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COMPOUNDS FOR INHIBITION OF linkage is a covalent bond or a lower alkylene ( e.g. , 

FUNGAL MYCOTOXIN AND SPORULATION ( CH2 ) n , where n is an integer of 1-3 ) bonded to the 
A and B bicyclic rings . 

CLAIM OF PRIORITY Specific examples of compounds that can inhibit the 
biosynthesis of mycotoxins and fungal sporulation include 

This application claims benefit of priority to the filing date the following : 
of U.S. Provisional Application Ser . No. 62 / 443,998 , filed 
Jan. 9 , 2017 , the contents of which are specifically incor 
porated herein by reference in their entity . 

5 

OH 
10 

FEDERAL FUNDING OH 

This invention was made with government support under 
CA - 621 - A - 00-11-00009-00 awarded by the U.S. Agency for 
International Development . The government has certain 15 
rights in the invention . 

BACKGROUND 

20 OH 

OH 
OH 

Diosquinone ( DQ ) 
Mycotoxins are toxins produced by fungi that contami 

nate grains and nuts . These toxins cause immunosuppres 
sive , carcinogenic , cytotoxic and teratogenic effects in 
humans and animals that consume the contaminated grains 
and nuts . Aflatoxin , the most well - known mycotoxin , is 
produced by several species of the fungus Aspergillus and 25 
contaminates corn , tree nuts , cottonseed and peanuts in the 
southern and western United States . The FDA limits afla 
toxin levels in food and feed to 20 ppb , due to its carcino 
genic capabilities . Aflatoxin , together with hepatitis C , is 
associated with high levels of liver cancer in Southeast Asia . 30 3 - Hydroxydiosquinone ( 3HDQ ) Deoxynivalenol , a my cotoxin common in wheat and barley 
in the Midwest , is produced by several Fusarium species on 
grain crops , has immunosuppressive effects on humans , and and combinations thereof . 
induces feed refusal in animals . The FDA suggests levels of Methods are also described herein that can include apply 
less than 15 ppm deoxynivalenol in finished products for 35 ing one or more of the compositions or compounds to one or 
human consumption . more plants , one or more plant seeds , one or more plant Economic losses due to mycotoxins in the United States products , one or more structures , one or more laundry are estimated to be between $ 0.5 and $ 1.5 billion annually . rooms , one or more bathrooms , one or more bedrooms , one Fungicides are only partially effective against my cotoxi or more closets , one or more basements , one or more attics , 
genic fungi because such fungi are naturally tolerant to 40 one or more kitchens , one or more cabinets , one or more many fungicides , and because when stressed by fungicide animal pens , one or more storage areas , one or more silos , applications , fungi can respond by producing more of the my one or more grain bins , one or more building sidings , one or 
cotoxin . Durable host plant resistance is not available , more decks , one or more boat surfaces , or a combination despite many y ears of intensive breeding . An alternative to thereof . 
these solutions would be a compound or compounds that 
block my cotoxin biosynthesis , especially when my cotoxin DESCRIPTION OF THE FIGURES 
levels can be high , even in asymptomatic nuts and grains . 

The patent or application file contains at least one drawing SUMMARY executed in color . Copies of this patent or patent application 
50 publication with color drawing ( s ) will be provided by the This application describes compounds and compositions Office upon request and payment of the necessary fee . 

that inhibit the biosynthesis of mycotoxins and fungal spo FIG . 1A - 1D illustrate inhibition of fungal growth by 
rulation . Such compounds and compositions are useful at Diospyros mafiensis extracts and compounds . FIG . 1A illus sites where mold is present or where it may develop . For trates the inhibitory effects of root powders of D. mafiensis example , the compounds and compositions described herein 55 on A. parasiticus B62 grown on PDA for 3 day s . FIG . 1B are useful as antibiotics . illustrates the inhibitory effects of crude methanol extracts of Compounds and compositions are described herein that D. mafiensis on A. parasiticus B62 grown on Potato Dex can include at least one compound of formula I : trose Agar ( PDA ) for 3 day s . FIG . 1C illustrates the 

inhibitory effects of sub - fractions E2 and E3 obtained from A - linkage - B 60 fraction E on vegetative growth and norsolorinic acid ( NA ) 
where : production by A. parasiticus B62 . B62 was grown onto GM 

A and B are bicyclic rings with 8 to 12 ring atoms , each S in the dark at 30 ° C. for 5 days . The image was obtained 
of the A and B bicyclic rings having ( i ) at least three on the fifth day of incubation . Controls : B62 only and B62 
oxygen - containing substituents selected from hydroxy with DM SO . Decreases in norsolorinic acid intensity indi 
HOH ) , oxy ( 0 ) , ether ( 0 ) , and alkoxy ( R_OH , 65 cates aflatoxin reduction due to the plant extract . Purification 
where R is a lower alkyl ) , and ( ii ) one or two lower alkyl of E3 using preparative chromatography afforded two bio 
substituents ; and logically active compounds . FIG . 1D shows structures of 

45 
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two biologically active compounds : diosquinone ( DQ ) and ( OH ) , oxy ( O ) , ether ( 0 % ) , and alkoxy ( R — OH , 
3 - hydroxy diosquinone ( 3HDQ ) . FIG . 1E shows a ' H NMR where R is a lower alkyl ) , and ( ii ) one or two lower alkyl 
spectrum of diosquinone ( DQ ) . The doublet at d 6.18 ppm substituents ; and 
corresponds to a proton at carbon 3 position ( see arrows ) . linkage is a covalent bond or a lower alkylene ( e.g. , 
This was a diagnostic signal to identify its analogue 3HDQ5 where n is an integer of 1-3 ) bonded to the A 
in FIG . 1D . FIG . 1F shows a ' H NMR spectrum of 3 - hy and B bicyclic rings . 
droxy diosquinone ( 3HDQ ) . The doublet at d 6.85 ppm ( see In some cases , one of the A or B bicyclic rings has an ether 
arrows ) corresponds to a proton at carbon 3 position disap where two adjacent ring atoms are bonded to an oxygen 
peared due to hydroxyl group . Compare FIG . 1F with FIG . atom , thereby forming a third ring joined to the A or B 
1E . FIG . 1G shows a 13 C - NMR Spectrum of 3HDQ , con bicyclic ring where the third ring has three atoms , one of 
firming the presence of hydroxyl group at carbon 3 position which is the oxygen atom , and two of which are A or B ring 
in 3HDQ . FIG . 1H shows a mass spectrum of 3HDQ , atoms . Hence , in some cases compounds useful for inhibit 
confirming the presence of a hydroxyl group at carbon 3 ing the biosynthesis of mycotoxins and fungal sporulation 
position . The difference in molar masses of the two analogs for example , have formula Ila or IIb : 
( DQ from 3HDQ ) is 16 amu , which indicated that there is 
additional oxygen functionality in 3HDQ relative to DQ . 

FIG . 2A - 2F illustrates the inhibitory effects of diosqui 
none ( DQ ) and 3 - hydroxy diosquinone ( 3HDQ ) on fungal 
vegetative growth . FIG . 2A illustrates the inhibitory effects 20 
of diosquinone ( DQ ) and 3 - hydroxy diosquinone ( 3HDQ ) 
on Aspergillus flavus vegetative growth . FIG . 2B illustrates 
the inhibitory effects of diosquinone ( DQ ) and 3 - hydroxy 
diosquinone ( 3HDQ ) on Aspergillus parasiticus vegetative 
growth . FIG . 2C illustrates the inhibitory effects of diosqui- 25 In some cases , both of the A and B bicyclic rings have 3 
none ( DQ ) and 3 - hydroxy diosquinone ( 3HDQ ) on Asper or 4 oxygen - containing substituents selected from hydroxy 
gillus flavus sporulation . FIG . 2D illustrates the inhibitory ( OH ) , oxy ( O ) , ether ( 0– ) , and alkoxy ( R — OH , 
effects of diosquinone ( DQ ) and 3 - hydroxy diosquinone where R is a lower alkyl ) . In some cases , one of the A or B 
( 3HDQ ) on Aspergillus parasiticus sporulation . FIG . 2E rings has three oxygen - containing substituents , while the 
illustrates the inhibitory effects of diosquinone ( DQ ) and 30 other of the A or B rings has four oxygen - containing 
3 - hydroxy diosquinone ( 3HDQ ) on Aspergillus flavus total substituents . 
aflatoxin production . FIG . 2F illustrates the inhibitory In some cases one of the A rings has two oxy substituents . 
effects of diosquinone ( DQ ) and 3 - hydroxy diosquinone In some cases one of the B rings has two oxy substituents . 
( 3HDQ ) on Aspergillus parasiticus total aflatoxin produc : 35 the biosynthesis of mycotoxins and fungal sporulation can , For example , in some cases compounds useful for inhibiting 
tion . Differences in data with the same letters are not 
statistically significant ( p < 0.05 ) according to Duncan's for example , have formula IIIa , IIIb , IIIc , or IIId : 
method of pairwise comparisons tests . 

FIG . 3A - 3B illustrate the process by which aflatoxins are 
generated from norsolorinic acid and potential modes of 
action of diosquinone ( DQ ) and 3 - hydroxy diosquinone 
( 3HDQ ) . FIG . 3A shows the anthraquinone moiety of nor 
solorinic acid ( red - highlighted ) that may mimic the quinone 
moiety of DQ and 3HDQ in their mode of actions . FIG . 3B 
illustrates potential interactions of DQ and 3HDQ with DNA 
and protein within fungal cells . 

0 . 
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40 
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DETAILED DESCRIPTION 
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Compositions are described herein that include com 
pounds that inhibit the biosynthesis of mycotoxins and 
fungal sporulation . The compounds are useful for inhibiting 
mold . For example , the compounds and compositions can be 
used in situations involving the growth and storage of 
agricultural products , where elimination of mycotoxins is 
desirable . Methods of using such compositions that involve 
applying the compositions to plants , plant parts ( e.g. , nuts or 
seeds ) , structures , containers , and other surfaces are also 
described herein . 

Compounds useful for inhibiting the biosynthesis of 
mycotoxins and fungal sporulation can have formula I : 

IIIC 

55 
CO , or 

IIId 
60 

A - linkage - B 0 . 

where : 
A and B are bicyclic rings with 8 to 12 ring atoms , each 65 

of the A and B bicyclic rings having ( i ) at least three 
oxygen - containing substituents selected from hydroxy 
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In some cases one of the A rings and one of the B rings n - pentyl , n - hexyl , n - heptyl , and n - octyl groups . Examples of 
has two oxy substituents . For example , in some cases branched alkyl groups include , but are not limited to , 
compounds useful for inhibiting the biosynthesis of myco isopropyl , iso - butyl , sec - butyl , t - butyl , neopentyl , isopentyl , 
toxins and fungal sporulation can , for example , have for and 2,2 - dimethylpropyl groups . Lower alkyl groups have 
mula IVa or IVb , 5 about 1 to about 3 carbon atoms . The term “ alkylene ” means 

a chain of methylene ( CH2 ) n residues , where n is 1 or 2 , and 
where each end of the chain is linked to another moiety . 

The term “ alkoxy ” refers to an oxygen atom connected to 
10 an alkyl group , including a cycloalkyl group , as are defined 

B above . Examples of linear alkoxy groups include but are not 
limited to methoxy , ethoxy , propoxy , butoxy , pentyloxy , 
hexyloxy , and the like . Examples of branched alkoxy 
include but are not limited to isopropoxy , sec - butoxy , tert IVb 
butoxy , isopentyloxy , isohexyloxy , and the like . Examples of 
cyclic alkoxy include but are not limited to cyclopropyloxy , 

B cyclobutyloxy , cyclopentyloxy , cyclohexyloxy , and the like . 
An alkoxy group can include one to about 12-20 carbon 

20 atoms bonded to the oxygen atom , and can further include 
double or triple bonds , and can also include heteroatoms . 
For example , an allyloxy group is an alkoxy group within In some cases one of the A rings has one or to hydroxy 

substituents . In some cases one of the B rings has one or to the meaning herein . A methoxyethoxy group is also an 
hydroxy substituents . In some cases the A ring or the B ring 25 alkoxy group within the meaning herein . A lower alkoxy 
has one hydroxy substituent , while the other of the A ring or group has about 1 to about 3 carbon atoms . 
the B ring has two hydroxy substituents . These hydroxy All chiral , diastereomeric , racemic forms of a structure substituents can be in addition to any oxy substituents that are intended to be embraced by the claims , unless the the A or B bicyclic rings may have . specific stereochemistry or isomeric form is specifically In some cases , one of the rings of the A bicyclic ring is an 30 indicated . Compounds used in the present invention include aromatic ring . In some cases , one of the rings of the B enriched or resolved optical isomers at any or all asymmetric bicyclic ring is an aromatic ring . In some cases , one of the 
rings of the A bicyclic ring and one of the rings of the B atoms as are apparent from the depictions . Both racemic and 
bicyclic ring is an aromatic ring . diastereomeric mixtures , as well as the individual optical 

Aromatic rings are cyclic aromatic hydrocarbons that do 35 isomers can be isolated or synthesized so as to be substan 
not contain heteroatoms . Thus aryl groups include , but are tially free of their enantiomeric or diastereomeric partners , 
not limited to , phenyl , azulenyl , heptalenyl , biphenyl , and these are all within the scope of the invention . 
indacenyl , fluorenyl , phenanthrenyl , triphenylenyl , pyrenyl , The term “ salt " generally refers to forms of a compound 
naphthacenyl , chrysenyl , biphenylenyl , anthracenyl , and derived from contacting the compound with an organic or 
naphthyl groups . In some embodiments , Aromatic rings 40 inorganic acid , such as hydrochloric acid , hydrobromic acid , 
contain about 6 to about 14 carbons in the ring portions of tartaric acid , methylsulfonic acid , acetic acid , maleic acid , the groups . Aromatic rings can be unsubstituted or substi and oxalic acid , to form the hydrochloride , hydrobromide , tuted , as defined above . Representative substituted aromatic tartarate , methylsulfonate , acetate , maleate , and oxalate salt rings can be substituted more than once , such as , but not of the compound . The term " salt " also generally refers to limited to , 2- , 3- , 4- , 5- , or 6 - substituted phenyl or 3-8 45 
substituted naphthyl group s , which can be substituted with forms of a compound derived from contacting the compound 
carbon or non - carbon groups such as those listed above . with a base to form , for example , the sodium , potassium , 

In some cases , one of the rings of the A bicyclic ring has calcium , magnesium , ammonium , and tetraalkylammonium 
one or two double bonds ( one or two unsaturations ) . In some salt of the compound . 
cases , one of the rings of the B bicyclic ring has one or two 50 Some specific examples of compounds useful for inhib 
double bonds ( one or two unsaturations ) . In some cases , one iting the biosynthesis of mycotoxins and fungal sporulation 
of the rings of the A bicyclic ring and one of the rings of the can have the following structures , 
B bicyclic ring has one or two double bonds ( one or two 
unsaturations ) . 

