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Abstract 

The chemistry of zearalenone ( L ) ,  a metabolite of Gibberella 

zeae (Fusarium graminearum) is reviewed. Isolation, structure 

determination, chemical and physical properties, total 

syntheses, biosynthesis, and biological properties of 

zearalenone and some of its derivatives are discussed, and 

a summary of spectral and analytical methods used is presented. 
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1. Introduction 

The events leading to the isolation of zearalenone 

(1) parallel those leading to the discovery of the well-known 

drug dicoumarol.' Several groups of workers, as early as 

1928, reported that marked physiological changes in the sex 

organs of swine were associated with ingestion of corn 

2 .  infected with mold. For example, McNutt g g.  mvestigated 

a syndrome called vulvovaginitis involving inflammation of 

the vulva, and the posterior portion of the vagina. A diet 

involving moldy corn was strongly implicated.' Several such 

3 studies of inflamed genital organs which followed led Stob 

et a1.4 to reinvestigate these findings in 1962. This group - - 
of researchers was successful in producing vulvar hypertrophy, 

occasional vaginal eversion, and enlarged mammary glands in 

female pigs, and swelling of prepuce and mammary glands in 

male pigs, by feeding moldy corn. A fungus responsible for 

causing this syndrome was cultured and identified as 

Gibberella zeae (Fusarium graminearurn). A crystalline 

substance, melting at 161-63', isolated from such cultures 

was partially characterized. 4r5 This substance showed 

uterotropic activity in mice, and improved growth rate and 

feed efficiency in sheep.4f5 Since then, others have 

reported its isolation and characterization. 
6,7 

urry. 

Wehrmeister, Hodge, and ~ i d y  in 1966 carried out a complete 

characterization, assigned structure 1, and the trivial name 

"zearalenone". Compound 1 is now produced commercially by 

fermentation,' for use in the manufacture of zeranol 
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(zearalanol) (68 , Table 6) by catalytic hydrogenation. 10 

~eranoll' is a commercial anabolic agent used to improve 

growth rate and feed efficiency in feedlot cattle. 12 

Compound 68 as well as its epimer (70, Table 6) are being 

tested clinically as new drugs for alleviating menopausal 

and postmenopausal syndromes. l3 l4 

This review is the result of a critical survey 

of the chemical literature on zearalenone and some of its 

derivatives through early 1975. A 1971 review included 

some of the biological aspects of this group of compounds. 15 

2. Nomenclature 

Zearalenone (1) is indexed by Chemical Abstracts 

as [~-(~)1-3,4,5,6,9,10-hexahydro-14,16-dihydroxy-3-methy1- 

1H-2-benzoxacyclotetradecin-1,7(8H)-dione; the heterocyclic 

ring being 1H-2-benzoxacyclotetradecin (129, Chart 1). 
' 8  

Early investigators described 1 as 6-(10-hydroxy-6-0~0-~- 
1-undeceny1)-6-resorcyclic acid lactone. A numbering system 

based upon the 8-resorcylic acid system (1, Chart 1) is 
commonly The size of the macrolide ring is now 

indicated by the term p-lactone. 18'21'23r25 An alternate 

nomenclature based upon the benzoate system (65, Chart 1) is 

used for naming zearalenone derivatives, including -- 
hydroxy acid~.~'-~~ Terms derived from "zearalenone" to 

indicate alterations of the functional groups are also used 

to describe closely related derivatives, 7,8,17,19-22,26 e.q. ,  - 

zearalenol "I7 for compound 2 or (Table 3 )  and 
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dideoxyzearalane26 for 61 (Table 5). Chemical Abstracts 

nomenclature has not yet found general acceptance. In this 

review, in deference to common usage, the numbering (2, 

Chart 1) based upon the 5-resorcylic acid system and the 

names derived from "zearalenone" will be used. 

