
ELECTRONICALLY TRANSMITTED: February 23, 2022    PATENT 

1 
 

  

ORGANOANTIMONY(V) CYANOXIMATE COMPOUNDS AND  

METHODS OF PRODUCTION AND USE THEREOF 
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63/152,490, filed February 23, 2021. The entire contents of the above-referenced application(s) 

are hereby expressly incorporated herein by reference. 

 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable. 

 

BACKGROUND 

[0003]  Microbial infections are associated with considerable morbidity and costs. The 

continuous spread of antimicrobial resistance (AMR) among bacterial and fungal pathogens 

imperils the usefulness of antibiotics and antifungals, which previously revolutionized and enabled 

medical interventions. The increasing AMR is manifesting as multidrug resistance (MDR) leading to 

a global crisis that if not addressed will soon have a huge adversarial impact on human race. The 

main causes of the rapid increase of AMR include an overuse of antimicrobials, inappropriate 

prescribing, and the inability of patients to follow the prescribed drug regimen. Extensive use of 

antibiotics in agricultural settings, as well as wide availability of some antibiotics are also 

important factors. This situation led to the appearance of antibiotic resistant bacterial pathogens, 

exemplified by Methicillin-Resistant Staphylococcus aureus (MRSA), and Vancomycin-Resistant 

Enterococci (VRE), which are becoming increasingly difficult to treat with the current range of 

available antibiotics. Fungal pathogens Cryptococcus neoformans and Candida albicans are also 

becoming increasingly resistant to antifungal drugs, and different Candida species with natural 

drug resistance, such as Candida auris, are evolving in hospital settings and becoming major 

pathogens. The MDR phenomenon is one of the greatest global public health challenges that 

humanity is currently facing. According to the Center for Disease Control (CDC) Prevention’s report 

on antimicrobial resistance conducted in 2019, annually, there are more than 2.8 million 

antibiotic-resistant bacterial infections, from which more than 35,000 people die in the US. 
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Although fungal drug-resistant strains are more difficult to track, current estimates indicate that 

fungal infections lead to more than 1.5 million deaths annually worldwide. Aside from that, the 

economic impacts due to treating these infections as well as from the loss of productivity is 

astronomical – about $4.6 billion annually for bacterial infections and about $7.2 billion annually 

for fungal infections. 

[0004] With modern medicine’s reliance on antimicrobials in treating diseases such as 

pneumonia, tuberculosis, sexually transmitted diseases, and bloodstream infections, the problem 

with AMR is that soon no current treatments will be effective. Therefore, the development of new 

antimicrobial agents is imperative. The critically important progress in this field requires the 

development of new non-antibiotic chemical compounds that would inhibit bacterial and fungal 

growth, but at the same time, would not be toxic to human tissues. Pure organic compounds 

cannot meet these criteria, as they are rather quickly metabolized by microorganisms, while 

simple inorganic salts and Werner-type complexes are toxic or not soluble. 

[0005]  The successful application of metal complexes and organometallic compounds in 

treatments of numerous human diseases is a vigorously expanding area in both biomedical and 

bioinorganic chemistry research. Remarkably, the group V elements in the Periodic Table – 

pnictogens – contains all biologically active elements. Nitrogen (N) and phosphorous (P) are crucial 

for life on the planet, while arsenic (As), antimony (Sb), and bismuth (Bi) possess very useful 

properties and biomedical applications. Paul Ehrlich, widely known as the father of antimicrobial 

chemotherapy and bioinorganic chemistry, found the “magic bullet” (compound 606) capable of 

treating the highly infectious bacterial pathogen Treponema pallidum without hurting the host. 

This compound is a heterocyclic arsenic-based small molecule (C12H13As2ClN2O2) that was used to 

successfully treat syphilis and was marketed as Salvarsan (“Lifesaving”). Despite the well-known 

toxicity of arsenic, this drug saved >560,000 lives within fifty years. Bismuth, contrary to arsenic, is 

not toxic and is widely used as subsalicylate (C7H5BiO4) in the well-known drug Pepto-Bismol. In 

turn, antimony has been used since early Egyptian’s civilization. For example, NaSbO3 was 

commonly used as an emetic compound until the late 1700’s. The other successful application of 

Sb is the treatment of leishmaniasis, caused by a protozoan parasite Leishmania transmitted 

through the bite of infected sandflies in South and Central America, Bangladesh, southern Europe, 

and North Africa. The active compounds against the disease were found to be several Sb(V) 

carbohydrates, such as sodium antimony gluconate (Pentostam) and meglumine antimonate 
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(Glucantime). These have been in use for more than six decades to treat leishmaniasis. Moreover, 

several organoantimony compounds have been studied and shown to possess antimicrobial, 

antifungal, and antitumor activities (Gasser et al., J Med Chem (2011) 54(1):3-25; Frezard et al., 

Molecules (2009) 14(7):2317-36); Agrawal et al., J Coord Chem (2011) 64(3):554-563; Khan et al., 

Middle East Journal of Scientific Research (2013) 17:705-711; Oliveira et al., Molecules (2011) 

16(12):10314-23; Sharma et al., Bioinorg Chem Appl (2006) 16895; and Singh et al., Main Group 

Metal Chemistry (2010) 33).  