In some cases one of the rings of the A bicyclic ring has 55 
one or two lower alkyl substituents . In some cases one of the 
rings of the B bicyclic ring has one or two lower alkyl 
substituents . In some cases one of the rings of the A bicyclic 
ring has one or two lower alkyl substituents , and one of the 
rings of the B bicyclic ring has one or two lower alkyl 60 
substituents . 

Alkyl groups include straight chain and branched alkyl 
groups and cycloalkyl groups having from 1 to about 20 
carbon atoms , and typically from 1 to 12 carbons or , in some 
embodiments , from 1 to 8 carbon atoms . Examples of 65 
straight chain alkyl groups include those with from 1 to 8 Diosquinone ( DQ ) 
carbon atoms such as methyl , ethyl , n - propyl , n - butyl , 

?? 

OH 

or 
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-continued ( MIC50 = 39.1 ug / mL ) . DQ strongly reduced total aflatoxin 
OH production by A. flavus from 157 to 36 ng / plate , and by A. 

parasiticus from 1145 ng / plate to 45 ng / plate at 100 ug / mL . 
3HDQ reduced total aflatoxin production by A. parasiticus 

5 from 1145 to 32 ng / plate ; stimulated production by A. flavus 
from 157 to 872 ng / plate at 12.5 ug / mL but reduced to 45 
ng / plate at 100 ug / mL . In summary , DQ and 3HDQ are 
antifungal compounds that prevent mold growth and afla 
toxin accumulation in food and feed . 

10 Compositions 
Compositions described herein can include at least one 

3 - Hydroxydiosquinone ( 3HDQ ) compound of formula I , formula IIa , formula IIb , formula 
IIIa , formula IIIb , formula IIIc , formula IIId , formula IVa , 
and / or formula IVb . Compositions described herein can 

The compounds can be isolated from Diospyros mafiensis 15 include at least one of diosquinone or 3 - hydroxy diosqui 
F. White . Diospyros mafiensis F. White is a medicinal shrub none ( 3HDQ ) . Compositions described herein can include a 
or small tree ( 6 m tall ) widely distributed in the Zanzibar combination of diosquinone and 3 - hydroxy diosquinone 
Inhambane regional mosaic and traditionally used to treat ( 3HDQ ) . The compositions can also include additional com 
leprosy , diarrhea , and skin fungal infections in Tanzania and ponents such as a carrier , solvent , surfactant , an additional 
Mozambique . As illustrated herein , compounds present in 20 active ingredient , or a combination thereof . 
Diospyros mafiensis F. White have anti - aflatoxigenic prop These compositions are useful as antibiotics and anti 
erties of compounds against vegetative growth , sporulation fungal composition 
and aflatoxin production by fungi such as Aspergillus flavus The composition can contain varying amounts of the 
and Aspergillus parasiticus . Bioassay - guided extraction , compounds described herein . For example , the compounds 
fractionation , and isolation of bioactive compounds using A. 25 can be present in liquid compositions at a concentrations of 
parasiticus B62 were employed . about 0.1 ug / mL to about 1000 ug / mL , or about 1 ug / mL to 

The compounds can be isolated , for example , from root about 800 ug / mL , or about 3 ug / mL to about 600 ug / mL , or 
materials of Diospyros mafiensis F. White . In some cases , about 5 ug / mL to about 500 ug / mL , or about 5 ug / mL to 
the compounds can be extracted using alcohol , for example , about 300 ug / mL . 
methanol , ethanol , or propanol . Sequential extractions at 30 In dry compositions , the compounds can be present in at 
room temperature with methanol , ethyl acetate and hexane weight / weight concentrations of about 0.1 ug / g to about 
can also be performed . However , bioassays of resulting 1000 ug / g or about 1 ug / g to about 800 ug / g , or about 3 ug / g 
extracts showed that anti - fungal activity was improved when to about 600 ug / g or about 5 ug / g to about 500 ug / g or about 
using a methanol extraction . 5 ug / g to about 300 ug / g . 

Extracts can be fractionated by any convenient process , 35 The compositions can therefore be dry compositions or 
for example , according to various chemical or physical liquid compositions . 
properties of the compounds to be isolated . Fractionation In some instances , the compounds are dissolved in a 
methods such as by size fractionation ( e.g , gel filtration , solvent to form a liquid composition with a known concen 
electrophoretic separation , gradient centrifugation , thin tration of at least one compound described herein . The 
layer chromatography , or a combination thereof ) , ion 40 solvent can be an alcohol . For example , the solvent can be 
exchange fractionation ( e.g. , anion exchange chromatogra ethanol , methanol , isopropyl alcohol , or a combination 
phy , cation exchange chromatography , membrane exchange thereof . 
chromatography , or a combination thereof ) , high perfor The compositions can contain a carrier such as an emul 
mance liquid chromatography ( HPLC ) , or a combination sifier , a dispersing agent , thickening agent , a surfactant , a 
thereof . 45 clay , a polymer , a colorant , a wetting agent of ionic or 

The extraction liquid containing the compounds can be non - ionic type , a natural or regenerated mineral substance , 
removed by evaporation at a variety of convenient tempera a dispersant , a wetting agent , a tackifier , a thickener , a 
tures ( e.g. , at -20 ° C. to 40 ° C. ) . A vacuum can be used to binder , or a mixture of such carriers . For example , the 
facilitate solvent removal . For example , solvents can be compositions can contain polyacrylic acid salts , lignosul 
removed by freeze - drying . 50 phonic acid salts , phenolsulphonic or naphthalenesulphonic 

The bioactive compounds can be characterized or identi acid salts , poly condensates of ethylene oxide with fatty 
fied using ' H and 13CNMR and LC - M S as illustrated alcohols or with fatty acids or with fatty amines , substituted 
herein . phenols ( in particular alkylphenols or arylphenols ) , salts of 

Growth inhibition can be assessed by measuring the sulphosuccinic acid esters , taurine derivatives ( in particular 
colony diameter of fungal species growth . For example , 55 alkyl taurates ) , phosphoric esters of polyoxy ethylated alco 
growth inhibition can be assessed by measuring the colony hols or phenols , fatty acid esters of polyols , and derivatives 
diameter of A. flavus AF3357 and A. parasiticus SU - 1 of the present compounds containing sulfate , sulfonate and 
ATCC56775 . Inhibitory effects on sporulation can be esti phosphate functions . The presence of at least one surfactant 
mated using a hematocytometer . can be included when the active compound and / or the inert 

Total aflatoxin present in assay mixture can be quantified 60 support are water - insoluble and when the vector agent for 
by direct competitive enzyme - linked immunosorbent assay the application is water . For example , surfactant content can 
( ELISA ) . be about 5 % to 40 % by weight of the composition . 

Bioactive compounds Diosquinone ( DQ ) and 3 - Hydroxy Coloring agents such as inorganic pigments can be pres 
diosquinone ( 3HDQ ) were identified and characterized . The ent in the composition , for example iron oxide , titanium 
DQ compound weakly inhibited A. flavus and A. parasiticus 65 oxide , ferrocyan blue , and organic pigments such as alizarin , 
vegetative growth ( MIC50 > 100 ug / mL ) . The 3HDQ strongly azo and metallophthalocyanine dyes , and trace elements 
inhibited A. flavus ( MIC50 = 14.9 ug / mL ) and A. parasiticus such as iron , manganese , boron , copper , cobalt , molybde 
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num and zinc salts can be used . The compounds can be MIPC , carbaryl , pirimicarb , ethiofencarb , and fenoxycarb , 
present in paints along with any available coloring material pyrethroid pesticides such as permethrin , cypermethrin , del 
( s ) and other components typically employed in paints . tamethrin , fenvalerate , fenpropathrin , pyrethrin , allethrin , 

Optionally , other additional components may also be tetramethrin , resmethrin , dimethrin , propathrin , phenothrin , 
included , e.g. protective colloids , adhesives , thickeners , 5 prothrin , fluvalinate , cyfluthrin , cyhalothrin , flucythrinate , 
thixotropic agents , penetration agents , stabilizers , sequester ethofenprox , cycloprothrin , tralomethrin , silafluofen , bro 
ing agents . fenprox , and acrinathrin , and benzoylurea and other types of The compositions can also include other ingredients . For pesticides such as diflubenzuron , chlorfluazuron , hexaflu example , bactericidal compounds can be employed . Such muron , triflumuron , tetrabenzuron , flufenoxuron , flucyclox compounds are useful in crop protection for example for 10 uron , buprofezin , pyriproxyfen , methoprene , benzoepin , controlling Pseudomonadaceae , Rhizobiaceae , Enterobacte diafenthiuron , acetamiprid , imidacloprid , nitenpyram , fipro riaceae , Corynebacteriaceae and Streptomycetaceae . In 
addition , the compounds described herein can be used nil , cartap , thiocyclam , bensultap , nicotin sulfate , rotenone , 
together in a composition or they can be used concomitantly mataldehyde , machine oil , and microbial pesticides e.g. BT 
with one or more of the other agrichemicals such as various 15 and insect pathogenic virus . 
pesticides , acaricides , nematicides , other types of fungi Acricides can be included in the compositions described 
cides , and plant growth regulators . herein . The acricides that can be employed include , for 

Various types of fungicides can optionally be included in example , chlorbenzilate , phenisobromolate , dicofol , ami 
the compositions described herein . Examples include copper traz , BPPS , benzomate , hexythiazox , fenbutatin oxide , 
fungicide such as basic copper chloride and basic copper 20 polynactin , chinomethionat , CPCBS , tetradifon , avermectin , 
sulfate , sulfur fungicide such as thiuram , zineb , maneb , milbemectin , clofentezin , cyhexatin , pyridaben , fenpyroxi 
mancozeb , ziram , propineb , and polycarbamate , polyha mate , tebufenpyrad , pylidimifen , fenothiocarb , and dieno 
loalkylthio fungicide such as captan , folpet , dichlorfluanid , chlor . 
organochlorine fungicide such as chlorothalonil , fthalide , As for the aforementioned nematicides , fenamiphos , fos 
organophosphorous fungicide such as 0,0 - bis ( 1 - methyl- 25 thiazate and the like can be specifically exemplified ; as for 
ethyl ) S - phenylmethyl phosphorothioate ( IBP ) , edifenphos plant - growth regulators , gibberellins ( e.g. , gibberellin A3 , 
( EDDP ) , tolclophos - methyl , pyrazophos , fosetyl , dicarbox gibberellin A4 , and gibberellin A7 ) , auxin , 1 - naphthale ylmide fungicide such as iprodione , procymidone , vinclo neacetic acid , and so on can be specifically exemplified . zolin , fluoromide , carboxyamide fungicide such as oxycar More generally , the active compounds can be combined 
boxin , mepronil , flutolanil , tecloftalam , trichlamide , 30 with any solid or liquid additive , which complies with the pencycuron , acylalanine fungicide such as metalaxyl , oxa usual formulation techniques . In general , the composition dixyl , furalaxyl , methoxyacrylate fungicides such as kre according to the invention may contain from 0.05 to 99 % by soxim - methyl ( stroby ) , azoxystrobin , metominostrobin , tri 
floxystrobin , pyraclostrobin , anilinopyrimidine fungicide weight of active compounds , preferably from 10 to 70 % by 
such as andupurine , mepanipyrim , pyrimethanil , cyprodinil , 35 weight . 
antibiotic agents such as polyoxin , blasticidin S , kasugamy The compounds or compositions can be provided in a 
cin , validamycine , dihydrostreptomycin sulfate , propamo form that is ready - to - use or in a form that can be prepared 
carb hydrochloride , quintozene , hydroxy isoxazole , metha for use . The compounds or compositions can be applied by 
sulfocarb , anilazine , isoprothiolane , probenazole , a suitable device , such by use of a spraying or dusting 
chinomethionat , dithianon , dinocap , diclomezine , ferim- 40 device . The compounds or compositions can be applied by 
zone , fluazinam , pyroquilon , tricyclazole , oxolinic acid , use of brush or roller . 
iminoctadine acetate , iminoctadine albesilate , cymoxanil , The compounds or compositions can be provided in 
pyrrolnitrin , diethofencarb , binapacryl , lecithin , sodium concentrated commercial compositions that should be 
bicarbonate , fenaminosulf , dodine , dimethomorph , diluted before application to the crop . For example , the 
phenazine oxide , carpropamide , flusulfamide , fludioxonil , 45 compounds can provided in dry ( e.g. , lyophilized ) form , or 
famoxadone , or combinations thereof . Hence , other types of in concentrated form , and then dissolved or diluted as 
fungicides can be mixed together with and used in various desired . The compositions can be in formulated into an 
amounts with one or more of the compounds described aerosol dispenser , as a capsule suspension , as a cold fogging 
herein . concentrate , as a dustable powder , as an emulsifiable con 

