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present examples.  The disclosure addresses the need for new therapies that can be used to treat 

and/or prevent viral-induced disease using novel antivirals and delivery vehicles.  

[0007]     In one example, the present disclosure relates to compounds of Formula I: 

(Formula I), 

and pharmaceutically acceptable salts, solvates, enantiomers, diastereomers, racemates and 

mixtures thereof, wherein: 

 A is: 

, or  ;  

 X1 is CR11R12 or OCH2CH2 with the oxygen atom distal to the RI moiety in A, in which 

R11 and R12 are independently hydrogen or substituted or unsubstituted C1-C4 alkyl; 

 X2 is absent, −O−, −C(O)O−, or −OCH2− with the oxygen atom distal to the RI moiety in 

A;  

 each RI independently is hydrogen, substituted or unsubstituted C1-C6 alkyl,  

;  

 or RI is an amino acid residue bound via the carbonyl group of X2;  

 v is 0 or 1; 

 n is 0, 1, 2, or 3 and when X2 is −C(O)O−, n is 0; 

 p is 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11; 

 q is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18;  

 Rz is hydrogen, halogen, C1-C4 alkylthio, C1-C4 alkoxy, substituted or unsubstituted C1-C4 

alkyl, substituted or unsubstituted C2-C4 alkenyl, substituted or unsubstituted C2-C4 alkynyl, 

substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 
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substituted or unsubstituted cycloalkyl, substituted or unsubstituted non-aromatic heterocyclic 

ring, or substituted or unsubstituted heteroaryl; wherein M+ is a cation and wherein R5 is not an 

amino acid; and 

 Rc is substituted or unsubstituted C1-C6 alkyl, substituted or unsubstituted C3-C6 

cycloalkyl, substituted or unsubstituted C2-C6 alkenyl, substituted or unsubstituted C4-C8 

cycloalkenyl, substituted or unsubstituted C2-C6 alkynyl, substituted or unsubstituted C8-C12 

cycloalkynyl, or substituted or unsubstituted aryl. 

[0008]     In another example the present disclosure relates to compounds of Formula IA: 

 (IA), 

and pharmaceutically acceptable salts, solvates, enantiomers, diastereomers, racemates or 

mixtures thereof, wherein:  

 A is: 

, or 

O

R44

X2

R1

R3

R2

P
X3

O

X3

n
R
IA

R4

v

R45

R5

 ; 

 X1 is –CR11R12– or –OCH2CH2– wherein the oxygen atom is distal to the RIA moiety in 

A; 

R11 and R12 are independently hydrogen or C1-C4 alkyl, wherein the alkyl is optionally 

substituted with one or more halogen, –OH, –SH, or –NH2; 

 X2 is absent, −O−, −C(O)O−, or −OCH2− wherein the oxygen atom is distal to the RIA 

moiety in A;  

 X3 is independently –O– or –NH–; 

 B is independently –C(O)NH2, aryl, or heteroaryl;  

 C is independently –OR, –NHR, or –N=CHN(R)2;  

each RIA is independently is hydrogen or –C1-C6 alkyl, wherein the alkyl is optionally 

substituted with one or more –OH, –SH, or –NH2, oxo, Ra, or –ORa;  
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 or any CRxRy can be replaced by –O–, –S–, –S(O)–, or –SO2–; 

 R1 and R45 are each independently hydrogen, halogen, –N3, −OH, –NH2, −SH, –C1-C6 

alkyl, –C3-C6 cycloalkyl, –C2-C6 alkenyl, –C4-C8 cycloalkenyl, –C2-C6 alkynyl, –C8-C12 

cycloalkynyl, –C1-C6 alkoxy, or –C1-C6 alkylthio wherein each alkyl, cycloalkyl, alkenyl, 

cycloalkenyl, alkynyl, cycloalkynyl, alkoxy or alkylthio is indepdendently substituted with one 

or more halogen, –N3, −OH, –NH2, or −SH; 

 R2, R3, R4 and R44 are each independently hydrogen, halogen, –N3, –OH, –NH2, –SH, –

C1-C6 alkyl, –C1-C6 alkoxy, or –C1-C6 alkylthio, wherein each alkyl, alkoxy, or alkylthio is 

optionally substituted with one or more halogen, oxo, –N3, –OH, –NH2, or –SH;  

 or R3 and one of R4 and R44, together with the atoms to which they are attached, can form 

a carbon-carbon double bond;   

 or R3 and one of R4 and R44, together with the atoms to which they are attached, can 

combine to form a 4- to 8-membered cycloalkyl or heterocycle optionally substituted with C1-C6 

alkyl;  

