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Heterocyclic Inhibitors of Glutaminase 

 

Related Applications 

This application claims the benefit of priority to U.S. Provisional Patent 

Application No. 61/562,266, filed November 21, 2011, U.S. Provisional Patent 5 

Application No. 61/665,370, filed June 28, 2012, and U.S. Provisional Patent 

Application No. 61/727,195, filed November 16, 2012 which applications are hereby 

incorporated by reference in their entirety. 

 

Background 10 

Glutamine supports cell survival, growth and proliferation through metabolic and 

non-metabolic mechanisms. In actively proliferating cells, the metabolism of glutamine 

to lactate, also referred to as "glutaminolysis" is a major source of energy in the form of 

NADPH. The first step in glutaminolysis is the deamination of glutamine to form 

glutamate and ammonia, which is catalyzed by the glutaminase enzyme. Thus, 15 

deamination via glutaminase is a control point for glutamine metabolism.  

Ever since Warburg's observation that ascites tumor cells exhibited high rates of 

glucose consumption and lactate secretion in the presence of oxygen (Warburg, 1956), 

researchers have been exploring how cancer cells utilize metabolic pathways to be able 

to continue actively proliferating. Several reports have demonstrated how glutamine 20 

metabolism supports macromolecular synthesis necessary for cells to replicate 

(Curthoys, 1995; DeBardinis, 2008).  

Thus, glutaminase has been theorized to be a potential therapeutic target for the 

treatment of diseases characterized by actively proliferating cells, such as cancer. The 

lack of suitable glutaminase inhibitors has made validation of this target impossible. 25 

Therefore, the creation of glutaminase inhibitors that are specific and capable of being 

formulated for in vivo use could lead to a new class of therapeutics. 

Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field. 30 
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Summary of Invention 

 According to a first aspect, the present invention provides use of a compound of 

formula I or a pharmaceutically acceptable salt thereof for the manufacture of a 

medicament for treating cancer or an immunological or neurological disease, wherein 

formula I is:  5 

 (I), 

wherein: 

L represents CH2SCH2, CH2CH2, CH2CH2CH2, CH2, CH2S, SCH2, CH2NHCH2, 

CH=CH, or , wherein any hydrogen atom of a CH or CH2 unit may be 

replaced by alkyl or alkoxy, any hydrogen of an NH unit may be replaced by 10 

alkyl, and any hydrogen atom of a CH2 unit of CH2CH2, CH2CH2CH2 or CH2 

may be replaced by hydroxy; 

one X represents S and the other X represents CH=CH, wherein any hydrogen atom of a 

CH unit may be replaced by alkyl; 

Y, independently for each occurrence, represents H or CH2O(CO)R7; 15 

R7, independently for each occurrence, represents H or substituted or unsubstituted alkyl, 

alkoxy, aminoalkyl, alkylaminoalkyl, heterocyclylalkyl, or heterocyclylalkoxy; 

Z represents H or R3(CO); 

R1 and R2 each independently represent H, alkyl, alkoxy or hydroxy; 

R3, independently for each occurrence, represents substituted or unsubstituted alkyl, 20 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, heteroaryloxyalkyl 

or C(R8)(R9)(R10), N(R4)(R5) or OR6, wherein any free hydroxyl group may be 

acylated to form C(O)R7; 25 

R4 and R5 each independently represent H or substituted or unsubstituted alkyl, 

hydroxyalkyl, acyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 
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heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; 

R6, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, arylalkyl, 

aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 5 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; and 

R8, R9 and R10 each independently represent H or substituted or unsubstituted alkyl, 

hydroxy, hydroxyalkyl, amino, acylamino, aminoalkyl, acylaminoalkyl, 10 

alkoxycarbonyl, alkoxycarbonylamino, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, or R8 and R9 together with the carbon to which they are 

attached, form a carbocyclic or heterocyclic ring system, wherein any free 15 

hydroxyl group may be acylated to form C(O)R7, and wherein at least two of R8, 

R9 and R10 are not H; 

wherein, where indicated, alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, 

acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, arylalkyl, aryloxy, 

aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, 20 

heterocyclylalkoxy, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl is optionally substituted with one or more substituents 

selected from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, 

thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphate, phosphonate, 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 25 

alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, an 

arylalkyl, aryl, and heteroaryl. 

