 

together with the carbon atom to form C=O, C=NRjn, an optionally substituted C3-C6 15 

monocyclic cycloalkyl ring or an optionally substituted C3-C6 monocyclic heterocyclyl 

ring;  

each of Rn5 and Rjn is independently hydrogen, optionally substituted −C1-C6 

alkyl, −ORo8, or a nitrogen protecting group; 

each instance of Ro7 is independently hydrogen, optionally substituted −C1-C6 20 

alkyl, or an oxygen protecting group; 

each instance of Ro8 is indepenently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc5 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rjs is independently optionally substituted −C1-C6 alkyl, 25 

optionally substituted C6-12 aryl, optionally substituted heteroaryl, or a sulfur protecting 

group; 

each instance of Rp is independently selected from hydrogen, halogen, −CN, 

−NO2, −N3, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted aryl, 30 

optionally substituted heterocyclyl, optionally substituted heteroaryl, –ORo6, –SRs2, 

–N(Rn3)2, –C(=O)N(Rn3)2, –N(Rn3)C(=O)Rc4, –C(=O)Rc4, –C(=O)ORo6, –OC(=O)Rc4, 

–S(=O)Rs2, –S(=O)2Rs2, –S(=O)ORo6, –OS(=O)Rc4, –S(=O)2ORo6, –OS(=O)2Rc4, 

–S(=O)N(Rn3)2, –S(=O)2N(Rn3)2, –N(Rn3)S(=O)Rs2, –N(Rn3)S(=O)2Rs2, 
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–N(Rn3)C(=O)ORo6, –OC(=O)N(Rn3)2, –N(Rn3)C(=O)N(Rn3)2, –N(Rn3)S(=O)N(Rn3)2, 

–N(Rn3)S(=O)2N(Rn3)2, –N(Rn3)S(=O)ORo6, –N(Rn3)S(=O)2ORo6, –OS(=O)N(Rn3)2, 

–OS(=O)2N(Rn3)2, or two instances of Rp attached to the same or adjacent carbon atoms, 

taken together with the atoms to which they are attached form an optionally substituted 

cycloalkyl or a heterocycloalkyl;  5 

each instance of Rn3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro6 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc4 is independently optionally substituted −C1-C6 alkyl;  10 

each instance of Rs2 is independently optionally substituted −C1-C6 alkyl, or a sulfur 

protecting group; and  

q is 0, 1, or 2. 

 

21. The use of any one of claims 1-19, wherein the compound is represented by the 15 

following structural formula: 

 

(III’) 

or a pharmaceutically acceptable salt thereof, wherein: 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 20 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 25 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rj and Rk is independently selected from H, halogen, −CN, 

–ORo7, –N(Rn5)2, –N(Rn5)C(=O) Rc5, –C(=O)N(Rn5)2, –C(=O)Rc5, –C(=O)ORo7, –SRjs, 30 
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–S(=O)2Rjs, or –S(=O)Rjs, optionally substituted −C1-C6 alkyl; or Rj and Rk can be taken 

together with the carbon atom to form C=O, C=NRjn, an optionally substituted C3-C6 

monocyclic cycloalkyl ring or an optionally substituted C3-C6 monocyclic heterocyclyl 

ring;  

each of Rn5 and Rjn is independently hydrogen, optionally substituted −C1-C6 5 

alkyl, −ORo8, or a nitrogen protecting group; 

each instance of Ro7 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Ro8 is indepenently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 10 

each instance of Rc5 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rjs is independently optionally substituted −C1-C6 alkyl, 

optionally substituted C6-12 aryl, optionally substituted heteroaryl, or a sulfur protecting 

group; 

each instance of Rp is independently selected from hydrogen, halogen, 15 

−CN,−NO2,−N3, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted aryl, 

optionally substituted heterocyclyl, optionally substituted heteroaryl, –ORo6, –SRs2, 