The compounds described herein can be used in a weight 50 centrate , as an emulsion oil in water , as an emulsion water 
ratio relative to the other type of fungicide such as from in oil , as an encapsulated granule , as a fine granule , as a 
1 : 0.001 to 1 : 1000 as a weight ratio . In some instance , a flowable concentrate for seed or nut treatment , as a gas 
compound of formula IA , IB , or II relative to the other type ( under pressure ) , as a gas generating product , as granules , as 
of fungicide can vary from 1 : 0.01 to 1 : 100 as a weight ratio . a hot fogging concentrate , as macrogranules , as microgran 

Pesticides can be included in the compositions , with any 55 ules , as an oil dispersible powder , as an oil miscible flowable 
of the compounds described herein . The pesticides can concentrate , as an oil miscible liquid , as a paste , as a plant 
include organophosphorous pesticides , carbamate pesticides rodlet , as a powder for dry seed or nut treatment , as seeds or 
such as fenthion , fenitrothion , diazinon , chlorpyrifos , ESP , nuts coated with the composition , as a soluble concentrate , 
vamidothion , phenthoate , dimethoate , formothion , mala as a soluble powder , as a solution for seed ( or other ) 
thon , trichlorfon , thiometon , phosmet , dichlorvos , acephate , 60 treatment , as a suspension concentrate ( flowable concen 
EPBP , methylparathion , oxydemeton - methyl , ethion , sali trate ) , as an ultra - low volume ( ULV ) liquid , as an ultra - low 
thion , cyanophos , isoxathion , pyridaphenthion , phosalone , volume ( ULV ) suspension , as water dispersible granules or 
methidathion , sulprofos , chlorfevinphos , tetrachlorvinphos , tablets , as a water dispersible powder for slurry treatment , as 
dimethylvinphos , propaphos , isofenphos , ethylthiometon , water soluble granules or tablets , as a water soluble powder 
profenofos , pyraclofos , monocrotophos , azinphosmethyl , 65 for seed or nut treatment , as a wettable powder , or as a 
aldicarb , methomyl , thiodicarb , carbofuran , carbosulfan , combination thereof ( e.g. , two types of formulations pack 
benfuracarb , furathiocarb , propoxur , BPMC , MTMC , aged together ) . 
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Mycotoxins producers of aflatoxins are Aspergillus flavus , most strains of 
The compounds , compositions , and methods described Aspergillus parasiticus , Aspergillus nomius , Aspergillus 

herein can inhibit biosynthesis of a variety of mycotoxins . bombycis , Aspergillus pseudotamarii , Aspergillus ochraceo 
For example , Aspergillus flavus and Aspergillus parasiticus roseus , Aspergillus rambelli , Emericella astellata , Emeri 
produce toxic secondary metabolites called aflatoxins , 5 cella venezuelensis , Bipolaris sp p . , Chaetomium spp . , 
which have deleterious health effects to humans and ani Farrowia sp p . , and Monocillium sp p . , in particular Asper 
mals . Such deleterious health effects can include immuno gillus flavus and Aspergillus parasiticus ( Plant Breeding 
suppression ( Jiang et al . , 2008 ) , growth impairment ( Kh ( 1999 ) , 118 , pp 1-16 ) . There are also additional Aspergillus 
langwiset et al . , 2011 ) , aflatoxicosis ( Strosnider et al . , 2006 ) species known . The group of aflatoxins consists of more 
and liver cancer ( Liu and Wu , 2010 ) . 10 than 20 different toxins , for example , aflatoxin B1 , B2 , G1 

The World Health Organization ( 2008 ) estimated that and G2 , cyclopiazonic acid ( CPA ) . 
between 25,000 and 155,000 people die each year of liver Ochratoxins are mycotoxins produced by some Aspergil 
cancer linked to chronic exposure to aflatoxins through lus species and Penicilium species , like A. ochraceus , A. 
contaminated food , and over 83 % of such deaths occur in carbonarius or P. viridicatum , Examples for Ochratoxins are 
Sub - Saharan African countries ( Liu and Wu , 2010 ; Stros- 15 ochratoxin A , B , and C. Ochratoxin A is the most prevalent 
nider et al . , 2006 ) . Unfortunately , severe fungal deterioration and relevant fungal toxin of this group . 
and contamination of food occur during storage due to Fumonisins are toxins produced by Fusarium species that 
conditions favorable to fungal growth ( Hell et al . , 2000 ) . grow on several crop s , mainly corn , before and after harvest 
Additionally , chronic exposure to A. flavus and A. parasiti of the crop as well as during storage . The diseases , Fusarium 
cus spores is now known to cause a respiratory disease 20 kernel , ear and stalk rot of corn , is caused by Fusarium 
called allergic bronchopulmonary aspergillosis ( ABPA ) . verticillioides , Fusarium subglutinans , Fusarium monili 
Although ABPA occurs relatively infrequently , it can be forme , and Fusarium proliferatum . The main mycotoxins of 
deadly particularly for immunocompromised individuals these species are the fumonisins , of which more than ten 
( Denning et al . , 2013 ) . Denning and coworkers ( 2013 ) chemical forms have been isolated . Examples for fumoni 
calculated an estimate of 389,900 cases of ABPA associated 25 sins are FBI , FB2 and FB3 . In addition the above mentioned 
with invasive fungal infections is likely in Africa . Thus , Fusarium species of corn can also produce the mycotoxins 
individuals winnowing infected seeds during harvesting or moniliformin and beauvericin . In particular Fusarium ver 
from granaries without dust masks are likely to inhale fungal ticillioides is mentioned as an important pathogen of corn , 
spores and thus , may be at risk of ABPA and invasive this Fusarium species produces as the main mycotoxin 
aspergillosis ( Pfaller et al . , 2016 ) , which are often accom- 30 fumonisins of the B - type . Trichothecenes are those myco 
panied with chronic asthma ( Denning et al . , 2013 ) . toxins of primary concern which can be found in Fusarium 

In recent years , there have been growing concerns asso diseases of small grain cereals like wheat , barley , rye , 
ciated with the indiscriminate use of synthetic pesticides for triticale , rice , sorghum and oat . They are sesquiterpene 
crop protection against the molds in storage . The concerns epoxide mycotoxins produced by species of Fusarium , 
associated with synthetic pesticides include fungal resis- 35 Trichothecium , and Myrothecium and act as potent inhibitors 
tance , toxicological effects on consumers , non - biodegrad of eukaryotic protein synthesis . Some of these trichothecene 
ability , and prohibitive costs ( da Cruz Cabral et al . , 2013 ) . producing Fusarium species also infect corn or maize . 
As an alternative to synthetic pesticides , medicinal plants Examples of trichothecene mycotoxins include T - 2 toxin , 
may be useful sources of naturally - occurring biodegradable , HT - 2 toxin , isotrichodermol , diacetoxyscirpenol ( DAS ) , 
readily available , and inexpensive food preservatives that 40 3 - deacetylcalonectrin , 3 , 15 - dideacetylcalonectrin , scirpen 
could be useful to prevent growth , sporulation and aflatoxin triol , neosolaniol ; 15 - acetyldeoxynivalenol , 3 - acetylde 
production by aflatoxigenic molds in food during storage oxynivalenol , nivalenol , 4 - acetylnivalenol ( fusarenone - X ) , 
( Bluma et al . , 2008 ; Bluma and Etcheverry 2008 ; Velazha 4 , 15 - diacetylnivalenol , 4,7,15 - acetylnivalenol , and 
han et al . , 2010 ; El - Nagerabi et al . , 2013 ; Alejandra et al . , deoxynivalenol ( “ DON ' ) and their various acetylated 
2013 ; Kedia et al . , 2014 ; and Prakash et al . , 2014 ) . These 45 derivatives . The most common trichothecene in Fusarium 
studies showed that exposure of A. flavus and A. parasiticus head blight is deoxynivalenol produced for example by 
to medicinal plant extracts or pure compounds significantly Fusarium gramninearum and Fusarium culmorum . 
reduced or completely inhibited their growth and toxin Another my cotoxin mainly produced by F. culmorum , F. 
production . Additionally , because such extracts contain a graminearum and F. cerealis is zearalenone , a phenolic 
variety of compounds , their synergistic modes of action 50 resorcyclic acid lactone that is primarily an estrogenic 
against molds may reduce the likelihood of development of fungal metabolite . 
resistance unlike that related to use of individual synthetic Fusarium species that produce mycotoxins , such as 
pesticides ( da Cruz Cabral et al . , 2013 ) . fumonisins and trichothecenes , include F. acuminatum , F. 
Mycotoxins are toxic fungal metabolites , often found in crookwellense , F. , verticillioides , F. culmorum , F. avena 

agricultural products that are characterized by their ability to 55 ceum , F. equiseti , F. moniliforme , F , graminearum ( Gibber 
cause health problems for humans and vertebrates . Myco ella zeae ) , F. lateritium , F. poae , F. sambucinum ( G. puli 
toxins include compounds such as aflatoxins , ochratoxins , caris ) , F. proliferatum , F. subglutinans , F. sporotrichioides 
patulin , fumonisins , zearalenones , and trichothecenes . They and other Fusarium species . 
are produced for example by different Fusarium , Aspergil In contrast the species Microdochium nivale also a mem 
lus , Penicillium and Alternaria species . 60 ber of the so - called Fusarium complex is known to not 

Aflatoxins are toxins produced by Aspergillus species that produce any mycotoxins . Both acute and chronic mycotoxi 
grow on several crop s , in particular on maize or corn before coses in farm animals and in humans have been associated 
and after harvest of the crop as well as during storage . The with consumption of wheat , rye , barley , oats , rice and maize 
biosynthesis of aflatoxins involves a complex polyketide contaminated with Fusarium species that produce trichoth 
pathway starting with acetate and malonate . One important 65 ecene mycotoxins . Experiments with chemically pure tri 
intermediate is sterigmatocystin and O - methylsterigmato chothecenes at low dosage levels have reproduced many of 
cystin which are direct precursors of aflatoxins . Important the features observed in moldy grain toxicoses in animals , 
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including anemia and immunosuppression , hemorrhage , ture can be treated by powdering spraying mixing encrusting 
emesis and feed refusal . Historical and epidemiological data or a combination thereof . The compositions can be applied 
from human populations indicate an association between in dry or liquid form . 
certain disease epidemics and consumption of grain infected The compounds and compositions described herein can be 
with Fusarium species that produce trichothecenes . In par- 5 employed for reducing mycotoxin contamination or in the 
ticular , outbreaks of a fatal disease known as alimentary protection of animals , materials , surfaces , products , and 
toxic aleukia , which has occurred in Russia since the nine combinations thereof . The compounds or compositions 
teenth century , have been associated with consumption of according to the invention can be used to curatively or 
over - wintered grains contaminated with Fusarium species preventively reduce the mycotoxin synthesis by fungi . For 
that produce the trichothecene T - 2 toxin . In Japan , outbreaks 10 example , a method can be employed for curatively or preventively reducing mycotoxin contamination by applica of a similar disease called akakabi - byo or red mold disease tion or administration of a compound , or a composition have been associated with grain infected with Fusarium comprising a compound , according to any of the formulae species that produce the trichothecene , DON . Trichoth described herein to an animal , a plant seed , a plant , a plant ecenes were detected in the toxic grain samples responsible 15 product , or to the fruit of the plant or to the soil in which the 
for recent human disease outbreaks in India and Japan . plant is growing or in which it is desired to grow . 
There exists , therefore , a need for agricultural methods for When applying the compounds or compositions described 
preventing and crops having reduced levels of , mycotoxin herein , the active ingredient may be applied to plant propa 
contamination . Further , mycotoxin - producing Fusarium gation material to be protected by impregnating the plant 
species are destructive pathogens and attack a wide range of 20 propagation material , in particular , seeds , either with a liquid 
plant species . The acute phytotoxicity of mycotoxins and formulation of the fungicide or coating it with a solid 
their occurrence in plant tissues also suggests that these formulation . In special cases , other types of application are 
mycotoxins play a role in the pathogenesis of Fusarium on also possible , for example , the specific treatment of seeds , 
plants . This implies that mycotoxins play a role in disease plant cutting or twigs serving propagation . The compounds 
and , therefore , reducing their toxicity to the plant may also 25 and / or compositions are also useful in reducing mycotoxin 
prevent or reduce disease in the plant . Further , reduction in contamination when they are applied to a plant , plant see , 
disease levels may have the additional benefit of reducing plant product , and / or plant propagation material in an effec 
mycotoxin contamination on the plant and particularly in tive amount before and / or after harvest and / or during stor 
grain where the plant is a cereal plant . age . 