 According to a second aspect, the present invention provides a pharmaceutical 

composition comprising one or more pharmaceutically acceptable excipients and a 

compound of formula I,   30 
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 (I), 

or a pharmaceutically acceptable salt thereof, wherein: 

L represents CH2SCH2, CH2CH2, CH2CH2CH2, CH2, CH2S, SCH2, CH2NHCH2, 

CH=CH, or , wherein any hydrogen atom of a CH or CH2 unit may be 

replaced by alkyl or alkoxy, any hydrogen of an NH unit may be replaced by 5 

alkyl, and any hydrogen atom of a CH2 unit of CH2CH2, CH2CH2CH2 or CH2 

may be replaced by hydroxy; 

 one X represents S and the other X represents CH=CH, wherein any hydrogen atom of a 

CH unit may be replaced by alkyl; 

Y, independently for each occurrence, represents H or CH2O(CO)R7; 10 

R7, independently for each occurrence, represents H or substituted or unsubstituted alkyl, 

alkoxy, aminoalkyl, alkylaminoalkyl, heterocyclylalkyl, or heterocyclylalkoxy; 

Z represents H or R3(CO); 

R1 and R2 each independently represent H, alkyl, alkoxy or hydroxy; 

R3, independently for each occurrence, represents substituted or unsubstituted alkyl, 15 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, heteroaryloxyalkyl 

or C(R8)(R9)(R10), N(R4)(R5) or OR6, wherein any free hydroxyl group may be 

acylated to form C(O)R7; 20 

R4 and R5 each independently represent H or substituted or unsubstituted alkyl, 

hydroxyalkyl, acyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 25 

C(O)R7; 

R6, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, arylalkyl, 

aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 30 
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heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; and 

R8, R9 and R10 each independently represent H or substituted or unsubstituted alkyl, 

hydroxy, hydroxyalkyl, amino, acylamino, aminoalkyl, acylaminoalkyl, 

alkoxycarbonyl, alkoxycarbonylamino, alkenyl, alkoxy, alkoxyalkyl, aryl, 5 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, or R8 and R9 together with the carbon to which they are 

attached, form a carbocyclic or heterocyclic ring system, wherein any free 

hydroxyl group may be acylated to form C(O)R7, and wherein at least two of R8, 10 

R9 and R10 are not H; 

wherein, where indicated, alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, 

acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, arylalkyl, aryloxy, 

aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, 

heterocyclylalkoxy, heteroaryl, heteroarylalkyl, heteroaryloxy, or 15 

heteroaryloxyalkyl is optionally substituted with one or more substituents 

selected from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, 

thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphate, phosphonate, 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 

alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, an 20 

arylalkyl, aryl, and heteroaryl. 

 According to a third aspect, the present invention provides a compound of 

formula I,   

 (I), 

or a pharmaceutically acceptable salt thereof, wherein: 25 

L represents CH2SCH2, CH2CH2, CH2CH2CH2, CH2, CH2S, SCH2, CH2NHCH2, 

CH=CH, or , wherein any hydrogen atom of a CH or CH2 unit may be 

replaced by alkyl or alkoxy, any hydrogen of an NH unit may be replaced by 

alkyl, and any hydrogen atom of a CH2 unit of CH2CH2, CH2CH2CH2 or CH2 

may be replaced by hydroxy; 30 
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 one X represents S and the other X represents CH=CH, wherein any hydrogen atom of a 

CH unit may be replaced by alkyl; 

Y, independently for each occurrence, represents H or CH2O(CO)R7; 

R7, independently for each occurrence, represents H or substituted or unsubstituted alkyl, 

alkoxy, aminoalkyl, alkylaminoalkyl, heterocyclylalkyl, or heterocyclylalkoxy; 5 

Z represents H or R3(CO); 

R1 and R2 each independently represent H, alkyl, alkoxy or hydroxy; 

R3, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 10 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, heteroaryloxyalkyl 

or C(R8)(R9)(R10), N(R4)(R5) or OR6, wherein any free hydroxyl group may be 

acylated to form C(O)R7; 

R4 and R5 each independently represent H or substituted or unsubstituted alkyl, 

hydroxyalkyl, acyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, 15 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; 