[0006] Recently, it was discovered that Sb(V) cyanoximates are thermally and chemically 

stable both in solid state and solutions (Domasevitch et al., Inorg Chem (2000) 39(6):1227-1237). 

In addition, no intrinsic in vitro cytotoxicity was detected for free cyanoximes, organic ligands used 

to synthesize organoantimony(V) (Eddings et al., Inorg Chem (2004) 43(13):3894-909; Gerasimchuk 

et al., Inorg Chem (2007) 46(18):7268-84); and Mann et al., Inorganica Chimica Acta (2016) 

440:118-128). 

[0007] Therefore, there is a need in the art for new and improved antimicrobial organometallic 

compounds and compositions that efficiently inhibit pathogenic bacteria and fungi. It is to such 

new and improved compounds and compositions, as well as methods of producing and using 

same, that the present disclosure is directed. 
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APPENDIX A

NEW CLASS OF NON ANTIBIOTIC ANTIMICROBIAL COMPOUNDS.

Abstract:

A series of new organoantimony(V) compounds has been synthesized and characterized using a

variety of conventional chemical and physical methods (crystallographic, spectroscopic, thermal

analysis). Compounds represent air/moisture and thermally stable to 120o C small molecules of

non antibiotic in nature. All obtained compounds were tested in vitro against diverse group of

pathogenic bacteria and fungi and showed considerable activity that allows them to be further

developed as antimicrobials for different applications.

Keywords:

Organoantimony(V)

Oxime based small molecules

Non antibiotic Covalent, molecular compounds

Technical Description:

The requirement of new antimicrobial treatments has become an urgent field in the last two

decades. Multi drug resistant (MDR) pathogenic bacteria and fungi are now resistant to most

available antibiotics, including new generation, ceftazidime and daptomycin. Our previous work

with cyanoximes allowed identification of several biologically active compounds, some of which

were selected for this investigation (Figure 1).
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Figure 1. Some Cyanoximes Used in our Studies

To antagonize diverse bacteria and fungi, eight novel organoantimony(V) cyanoximates were: 1)

synthesized using the metathesis reaction in dry acetonitrile between tetraphenylantimony(V)

bromide or triemethylantimony(V) dibromide and Ag(I) or Tl(I) salts of several cyanoximes, 2) in

vitro studied using several antibiotic resistant pathogenic microbes.

Synthesis. Desired organoantimony(V) cyanoximates obtained in the metathesis reaction were

left in solution while AgBr or TlBr were separated off using centrifugation (Figure 2). Removal of

solvent in desiccator led to crystalline molecular compounds of SbPh4L or SbMe3L2

composition (L = selected for investigations biologically active cyanoximes). Identity and

structures of compounds was confirmed by elemental analysis on C, H, N, and S content,

thermal analysis, IR , 13C{1H} NMR, some with UV visible spectroscopy, and single crystal X ray

analysis. It was found that in all organoantimony(V) cyanoximates the cyanoxime moiety is

bound to the central atom via oxygen atom and there is a formation of lightly distorted trigonal

bipyramid polyhedronof the Sb(V) atom.
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Figure 2. Synthetic Routes to Desired Organoantimony(V) Cyanoximates

Antimicrobial studies involved: 1) paper disk studies during growth on solid media; 2)

determining MIC during growth in liquid media. It was found that that Sb(Ph)4(ACO) and

Sb(Ph)4(ECO) had significant antimicrobial effect against all three selected for investigation

strains: two Gram negative Escherichia coli strain S17 and Pseudomonas aeruginosa strain

PAO1, and Gram positive Methicillin resistant Staphylococcus aureus strain NRS70. Compounds

Sb(Ph)4(TCO) and Sb(Ph)4(TDCO) had significant effects on the Gram positive Methicillin

resistant Staphylococcus aureus strain NRS70, but essentially no antimicrobial activity for Gram
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negative strains used. Antifungal disk assays concluded that Sb(Ph)4(ECO) was effective against

Cryptococcus neoformans and Candida albicans. Sb(Ph)4(TCO) followed in antifungal activity

against both strains. Sb(Ph)4(ACO) and Sb(Ph)4(TDCO) were only effective at inhibition of

Cryptococcus neoformans. For MIC assays, Sb(Ph)4(MCO) as the only Sb(V) cyanoximate along

with the free cyanoximes H(MCO), H(ECO), and Na[H(ACO)2] were tested so far. As expected,

free cyanoximes have no antimicrobial effect.

Specific modifications of the organic components of the compounds may be made to enhance

their antimicrobial effect (for instance, make them better water soluble, or increase the amount

of oxime groups attached to antimony atoms).

There are several applications of these new compounds.

1) Development of new non antibiotic antimicrobials drugs.