Stachybotrys spp . , known as the toxic black molds in An effective amount is an amount sufficient to reduce 
buildings , produce trichothecene and atranone mycotoxins fungal growth or mycotoxin production by at least about 5 % , 

10 % , 20 % , 25 % , 30 % , 40 % , 50 % , 60 % , 70 % , 75 % , 80 % , that affect human health . These products could be used in 5 % , 90 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , 99.5 % , paints or plasterboard to inhibit the growth and sporulaiton or 99.9 % . For example , in some cases the compounds of Stachybotrys in damp building environments . 35 described herein can each be administered or applied at a The compounds described herein can be used to inhibit concentration of about 0.1 ppm to 500 ppm , or about 1 ppm biosynthesis of any such mycotoxins . to 400 ppm , or about 2 ppm to 300 ppm , or about 5 ppm to 
Treatment 250 ppm , or about 10 ppm to 150 ppm , or about 12 ppm to The compounds and compositions described herein can be 100 ppm , or about 15 to 50 ppm , or about 20 ppm to 35 ppm , 
used as antibiotic formulations for treatment of animals , 40 or about 25 ppm . 
including humans , domesticated animals , zoo animals , and In some instances , the compounds and / or compositions 
wild animals . Plants , seeds , and plant products can also be are provided as concentrated formulation that are diluted 
treated with the compounds and / or compositions described ten - fold , 100 - fold , or 1000 - fold to provide a concentration 
herein . A method can be employed that includes adminis that is applied or administered to animals , structures , walls , 
tering any of the compounds or compositions described 45 floors , ceilings , containers , plants , seeds , and / or plant prod 
herein to one or more animals , one or more plants , one or ucts . 
more plant seeds , or one or more plant products . The period of time within which protection is effective 

The compounds described herein can also be applied to generally extends from 1 to 90 day s , from 1 to 80 day s , 
structures ( e.g , houses , barns , sheds , warehouses , base from 1 to 70 day s , from 1 to 60 day s , from 1 to 45 day s , 
ments , attics , closets , bathrooms , cupboards , storage bins , 50 from 1 to 30 days , from 1 to 14 days , or from 1 to 7 days , 
storage containers , etc. ) where mold or fungi is present or after application of the compounds and / or compositions 
may grow . For example , the compounds described herein described herein . 
can be applied to moist areas and / or areas suspected of At certain application rates , the active compound combi 
developing fungal growth . Examples of areas where the nations can , for example , have a strengthening effect in 
compounds and / or compositions can be applied include 55 plants . For example , the compounds and / or compositions 
laundry rooms , bathrooms , bedrooms , closets , basements , can also mobilize the defense system of the plant against 
attics , kitchens , cabinets , animal pens , storage areas , silos , attack by unwanted phytopathogenic fungi and / or microor 
grain bins , siding decks , boat surfaces , and the like . ganisms and / or viruses . This may , if appropriate , be one of 

Application of compounds or compositions can be carried the reasons of the enhanced activity of the combinations 
out directly , or by action on their environment , habitat or 60 according to the invention against biosynthesis of mycotox 
storage area . Application ( or treatment ) methods include , for ins . 
example , topical application , oral administration , or paren The compositions described herein can include at least 
teral administration to an animal . Application ( or treatment ) one compound described herein and at least one carrier . The 
methods can also include , for example , watering ( drench compositions described herein can be used to reduce fungal 
ing ) , drip irrigation , spraying atomizing broadcasting dust- 65 infection and / or release of toxins associated with fungi . The 
ing foaming spreading - on , brushing on , and combinations compositions can optionally include one or more antibacte 
thereof . Plants , seeds , plant products , surfaces , and / or struc rial or other antifungal agents . 
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Compositions described herein can be administered so as g / day to about 50 g / day , from about 0.1 g / day to about 25 
to ameliorate one or more symptoms of disease . In some g / day , from about 0.1 g / day to about 12 g / day , from about 
embodiments , the compositions can be administered so as to 0.5 g / day to about 8 g / day , from about 0.5 g / day to about 4 
achieve a reduction in at least one symptom associated with g / day , and from about 0.5 g / day to about 2 g / day . 
fungal infections . Such symptoms can include itching swell- 5 The compositions can include a carrier such as a phar 
ing irritation , exhaustion , chronic sinus problems , allergies , maceutically acceptable carrier . By “ pharmaceutically 
joint pain , digestive problems ( gas and bloating ) , urinary acceptable ” it is meant a pharmaceutical carrier , diluent , 
tract infections , or combinations thereof . excipient , and / or salt that is compatible with the other 
Fungal infections of the skin can be common and include ingredients of the formulation , and not deleterious to the 

athlete's foot , jock itch , ringworm , yeast infections , vaginal 10 recipient thereof . Note that the carriers associated with one 
fungal infections , urinary tract infections , oral thrush , vagi or more compounds , or combinations thereof can be distinct 
nal yeast infection , nail fungus , diaper rash . from the pharmaceutically acceptable carrier ” or a “ phar 

The compositions are particularly amenable to formula maceutical carrier ” described in this section . Thus , a " phar 
tion into pharmaceutical compositions . maceutically acceptable carrier ” or a “ pharmaceutical car 

To achieve the desired effect ( s ) , the compounds , or com- 15 rier ” is a non - active ingredient that is not deleterious to the 
bination thereof may be administered in single or divided recipient thereof and that can solubilize or disperse the 
dosages . For example , the compounds can be present in the active ingredients to facilitate formulation of a convenient 
compositions in amounts of at least about 0.01 mg / kg to dosage form . 
about 100 mg / kg of at least about 0.01 mg / kg to about 300 One or more suitable unit dosage forms comprising the 
to 500 mg / kg at least about 0.1 mg / kg to about 100 to 300 20 compounds of the invention can be administered by a variety 
mg / kg or at least about 1 mg / kg to about 50 to 100 mg / kg of routes including oral , parenteral ( including subcutaneous , 
of body weight , although other dosages may provide ben intravenous , intramuscular and intraperitoneal ) , rectal , der 
eficial results . mal , transdermal , intrathoracic , intrapulmonary and intrana 

The amount administered will vary depending on various sal ( respiratory ) routes . The compounds may also be for 
factors including but not limited to , what types of 25 mulated for sustained release ( for example , using 
compound ( s ) , and / or other therapeutic agents are adminis microencapsulation , see WO 94/07529 , and U.S. Pat . No. 
tered , the route of administration , the progression or lack of 4,962,091 ) . The formulations may , where appropriate , be 
progression of the disease , the weight , the physical condi conveniently presented in discrete unit dosage forms and 
tion , the health , the age of the patient , whether prevention or may be prepared by any of the methods well known to the 
treatment is to be achieved , and if the antigen or ligand is 30 pharmaceutical arts . Such methods may include the step of 
chemically modified . Such factors can be readily determined mixing the therapeutic agent with liquid solutions , solid 
by the clinician employing animal models or other test matrices , semi - solid pharmaceutical carriers , finely divided 
systems that are available in the art . solid pharmaceutical carriers or combinations the of , and 
Compounds and compositions thereof may be adminis then , if necessary , introducing or shaping the product into 

tered in a single dose , in multiple doses , in a continuous or 35 the desired delivery system . 
intermittent manner , depending for example , upon the Pharmaceutical formulations containing the therapeutic 
recipient's physiological condition , whether the purpose of agents described herein can be prepared by procedures 
the administration is therapeutic or prophylactic , and other known in the art using available ingredients . The formula 
factors known to skilled practitioners . The administration of tions can contain pharmaceutically acceptable carriers , 
the compositions may be essentially continuous over a 40 vehicles and adjuvants . For example , the therapeutic agent 
pre - selected period of time or may be in a series of spaced can be formulated with common excipients , diluents , or 
doses . Both local and systemic administration is contem carriers , and formed into tablets , capsules , solutions , sus 
plated . pensions , powders , aerosols and the like . Examples of 

To p rep are the composition , the compounds are synthe excipients , diluents , and carriers that are suitable for such 
sized or otherwise obtained , and purified as necessary or 45 formulations include buffers , as well as fillers and extenders 
desired . These compounds can then be lyophilized or sta such as starch , cellulose , sugars , mannitol , and silicic deriva 
bilized , for example , if storage is desirable . The compounds tives . Binding agents can also be included such as car 
can be combined with a carrier such as a solvent , liposome boxymethyl cellulose , hydroxymethylcellulose , hydroxy 
or particle . The concentrations of the agents can be evalu propyl methylcellulose and other cellulose derivatives , 
ated and adjusted to an appropriate amount , and these 50 alginates , gelatin , and polyvinyl - pyrrolidone . Moisturizing 
therapeutic agents can optionally be combined with other agents can be included such as glycerol , disintegrating 
agents . agents such as calcium carbonate and sodium bicarbonate . 

In general , dosage forms of the invention comprise an Agents for retarding dissolution can also be included such as 
amount of at least one of compounds effective to treat or paraffin . Resorption accelerators such as quaternary ammo 
prevent the clinical symptoms of an infection . Any statisti- 55 nium compounds can also be included . Surface active agents 
cally significant attenuation of one or more symptoms of an such as cetyl alcohol and glycerol monostearate can be 
infection is considered to be a treatment thereof . The abso included . Adsorptive pharmaceutical carriers such as kaolin 
lute weight of a given compound that is included in a unit and bentonite can be added . Lubricants such as talc , calcium 
dose can vary widely . For example , about 0.01 to about 2 g and magnesium stearate , and solid polyethyleneglycols can 
or about 0.1 to about 500 mg of at least one compound can 60 also be included . Preservatives may also be added . The 
be administered . Alternatively , the unit dosage can vary compositions of the invention can also contain thickening 
from about 0.01 g to about 50 g from about 0.01 g to about agents such as cellulose and / or cellulose derivatives . They 
35 g from about 0.1 g to about 25 g from about 0.5 g to about may also contain gums such as xanthan , guar or carbo gum 
12 g from about 0.5 g to about 8 g from about 0.5 g to about or gum arabic , or alternatively polyethylene glycols , ben 
4 g or from about 0.5 g to about 2 g . 65 tones and montmorillonites , and the like . 

Daily doses of one or more compounds can vary as well . It is possible , for example , to prep are solutions using one 
Such daily doses can range , for example , from about 0.1 or more aqueous or organic solvent ( s ) that is / are acceptable 
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from the physiological standpoint , chosen , in addition to also take the form of an aqueous or anhydrous solution or 
water , from solvents such as acetone , ethanol , isopropyl dispersion , or alternatively the form of an emulsion or 
alcohol , glycol ethers such as the products sold under the suspension or salve . 
name " Dowanol , ” poly glycols and polyethylene glycols , The compositions can also include antioxidants , surfac 
CZ - C4 alkyl esters of short - chain acids , ethyl or isopropyl 5 tants , preservatives , film - forming keratolytic or comedolytic 
lactate , fatty acid triglycerides such as the products marketed agents , perfumes , flavorings and colorings . Antioxidants 
under the name “ Miglyol , ” isopropylmyristate , animal , min such as t - butylhydroquinone , butylated hydroxyanisole , 
eral and vegetable oils and poly siloxanes . butylated hydroxytoluene and a - tocopherol and its deriva 

tives can be added . The compounds may be formulated for parenteral admin 
istration ( e.g. , by injection , for example , bolus injection or Additionally , the therapeutic agents are well suited to 

formulation as sustained release dosage forms and the like . continuous infusion ) and may be presented in unit dose form The formulations can be so constituted that they release the in ampoules , pre - filled syringes , small volume infusion active agent , for example , in a particular part of the digestive containers or in multi - dose containers . As noted above , tract , vascular system or respiratory tract , possibly over a preservatives can be added to help maintain the shelve life 15 period of time . Coatings , envelopes , and protective matrices of the dosage form . The active agents and other ingredients may be made , for example , from polymeric substances , such 
may form suspensions , solutions , or emulsions in oily or as polylactide - glycolates , liposomes , microemulsions , 
aqueous vehicles , and may contain formulatory agents such microparticles , nanoparticles , or waxes . These coatings , 
as suspending stabilizing and / or dispersing agents . envelopes , and protective matrices are useful to coat 

Alternatively , the compounds and other ingredients may 20 indwelling devices , e.g. , stents , catheters , peritoneal dialysis 
be in powder form , obtained by aseptic isolation of sterile tubing draining devices and the like . 
solid or by lyophilization from solution , for constitution For topical administration , the compounds may be for 
with a suitable vehicle , e.g. , sterile , pyrogen - free water , mulated by available methods for direct application to a 
before use . target area . Compositions chiefly conditioned for topical 

When the compounds of the invention are prepared for 25 application take the form , for example , of creams , milks , 
oral administration , they are generally combined with a gels , dispersion or microemulsions , lotions thickened to a 
pharmaceutically acceptable carrier , diluent or excipient to greater or lesser extent , impregnated pads , ointments or 
form a pharmaceutical formulation , or unit dosage form . For sticks , aerosol formulations ( e.g. , sprays or foams ) , soap s , 
oral administration , the therapeutic agents may be present as detergents , lotions or cakes of soap . Other conventional 
a powder , a granular formulation , a solution , a suspension , 30 forms for this purpose include wound dressings , coated 
an emulsion or in a natural or synthetic polymer or resin for bandages or other polymer coverings , ointments , creams , 
ingestion of the active ingredients from a chewing gum . The lotions , pastes , jellies , sprays , and aerosols . 