R6, independently for each occurrence, represents substituted or unsubstituted alkyl, 20 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, arylalkyl, 

aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; and 25 

R8, R9 and R10 each independently represent H or substituted or unsubstituted alkyl, 

hydroxy, hydroxyalkyl, amino, acylamino, aminoalkyl, acylaminoalkyl, 

alkoxycarbonyl, alkoxycarbonylamino, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 30 

heteroaryloxyalkyl, or R8 and R9 together with the carbon to which they are 

attached, form a carbocyclic or heterocyclic ring system, wherein any free 
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hydroxyl group may be acylated to form C(O)R7, and wherein at least two of R8, 

R9 and R10 are not H; 

provided that when L represents CH2SCH2, X represents S, and Z represents R3(CO), 

both R3 groups are not optionally substituted phenyl, aralkyl, heteroaryl, 

substituted or unsubstituted alkyl, or alkoxy; 5 

wherein, where indicated, alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, 

acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, arylalkyl, aryloxy, 

aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, 

heterocyclylalkoxy, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl is optionally substituted with one or more substituents 10 

selected from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, 

thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphate, phosphonate, 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 

alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, an 

arylalkyl, aryl, and heteroaryl. 15 

 Unless the context clearly requires otherwise, throughout the description and the 

claims, the words “comprise”, “comprising”, and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 

sense of “including, but not limited to”. 

The present invention provides a compound of formula I,20 
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CLAIMS 

1. Use of a compound of formula I or a pharmaceutically acceptable salt thereof for 

the manufacture of a medicament for treating cancer or an immunological or 

neurological disease, wherein formula I is:  

 (I), 5 

wherein: 

L represents CH2SCH2, CH2CH2, CH2CH2CH2, CH2, CH2S, SCH2, CH2NHCH2, 

CH=CH, or , wherein any hydrogen atom of a CH or CH2 unit may be 

replaced by alkyl or alkoxy, any hydrogen of an NH unit may be replaced by 

alkyl, and any hydrogen atom of a CH2 unit of CH2CH2, CH2CH2CH2 or CH2 10 

may be replaced by hydroxy; 

one X represents S and the other X represents CH=CH, wherein any hydrogen atom of a 

CH unit may be replaced by alkyl; 

Y, independently for each occurrence, represents H or CH2O(CO)R7; 

R7, independently for each occurrence, represents H or substituted or unsubstituted alkyl, 15 

alkoxy, aminoalkyl, alkylaminoalkyl, heterocyclylalkyl, or heterocyclylalkoxy; 

Z represents H or R3(CO); 

R1 and R2 each independently represent H, alkyl, alkoxy or hydroxy; 

R3, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, 20 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, heteroaryloxyalkyl 

or C(R8)(R9)(R10), N(R4)(R5) or OR6, wherein any free hydroxyl group may be 

acylated to form C(O)R7; 

R4 and R5 each independently represent H or substituted or unsubstituted alkyl, 25 

hydroxyalkyl, acyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 



- 290 - 

 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; 

R6, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, arylalkyl, 

aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 5 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; and 

R8, R9 and R10 each independently represent H or substituted or unsubstituted alkyl, 

hydroxy, hydroxyalkyl, amino, acylamino, aminoalkyl, acylaminoalkyl, 10 

alkoxycarbonyl, alkoxycarbonylamino, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, or R8 and R9 together with the carbon to which they are 

attached, form a carbocyclic or heterocyclic ring system, wherein any free 15 

hydroxyl group may be acylated to form C(O)R7, and wherein at least two of R8, 

R9 and R10 are not H; 

wherein, where indicated, alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, 

acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, arylalkyl, aryloxy, 

aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, 20 

heterocyclylalkoxy, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl is optionally substituted with one or more substituents 

selected from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, 

thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphate, phosphonate, 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 25 

alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, an 

arylalkyl, aryl, and heteroaryl. 

2. The use of claim 1, wherein L represents CH2SCH2, CH2CH2, CH2S or SCH2.   

3. The use of claim 1, wherein L represents CH2CH2.  

4. The use of any one of the preceding claims, wherein Y represents H. 30 
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5. The use of any one of the preceding claims, wherein Z represents R3(CO).  

