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The invention claimed is: 

 1.  A compound having a sulfur-containing ring, or prodrugs or pharmaceutically 

acceptable salts thereof, of one of Formulas I: 
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 in which 

 E is –CH2– or is absent whereby the sulfur-containing ring is directly connected to 

phenyl; 

 R1, R2, R9, and R10, are each independently selected from the group consisting of 

hydrogen, methyl, ethyl, propyl, cyclopropyl, butyl, cyclobutyl, pentyl, hexyl, isopropyl, 

isobutyl, neopentyl, methoxy, and ethoxy; 

 when the compound is a compound of Formula Ia, R11 is independently selected from 

the group consisting of hydrogen, methyl, ethyl, propyl, cyclopropyl, butyl, cyclobutyl, pentyl, 

hexyl, isopropyl, isobutyl, neopentyl, methoxy, and ethoxy; 

 additionally, R1 and R2 may connect to form a phenyl or benzofuran ring; 

 additionally, R9 and R10 may connect to form a phenyl or benzofuran ring; 

 R3 and R8 are each independently selected from the group consisting of hydrogen, 

methyl, ethyl, propyl, isopropyl, chlorine, fluorine, tert-butyl,  methoxy, and ethoxy; 

 R4 and R7 are each independently selected from the group consisting of hydrogen, 

chlorine, methyl ester, ethyl ester, methyl, ethyl, propyl, cyclopropyl, butyl, cyclobutyl, 

isopropyl, isobutyl, methoxy, and ethoxy; 

 and R5 and R6 are each independently selected from the group consisting of 

hydrogen, cyclopentyl, cyclopropyl, furan, thiophene, trifluoromethyl, trifluoromethyl ether, 

methylthiol, formaldehyde, chlorine, fluorine, bromine, phenyl, methyl, ethyl, isopropyl, propyl, 

butyl, cyclobutyl, isobutyl, neopentyl, pentyl, methoxy, and ethoxy. 

 

 2.  The compound of claim 1 in which  

 the compound is according to Formula Ia; 

 R1 and R2 are either independently selected from the group consisting of hydrogen 

and methyl, or form a phenyl ring whereby the ring system is naphthyl; 

 R9 and R10 are either independently selected from the group consisting of hydrogen 

and methyl, or form a phenyl ring whereby the ring system is naphthyl; 

 R11 is hydrogen; 

 R3 and R8 are each independently selected from the group consisting of hydrogen, 

methyl, chlorine, fluorine, isopropyl, tert-butyl, and methoxy; 

 R4 and R7 are each independently selected from the group consisting of hydrogen, 

methyl, chlorine, and ethyl ester; 



83 
 
 and R5 and R6 are each independently selected from the group consisting of methyl, 

ethyl, phenyl, hydrogen, chlorine, isopropyl, cyclopentyl, bromine, cyclopropyl, trifluoromethyl, 

trifluoromethyl ether, methylthiol, formaldehyde, furan, and thiophene. 

 

 3.  The compound of claim 2 in which E is absent. 

 

 4.  The compound of claim 3 in which R1, R2, R4, R7, R9, and R10 are each 

hydrogen. 

 

 5.  The compound of claim 4 in which R3 and R8 are each chlorine; and R5 and 

R6 are selected from the group consisting of hydrogen, methyl, and isopropyl. 

 

 6.  5-(4,5-bis(4-chloro-2-methylphenyl)thiophen-2-yl)-1H-tetrazole or a prodrug or 

pharmaceutically acceptable salt thereof. 

 

 7.  5-(4,5-bis(4-chloro-2-isopropylphenyl)thiophen-2-yl)-1H-tetrazole or a prodrug 

or pharmaceutically acceptable salt thereof. 

 

 8.  5-(4-(3-butylphenyl)-5-(4-chlorobenzyl)thiophen-2-yl)-1H-tetrazole or a prodrug 

or pharmaceutically acceptable salt thereof. 

 

 9.  5-(4,5-bis(4-chloro-2-isopropylphenyl)-3-methylthiophen-2-yl)-1H-tetrazole or a 

prodrug or pharmaceutically acceptable salt thereof. 

 

 10. The compound of claim 1 in which the compound is selected from the group 

consisting of those compounds listed in FIG. 1 or prodrugs or pharmaceutically acceptable 

salts thereof. 

 

 11.  A method of treatment of a microbial infection in a non-human mammal, 

comprising administering an effective amount of an antimicrobial compound of any one of the 

preceding claims to a non-human mammal in need thereof. 
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 12.  The method of treatment of claim 11 in which the microbial infection is 

substantially caused by Gram-positive bacteria. 

 

 13.  The method of treatment of claim 12 in which the microbial infection comprises 

Staphylococcal infection. 

 

 14.  A method of treatment of a microbial infection in a non-human mammal, 

comprising administering an effective amount of an antimicrobial adjuvant compound of any 

one of claims 1 to 10 and an effective amount of an antimicrobial compound to a non-human 

mammal  in need thereof. 

 

 15.  The method of treatment of claim 14 in which the microbial infection is 

substantially caused by Gram-negative bacteria. 

 

 16.  The method of treatment of claim 14 in which the microbial infection is 

substantially caused by Gram-positive bacteria. 

 

 17.  The method of treatment of claim 14 in which the microbial infection is 

polymicrobial. 

 

 18.  The method of treatment of claim 14 in which the microbial infection is 

substantially caused by Pseudomonas aeruginosa. 

 

 19.  Use of an antimicrobial compound of any one of claims 1 to 10 in the 

preparation of a medicament for the treatment of a microbial infection in a human patient. 

 

 20.  The use of claim 19 in which the microbial infection is substantially caused by 

Gram-positive bacteria. 

 

 21.  The use of claim 20 in which the microbial infection comprises Staphylococcal 

infection. 
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22. Use of an antimicrobial adjuvant compound of any one of claims 1 to 10 and

an antimicrobial compound in the preparation of a medicament for the treatment of a 

microbial infection in a human patient. 

23. The use of claim 22 in which the microbial infection is

substantially caused by Gram-negative bacteria. 

24. The use of claim 23 in which the microbial infection is substantially caused by

Gram-positive bacteria. 

25. The use of claim 23 in which the microbial infection is polymicrobial.

26. The use of claim 23 in which the microbial infection is substantially caused by

Pseudomonas aeruginosa. 

27. A pharmaceutical composition comprising a compound of any one of claims 1-

10 and a pharmaceutically acceptable excipient. 