–N(Rn3)2, –C(=O)N(Rn3)2, –N(Rn3)C(=O)Rc4, –C(=O)Rc4, –C(=O)ORo6, –OC(=O)Rc4, 

–S(=O)Rs2, –S(=O)2Rs2, –S(=O)ORo6, –OS(=O)Rc4, –S(=O)2ORo6, –OS(=O)2Rc4, 20 

–S(=O)N(Rn3)2, –S(=O)2N(Rn3)2, –N(Rn3)S(=O)Rs2, –N(Rn3)S(=O)2Rs2, 

–N(Rn3)C(=O)ORo6, –OC(=O)N(Rn3)2, –N(Rn3)C(=O)N(Rn3)2, –N(Rn3)S(=O)N(Rn3)2, 

–N(Rn3)S(=O)2N(Rn3)2, –N(Rn3)S(=O)ORo6, –N(Rn3)S(=O)2ORo6, –OS(=O)N(Rn3)2, 

–OS(=O)2N(Rn3)2, or two instances of Rp attached to the same or adjacent carbon atoms, 

taken together with the atoms to which they are attached form an optionally substituted 25 

cycloalkyl or a heterocycloalkyl;  

each instance of Rn3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro6 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 30 

each instance of Rc4 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rs2 is independently optionally substituted −C1-C6 alkyl, or a sulfur 

protecting group; and  

q is 0, 1, or 2. 
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22. The use of any one of claims 1-19, wherein the compound is represented by the 

following structural formula: 

 

(IV’) 5 

or a pharmaceutically acceptable salt thereof, wherein: 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 10 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl;  15 

each instance of Rj and Rk is independently selected from H, halogen, −CN, 

–ORo7, –N(Rn5)2, –N(Rn5)C(=O) Rc5, –C(=O)N(Rn5)2, –C(=O)Rc5, –C(=O)ORo7, –SRjs, 

–S(=O)2Rjs, or –S(=O)Rjs, optionally substituted −C1-C6 alkyl; or Rj and Rk can be taken 

together with the carbon atom to form C=O, C=NRjn, an optionally substituted C3-C6 

monocyclic cycloalkyl ring or an optionally substituted C3-C6 monocyclic heterocyclyl 20 

ring;  

each of Rn5 and Rjn is independently hydrogen, optionally substituted −C1-C6 

alkyl, −ORo8, or a nitrogen protecting group; 

each instance of Ro7 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 25 

each instance of Ro8 is indepenently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc5 is independently optionally substituted −C1-C6 alkyl;  
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each instance of Rjs is independently optionally substituted −C1-C6 alkyl, 

optionally substituted C6-12 aryl, optionally substituted heteroaryl, or a sulfur protecting 

group; 

each instance of Rp is independently selected from hydrogen, halogen, −CN, 

−NO2, −N3, optionally substituted alkyl, optionally substituted alkenyl, optionally 5 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted aryl, 

optionally substituted heterocyclyl, optionally substituted heteroaryl, –ORo6, –SRs2, 

–N(Rn3)2, –C(=O)N(Rn3)2, –N(Rn3)C(=O)Rc4, –C(=O)Rc4, –C(=O)ORo6, –OC(=O)Rc4, 

–S(=O)Rs2, –S(=O)2Rs2, –S(=O)ORo6, –OS(=O)Rc4, –S(=O)2ORo6, –OS(=O)2Rc4, 

–S(=O)N(Rn3)2, –S(=O)2N(Rn3)2, –N(Rn3)S(=O)Rs2, –N(Rn3)S(=O)2Rs2, 10 

–N(Rn3)C(=O)ORo6, – OC(=O)N(Rn3)2, –N(Rn3)C(=O)N(Rn3)2, –N(Rn3)S(=O)N(Rn3)2, 

– N(Rn3)S(=O)2N(Rn3)2, –N(Rn3)S(=O)ORo6, –N(Rn3)S(=O)2ORo6, –OS(=O)N(Rn3)2, 

–OS(=O)2N(Rn3)2, or two instances of Rp attached to the same or adjacent carbon atoms, 

taken together with the atoms to which they are attached form an optionally substituted 

cycloalkyl or a heterocycloalkyl;  15 

each instance of Rn3, Rnc, and Rnd is independently hydrogen, optionally 

substituted −C1-C6 alkyl, or a nitrogen protecting group; 

each instance of Ro6 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc4 is independently optionally substituted −C1-C6 alkyl;  20 

each instance of Rs2 is independently optionally substituted −C1-C6 alkyl, or a sulfur 

protecting group;  

q is 0, 1, or 2; and  

Rn6 is hydrogen, an optionally substituted –C1-C6 alkyl, or a nitrogen protecting 

group.  25 

 