R5 is independently hydrogen, –RIA, M+, aryl, aralkyl, –C1-C6 alkyl, –C1-C6 heteroalkyl, 

cycloalkyl, non-aromatic heterocyclic ring, or heteroaryl, wherein M+ is a cation and wherein 

each aryl, aralkyl, alkyl, heteroalkyl, cycloalkyl, heterocycle, or heteroaryl is optionally 

substituted with one or more halogen, –N3, –OH, –NH2, or–SH, and wherein R5 is not an amino 

acid; and 

 R11 and R12 are each independently, at each occurrence, hydrogen, halogen, –OH, –SH, –

C1-C6 alkoxy, aryloxy, –C1-C6 alkylthio, arylthio, –OC(O)C1-C6 alkyl, –OC(O)aryl, –C1-C6 alkyl, 

–C2-C6 alkenyl, –C2-C6 alkynyl, aryl, heteroaryl, –C3-C8 cycloalkyl, and –C4-C8 cycloaklenyl, 

wherein each alkyl, aryl, alkenyl, alkynyl, heteroaryl, cycloalky and cycloalkenyl is optionally 

substituted with one or more halogen, –N3, –OH, –NH2, or –SH; 

Rc is –C1-C6 alkyl, –C3-C6 cycloalkyl, –C2-C6 alkenyl, –C4-C8 cycloalkenyl, –C2-C6 

alkynyl, –C8-C12 cycloalkynyl, or aryl, wherein each alkyl, cycloalkyl, alkenyl, cycloalkenyl, or 

aryl is optionally substituted with one or more halogen, –N3, –OH, –NH2, or–SH; 

wherein any of the nitrogen atoms in the fused pyrimidine ring can be oxidized. 

[0009]     In another example the present disclosure relates to compounds of Formula II: 
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optionally substituted with one or more halogen, oxo, aryl, heteroaryl, –OH, –NH2, –SH, –

OC(O)H,–C(O)OH, –NHC(O)OH, or –NHC(O)H; 

Rd is independently –H or–D; and  

n is independently 0, 1, 2 or 3.  

[0009a] In one aspect, the present disclosure refers to a compound of Formula II: 

(II) 

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or 

mixture thereof, wherein: 

 Y is –C(O)–, or , wherein X1 is independently O, NH, or S, X2 is independently a 

bond, –O–, –S–, or –NH–, and X3 is independently –OR, –NHR, or –SR;  

each R is independently –H, –C1-C20alkyl, –C2-C20alkenyl, –C2-C20alkynyl, –C3-C8 

cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, wherein each alkyl, alkenyl, 

alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is optionally substituted with 

one or more halogen, oxo, R1, –OR1, –NR1R2, –SR1, –OC(O)R1,–C(O)OR1, –NHC(O)OR1, or –

NHC(O)R1;  

Ra and Rb are each independently, at each occurrence, –H, –C1-C20alkyl, –C2-C20alkenyl, 

–C2-C20 alkynyl, –C3-C8 cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, 

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is 

optionally substituted with one or more halogen, oxo –OR1, –NR1R2, –SR1, –OC(O)R1,–

C(O)OR1 –NHC(O)OR1, or –NHC(O)R1; 
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R1 and R2 are each independently, at each occurrence, –H, –C1-C20alkyl, –C2-C20alkenyl, 

–C2-C20alkynyl, –C3-C8 cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, 

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is 

optionally substituted with one or more halogen, oxo, –R3, –R4, –OR3, –NR3R4, –SR3, –

OC(O)R3,–C(O)OR3, –NHC(O)OR3, or –NHC(O)R3; 

R3 and R4 are each independently, at each occurrence, –H, –C1-C20alkyl, –C2-C20alkenyl, 

–C2-C20alkynyl, –C3-C8 cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, 

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is 

optionally substituted with one or more halogen, oxo, aryl, heteroaryl, –OH, –NH2, –SH, –

OC(O)H,–C(O)OH, –NHC(O)OH, or –NHC(O)H; 

Rc is independently –H or–D; and  

n is independently 0, 1, 2 or 3. 