6. The use of claim 5, wherein each occurrence of R3 is not identical. 

7. The use of any one of the preceding claims, wherein R1 and R2 each represent H. 

8. The use of any one of the preceding claims, wherein R3, independently for each 

occurrence, represents substituted or unsubstituted arylalkyl, heteroarylalkyl, cycloalkyl 5 

or heterocycloalkyl.  

9. The use of any one of the preceding claims, wherein R3, independently for each 

occurrence, represents C(R8)(R9)(R10), wherein R8 represents substituted or unsubstituted 

aryl, arylalkyl, heteroaryl or heteroaralkyl, R9 represents H, and R10 represents hydroxy, 

hydroxyalkyl, alkoxy or alkoxyalkyl.  10 

10. The use of claim 9, wherein R8 represents substituted or unsubstituted aryl, 

arylalkyl, or heteroaryl. 

11. The use of claim 9 or claim 10, wherein R10 represents hydroxy, hydroxyalkyl, or 

alkoxy. 

12. The use of claim 1, wherein L represents CH2SCH2, CH2CH2, CH2S or SCH2, Y 15 

represents H, Z represents R3(CO), R1 and R2 each represent H, and R3, independently 

for each occurrence, represents substituted or unsubstituted arylalkyl, heteroarylalkyl, 

cycloalkyl or heterocycloalkyl.  

13. The use of claim 12, wherein each occurrence of R3 is identical. 

14. The use of claim 1, wherein L represents CH2SCH2, CH2CH2, CH2S or SCH2, Y 20 

represents H, Z represents R3(CO), R1 and R2 each represent H, and R3, independently 

for each occurrence, represents C(R8)(R9)(R10), wherein R8 represents substituted or 

unsubstituted aryl, arylalkyl, heteroaryl or heteroaralkyl, R9 represents H, and R10 

represents hydroxy, hydroxyalkyl, alkoxy or alkoxyalkyl.  
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15. The use of claim 14, wherein L represents CH2CH2. 

16. The use of claim 14 or claim 15, wherein R8 represents substituted or 

unsubstituted aryl, arylalkyl or heteroaryl. 

17. The use of claim 16, wherein R8 represents substituted or unsubstituted aryl. 

18. The use of any one of claims 14-17, wherein R10 represents hydroxy, 5 

hydroxyalkyl or alkoxy.  

19. The use of claim 18, wherein R10 represents hydroxyalkyl. 

20. The use of any one of claims 14-19, wherein each occurrence of R3 is identical. 

21. The use of claim 1, wherein L represents CH2CH2, Y represents H, Z represents 

R3(CO), R1 and R2 each represent H, and R3, independently for each occurrence, 10 

represents arylalkyl, heteroarylalkyl, cycloalkyl or heterocycloalkyl.  

22. The use of claim 21, wherein each occurrence of R3 is identical. 

23. A pharmaceutical composition comprising one or more pharmaceutically 

acceptable excipients and a compound of formula I,   

 (I), 15 

or a pharmaceutically acceptable salt thereof, wherein: 

L represents CH2SCH2, CH2CH2, CH2CH2CH2, CH2, CH2S, SCH2, CH2NHCH2, 

CH=CH, or , wherein any hydrogen atom of a CH or CH2 unit may be 

replaced by alkyl or alkoxy, any hydrogen of an NH unit may be replaced by 

alkyl, and any hydrogen atom of a CH2 unit of CH2CH2, CH2CH2CH2 or CH2 20 

may be replaced by hydroxy; 

 one X represents S and the other X represents CH=CH, wherein any hydrogen atom of a 

CH unit may be replaced by alkyl; 
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Y, independently for each occurrence, represents H or CH2O(CO)R7; 

R7, independently for each occurrence, represents H or substituted or unsubstituted alkyl, 

alkoxy, aminoalkyl, alkylaminoalkyl, heterocyclylalkyl, or heterocyclylalkoxy; 

Z represents H or R3(CO); 

R1 and R2 each independently represent H, alkyl, alkoxy or hydroxy; 5 

R3, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, heteroaryloxyalkyl 

or C(R8)(R9)(R10), N(R4)(R5) or OR6, wherein any free hydroxyl group may be 10 

acylated to form C(O)R7; 