Trivial names used to describe zearalenone include 

FES~''~~ Fermentation Estrogenic substancelo and F-2. 15 

It is suggested that these be abandoned in favor of the name 

"zearalenone" as a common name for 1. The term RAL 

(Resorcylic Acid Lactone) has been applied to the general 

group which includes zearalenone and related compounds. 
2 7 

3. Structure Determination 

Urry &. * assigned structure 2 to zearalenone 
using conventional chemical methods (Chart 2) aided by 

spectral techniques. Several reduction products (36 + 21, 

56, 68 + 2, and 65) (Chart 2) involving the olefinic and/or - - 

ketonic functionality were prepared using different reducing 

agents. Zearalenone gave diacetate 13, dimethyl ether 2, 

two monomethyl ethers 1 and 4, (Table 1) oxime 34, and 

2,4-dinitrophenylhydrazone 35 (Table 3 ) .  

Degradation of dimethyl ether oxime 58, a 

Beckmann rearrangement, gave 8-resorcylic acid derivative 

130 (Chart 2). Ozonolysis of zearalenone dimethyl ether - 

(2) - produced 4,6-dimethoxyphthalaldehydic acid (131). Base 

hydrolysis (10% NaHC03) cleaved the macrolide ring, with 

decarboxylation, producing 113. 
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An 2-configuration was assigned to 1 by two 

independent methods.28 Hydroxy ester derived from 

zearalenone hadz4 an 2-configuration as determined by 

Horeau's method.29 Exhaustive oxidation of 56 produced 

(g)-5-hydroxyhexanoic acid 6-lactone (132, Chart 2) and 

(5)-1,4-pentanediol. 2 2 

4. Naturally-Occurring Zearalenone Derivatives 

In 1972, Bolliger and ~ a m m ~  characterized four 

minor metabolites of a zearalenone-producing strain of 

G. zeae. Extensive spectral analyses identified them as - - 
5-formylzearalenone (15). 8'-hydroxyzearalenone (x), 
8'-&-hydroxyzearalenone ( 2 1 ,  and 7'-dehydrozearalenone 

(z), 5-Formylzearalenone (15) and isomeric 3-formyl- 

zearalenone (17) were synthesized from I. Oxidation of 
epimeric hydroxy compounds 19 and 25, as their respective 

dimethyl ethers 20 and 22, gave 8'-oxozearalenone dimethyl - 
ether (23). 

Earlier, Mirocha g g. 15j30 reported isolation 
of several partially characterized metabolites, collectively 

called the F-5 series, from E. E. Compounds F-5-3 and 

F-5-4, the two most abundant components, were characterized 

as epimeric 3'-hydroxyzearalenones on the basis of their 

spectral and chemical properties.15 Jackson et al. 31,32 - - 
revised this structural assignment to show that F-5-3 and 

F-5-4 were, in fact, epimeric 8'-hydroxy derivatives of 

zearalenone (19 and 21) characterized earlier by Bolliger 



and ~ a m m . ~  Comparison of melting points indicates that 

F-5-3 is identical with 8'-hydroxyzearalenone (E), and 

F-5-4 with 8'-e&-hydroxyzearalenone (21). A direct 

comparison of these compounds has not been reported. 

5. Chemical Reactivity, Synthetic Modifications, 

and Protective Groups 

A number of analogs of 1, listed in Tables 1-12 

along with their physical properties, were synthesized. 

The lactone function of 1 was quite resistant to acid 

hydrolysis. '* Base treatment (10% NaOH), however, resulted 

in the opening of the macrolide ring with subsequent 

decarboxylation to give isomeric hydroxy ketones 113 and 
, .. 134 (Chart 3) .* An internal hydride shift through a 

6-membered transition state was proposed to account for the 

production of 134. This reaction when carried out in 

deuterium oxide showed a disa~pearance,~~ in the proton 

magnetic resonance (pmr) spectrum, of the aromatic signals 

of 113 and 134, the methyl doublet of 113, the methyl 

singlet of - 134, and the methylene multiplets alpha to the 

ketonic functions of 113 and 134. Two sharp singlets of 

approximately equal area, due to the methine protons attached 

to the hydroxyl carbons of 113 and 134, were visible. 