The compositions can be delivered via patches or ban therapeutic agents may also be presented as a bolus , elec dages for dermal administration . Alternatively , the therapeu tuary or paste . 35 tic agents can be formulated to be part of an adhesive In some case , the compositions can be prepared for , and polymer , such as polyacrylate or acrylate / vinyl acetate copo 
administered as , oral compositions . For example , tablets or lymer . For long - term applications it might be desirable to caplets containing the compounds , and optionally a carrier use microporous and / or breathable backing laminates , so 
can include buffering agents such as calcium carbonate , hydration or maceration of the skin can be minimized . The 
magnesium oxide and magnesium carbonate . Caplets and 40 backing layer can be any appropriate thickness that will 
tablets can also include inactive ingredients such as cellu provide the desired protective and support functions . A 
lose , pre - gelatinized starch , silicon dioxide , hydroxy propyl suitable thickness will generally be from about 10 to about 
methyl cellulose , magnesium stearate , microcrystalline cel 200 microns . 
lulose , starch , talc , titanium dioxide , benzoic acid , citric Ointments and creams may , for example , be formulated 
acid , corn starch , mineral oil , polypropylene glycol , sodium 45 with an aqueous or oily base with the addition of suitable 
phosphate , zinc stearate , and the like . Hard or soft gelatin thickening and / or gelling agents . Lotions may be formulated 
capsules containing at least one therapeutic agent of the with an aqueous or oily base and will in general also contain 
invention can contain inactive ingredients such as gelatin , one or more emulsifying agents , stabilizing agents , dispers 
microcrystalline cellulose , sodium lauryl sulfate , starch , ing agents , suspending agents , thickening agents , or coloring 
talc , and titanium dioxide , and the like , as well as liquid 50 agents . The active ingredients can also be delivered via 
vehicles such as polyethylene glycols ( PEGs ) and vegetable iontophoresis , e.g. , as disclosed in U.S. Pat . Nos . 4,140,122 ; 
oil . Moreover , enteric - coated caplets or tablets containing 4,383,529 ; or 4,051,842 . The percent by weight of a thera 
one or more of the compounds of the invention are designed peutic agent of the invention present in a topical formulation 
to resist disintegration in the stomach and dissolve in the will depend on various factors , but generally will be from 
more neutral to alkaline environment of the duodenum . 55 0.01 % to 95 % of the total weight of the formulation , and 

Orally administered compounds can also be formulated typically 0.1-85 % by weight . 
for sustained release . For example , the therapeutic agents Drops , such as eye drops or nose drop s , may be formu 
can be coated , micro - encapsulated , or otherwise placed lated with one or more of the therapeutic agents in an 
within a sustained delivery device . The total active ingre aqueous or non - aqueous base also comprising one or more 
dients in such formulations comprise from 0.1 to 99.9 % by 60 dispersing agents , solubilizing agents or suspending agents . 
weight of the formulation . Liquid sprays are conveniently delivered from pressurized 

The therapeutic agents of the invention can also be packs . Drops can be delivered via a simple eye dropper 
formulated as elixirs or solutions for convenient oral admin capped bottle , or via a plastic bottle adapted to deliver liquid 
istration or as solutions appropriate for parenteral adminis contents dropwise , via a specially shaped closure . 
tration , for instance by intramuscular , subcutaneous , intra- 65 The compounds may further be formulated for topical 
peritoneal or intravenous routes . The pharmaceutical administration in the mouth or throat . For example , the 
formulations of the therapeutic agents of the invention can active ingredients may be formulated as a lozenge further 
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comprising a flavored base , usually sucrose and acacia or tetrafluoroethane , carbon dioxide or other suitable gas . In the 
tragacanth ; pastilles comprising the composition in an inert case of a pressurized aerosol , the dosage unit may be 
base such as gelatin and glycerin or sucrose and acacia ; and determined by providing a valve to deliver a metered 
mouthwashes comprising the composition of the present amount . Nebulizers include , but are not limited to , those 
invention in a suitable liquid pharmaceutical carrier . 5 described in U.S. Pat . Nos . 4,624,251 ; 3,703,173 ; 3,561 , 

The compositions may include , as optional ingredients , 444 ; and 4,635,627 . Aerosol delivery systems of the type 
pharmaceutically acceptable carriers , diluents , solubilizing disclosed herein are available from numerous commercial 
or emulsifying agents , and salts of the type that are available sources including Fisons Corporation ( Bedford , Mass . ) , 
in the art . Examples of such substances include normal Schering Corp. ( Kenilworth , N.J. ) and American Phar 
saline solutions such as physiologically buffered saline 10 moseal Co. , ( Valencia , Calif . ) . For intra - nasal administra 
solutions and water . Specific non - limiting examples of the tion , the therapeutic agent may also be administered via nose 
pharmaceutical carriers and / or diluents that are useful in the drop s , a liquid spray , such as via a plastic bottle atomizer or 
pharmaceutical formulations of the present invention metered - dose inhaler . Typical of atomizers are the Mistom 
include water and physiologically acceptable buffered saline eter ( Wintrop ) and the Medihaler ( Riker ) . 
solutions such as phosphate buffered saline solutions pH 15 Furthermore , the compounds may also be used in com 
7.0-8.0 . bination with other therapeutic agents , for example , pain 

The active ingredients of the invention can also be admin relievers , anti - inflammatory agents , antibacterial agents , 
istered to the respiratory tract . Thus , the present invention anti - fungal agents , anti - cancer agents and the like , whether 
also provides aerosol pharmaceutical formulations and dos for the conditions described or some other condition . 
age forms for use in the methods of the invention . 20 Kits 
For administration by inhalation or insufflation , the com The present invention further pertains to a packaged 

position may be in the form of a dry powder , for example , composition such as a kit or other container for detecting 
a powder mix of the therapeutic agent and a suitable powder controlling preventing or treating an infection or fungal 
base such as lactose or starch . The powder composition may synthesis of a mycotoxin . The kits of the invention can be 
be presented in unit dosage form in , for example , capsules 25 designed for detecting controlling preventing or treating 
or cartridges , or , e.g , gelatin or blister packs from which the problems such as those described herein ( e.g. , fungal 
powder may be administered with the aid of an inhalator , growth , fungal infections , or mycotoxin production by 
insufflator , or a metered - dose inhaler ( see , for example , the fungi ) . 
pressurized metered dose inhaler ( MDI ) and the dry powder In one embodiment , the kit or container holds a compound 
inhaler disclosed in Newman , S. P. in Aerosols and the Lung , 30 as well as instructions for preparing a composition that 
Clarke , S. W. and Davia , D. eds . , pp . 197-224 , Butterworths , includes the compound . The kit can also include a carrier . 
London , England , 1984 ) . In another embodiment , the kit or container holds an 

The compounds can also be administered in an aqueous effective amount of a composition for treating preventing or 
solution when administered in an aerosol or inhaled form . controlling fungal growth , fungal infection , or my cotoxin 
Thus , other aerosol pharmaceutical formulations may com- 35 production by fungi , and instructions for using the compo 
prise , for example , a physiologically acceptable buffered sition for control of the fungal growth , fungal infection , or 
saline solution containing between about 0.1 mg / ml and my cotoxin production by fungi . The composition includes 
about 100 mg / ml of one or more of the therapeutic agents of at least one compound in an amount effective for control , 
the present invention specific for the indication or disease to prevention , or treatment of fungal growth , fungal infections , 
be treated . Dry aerosol in the form of finely divided solid 40 or mycotoxin production by fungi . The compound ( s ) can be 
therapeutic agent that are not dissolved or suspended in a provided in combination with a carrier . Such a composition 
liquid are also useful in the practice of the present invention . can be in liquid form , powder form or other form permitting 
Therapeutic agents of the present invention may be formu ready application or administration . 
lated as dusting powders and comprise finely divided par The kits of the invention can also comprise containers 
ticles having an average particle size of between about 1 and 45 with tools useful for applying the compositions , or admin 
5 um , alternatively between 2 and 3 um . Finely divided istering the compositions of the invention . Such tools can 
particles may be prepared by pulverization and screen include spreaders , brushes , mixing tools , spray devices , or a 
filtration using techniques well known in the art . The par combination thereof . In some cases , such tools can include 
ticles may be administered by inhaling a predetermined syringes , swabs , catheters , antiseptic solutions and the like . 
quantity of the finely divided material , which can be in the 50 The following non - limiting Examples illustrate some 
form of a powder . aspects of the compounds , compositions , and methods pro 

It will be appreciated that the unit content of active vided herein . 
ingredient or ingredients contained in an individual aerosol 
dose of each dosage form need not in itself constitute an EXAMPLE 1 
effective amount for treating the particular immune 55 
response , allergy , asthma , anaphylaxis or other disease or Materials and Methods 
condition since the necessary effective amount can be 
reached by administration of a plurality of dosage units . This Example describes some of the materials and meth 
Moreover , the effective amount may be achieved using less ods employed in the development of the invention . 
than the dose in the dosage form , either individually , or in a 60 General Experimental Procedures : All solvents used for 
series of administrations . isolation and purification were of ACS reagent grade 

For administration to the upper ( nasal ) or lower respira ( Sigma - Aldrich Chemical Co. , St. Louis , Mo. , USA ) . Merck 
tory tract by inhalation , the compounds are conveniently silica gel ( 60 mesh size , 35-70 um ) with a particle size of 60 
delivered from a nebulizer or a pressurized pack or other um was used for preparative medium - pressure liquid chro 
convenient means of delivering an aerosol spray . Pressur- 65 matography ( MPLC ) . Silica gel plates ( 250 um ; Analtech , 
ized packs may comprise a suitable propellant such as Inc. , Newark , Del . , USA ) were used for preparative thin 
dichlorodifluoromethane , trichlorofluoromethane , dichloro layer chromatography ( TLC ) and developed plates viewed 
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using ultraviolet light at 254 or 366 nm using a Spectroline mg / mL , respectively . Flat - bottomed 6 - well culture plates 
CX - 20 ultraviolet fluorescence analysis cabinet ( Spectroline ( SIAL0516 , Sigma - Aldrich , St Louis , Mo. 63103 , USA ) 
Corp. , Westbury , N.Y. , USA ) . After viewing and locating were used to grow the molds in triplicate . From each stock 
spots under UV light , plates were sprayed with 10 % sulfuric concentration , 10 uL were placed into each of the three 
acid solution in water and charred to observe spots that were plates per treatment . Then molten GM Sagar tempered to 
not visible under UV . NMR spectra were recorded on a 500 50 ° C. ( 5 mL ) was poured into each plate while shaking to 
MHz ( Varian Unity : 500 , 1H NMR ) or 125 MHz ( Varian ensure homogeneous mixing of the contents . Plates were 
Unity : 500 , 13C NMR ) VRX instruments . ESIMS spectra allowed to cool and solidify the agar . The concentrations in were recorded on a Waters Xevo G2 - S Q - TOF LC mass the growth medium were 50 , 100 , and 500 ug / mL , from the spectrometer ( Waters Corporation , Milford , Mass . , USA ) . 10 stock solutions 25 , 50 , 250 mg / mL , respectively . Controls See FIGS . 1E - 1H . 

Plant material : Root bark of Diospyros mafiensis F. White included ( 1 ) GMS without extract and ( 2 ) GMS without 
extract but with 10 uL DMSO . Then , conidiospores ( 1x104 was collected on Dec. 23 , 2014 , at the location S06 ° 53'33 " 

E39 ° 06'01 " , 182 m in Kisarawe , Pugu , Dar es Salaam , CFU / plate ) of A. parasiticus B62 were center - inoculated 
Tanzania . A voucher specimen has been deposited in the 15 onto the GMS agar medium of each plate and incubated in 
Botany Department Herbarium , University of Dar es the dark at 30 ° C. for 5 days . 
Salaam , Tanzania , for future reference ( Voucher No. FMM Bioassay - Guided Extraction and Isolation : The plant 
3693 ) . The root bark was air - dried in the shade for five days . material ( e.g. , Diospyros mafiensis ) was initially extracted 
The dry root bark was milled using a laboratory mill ( Model sequentially at room temperature with methanol , ethyl 
4 , Martha R. Thomas Company , Philadelphia , Pa . , USA ) . 20 acetate and hexane . Bioassays of resulting extracts showed 
The milled plant material was shipped to Michigan State activity limited to methanolic extract . Subsequently , pow 
University for further analyses . dered root barks ( 200 g ) were extracted with methanol ( 1.5 

Fungal strains , growth medium and growth conditions : L , 24 hx3 ) , and evaporation of the solvent under vacuum 
Wild - type strains of aflatoxigenic molds A. flavus ( AF3357 ) , afforded a powdered extract ( 57.30 g ) . An aliquot ( 20 g ) was 
and A. parasiticus ( SU - 1 , ATCC56775 ) and a mutant strain 25 stirred in methanol ( 200 mL , 1 h ) and centrifuged at room 
of A. parasiticus B62 were used throughout this study . The temperature for 10 min to afford residue A ( 0.75 g , plant 
mutant A. parasiticus B62 strain was used for screening the material ) and supernatant . The supernatant was evaporated 
anti - aflatoxigenic activities and aflatoxin reduction effica under vacuum to obtain methanol - free reddish residue B 
cies of the methanolic extract and fractions of the plant ( 19.13 g ) . This residue ( 19.13 g ) was then mixed with 
material . All strains were grown on glucose minimal salts 30 hexane ( 200 mL ) and stirred for 1 h and centrifuged at room 
( GMS ) , which is a chemically defined medium that was temperature for 10 min to afford precipitate C ( 16.66 g ) and 
prepared as previously described ( Tice and Buchanan , supernatant , which was evaporated under vacuum to obtain 
1981 ) . The pH of the medium was adjusted 4.5 using 1M oily fraction D ( 2 g ) . The precipitate C was mixed with 200 
NaOH . Molds were center - inoculated onto Petri dishes and mL of ethylacetate , stirred for 1 h , and centrifuged at room 
allowed to grow in the dark in an incubator at 30 ° C. for 5 35 temperature for 10 min to afford a precipitate F ( 12.22 g ) and 
days for screening and 10 days for bioassays of isolated supernatant E. Evaporation of ethylacetate from the super 
bioactives against wild - type strains A. Alavus AF3357 and A. natant under vacuum afforded fraction E ( 4.15 g ) . An aliquot 
parasiticus SU - 1 , ATCC56775 . of fraction E ( 350 mg ) was mixed with acetone ( 6 mL ) and 