R4 and R5 each independently represent H or substituted or unsubstituted alkyl, 

hydroxyalkyl, acyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 15 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; 

R6, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, arylalkyl, 

aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 20 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; and 

R8, R9 and R10 each independently represent H or substituted or unsubstituted alkyl, 

hydroxy, hydroxyalkyl, amino, acylamino, aminoalkyl, acylaminoalkyl, 25 

alkoxycarbonyl, alkoxycarbonylamino, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, or R8 and R9 together with the carbon to which they are 

attached, form a carbocyclic or heterocyclic ring system, wherein any free 30 

hydroxyl group may be acylated to form C(O)R7, and wherein at least two of R8, 

R9 and R10 are not H; 



- 294 - 

 

wherein, where indicated, alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, 

acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, arylalkyl, aryloxy, 

aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, 

heterocyclylalkoxy, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl is optionally substituted with one or more substituents 5 

selected from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, 

thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphate, phosphonate, 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 

alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, an 

arylalkyl, aryl, and heteroaryl. 10 

24. The pharmaceutical composition of claim 23, wherein L represents CH2SCH2, 

CH2CH2, CH2S or SCH2.   

25. The pharmaceutical composition of claim 23, wherein L represents CH2CH2.  

26. The pharmaceutical composition of any one of claims 23-25, wherein Y 

represents H. 15 

27. The pharmaceutical composition of any one of claims 23-26, wherein Z 

represents R3(CO).  

28. The pharmaceutical composition of claim 27, wherein each occurrence of R3 is 

not identical. 

29. The pharmaceutical composition of any one of claims 23-28, wherein R1 and R2 20 

each represent H. 

30. The pharmaceutical composition of any one of claims 23-29, wherein R3, 

independently for each occurrence, represents substituted or unsubstituted arylalkyl, 

heteroarylalkyl, cycloalkyl or heterocycloalkyl.  

31. The pharmaceutical composition of any one of claims 23-30, wherein R3, 25 

independently for each occurrence, represents C(R8)(R9)(R10), wherein R8 represents 
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substituted or unsubstituted aryl, arylalkyl, heteroaryl or heteroaralkyl, R9 represents H, 

and R10 represents hydroxy, hydroxyalkyl, alkoxy or alkoxyalkyl.  

32. The pharmaceutical composition of claim 31, wherein R8 represents substituted 

or unsubstituted aryl, arylalkyl, or heteroaryl. 

33. The pharmaceutical composition of claim 31 or claim 32, wherein R10 represents 5 

hydroxy, hydroxyalkyl, or alkoxy. 

34. The pharmaceutical composition of claim 23, wherein L represents CH2CH2, 

CH2S or SCH2, Y represents H, Z represents R3(CO), R1 and R2 each represent H, and 

R3, independently for each occurrence, represents substituted or unsubstituted arylalkyl, 

heteroarylalkyl, cycloalkyl or heterocycloalkyl.  10 

35. The pharmaceutical composition of claim 23, wherein L represents CH2SCH2, Y 

represents H, Z represents R3(CO), R1 and R2 each represent H, and R3, independently 

for each occurrence, represents substituted or unsubstituted heteroarylalkyl, cycloalkyl or 

heterocycloalkyl.  

36. The pharmaceutical composition of claim 34 or claim 35, wherein each 15 

occurrence of R3 is identical. 

37. The pharmaceutical composition of claim 23, wherein L represents CH2SCH2, 

CH2CH2, CH2S or SCH2, Y represents H, Z represents R3(CO), R1 and R2 each represent 

H, and R3, independently for each occurrence, represents C(R8)(R9)(R10), wherein R8 

represents substituted or unsubstituted aryl, arylalkyl, heteroaryl or heteroaralkyl, R9 20 

represents H, and R10 represents hydroxy, hydroxyalkyl, alkoxy or alkoxyalkyl.  

38. The pharmaceutical composition of claim 37, wherein L represents CH2CH2. 

39. The pharmaceutical composition of claim 37 or claim 38, wherein R8 represents 

substituted or unsubstituted aryl, arylalkyl or heteroaryl. 