Decarboxylation did not occur when dimethyl ether (g)-2 

was hydrolyzed: the resulting product was ( R , S ) - C .  The 

presence of isomeric compound 135, however, could not be 
detected. An indirect proof for the existence of an 
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CHART 3 



equilibrium between 114 and 135 was provided. This 

racemization was prevented when the'6'-0x0 function was 

protected by an acetal formation. Thus, hydroxy acid 

(5) -116 resulted .when dimethyl ether acetal (5) -42 was 

hydrolyzed. 24 Peters and nurd21 synthesized 

(R) - -2earalanone (56) from (5) -l' y& a stereoselective 

1 route (Chart 4), in which the macrolide ring was opened, 

the chiral center was inverted, and the ring was.reclokd 

(1+6+s++x). 
The 6'-0x0 group of 1 reacted with hydroxylamine 

. and 2,4-dinitrophenylhydrazine to give 34 and 35, 

respectively. Reaction with 1, 2-ethanediol18 gave acetal 

. . - 40; reaction with 1,2-ethanedithio18 gave thioacetal 44. 

The acetal protective group was used extensively during 

synthetic manipulations. 16,18,21,24,25 A Wittig reaction 3 1 

of dimethyl ether 2 gave 2, which was hydrogenated to 76. 

Sodium borohydride reduction of 1 gave a.mixture of two 

. A  alcohols 36 and z.(zearalenols), which were separated by 

fractional crystallizatidn from acetic acid.34 Hydro- 

genation over Raney nickel gave a mixture of alcohols 68 

and (zearalanols) . The ratio of epimers 68 and 3 'in 

the reaction mixture was controlled under different reaction 
8,36 

conditions. Urr;35 made configurational assignments to 

i the new chiral center by a pmr method involving shift , , 

reagents. Stereochemical correlation (36 + 68 and 37 + 70) 

of the two pairs of alcohols was established by hydro- 
, . 

g e n a t i ~ n . ~ ~  young3' reported a fradtional crystallization 
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method for separation of alcohols 68 and 70, vla cor- 

responding 6'-acetates 69 and 71. Alcohol 70 (mp 145-47O) 

reported by Urry & g . 8  was believed to be a eutectic 

mixture containing 68 (s. 30%). 38 Fractional crystal- 

lization from aqueous acetic acid gave pure z.(mp 155-57'). 39 

oxidation4' of alcohols 68 and 70 gave ketone 56. 

Acetylation of the phenolic groups during oxidation (11 + 12) 
led to an improved yield.41 A stereospecific reduction of 

the 6'-0x0 group of several of the derivatives of was 

reported by Czaja et - a1.42 

Jensen & S.l8 prepared zearalenone derivatives 

substituted in the 7'-position by a regioselective method. 

Formylation of Fprovided 52 as a major isomer. Synthetic 

manipulations (52 - + = +  + 92 + z++E)  converted 52 

to ketone 94 (an isomer of zearalanone, 56). Similar 

regioselectivity was observed when zearalanone dimethyl ether 

(57) was formylated. Analogous results were reported by 

Jackson. 31 Enolization, however, occurred in the C-5" 

direction during the preparation of enol ester 104 from 

diacetate of zearalenone (13). Isomeric en01 ester 105 

was isolated as a minor product. 

Selective hydrogenation of zearalenone produced 

zearalanone (56) .' A number of derivatives in this 

dihydro-series are listed in Tables 5-8, 10, and 12. 