23. The use of any one of claims 1-19, wherein the compound is represented by the 

following structural formula: 

 

(V’) 30 
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or a pharmaceutically acceptable salt thereof, wherein: 

Ra and Rb are each independently hydrogen, halogen, –CN, −NO2, −N3, 

optionally substituted alkyl, –ORo3, –N(Rn1)2, –C(=O)N(Rn1)2, or –C(=O)Rc2, or Ra and 

Rb can be taken together with the carbon atom to form optionally substituted cycloalkyl 

or optionally substituted heterocyclyl; 5 

each instance of Rn1 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or a nitrogen protecting group; 

each instance of Ro3 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group;  

each instance of Rc2 is independently optionally substituted −C1-C6 alkyl;  10 

each instance of Rj and Rk is independently selected from H, halogen, −CN, 

–ORo7, –N(Rn5)2, –N(Rn5)C(=O) Rc5, –C(=O)N(Rn5)2, –C(=O)Rc5, –C(=O)ORo7, –SRjs, 

–S(=O)2Rjs, or –S(=O)Rjs, optionally substituted −C1-C6 alkyl; or Rj and Rk can be taken 

together with the carbon atom to form C=O, C=NRjn, an optionally substituted C3-C6 

monocyclic cycloalkyl ring or an optionally substituted C3-C6 monocyclic heterocyclyl 15 

ring;  

each of Rn5 and Rjn is independently hydrogen, optionally substituted −C1-C6 

alkyl, −ORo8, or a nitrogen protecting group; 

each instance of Ro7 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 20 

each instance of Ro8 is indepenently hydrogen, an optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc5 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rjs is independently optionally substituted −C1-C6 alkyl, 

optionally substituted C6-12 aryl, optionally substituted heteroaryl, or a sulfur protecting 25 

group; 

each instance of Rp is independently selected from hydrogen, halogen, −CN, 

−NO2, −N3, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted cycloalkyl, optionally substituted aryl, 

optionally substituted heterocyclyl, optionally substituted heteroaryl, –ORo6, –SRs2, 30 

–N(Rn3)2, –C(=O)N(Rn3)2, –N(Rn3)C(=O)Rc4, –C(=O)Rc4, –C(=O)ORo6, –OC(=O)Rc4, 

–S(=O)Rs2, –S(=O)2Rs2, –S(=O)ORo6, –OS(=O)Rc4, –S(=O)2ORo6, –OS(=O)2Rc4, 

–S(=O)N(Rn3)2, –S(=O)2N(Rn3)2, –N(Rn3)S(=O)Rs2, –N(Rn3)S(=O)2Rs2, 

–N(Rn3)C(=O)ORo6, –OC(=O)N(Rn3)2, –N(Rn3)C(=O)N(Rn3)2, –N(Rn3)S(=O)N(Rn3)2, 
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–N(Rn3)S(=O)2N(Rn3)2, –N(Rn3)S(=O)ORo6, –N(Rn3)S(=O)2ORo6, –OS(=O)N(Rn3)2, 

–OS(=O)2N(Rn3)2, or two instances of Rp attached to the same or adjacent carbon atoms, 

taken together with the atoms to which they are attached form an optionally substituted 

cycloalkyl or a heterocycloalkyl;  

each instance of Rn3, Rnc, and Rnd is independently hydrogen, optionally 5 

substituted −C1-C6 alkyl, or a nitrogen protecting group; 

each instance of Ro6 is independently hydrogen, optionally substituted −C1-C6 

alkyl, or an oxygen protecting group; 

each instance of Rc4 is independently optionally substituted −C1-C6 alkyl;  

each instance of Rs2 is independently optionally substituted −C1-C6 alkyl, or a sulfur 10 

protecting group; and  

q is 0, 1, 2, or 3. 

 

24. The use of claim 1, wherein the compound is selected from the following 

formulae: 15 
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or a pharmaceutically acceptable salt thereof.  

  