2) Mucus type antimicrobial hydrophobic additives to adhesives working in aqueous

environment.

3) Antimicrobial wearable sweat resistant electronic devises for electrodes, contact pads.

4) Antimicrobial polymer glue that sticks to wet surfaces for under water applications.

Organoantimony cyanoximates exhibit appreciable and valuable antimicrobial activity. Can

modify the periphery of these newly obtained compounds to make themmore water soluble.

CLAIMS: a series of new non antibiotic antimicrobial compounds that include

organoantimony(V) derivatives of SbR4 nLy, where R = C6H5, n=0, y=1; R = CH3, n=1 or 2, y=2 or

3; L= cyanoxime molecules shown above in Figures 1 and 2.
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Amendment of the disclosure of the latest IP form from Missouri State 
University showing the role of scientists involved in proposed co-patent. 

 

This is a compilation of results provided by our collaborator – Oklahoma State University – to 
my research group on a subject of studies of antimicrobial activity of a series of new 
organoantimony(V) compounds. Two directions were taken with this research: antimicrobial 
testing against notorious human pathogens and antifungal testing. In both studies there were 
investigated solid powders of our compounds and their solutions.  

 

Unsolicited by me antifungal studies suggested and carried out by Professor Karen Wozniak: 

1) Solid state compounds testing as deposited on paper disks powders: 

 

 

 

2021-018
Amendment dated 02/01/2021
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2) Compounds were dissolved and their Minimal Inhibitory Concentration (MIC) was 
determined.  

 

All submitted and studied thus far new organoantimony compounds are active and exhibit 
potential for further improvement of their antifungal activity. That will be done in our 
laboratory at Missouri State University by designing and making of new compounds based on 
results of already carried out work.   

 

 

 

 

2021-018
Amendment dated 02/01/2021
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Detailed antimicrobial testing carried out by Professor Marianna Patrauchan. Three pathogens 
were considered for studies: Pseudomonas Aeruginosa, Escherichia Coli, and Staphylococcus 
Aureus. All considered a significant public health hazard. The first one – P. Aeruginosa – has 
been considered in the last years as the most important enemy of personnel by the US Army.    

  Pseudomonas Aeruginosa 

  Escherichia Coli 

  

Staphylococcus Aureus 

2021-018
Amendment dated 02/01/2021
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Amendment dated 02/01/2021
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Results for solid samples (as deposited in paper disks powders) for the SbPh4(ACO) compound: 
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The cyanoxime molecule labeled as ACO used here is: 2-cyano-2-oximino-acetamide anion. 

Results for solid samples (as deposited in paper disks powders) for the SbPh4(ECO) compound: 
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The cyanoxime molecule labeled as ECO used here is: 2-cyano-2-oximino-ethylacetate anion. 

Results for solid samples (as deposited in paper disks powders) for the SbPh4(TCO) compound: 

 

 

The cyanoxime molecule labeled as TCO used here is: 2-cyano-2-oximino-thioacetamide anion. 
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Studies of our compounds in solutions to determine Minimal Inhibitory Concentration (MIC):  

 

 

Methods designed for experiments: 
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Results of this solutions study evidenced that the starting compounds do not inhibit growth of 
microorganisms, and there is pronounced efficacy of our new series of organoantimony(V) 
compounds prepared at MSU.  
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Experiment information
• Disk diffusion assays:

• No inhibition of Cryptococcus neoformans or Candida albicans for the following
compounds at any concentration (S, x2, x4): H(ACO), H(ECO), H(MCO)

• Still several disk compounds remaining to be tested

• MIC assays:
• Each solubilized in DMSO at 5mg/ml, starting concentration is 100μg/ml
• Several compounds tested had antifungal activity (inhibited growth) – see

attached graphs
• Each compound was tested with each organism in three independent experiments. Error

bars represent standard error of the mean (if none, the values were identical in each
experiment).
• Untested compounds have no bar
• Bars reaching 100μg/ml were not considered to have antifungal activity

• One compound Sb(Ph)4(MCO) had fungicidal activity (killed C. neoformans) at a
concentration of 100μg/ml
• MIC for this compound with C. neoformans was 22.5 μg/ml

ANTIFUNGAL ACTIVITY OF COMPOUNDS

APPENDIX C
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Conclusions:
• Compounds containing Sb display higher bactericidal activity 

against Gram positive Staphylococcus aureus then Gram negative 
E.coli

• Sb(Ph4)Br, Sb(Ph4)ECO, Sb(Ph4)ACO, and Sb(Ph4)TCO show 
significant bactericidal activity against multi-drug resistant strain of 
Gram positive S. aureus with Sb(Ph4)Br and Sb(Ph4)ACO showing 
MIC (minimum inhibitory concentrations) of 100 g/ml

• 25-40% reduction of growth was also observed for Sb(Ph4)Br, 
Sb(Ph4)ECO, Sb(Ph4)ACO, and Sb(Ph4)TCO against Gram 
negative E.coli