Screening Diospyros mafiensis Root Powders and Metha stirred for 1 h and centrifuged at room temperature for 10 
nolic Extracts Using A. Parasiticus Strain B62 : A. parasiti- 40 min to obtain precipitate E1 ( 17.5 mg ) and supernatant . The 
cus strain B62 accumulates the brightly colored red pigment precipitate E1 ( 17.5 mg ) was soluble in methanol . To the 
( Lee et al . , 1971 ) , norsolorinic acid ( NA ) , in the colony and acetone supernatant , hexane ( 7 mL ) was added and the 
surrounding growth medium ( Roze et al . , 2011 ) . The dis mixture was stirred for 1 h and centrifuged at room tem 
appearance of red coloration following treatment in the perature for 10 min to obtain subfraction ( residue ) E2 ( 133 
growth medium provides visual evidence of aflatoxin bio- 45 mg ) . The supernatant , acetone - hexane mixture , was evapo 
synthesis inhibition ( FIG . 1 ) . Dry root powders ( 10 g ) were rated to obtain subfraction E3 ( 198 mg ) ( Alexander - Lindo et 
placed in a cell culture dish ( 150x25 mm ) and evenly sp read al . , 2004 ) . 
at the bottom of the plate . Three small Petri dish ( 60x15 Fractions A , B , D , E , and F , and sub - fractions E1 , E2 , and 
mm ) covers were filled with Potato Dextrose Agar ( PDA ) E3 were distinct , as detected by TLC analyses and screening 
( 10 mL ) growth medium . Conidiospores ( 1x104 CFU / plate ) 50 against A. parasiticus B62 grown in the dark at 30 ° C. for 5 
of A. parasiticus were center - inoculated onto PDA agar days . Sub - fraction E1 was inactive . All fractions ( A - F ) and 
medium solidified in each of small Petri dish covers . The sub - fraction E2 were weakly active as indicated by FIG . 1C . 
three inoculated Petri dish covers were placed inside a larger Sub - fraction E3 exhibited the strongest activity and was 
dish that contained root powders evenly distributed at the preferentially selected for isolation , purification and char 
bottom of the dish . Then , the lid of the larger dish was 55 acterization of bioactive compounds . An aliquot of E3 ( 120 
covered and sealed with parafilm to prevent the escape of mg ) was purified by preparative TLC ( CHC13 : MeOH 30 : 1 
root volatiles and the smaller dishes inside the larger dish v / v , two runs ) to yield compounds 1 ( 23 mg ) and 2 ( 9.2 mg ) . 
were open to allow free interactions of gases emanating Characterization of Compounds 1 and 2 : 
from the root powders to the growing fungus . The control set Compound 1 : Red solid ; ' H NMR ( 500 MHz , CDC1z ) : 
was prepared the same way , but the larger dish contained no 60 11.85 ( 1H , s , 5 - OH ) , 11.48 ( 1H , J = 10.8 Hz , 5 ' - OH ) , 7.48 
root powders ( Roze et al . , 2007 ; Roze et al . , 2011 ) . The ( 2H , d , 5.4 Hz , H - 8 , H - 8 ' ) , 7.11 ( 1H , s , H - 6 ) , 6.85 ( 1H , d , 
fungus was allowed to grow in the dark at 30 ° C. for three 12.7 Hz , H - 3 ) , 4.01 ( 1H , s , H - 3 ' ) , 3.96 ( 1H , s , H - 2 ' ) , 2.44 
days . ( 3H , s , H - 7CH3 ) , 2.27 ( 3H , S , H - 7'CH3 ) ; 13C NMR ( 125 
An appropriate mass of powdered root methanolic extract MHz , CDC13 ) : 195.3 , 195.1 ( C - 4 ' ) , 189.6 , 189.4 ( C - 1 ' ) , 

( 25 , 50 , and 250 mg ) ( extraction method is described in next 65 188.8 ( C - 4 ) , 182.4 ( C - 1 ) , 161.4 ( C - 5 ) , 159.2 ( C - 5 ' ) , 148.7 
section ) was dissolved in 1 mL of dimethylsulfoxide ( C - 7 ) , 147.5 ( C - 7 ' ) , 145.5 , 145.4 ( C - 2 ) , 138.9 , 138.7 ( C - 3 ) , 
( DMSO ) to make stock solutions containing 25 , 50 and 250 129.1 ( C - 9 , C - 9 ' ) , 124.2 ( C - 6 ' ) , 121.3 ( C - 6 ) , 121.1 ( C - 8 , 
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C - 8 ' ) , 113.1 ( C - 10 ' ) , 112.1 ( C - 10 ) , 55.4 ( C - 2 ' ) , 55.1 ( C - 3 ' ) , Estimation of Fungal Sporulation 
22.3 ( C - 11 ) , 22.1 ( C - 11 ' ) . See FIG . 1E . After 10 - day incubation in the dark at 30 ° C. on GMS 

These data revealed that compound 1 was diosquinone medium , conidiospores of A. flavus ( AF3357 ) and A. para 
( DQ ) . Based on spectral data , DQ was previously reported siticus ( SU - 1 , ATCC56775 ) were harvested , and spore num 
from the roots of the same plant ( Khan and Rwekika , 1999 ) . 5 bers in ( CFU / plate ) for each colony were estimated using a 
Compound 2 : Red solid ; ' H NMR ( 500 MHz , CD , OD ) : hemocytometer as described previously ( Roze et al . , 2004 ) . 

7.45 ( 1H , s , H - 8 ' ) , 7.36 ( 1H , s , H - 8 ) , 6.92 ( 1H , H - 6 ) , 3.99 Averages of spore numbers ( CFU / plate ) for each dose con 
( 2H , dd , H - 2 ' , H - 3 ' ) , 2.40 ( 3H , s , H - 7CH3 ) , 2.26 ( 3H , s , centration were determined . 
H - 7'CH3 ) ; 13C NMR ( 125 MHz , CD , OD ) : 197.4 , ( C - 4 ' ) , Extraction and Quantification of Aflatoxins from Growth 
191.7 ( C - 1 ' ) , 190.4 ( C - 4 ) , 182.1 ( C - 1 ) , 170.1 ( C - 3 ) , 163.1 10 Medium 
( C - 5 ) , 161.8 ( C - 5 ' ) , 150.9 ( C - 7 ) , 150.1 ( C - 7 ' ) , 136.6 ( C - 2 ) , Total aflatoxins in the growth medium and mycelia were 
133.6 ( C - 9 , C - 6 ' ) , 131.3 ( C - 9 ' ) , 121.7 ( C - 6 ) , 121.5 ( C - 8 ' ) , extracted with 5 mL chloroform in 50 mL - Falcon tubes 
120.4 ( C - 8 ) , 113.2 ( C - 10 ' ) , 113.1 ( C - 10 ) , 56.8 ( C - 2 ' ) , 56.5 ( Denville Scientific Inc. South Plai eld , N.J. 0708 USA ) . 
( C - 3 ' ) , 22.3 ( C - 11 ) , 22.2 ( C - 11 ' ) . HRESIMS : m / z 405.0621 Chloroform ( 5 mL ) was added to a 50 mL - Falcon tube 
( [ M - H ] - ( calcd for C22H1308 , 405.0610 ) . See FIGS . 1F - 16 . 15 containing the sample ( chunks ( @ ~ 6x6x5 mm ) of solid 

These data revealed that compound 2 was 3 - Hydroxy medium agar from the test well plate ) . The chunks were 
diosquinone ( 3HDQ ) . The molecular ion , [ M - H ] , at m / z vortexed for 5 s and the mixture allowed to rest for 10 min 
405 , 16 amu higher than that of DQ , indicated that 3HDQ before withdrawing the extract into a 20 - mL scintillation 
contained additional oxygen functionality in its structure . vial . This procedure was repeated three times and the 
See FIG . 1H . This new oxygen functionality was assigned as 20 extracts were dried completely under a stream of nitrogen 
a hydroxyl group at C - 3 and resonated upfield at 8 170.1 in gas , and each vial was reconstituted with 500 uL of 70 % 
its 13C NMR spectrum was confirmed by the absence of the methanol ( Roze et al . , 2004 ) . Five L of the reconstituted 
proton signal at d 6.85 in its ' H NMR spectrum when solution were dissolved in 1000 uL of 70 % methanol , and 
compared to the ' H NMR spectrum of DQ . See FIGS . the solution was vortexed for 30 s to obtain the final sample 
1F - 16 . 25 solution ( pH = 6.7 ) . Then , total aflatoxin in the sample was 
Inhibitory Effects of DQ and 3HDQ on the Vegetative quantified using Veratox® direct competitive enzyme - linked 
Growth of Wild - Type Strains A. flavus AF3357 and A. immunosorbent assay ( ELISA ) as described by the manu 
parasiticus SU - 1 , ATCC56775 facturer ( Neogen Corporation , Lansing Mich . , USA ) . Aver 
DQ ( 5 mg ) was dissolved in 200 uL of DMSO to make a ages of total aflatoxin ( ng / plate ) at each dose level were 

stock solution ( I ) with a concentration of 0.025 mg / uL ( w / v ) . 30 determined and recorded . 
Using this stock solution , five serial dilutions were carried Statistical Analysis 
out by taking 100 uL of stock solution I and mixing it with Statistical analysis used Duncan's method for pairwise 
100 uL of DMSO . Serial dilutions were conducted to make comparisons , which were performed using SigmaStat one 
stock solutions II , III , IV , and V. From each stock solution , way analysis of variance ( One - Way ANOVA ) scientific 
10 uL were transferred into the test well plate ( in triplicate 35 statistical software , version 11.0 from Jandel Corporation , 
for each stock solution ) and 5 mL of GM S agar was poured San Rafael , Calif . , USA . 
into each test well while shaking gently to ensure homoge 
neous mixing of the contents in order to get concentrations EXAMPLE 2 
50 , 25 , 12.5 , 6.25 , and 3.125 ug / mL , respectively , as final 
concentrations in the test well plates . The highest concen D. mafiensis Root Materials Screened Against A. 
tration ( 100 ug / mL ) was prepared by transferring 20 uL from parasiticus B62 
the stock solution I into 5 mL GMS plate . Thus , dose levels 
applied for the inhibitory experiments were 100 , 50 , 25 , This Example illustrates that Diospyros mafiensis root 
12.5 , 6.25 , and 3.125 ug / mL . The GM S agar medium was powders and extracts inhibit growth and production of 
left to solidify in the test well plates before inoculation . 45 norsolorinic acid ( NA ) , as visual evidence of aflatoxin 
Serial dilutions of 3HDQ were prepared in the same way that biosynthesis inhibition . 
resulted in the same final concentrations of 100 , 50 , 25 , 12.5 , The root powders of D. mafiensis ( R3 ) decreased vegeta 
6.25 , and 3.125 ug / mL in the test well plates . A. flavus tive growth and norsolorinic acid production by A. parasiti 
( AF3357 ) and A. parasiticus ( SU - 1 , ATCC56775 ) were cus B62 compared to the untreated control ( FIG . 1A ) . Crude 
exposed to such DQ and 3HDQ by allowing them to grow 50 methanolic extracts of D. mafiensis root bark also effectively 
on the surface of treated GMS growth medium ( 5 mL ) in the inhibited both vegetative growth and norsolorinic acid pro 
test well plates . The plates that contained GMS only or GMS duction of A. parasiticus ( FIG . 1B ) . Vegetative growth and 
with DMSO only were the positive and negative controls , norsolorinic acid decreased drastically with increased doses 
respectively . Six - well culture plates ( SIAL0516 , Sigma of the extract from 50 to 500 ug / mL as compared to the 
Aldrich , St Louis , Mo. 63103 , USA ) were used throughout 55 controls ( B62 only and DMSO ) . 
this study . Conidiospores ( 1x10 + CFU / plate ) of each fungal 
strain were center - inoculated into each test well and incu EXAMPLE 3 
bated in the dark at 30 ° C. for 10 days . Fungal growth was 
estimated by measuring colony diameter in perpendicular Bioassay - Guided Extraction and Isolation 
directions for each colony every 24 h for 10 days . All colony 60 
diameter measurements were recorded as mean - standard This Example illustrates extraction procedures and the 
error ( SE ) as previously described ( Roze et al . , 2011 ) . The activities of various types of extracts . 
growth inhibition percentages were obtained by the follow Extraction procedures described in the foregoing 
ing formula : Examples ( e.g , for Diospyros mafiensis ) were employed . 

65 The oily fraction D weakly inhibited vegetative growth and 
Growth Inhibition ( % ) = ( Control - Treatment ) / Con norsolorinic acid production . However , fractions A , B , E , 

and F weakly inhibited vegetative growth but strongly 

40 

trolx100 % 
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inhibited norsolorinic acid production by A. parasiticus B62 1C - 1D ) . The spectral data of DQ were in agreement with 
in a dose - dependent manner . Fraction E exhibited the stron Khan & Rwekika ( Phytochemistry 50 : 143-146 ( 1999 ) ) who 
gest activity against A. parasiticus B62 growth and norso first isolated and characterized it from D. mafiensis . The 
lorinic acid production . Thus , fraction E was selected for spectral data of a new analog of DQ , 3 - hydroxy diosquinone 
further fractionation to obtain sub - fractions E1 , E2 , and E3 . 5 ( 3HDQ ) , are reported here . 
Sub - fraction El was inactive against the growth of A. EXAMPLE 4 parasiticus B62 . Conversely , sub - fraction E2 inhibited A. 
parasiticus B62 vegetative growth more weakly than E3 , but Synthesis of Diosquinone ( DQ ) and 
both were strong inhibitors of NA productions . Sub - fraction 3 - Hydroxydiosquinone ( 3HDQ ) 
E3 was the most potent against the vegetative growth of A. 
parasiticus . This Example illustrates methods for synthesizing dios 

Two bioactive compounds were isolated , purified , char quinone ( DQ ) and 3 - hydroxy diosquinone ( 3HDQ ) . 
acterized from the E3 subfraction , and identified as Dios Synthetic scheme I illustrates a synthetic method for 
quinone ( DQ ) and 3 - Hydroxydiosquinone ( 3HDQ ) ( FIG . making compound 1 , diosquinone ( DQ ) . 