Peters reported preparation of E-isomers - 96-99 - from 

E-isomers 1, 36, 11, and 54 (Table 9), respectively, by a - - 
photochemical method. Inertness of the olefinic function 



of - 2 towards peracid oxidation was possibly due to the 

electron withdrawing effect of the lactone carbonyl group. 18 

Osmium tetroxide hydroxylation of 5, however, was 

successful, leading to unstable diol 89. Hydroboration of 

diether acetal 9 was sluggish.''   he resulting unstable 

alcohol yielded ketone 90 on oxidation. Removal of the 

protective groups of 90 gave dione 91. 
Allylic oxidation of 41 and -'I with Sarett reagent 

gave good yields of ketones 47 and 50, respectively (see 
Chart 5). Such oxidation of 12 leading to ketone 48 was 

slow. A mechanistic explanation was provided. Removal 

of the.protective groups of 47 gave dione 49. Sodium 

borohydride reduction of ketone 47 gave alcohol 51 which 

on acid treatment gave 101. 

Phenolic,ethers of 1 and its derivatives were 
readily prepared.7'8'18'21'23-26131 Treatment of 1 with 

dimethyl sulfate8 gave a mixture of dimethyl ether 2 and 

monomethyl ether 4. Diazomethane treatment gave-isomeric 

monomethyl ether 3 only. Similar observations were reported 

by J a ~ k s o n . ~ ~  Protective methyl groups were extensively 

used during synthetic manipulations, 7.8,18,25,31 as well as 

during total syntheses 16124144'45 of and its derivatives. 

Selective and nonselective removal of the methyl protective 

groups with boron trihalides was reported. 16,24,44 Benzyl 

protective groups were used similarly when the olefinic 

function was absent or when its reduction was desired to 

be simultaneous with the removal of the protective 
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groups. 18121-23 Selective protection of the 4-hydroxy 

group of 1 was achieved by tetrahydropyranylation to give 

monoether 9 in good yield.23 Benzylation followed by 

acid treatment, to remove the tetrahydropyranyl group of 

the uncharacterized product, gave zearalenone 2-0-benzyl 

ether ( L ) .  Phenyltetrazolyl monoethers Band 11 and 

phenyltetrazolyl diether 10 were prepared and hydrogenated 

to give 4-deoxyzearalanone (e), 2-deoxyzearalanone (E), 

and didi~x~zearalanone .(g) , respectively. 23 Earlier, 

Wehrmeister and ~ o b e r t s o n ~ ~  hydrogenolyzed benzoxazolyl 

diether 67, derived from (2)-zearalane (651, to give 

(2)-dideoxyzearalane (61). Methoxymethyl protective groups 

were used by Jensen s.15 during chemical modifications 

of zearalenone (1). Acid treatment was necessary for their 

removal. 

Windholz and, mownz5 synthesized carboxylic acid 

26, the single product of a Kolbe-Schmitt reaction, from 1. - 
Chemical degradation unequivocally established the site of 

carboxylation. A Friedel-Crafts formylation with ethyl 

formate and aluminum.chloride gave 3Tformylzearalenone (17). 

A synthetic sequence gave carboxamide 11 identical with the 

product derived from carboxylic acid 26. Formylation of 1 

with zinc cyanide, hydrogen chloride, and aluminum chloride 

gave a 2:l mixture of 3-formylzearalenone (17) and 

5-formylzearalenone (2). A Reimey-Tiemann reaction led 

to a very poor yield of these formylated products. 
7 

 itr ration'^ of dide~x~zearalanone (62) gave two 
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isomeric mononitro compounds (major product) and 80. 

The isomers were separated and reduced to amino compounds 

78 and g,  which in turn were diazotized and converted - 
into hydroxy compounds 2 and 82. 5-Aminozearalanone 46 