- 296 - 

 

40. The pharmaceutical composition of claim 39, wherein R8 represents substituted 

or unsubstituted aryl. 

41 The pharmaceutical composition of any one of claims 37-40, wherein R10 

represents hydroxy, hydroxyalkyl or alkoxy.  

42. The pharmaceutical composition of claim 41, wherein R10 represents 5 

hydroxyalkyl. 

43. The pharmaceutical composition of any one of claims 37-42, wherein each 

occurrence of R3 is identical. 

44. The pharmaceutical composition of claim 23, wherein L represents CH2CH2, Y 

represents H, Z represents R3(CO), R1 and R2 each represent H, and R3, independently 10 

for each occurrence, represents substituted or unsubstituted arylalkyl, heteroarylalkyl, 

cycloalkyl or heterocycloalkyl.  

45. The pharmaceutical composition of claim 44, wherein each occurrence of R3 is 

identical. 

46. A compound of formula I,   15 

 (I), 

or a pharmaceutically acceptable salt thereof, wherein: 

L represents CH2SCH2, CH2CH2, CH2CH2CH2, CH2, CH2S, SCH2, CH2NHCH2, 

CH=CH, or , wherein any hydrogen atom of a CH or CH2 unit may be 

replaced by alkyl or alkoxy, any hydrogen of an NH unit may be replaced by 20 

alkyl, and any hydrogen atom of a CH2 unit of CH2CH2, CH2CH2CH2 or CH2 

may be replaced by hydroxy; 

 one X represents S and the other X represents CH=CH, wherein any hydrogen atom of a 

CH unit may be replaced by alkyl; 

Y, independently for each occurrence, represents H or CH2O(CO)R7; 25 
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R7, independently for each occurrence, represents H or substituted or unsubstituted alkyl, 

alkoxy, aminoalkyl, alkylaminoalkyl, heterocyclylalkyl, or heterocyclylalkoxy; 

Z represents H or R3(CO); 

R1 and R2 each independently represent H, alkyl, alkoxy or hydroxy; 

R3, independently for each occurrence, represents substituted or unsubstituted alkyl, 5 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, heteroaryloxyalkyl 

or C(R8)(R9)(R10), N(R4)(R5) or OR6, wherein any free hydroxyl group may be 

acylated to form C(O)R7; 10 

R4 and R5 each independently represent H or substituted or unsubstituted alkyl, 

hydroxyalkyl, acyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 15 

C(O)R7; 

R6, independently for each occurrence, represents substituted or unsubstituted alkyl, 

hydroxyalkyl, aminoalkyl, acylaminoalkyl, alkenyl, alkoxyalkyl, aryl, arylalkyl, 

aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 20 

heteroaryloxyalkyl, wherein any free hydroxyl group may be acylated to form 

C(O)R7; and 

R8, R9 and R10 each independently represent H or substituted or unsubstituted alkyl, 

hydroxy, hydroxyalkyl, amino, acylamino, aminoalkyl, acylaminoalkyl, 

alkoxycarbonyl, alkoxycarbonylamino, alkenyl, alkoxy, alkoxyalkyl, aryl, 25 

arylalkyl, aryloxy, aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclylalkyl, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl, or R8 and R9 together with the carbon to which they are 

attached, form a carbocyclic or heterocyclic ring system, wherein any free 

hydroxyl group may be acylated to form C(O)R7, and wherein at least two of R8, 30 

R9 and R10 are not H; 
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provided that when L represents CH2SCH2, X represents S, and Z represents R3(CO), 

both R3 groups are not optionally substituted phenyl, aralkyl, heteroaryl, 

substituted or unsubstituted alkyl, or alkoxy; 

wherein, where indicated, alkyl, hydroxyalkyl, aminoalkyl, alkylaminoalkyl, 

acylaminoalkyl, alkenyl, alkoxy, alkoxyalkyl, aryl, arylalkyl, aryloxy, 5 

aryloxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, 

heterocyclylalkoxy, heteroaryl, heteroarylalkyl, heteroaryloxy, or 

heteroaryloxyalkyl is optionally substituted with one or more substituents 

selected from halogen, hydroxyl, carboxyl, alkoxycarbonyl, formyl, acyl, 

thioester, thioacetate, thioformate, alkoxyl, phosphoryl, phosphate, phosphonate, 10 

phosphinate, amino, amido, amidine, imine, cyano, nitro, azido, sulfhydryl, 

alkylthio, sulfate, sulfonate, sulfamoyl, sulfonamido, sulfonyl, heterocyclyl, an 

arylalkyl, aryl, and heteroaryl. 