10 
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Synthetic scheme II illustrates a synthetic method for enon was not observed in A. parasiticus because it did not 
making compound 2 , 3 - hydroxy diosquinone ( 3HDQ ) . form greenish pigmentation at all doses . 
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Impact of DQ and HDQ on Fungal Sporulation 
Inhibitory Effects of DQ and 3HDQ on the 

Vegetative Growth of Wild - Type Strains A. flavus This Example illustrates the effects of Diosquinone ( DQ ) 
AF3357 and A. parasiticus SU - 1 ( ATCC56775 ) and 3 - Hydroxydiosquinone ( 3HDQ ) on fungal sporulation . 

Conidiospore number for both A. flavus ( A ) and A. 
This Example illustrates the inhibitory properties of Dios parasiticus mold strains decreased significantly ( p < 0.05 ) in 

quinone ( DQ ) and 3 - Hydroxydiosquinone ( 3HDQ ) . a dose - dependent manner when they were exposed to 
increasing doses of DQ and 3HDQ as compared with the 

FIGS . 2A - 2B illustrate the growth inhibitory effects of controls ( FIGS . 2C and 2D ) . For example , 100 ug / mL of 
DQ and 3HDQ assessed at concentrations , ranging from 3HDQ strongly decreased conidiospore numbers from 1.7x 
3.125 to 100 ug / mL on A. flavus and A. parasiticus grown on 106 ( control AF3357 ) to 2.7x10 % spores / plate ( 98 % reduc 
glucose minimal salts ( GMS ) for 10 day s . At the highest tion of sporulation ) in A. flavus after 10 days of growth ( FIG . 
concentration ( 100 ug / mL ) , DQ weakly but significantly 2C ) . By comparison , 100 ug / mL of 3HDQ was less effective 
inhibited ( p < 0.05 ) A. flavus ( 43 % ) and A. parasiticus ( 34 % ) in decreasing conidiospore number from 2.4x10 in control 
growth when compared with the control . There was no SU - 1 to 1.2x10 spores / plate ( 52 % reduction of sporulation ) 
change in the level of inhibition of vegetative growth of A. 45 in A. parasiticus grown for 10 days ( FIG . 2D ) . În contrast , 
parasiticus by DQ from 12.5 to 100 ug / mL . The 50 percent DQ was equally potent at reducing conidiospore number in 
minimum inhibitory concentration ( MIC50 ) values of DQ in both fungal strains after exposure to 100 ug / mL for 10 days 
A. flavus and A. parasiticus were all greater than 100 ug / mL . of incubation . DQ reduced conidiospore number from 1.5x 

106 in control AF3357 to 3.6x10 % spores / plate ( 76 % reduc 
In contrast , at the highest concentration ( 100 ug / mL ) , 50 tion of sporulation ) in A. flavus ( FIG . 2C ) exposed to DQ for 3HDQ significantly ( p < 0.05 ) inhibited the vegetative 10 days and decreased conidiospore number in A. parasiti growth of A. flavus ( 64 % ) and A. parasiticus ( 56 % ) . No cus from 2.6x10 % in control SU - 1 to 5.8x104 sp ores / plate significant difference in inhibition of vegetative growth of A. ( 77 % reduction of sporulation ) ( FIG . 2D ) after exposure for flavus was observed by 3HDQ from 25 to 100 ug / mL . The 10 day s . Overall , 3HDQ ( with the exception of the 100 MIC50 values for 3HDQ were 14.9 ug / mL on A. flavus and 55 ug / mL dose ) exhibited lower ability to reduce conidiospore 39.1 ug / mL on A. parasiticus ( FIGS . 2A and 2B , respec number in both fungi than its counterpart DQ . This suggests tively ) . Vegetative growth of A. flavus was more susceptible that although the DQ was a weaker inhibitor of radial growth to DQ and 3HDQ than A. parasiticus . Significantly , 3HDQ ( FIG . 2B ) , it reduced conidiospore number more effectively . was more potent for both A. flavus and A. parasiticus than 

DQ especially at doses greater than 6.25 ug / mL ( FIGS . 2A EXAMPLE 7 
and 2B ) . 
Of particular interest , 100 ug / mL of DQ caused a com Quantification of Total Aflatoxins Extracted from 

plete loss of green pigmentation in colonies of A. flavus Growth Medium 
while a similar dose of 3HDQ did not cause loss of greenish 
pigmentation in the colonies of the same fungus suggesting 65 This Example illustrates quantification of aflatoxins in 
that DQ at doses > 100 ug / mL exerts morphological altera culture media of A. flavus and A. parasiticus after culturing 
tions and disrupts ability to form pigments . This phenom with diosquinone ( DQ ) or 3 - hydroxy diosquinone ( 3HDQ ) . 
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pev207 . containing substituents selected from hydroxy ( OH ) , 
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antiinflammatory sucrose esters in the natural sticky coat B rings has two oxy substituents . 
ing of tomatillo ( Physalis philadelphica ) , an important 20 9. The composition of statement 1-7 or 8 , where the one 
culinary fruit . Food Chemistry , 196 : 726-732 . DOI : or more compound ( s ) can have formula IIIa , IIIb , IIIc , 
10.1016 / j.foodchem.2015.10.007 . 
All patents and publications referenced or mentioned 

herein are indicative of the levels of skill of those skilled in 
the art to which the invention pertains , and each such 
referenced patent or publication is hereby specifically incor 
porated by reference to the same extent as if it had been 
incorporated by reference in its entirety individually or set 
forth herein in its entirety . Applicants reserve the right to 
physically incorporate into this specification any and all 
materials and information from any such cited patents or 
publications . IIIb 

The following statements of the invention are intended to 
describe and summarize various embodiments of the inven 
tion according to the foregoing description in the specifica B tion . 
Statements : 

1. A composition comprising a carrier and at least one 
compound of formula I : 
A - linkage - B 

where : 
A and B are bicyclic rings with 8 to 12 ring atoms , each B 0 , 

of the A and B bicyclic rings having ( i ) at least three 
oxygen - containing substituents selected from 
hydroxy ( OH ) , oxy ( O ) , ether ( 0 ) , and 45 
alkoxy ( ROH , where R is a lower alkyl ) , and ( ii ) 
one or two lower alkyl substituents ; and 

linkage is a covalent bond or a lower alkylene ( e.g. , B 
( CH2 ) n , where n is an integer of 1-3 ) bonded to 

the A and B bicyclic rings . 
2. The composition of statement 1 , where one of the A or 

B bicyclic rings has an ether substituent . 
3. The composition of statement 1 or 2 , where one of the 10. The composition of statement 1-8 or 9 , where one of A or B bicyclic rings has an ether substituent and the the A rings and one of the Brings has two oxy ether substituent comprises two adjacent ring atoms 55 substituents . bonded to an oxygen atom , thereby forming a third ring 11. The composition of statement 1-9 or 10 , where the one joined to the A or B bicyclic ring where the third ring or more compounds have formula IVa or IVb : has three atoms , one of which is the oxygen atom , and 

two of which are A or B ring atoms . 
4. The composition of statement 1 , 2 , or 3 , where the 60 IVa 
compound has formula Ila or IIb : 

co 30 

35 
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27. The composition of statement 1-24 or 26 , comprising : -continued 

IVb 

OH 66 5 OH 
OH 

10 

3 - Hydroxydiosquinone ( 3HDQ ) 

20 

25 

12. The composition of statement 1-10 or 11 , where one 
of the A rings has one or two hydroxy substituents . 

13. The composition of statement 1-11 or 12 , where one 
of the B rings has one or to hydroxy substituents . 

14. The composition of statement 1-12 or 13 , where the A 
ring or the B ring has one hydroxy substituent , while 
the other of the A ring or the B ring has two hydroxy 15 
substituents . 

15. The composition of statement 1-13 or 14 , where the A 
or one of the rings of the A bicyclic ring is an aromatic 
ring . 

16. The composition of statement 1-14 or 15 , where one 
of the rings of the B bicyclic ring is an aromatic ring . 

17. The composition of statement 1-15 or 16 , where one 
of the rings of the A bicyclic ring and one of the rings 
of the B bicyclic ring is an aromatic ring . 

18. The composition of statement 15 , 16 or 17 , where 
Aromatic rings are cyclic aromatic hydrocarbons that 
do not contain heteroatoms . 

19. The composition of statement 15-17 or 18 , where the 
aromatic ring is phenyl , azulenyl , heptalenyl , biphenyl , 
indacenyl , fluorenyl , phenanthrenyl , triphenylenyl , 
pyrenyl , naphthacenyl , chrysenyl , biphenylenyl , 30 
anthracenyl , and naphthyl . 

20. The composition of statement 15-18 or 19 , where the 
aromatic rings contain about 6 to about 14 carbons in 
the ring portions of the groups . 

21. The composition of statement 1-19 or 20 , where one 35 
of the rings of the A bicyclic ring has one or two double 
bonds . 

22. The composition of statement 1-20 or 21 , where one 
of the rings of the B bicyclic ring has one or two double 
bonds . 

23. The composition of statement 1-21 or 22 , where one 
of the rings of the A bicyclic ring and one of the rings 
of the B bicyclic ring has one or two double bonds . 

24. The composition of statement 1-22 or 23 , where the A 
bicyclic ring has one or two lower alkyl substituents . 

25. The composition of statement 1-23 or 24 , where the B 
bicyclic ring has one or two lower alkyl substituents . In 
some cases one of the rings of the A bicyclic ring has 
one or two lower alkyl substituents , and one of the rings 
of the B bicyclic ring has one or two lower alkyl 50 
substituents . 

26. The composition of statement 1-24 or 25 , comprising : 

28. The composition of statement 1-26 or 27 , where the 
carrier is a solvent or surfactant . 

29. The composition of statement 1-27 or 28 , where the 
carrier is a solvent selected from methanol , ethanol , or 
propanol . 

30. The composition of statement 1-28 or 29 , where the 
carrier is an emulsifier , a dispersing agent , a thickening 
agent , a surfactant , a clay , a polymer , a colorant , a 
wetting agent , a mineral substance , a dispersant , a 
tackifier , a thickener , a binder , or a mixture of such 
carriers . 

31. The composition of statement 1-29 or 30 , wherein the 
compound ( s ) are at a concentration of 0.1 ug / mL to 
about 1000 ug / mL , or about 1 ug / mL to about 800 
ug / mL , or about 3 ug / mL to about 600 ug / mL , or about 
5 ug / mL to about 500 ug / mL , or about 5 ug / mL to about 
300 ug / mL . 

32. The composition of statement 1-30 or 31 , wherein the 
composition comprises weight / weight concentrations 
of one or more compounds at about 0.1 ug / g to about 
1000 ug / g or about 1 ug / g to about 800 ug / g or about 
3 ug / g to about 600 ug / g or about 5 ug / g to about 500 
ug / g or about 5 ug / g to about 300 ug / g . 

33. The composition of statement 1-31 or 32 , wherein the 
compound ( s ) are at a concentration of about 0.1 ppm to 
500 ppm , or about 1 ppm to 400 ppm , or about 2 ppm 
to 300 ppm , or about 5 ppm to 250 ppm , or about 10 
ppm to 150 ppm , or about 12 ppm to 100 ppm , or about 
15 to 50 ppm , or about 20 ppm to 35 ppm , or about 25 
ppm . 

34. The composition of statement 1-32 or 33 , wherein the 
compound ( s ) are at a concentration of about 0.1 ppm to 
500 ppm , or about 1 ppm to 400 ppm , or about 2 ppm 
to 300 ppm , or about 5 ppm to 250 ppm , or about 10 
ppm to 150 ppm , or about 12 ppm to 100 ppm , or about 
15 to 50 ppm , or about 20 ppm to 35 ppm . 

35. A compound of formula I : 

40 

45 

OH A - linkage - B 55 

OH 

60 

where : 
A and B are bicyclic rings with 8 to 12 ring atoms , each 

of the A and B bicyclic rings having ( i ) at least three 
oxygen - containing substituents selected from 
hydroxy ( OH ) , oxy FO ) , ether ( 0 ) , and 
alkoxy ( R — OH , where R is a lower alkyl ) , and ( ii ) 
one or two lower alkyl substituents ; and 

linkage is a covalent bond or a lower alkylene ( e.g. , 
( CH2 ) n , where n is an integer of 1-3 ) bonded to 

the A and B bicyclic rings . 
36. The compound of statement 35 , where one of the A or 

B bicyclic rings has an ether substituent . 

Diosquinone ( DQ ) 65 
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37. The compound of statement 35 or 36 , where one of the 45. The compound of statement 35-43 or 44 , where the 
A or B bicyclic rings has an ether substituent and the one or more compounds have formula IVa or IVb : 
ether substituent comprises two adjacent ring atoms 
bonded to an oxygen atom , thereby forming a third ring 
joined to the A or B bicyclic ring where the third ring 5 IVa 
has three atoms , one of which is the oxygen atom , and 
two of which are A or B ring atoms . 

38. The compound of statement 35 , 36 , or 37 , where the 
compound has formula Ila or IIb : ? 

10 
or 

Ila IVb 

A B or 

IIb 15 
B 

O 

25 

39. The compound of statement 35-37 or 38 , where both 
of the A and B bicyclic rings have 3 or 4 oxygen- 20 
containing substituents selected from hydroxy ( OH ) , 
oxy ( O ) , ether ( 0– ) , and alkoxy ( R OH , where 
R is a lower alkyl ) . 

40. The compound of statement 35-38 or 39 , where one of 
the A or B rings has three oxygen - containing substitu 
ents , while the other of the A or B rings has four 
oxygen - containing substituents . 