(83) was converted to 5-hydroxyzearalanone ,484) via a 

different route. Quinone 102, characterized as its 

acetate 103, was an intermediate. 2 3 

Windholz and ~ r o w n ~ ~  studied the Birch reduction 

of dimethyl acetal 60. One of the two isolated products 

was dihydro compound 107, (Chart 61, later oxidatively 

aromatized to 86.. Acid hydrolysis removed the acetal 

protective group of 86, to give ketone 85. Hydrolysis 

of - 107 provided dione 112. The second reduction product, 

dihydro compound 108, on oxidation followed by:hydrolysis 

gave dideoxyzearalanone (62). It was suggested that during 

the Birch reduction, methoxyl groups were initially lost 

giving dideoxyzearalanone ac,etal 63, which then led to the 

observed dihydro products 107 and 108. This proposed 

intermediate (E), synthesized by an independent route, on 

reduction gave dihydro compound 110 isomeric with the 

previously isolated compound 108. Base treatment converted 

110 to 108. A mechanistic explanation for these observations - 
25 was provided. 

6. Total Syntheses 

The unique macrolide structure combined with its 

interesting biological properties provided stimulus to 



several groups of researchers to report total syntheses 

of !, and its derivatives. In each instance, construction 

of the macrolide ring was believed to be the crucial step. 

The most common approach was synthesis of corresponding 

hydroxy acids or hydroxy esters followed by lactonization 

to form the 14-membered ring. Taub - et - al.24 and 

~ullenbach~~ used trifluoroacetic anhydride as the lactoniz- 

ing agent for hydroxy acids (Charts 7 and 11). Vlattas 

a. ,16(Chart 8 )  ~rry,~' and blullenbachZ2 used the 

transesterification method for hydroxy esters. Neither of 

these techniques, nor a variety of other reagents, gave the 

desired product 61 from hydroxy acid 122 or hydroxy ester 123. 

Phosgene and triethylamine finally were used to lactonize 

122 (Chart 9). 26 Corey and ~ i c o l a o u ~ ~  summarized methods - 
used in the construction of macrocyclic rings, and introduced 

an efficient, mild, and high-yielding method for lactonization 

of hydroxy acids including 121. Hurd and shah1' introduced 

the Dieckmann condensation, catalyzed by sodium 

bis(trimethylsilyl)amide, in the synthesis of macrocyclic 

ketones, which included (Fj,S)-zearalanone (56) (Chart 12). 2 0 

~ullenbach~~ used intramolecular "stitching" with thexylborane 

followed by carbonylation in the synthesis of 56 (Chart 11). 

In the patent literature, Cross reported a synthesis, 

which involved cleavage of compound 172, followed by ring - 
closure to zearalenone (Chart 13). The same group of 

researchersS2 utilized an acyloin condensation for the 

construction of the macrocyclic ring. The lactone function 
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was then generated by the oxidation of benzyl ether 175 

(Chart 13). 

The method of Taub g.24r44 involving bonding 

of synthons 136 and 137 through a Wittig reaction (Chart 7) 

to produce hydroxy acid 114. Girotra and ~ e n d l e r ~ ~  used 

a Knoevenagel reaction to condense 138 with 139. The 

resulting product - 140 upon base treatment generated hydroxy 

acid G.Cyclization gave (E,S)-zearalenone dimethyl ether 

(1). Demethylation completed total synthesis of ( R , z ) - l .  

Selective removal of one of the methyl protective groups gave 

(5.5)-3 (Chart 7). Resolution followed by deprotection 

gave (?)-&. The approach of Vlattas g a.16 was quite 

similar, which once again involved a Wittig reaction for 

the construction of the carbon skeleton of zearalenone 

(Chart 8). 

The method of Wehrmeister and ~obertson*~ involved 

condensation of phthalic anhydride (146) - with 10-undecenoic 

anhydride (147) followed by a three-step sequence producing 

hydroxy acid 122 (Chart 9). Dideoxyzearalane (g), the 

simplest macrolide having the same heterocyclic ring as 

zearalenone, resulted upon cyclization. 
5 0 

Urry and ~ullenbach*' generated the 6-resorcylate 

system from aliphatic precursors by modifying a method of 
53 

Anker and Cook (Charts 10 and 11). Carbon skeletons for. 