[0010]     In one aspect, the present disclosure refers to a pharmaceutical composition 

comprising a compound as disclosed herein, or a pharmaceutically acceptable salt, solvate, 

enantiomer, diastereomer, racemate or mixture thereof, and a pharmaceutically acceptable 

carrier. In one example, the present disclosure relates to a pharmaceutical composition 

comprising a compound of Formula I, Formula IA, Formula IB, or Formula II, or a 

pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture thereof, 

and a pharmaceutically acceptable carrier. In some examples the present disclosure relates to a 

pharmaceutical composition comprising compound 1, or a pharmaceutically acceptable salt, 

solvate, enantiomer, diastereomer, racemate or mixture thereof, and a pharmaceutically 

acceptable carrier. In some examples, the pharmaceutical composition can be used to treat a viral 

infection (e.g., norovirus).  

[0011]     In another example, the present disclosure provides a method of treating a viral 

infection or a viral-infection associated disease or disorder, wherein the method comprises 

administering to a subject in need thereof an effective amount of a compound described herein 

(e.g., a compound of Formula I, Formula IA, Formula IB, or Formula II), or a pharmaceutically 

acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture thereof. In some 

examples the compound is compound 1, or a pharmaceutically acceptable salt, solvate, 

enantiomer, diastereomer, racemate or mixture thereof. In some examples, the virus is norovirus. 

[0012]     In another example, the present disclosure also relates to a pharmaceutical 

formulation of the compounds disclosed herein, or a pharmaceutically acceptable salt, solvate, 

enantiomer, diastereomer, racemate or mixture thereof, for use in a method for treating or 

preventing a viral infection or viral infection associated disease or disorder, e.g., a double 

stranded DNA (dsDNA) or a single stranded RNA (ssRNA) viral infection. In some examples 

the compound is compound 1. In some examples, the virus is norovirus. 

[0013]     In another example, the present disclosure also relates to use of a compound or a 

pharmaceutical formulation disclosed herein, or a pharmaceutically acceptable salt, solvate, 

enantiomer, diastereomer, racemate or mixture thereof, in the manufacture of a medicament for 

treating or preventing a viral infection and/or viral infection associated disease or disorder, e.g., 

an ssRNA viral infection.  The pharmaceutical formulation can comprise a compound of
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Formula I, Formula IA, Formula IB, or Formula II, or a pharmaceutically acceptable salt, 

solvate, enantiomer, diastereomer, racemate or mixture thereof. In some examples the compound 

is compound 1, or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, 

racemate or mixture thereof. In one aspect, the present disclosure refers to use of a compound as 

disclosed herein, or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, 

racemate or mixture thereof, in the manufacture of a medicament for treating a viral infection or 

a viral-infection associated disease or disorder in a subject in need thereof.  In one aspect, the 

present disclosure refers to use of the compound:  

 

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof in the manufacture of a medicament for treating a viral infection or a viral-infection 

associated disease or disorder in a subject in need thereof. In some examples, the virus is 

norovirus.  

[0014]     The present disclosure also relates to methods for treating or preventing a viral 

infection and/or viral infection associated disease or disorder, e.g., an ssRNA viral infection.  

The method can comprise administering to a subject in need thereof a compound of Formula I, 

Formula IA, Formula IB, or Formula II. In some examples the compound is compound 1. In 

some examples, the virus is norovirus. 

[0015]     The present disclosure also relates to a compound described herein, or a 

pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture thereof, 

for use in treating or preventing a viral infection or a viral infection-associated disease or 

disorder.  The compound can be a compound of Formula I, Formula IA, Formula IB, or Formula 

II. In some examples the compound is compound 1, or a pharmaceutically acceptable salt, 

solvate, enantiomer, diastereomer, racemate or mixture thereof. In some examples, the virus is 

norovirus.
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[0016]     Unless otherwise defined, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

disclosure belongs.  In the case of conflict, the present specification, including definitions, will 

control.  In the specification, the singular forms also include the plural unless the context clearly 

dictates otherwise.  Although methods and materials similar or equivalent to those described 

herein can be used in the practice or testing of the present disclosure, suitable methods and 

materials are described below.  All publications, patent applications, patents, and other 

references mentioned herein are incorporated by reference.  The references cited herein are not 

admitted to be prior art to the claimed disclosure.  In addition, the materials, methods, and 

examples are illustrative only and are not intended to be limiting. 