41. The compound of statement 35-39 or 40 , where one of 
the A rings has two oxy substituents . 

42. The compound of statement 35-40 or 41 , where one of 
the B rings has two oxy substituents . 

43. The compound of statement 35-41 or 42 , where the 
one or more compound ( s ) can have formula IIIa , IIIb , 
IIIc , or IIId : 

30 

35 

IIIa 

40 

IIIb 

46. The compound of statement 35-44 or 45 , where one of 
the A rings has one or two hydroxy substituents . 

47. The compound of statement 35-45 or 46 , where one of 
the B rings has one or to hydroxy substituents . 

48. The compound of statement 35-46 or 47 , where the A 
ring or the B ring has one hydroxy substituent , while 
the other of the A ring or the B ring has two hydroxy 
substituents . 

49. The compound of statement 35-47 or 48 , where the A 
or one of the rings of the A bicyclic ring is an aromatic 
ring . 

50. The compound of statement 35-48 or 49 , where one of 
the rings of the B bicyclic ring is an aromatic ring . 

51. The compound of statement 35-49 or 50 , where one of 
the rings of the A bicyclic ring and one of the rings of 
the B bicyclic ring is an aromatic ring . 

52. The compound of statement 49 , 50 or 51 , where the 
aromatic ring is a cyclic aromatic hydrocarbon that 
does not contain heteroatoms . 

53. The compound of statement 49-51 or 52 , where the 
aromatic ring is phenyl , azulenyl , heptalenyl , biphenyl , 
indacenyl , fluorenyl , phenanthrenyl , triphenylenyl , 
pyrenyl , naphthacenyl , chrysenyl , biphenylenyl , 
anthracenyl , and naphthyl . 

54. The compound of statement 49-52 or 53 , where the 
aromatic rings contain about 6 to about 14 carbons in 
the ring portions of the groups . 

55. The compound of statement 35-19 or 54 , where one of 
the rings of the A bicyclic ring has one or two double 
bonds . 

56. The compound of statement 35-54 or 55 , where one of 
the rings of the B bicyclic ring has one or two double 
bonds . 

57. The compound of statement 35-56 or 56 , where one of 
the rings of the A bicyclic ring and one of the rings of 
the B bicyclic ring has one or two double bonds . 

58. The compound of statement 35-22 or 57 , where the A 
bicyclic ring has one or two lower alkyl substituents . 

59. The compound of statement 35-57 or 58 , where the B 
bicyclic ring has one or two lower alkyl substituents . In 
some cases one of the rings of the A bicyclic ring has 
one or two lower alkyl substituents , and one of the rings 
of the B bicyclic ring has one or two lower alkyl 
substituents . 

do 
od 
goo . 

45 

IIIc 50 

55 

IIId 

B 60 

44. The compound of statement 35-42 or 43 , where one of 65 
the A rings and one of the B rings has two oxy 
substituents . 
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60. The compound of statement 35-58 or 59 , comprising : 69. The method of statement 62-67 or 68 , wherein the my 
cotoxin content in plants or plant products is reduced 
without inhibiting the growth of the fungi that synthe 
sizes the mycotoxin . 

70. The method of statement 62-68 or 69 , wherein the my 
cotoxin content in plants or plant products is reduced 
by about 5 % , 10 % , 20 % , 25 % , 30 % , 40 % , 50 % , 60 % , 
70 % , 75 % , 80 % , 85 % , 90 % , 93 % , 94 % , 95 % , 96 % , 
97 % , 98 % , 99 % , 99.5 % , or 99.9 % . 

71. The method of statement 62-69 or 70 , wherein the my 
cotoxin content in plants or plant products is reduced to 
less than 50 ppm , less than 25 ppm , less than 20 ppm , 
less than 15 ppm , less than 10 ppm , or less than 5 ppm . Diosquinone ( DQ ) The specific methods and compositions described herein 

are representative of preferred embodiments and are exem 
61. The compound of statement 35-58 or 59 , comprising : plary and not intended as limitations on the scope of the 

invention . Other objects , aspects , and embodiments will 
occur to those skilled in the art upon consideration of this 

OH 20 specification , and are encompassed within the spirit of the 
invention as defined by the scope of the claims . It will be 
readily apparent to one skilled in the art that varying 
substitutions and modifications may be made to the inven 
tion disclosed herein without departing from the scope and 

25 spirit of the invention . The invention illustratively described 
herein suitably may be practiced in the absence of any 
element or elements , or limitation or limitations , which is 
not specifically disclosed herein as essential . 

The methods and processes illustratively described herein 
3 - Hydroxydiosquinone ( 3HDQ ) 30 suitably may be practiced in differing orders of steps , and the 

methods and processes are not necessarily restricted to the 
orders of steps indicated herein or in the claims . As used 

62. A method comprising applying the composition of herein and in the appended claims , the singular forms “ a , ” 
statement 1-33 or 34 , or the compound of 35-60 or 61 “ an , ” and “ the ” include plural reference unless the context 
to one or more plants , one or more plant seeds , one or 35 clearly dictates otherwise . Thus , for example , a reference to 
more plant products , one or more structures , one or “ a compound , ” “ a nucleic acid ” or “ a promoter ” includes a 
more laundry rooms , one or more bathrooms , one or plurality of such compounds , nucleic acids or promoters ( for 
more bedrooms , one or more closets , one or more example , a solution of compounds or nucleic acids , or a 
basements , one or more attics , one or more kitchens , series of promoters ) , and so forth . 
one or more cabinets , one or more animal pens , one or 40 Under no circumstances may the patent be interpreted to 
more storage areas , one or more silos , one or more be limited to the specific examples or embodiments or 
grain bins , one or more building sidings , one or more methods specifically disclosed herein . Under no circum 
decks , one or more boat surfaces , or a combination stances may the patent be interpreted to be limited by any 
thereof . statement made by any Examiner or any other official or 

63. The method of statement 62 , wherein the plant prod- 45 employee of the Patent and Trademark Office unless such 
ucts are animal feed . statement is specifically and without qualification or reser 

64. The method of statement 62 or 63 , wherein the plant vation expressly adopted in a responsive writing by Appli 
products are human food . cants . 

65. The method of statement 62 , 63 or 64 , wherein the The terms and expressions that have been employed are 
plants comprise grain - producing plants , nut - producing 50 used as terms of description and not of limitation , and there 
plants , vegetable - producing plants , fruit - producing is no intent in the use of such terms and expressions to 
plants , starch - producing plants , fiber - producing plants , exclude any equivalent of the features shown and described 
fodder - producing plants , or a combination thereof . or portions thereof , but it is recognized that various modi 

66. The method of statement 62-64 or 65 , wherein the fications are possible within the scope of the invention as 
plant products comprise grains , nuts , vegetables , fruits , 55 claimed . Thus , it will be understood that although the 
starch , fibers , flour , fodder , leaves , stock , seeds , oil , or present invention has been specifically disclosed by pre 
a combination thereof . ferred embodiments and optional features , modification and 

67. The method of statement 62-65 or 66 , wherein the variation of the concepts herein disclosed may be resorted to 
plant products are almonds , barley , betel nuts , brazil by those skilled in the art , and that such modifications and 
nuts , cashews , chestnuts , coconut , coffee , corn , flour , 60 variations are considered to be within the scope of this 
hazelnuts , macadamia nuts , oats , pecans , peanuts , pine invention as defined by the appended claims and statements 
nuts , pistachios , rice , rye , sesame seeds , soybean , of the invention . 
spices , walnuts , wheat , or combinations thereof . 

68. The method of statement 62-66 or 67 , wherein the my What is claimed : 
cotoxin content in plants or plant products is reduced 65 1. A method comprising applying a composition compris 
by spraying a composition onto the plants or plant ing a carrier and at least one compound of formula IIIa , IIIb , 
products . IIIc , or IIId : 



41 

IIIa 

B 

IIIW 
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7. The method of claim 1 , where one of the A or B bicyclic 
rings has an ether substituent and the ether substituent 
comprises two adjacent A or B ring atoms bonded to an 
oxygen atom , thereby forming a third ring joined to the A or 

5 B bicyclic ring , where the third ring has three atoms , one of 
which is the oxygen atom , and two of which are A or B ring 
atoms . 

8. The method of claim 1 , where each of the A and B 
bicyclic rings has 2-4 oxygen - containing substituents 
selected from hydroxy ( OH ) , oxy ( = O ) , ether - ) , 
and alkoxy ( OR , where R is a lower alkyl ) . 

9. The method of claim 1 , where one of the A or B rings 
has three oxygen - containing substituents , while the other of 
the A or B rings has four oxygen - containing substituents . 

10. The method of claim 1 , where one of the A or B rings 
has two oxy substituents . 

11. The method of claim 1 , where one of the A rings and 
20 one of the B rings has two oxy substituents . 

12. The method of claim 1 , where one or more compounds 
have formula IVa or IVb : 

$ 
0-0 
fo 
oo 

10 

15 IIIC 

or 

IIId 

25 Iva 

B 

30 

or 

35 
IVb 

66 
where : 
A and B are bicyclic rings with 8 to 12 ring atoms , each 
of the A and B bicyclic rings having 

( i ) at least three oxygen - containing substituents selected 
from hydroxy ( OH ) , oxy ( 30 ) , ether ( 0– ) , and 
alkoxy ( OR , where R is a lower alkyl ) , and 

( ii ) one or two lower alkyl substituents ; and 
to one or more plants , one or more plant seeds , one or 
more plant products , one or more structures , one or 
more laundry rooms , one or more bathrooms , one or 
more bedrooms , one or more closets , one or more 40 
basements , one or more attics , one or more kitchens , 
one or more cabinets , one or more animal pens , one or 
more storage areas , one or more silos , one or more 
grain bins , one or more building sidings , one or more 13. The method of claim 1 , where one or more the A or 
decks , one or more boat surfaces , or a combination 45 B rings has one or two hydroxy substituents . 
thereof ; 

to inhibit biosynthesis of mycotoxins and fungal sporu 14. The method of claim 1 , where the A ring or the B ring 
lation where so applied . has one hydroxy substituent , while the other of the A ring or 

2. The method of claim 1 , wherein the plant products are the B ring has two hydroxy substituents . 
animal feed . 15. The method of claim 1 , where the at least one of the 

3. The method of claim 1 , wherein the plant products are A and / or B bicyclic rings is an aromatic ring with about 6 to 
human food . about 14 carbons . 

4. The method of claim 1 , wherein the plants comprise 16. The method of claim 1 , where the aromatic ring does grain - producing plants , nut - producing plants , vegetable not contain heteroatoms . producing plants , fruit - producing plants , starch - producing 55 
plants , fiber - producing plants , fodder - producing plants , 17. The method of claim 1 , where the aromatic ring is 
grains , nuts , vegetables , fruits , starch , fibers , flour , fodder , phenyl , azulenyl , heptalenyl , biphenyl , indacenyl , fluorenyl , 
leaves , stock , seeds , oil , or a combination thereof . phenanthrenyl , triphenylenyl , pyrenyl , naphthacenyl , chry 

5. The method of claim 1 , wherein the plant products are senyl , biphenylenyl , anthracenyl , and naphthyl . 
almonds , barley , betel nuts , brazil nuts , cashews , chestnuts , 60 18. The method of claim 1 , where at least one of the rings coconut , coffee , corn , flour , hazelnuts , macadamia nuts , oats , of the A and / or B bicyclic rings has one or two double bonds . pecans , peanuts , pine nuts , pistachios , rice , rye , sesame 
seeds , soybean , spices , walnuts , wheat , or combinations 19. The method of claim 1 , where at least one or the A 
thereof . and / or B bicyclic rings has one or two lower alkyl substitu 

ents . 6. The method of claim 1 , wherein the mycotoxin content 65 
in plants or plant products is reduced by spraying a com 20. The method of claim 1 , wherein the composition 
position onto the plants or plant products . comprises : 

50 



OH 

US 10,531,662 B2 
43 44 

22. The method of claim 1 , where the carrier is a solvent 
selected from methanol , ethanol , or propanol . 

23. The method of claim 1 , where the carrier is an 
OH emulsifier , a dispersing agent , a thickening agent , a surfac 

5 tant , a clay , a polymer , a colorant , a wetting agent , a mineral 
substance , a dispersant , a tackifier , a thickener , a binder , or 
a mixture of such carriers . 
24. The method of claim 1 , wherein the compound ( s ) are 

at a concentration of 0.1 ug / mL to about 1000 ug / mL , or 
10 about 1 ug / mL to about 800 ug / mL , or about 3 ug / mL to 

about 600 ug / mL , or about 5 ug / mL to about 500 ug / mL , or 
about 5 ug / mL to about 300 ug / mL . Diosquinone ( DQ ) 25. The method of claim 1 , wherein the composition 
comprises weight / weight concentrations of one or more 

?? 15 compounds at about 0.1 ug / g to about 1000 ug / g , or about 1 
ugg to about 800 ug / g , or about 3 ug / g to about 600 ug / g , 
or about 5 ug / g to about 500 ug / g , or about 5 ug / g to about 
300 ug / g . 

26. The method of claim 1 , wherein the compound ( s ) are 
20 at a concentration of about 0.1 ppm to 500 ppm , or about 1 

ppm to 400 ppm , or about 2 ppm to 300 ppm , or about 5 ppm 
to 250 ppm , or about 10 ppm to 150 ppm , or about 12 ppm 
to 100 ppm , or about 15 to 50 ppm , or about 20 ppm to 35 3 - Hydroxydiosquinone ( 3HDQ ) ppm , or about 25 ppm . 

27. The method of claim 20 , wherein the diosquinone 
or a combination thereof . ( DQ ) or 3 - hydroxydiosquinone ( 3HDQ ) is at a concentration 

21. The method of claim 1 , where the carrier is a solvent of 0.1 ug / mL to about 1000 ug / mL . 
or surfactant . 

OH 

OH 

25 