47. The compound of claim 46, wherein L represents CH2SCH2, CH2CH2, CH2S or 

SCH2.  15 

48. The compound of claim 46, wherein L represents CH2CH2.  

49. The compound of any one of claims 46-48, wherein Y represents H. 

50. The compound of any one of claims 46-49, wherein Z represents R3(CO).  

51. The compound of claim 50, wherein each occurrence of R3 is not identical. 

52. The compound of any one of claims 46-51, wherein R1 and R2 each represent H. 20 

53. The compound of any one of claims 46-52, wherein R3, independently for each 

occurrence, represents substituted or unsubstituted arylalkyl, heteroarylalkyl, cycloalkyl 

or heterocycloalkyl.  

54. The compound of any of claims 46-53, wherein R3, independently for each 

occurrence, represents C(R8)(R9)(R10), wherein R8 represents substituted or unsubstituted 25 
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aryl, arylalkyl, heteroaryl or heteroaralkyl, R9 represents H, and R10 represents hydroxy, 

hydroxyalkyl, alkoxy or alkoxyalkyl.  

55. The compound of claim 54, wherein R8 represents substituted or unsubstituted 

aryl, arylalkyl, or heteroaryl. 

56. The compound of claim 54 or claim 55, wherein R10 represents hydroxy, 5 

hydroxyalkyl, or alkoxy. 

57. The compound of claim 46, wherein L represents CH2CH2, CH2S or SCH2, Y 

represents H, Z represents R3(CO), R1 and R2 each represent H, and R3, independently 

for each occurrence, represents substituted or unsubstituted arylalkyl, heteroarylalkyl, 

cycloalkyl or heterocycloalkyl.  10 

58. The compound of claim 46, wherein L represents CH2SCH2, Y represents H, Z 

represents R3(CO), R1 and R2 each represent H, and R3, independently for each 

occurrence, represents substituted or unsubstituted heteroarylalkyl, cycloalkyl or 

heterocycloalkyl.  

59. The compound of claim 57 or claim 58, wherein each occurrence of R3 is 15 

identical. 

60. The compound of claim 46, wherein L represents CH2SCH2, CH2CH2, CH2S or 

SCH2, Y represents H, Z represents R3(CO), R1 and R2 each represent H, and R3, 

independently for each occurrence, represents C(R8)(R9)(R10), wherein R8 represents 

substituted or unsubstituted aryl, arylalkyl, heteroaryl or heteroaralkyl, R9 represents H, 20 

and R10 represents hydroxy, hydroxyalkyl, alkoxy or alkoxyalkyl.  

61. The compound of claim 60, wherein L represents CH2CH2. 

62. The compound of claim 60 or claim 61, wherein R8 represents substituted or 

unsubstituted aryl, arylalkyl or heteroaryl. 
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63. The compound of claim 62, wherein R8 represents substituted or unsubstituted 

aryl. 

64. The compound of any one of claims 60-63, wherein R10 represents hydroxy, 

hydroxyalkyl or alkoxy.  

65. The compound of claim 64, wherein R10 represents hydroxyalkyl. 5 

66. The compound of any one of claims 60-65, wherein each occurrence of R3 is 

identical. 

67. The compound of claim 46, wherein L represents CH2CH2, Y represents H, Z 

represents R3(CO), R1 and R2 each represent H, and R3, independently for each 

occurrence, represents substituted or unsubstituted arylalkyl, heteroarylalkyl, cycloalkyl 10 

or heterocycloalkyl.  

68. The compound of claim 67, wherein each occurrence of R3 is identical. 

68. The use of claim 1, substantially as herein described with reference to any one or 

more of the examples but excluding comparative examples. 

69. The pharmaceutical composition of claim 23, substantially as herein described 15 

with reference to any one or more of the examples but excluding comparative examples. 

70. The compound of claim 46, substantially as herein described with reference to 

any one or more of the examples but excluding comparative examples. 