[0017]     Other features and advantages of the present disclosure will be apparent from the 

following detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018]     Figure 1A shows murine norovirus titer (plaque forming units per mL) in tissue 

and feces harvested 3 days post-infection as part of Study No. 1. 
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What is claimed is:  

 

1. A compound of Formula II: 

(II) 

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or 

mixture thereof, wherein: 

 Y is –C(O)–, or , wherein X1 is independently O, NH, or S, X2 is independently a 

bond, –O–, –S–, or –NH–, and X3 is independently –OR, –NHR, or –SR;  

each R is independently –H, –C1-C20alkyl, –C2-C20alkenyl, –C2-C20alkynyl, –C3-C8 

cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, wherein each alkyl, alkenyl, 

alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is optionally substituted with 

one or more halogen, oxo, R1, –OR1, –NR1R2, –SR1, –OC(O)R1,–C(O)OR1, –NHC(O)OR1, or –

NHC(O)R1;  

Ra and Rb are each independently, at each occurrence, –H, –C1-C20alkyl, –C2-C20alkenyl, 

–C2-C20 alkynyl, –C3-C8 cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, 

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is 

optionally substituted with one or more halogen, oxo –OR1, –NR1R2, –SR1, –OC(O)R1,–

C(O)OR1 –NHC(O)OR1, or –NHC(O)R1; 

R1 and R2 are each independently, at each occurrence, –H, –C1-C20alkyl, –C2-C20alkenyl, 

–C2-C20alkynyl, –C3-C8 cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, 

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is 

optionally substituted with one or more halogen, oxo, –R3, –R4, –OR3, –NR3R4, –SR3, –

OC(O)R3,–C(O)OR3, –NHC(O)OR3, or –NHC(O)R3; 
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R3 and R4 are each independently, at each occurrence, –H, –C1-C20alkyl, –C2-C20alkenyl, 

–C2-C20alkynyl, –C3-C8 cycloalkyl, –C4-C8 cycloalkenyl, aryl, heteroaryl, or heterocyclyl, 

wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroaryl, or heterocyclyl is 

optionally substituted with one or more halogen, oxo, aryl, heteroaryl, –OH, –NH2, –SH, –

OC(O)H,–C(O)OH, –NHC(O)OH, or –NHC(O)H; 

Rc is independently –H or–D; and  

n is independently 0, 1, 2 or 3.  

2. The compound of claim 1, wherein Ra is –H. 

3. The compound of claim 1, wherein Rb is –H. 

4. The compound of claim 1, wherein Rc is –H. 

5. The compound of claim 1, wherein n is 0.  

6. The compound of claim 1, wherein Ra, Rb and Rc are –H.  

7. The compound of claim 1, wherein Ra, Rb and Rc are –H and n is 0.  

8. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

9. The compound of claim 1, wherein the compound is: 

,  
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or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

10. The compound of claim 1, wherein the compound is:  

O
N

O

HO OH

N

N

H2NNH2

O

O

NH2 ,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

11. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

12. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

13. The compound of claim 1, wherein the compound is: 
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,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

14. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

15. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

16. The compound of claim 1, wherein the compound is: 
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,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

17. The compound of claim 1, wherein the compound is: 

O
N

HO OH

N

N

H2NNH2

O

O
P

O

NH
O

O

O

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

18. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

19. The compound of claim 1, wherein the compound is: 



159 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

20. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

21. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 
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22. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

23. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

24. The compound of claim 1, wherein the compound is: 

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

25. The compound of claim 1, wherein the compound is: 
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,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof. 

26. A pharmaceutical composition comprising a compound of claim 1, or a pharmaceutically 

acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture thereof, and a 

pharmaceutically acceptable carrier. 

27. The pharmaceutical composition  of claim 26, wherein the compound is:  

,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof, and a pharmaceutically acceptable carrier. 

28. Use of a compound of claim 1, or a pharmaceutically acceptable salt, solvate, enantiomer, 

diastereomer, racemate or mixture thereof, in the manufacture of a medicament for treating a 

viral infection or a viral-infection associated disease or disorder in a subject in need thereof. 

29. Use of the compound:  
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,  

or a pharmaceutically acceptable salt, solvate, enantiomer, diastereomer, racemate or mixture 

thereof in the manufacture of a medicament for treating a viral infection or a viral-infection 

associated disease or disorder in a subject in need thereof. 

30. The use of claim 29 wherein the viral infection is norovirus.  

 