the synthesis of 154, 155, 157, 65, and 56 were generated - - 

by this method. Condensation of 158 with ethyl acetoacetate 

(151). for example, gave the cyclic product 159 (Chart 11). 
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Equimolar bromination followed by dehydrobromination 

generated the desired 5-resorcylate system. Hydroboration 

of the terminal olefinic functions led to primary alcohols 

which were lactonized to 14-membered macrolide 155 and 
15-membered macrolide 157 (Chart 10). 54 Hydration of the 

olefinic function to secondary alcohols, y& the hydroxy- 

mercuration procedure, led to the precursors of 

(R,S)-norzearalane - - (154, 13-membered macrolide), 

(R,S)-zearalane - - ( g ) ,  and (R,z)-zearalanone - (56) .  Superior 

yields were realized when the phenolic functions were 

benzylated during lactonization. An alternate synthesis of 

56 was effedted by hydroboration55 of alkenes 164 and 161, - 
followed by carbonylation and oxidation to give ketone 127 
(Chart 11). This reaction technique when applied to diene 

162 generated the macrocyclic ketone directly. - 
Hurd and used a Stobbe-type condensation 

for reacting 163 and 164 (Chart 12). The resulting compound 

was saponified to acid 165. Esterification with 5-chloro- 

2-pentanol (166) generated 167, which was hydrogenated to 
168. A series of reactions generated diester =from=. - 
Cyclization gave a mixture of 8-keto esters 170 (R5, = 

COOMe, R7, = H) and 171 (R5, = H, R7, = COOMe). Removal of 

the carbomethoxy and the benzyl groups completed the total 

synthesis of (g.2) -2earalanone (56) .  l9 p20 

A synthetic method, not yet applied to zearalenone 

derivatives, was reported by Bagli and Imrner. 57 Medium-sized 

benzoic acid lactones were generated by peracid cleavage 
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of corresponding fused bicyclic systems. 

7 ,  Spectral and Analytical Techniques 

Ultraviolet (uv), pmr,' and mass spectral methods 

,were used by Urry &.8 in their investigation of 

zearalenone structure. Infrared (ir) and uv spectra of 1 

were reported by Andrews and stob5 and by Mirocha et a1.6b - - 
These spectral techniques were used by many of the investi- 

gators in structure determination of zearalenone 

derivatives.7r18,25,31,32 

In the pmr spe~trum"~ of - 1 (solvent CDC13), the 

hydrogen-bonded 2-hydroxy proton and the 4-hydroxy proton 

appear as sharp singlets at 12.1 and at 7.3 6, respectively. 

The down field resonance (11.1-12.1 6, solvent CDC13 or 

CD3COCD3) is observed7 for 2-hydroxy protons of 19, 21, and 

100. This resonance is helpful in distinguishing - 

4-0-substituted isomers from 2-0-substituted ones. 31 The 

absence of hydrogen-bonding absorption in the ir spectrum, 

and the shift of the lactone carbonyl band from 1645 (in 

the zearalenone spectrum) to 1710 cm-l, is also helpful. 

4-0-Substituted derivatives of 1, in general, appear as 

fluorescent spots on thin layer chromatograms (tlc) (Eastman 

Silica gel No. 6060) under uv light. 31 2-0-Substituted and 

2,4-di-0-substituted derivatives appear as nonfluorescent 

spots. Derivatives of salicylic and 5-resorcylic acids 

behave in a similar fashion. A hydroxy group ortho to the 

carbonyl function is necessary for the fluorescence. Caution 
6 
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is recommended as other factors, undoubtedly, influence 

31 
this property. 

Another important feature of the pmr spectrum 

of 1 is the resonance of the 1'-olefinic proton with a 

splitting constant (J) - value of 16 Hz indicating an 

E-configuration (K-isomer 96, J = 11.5 Hz). - "I7 A band 

at 968 cm-' in the ir spectrum supports this assign- 

ment. 5'6bf31 Bolliger and ~alrnn~ used the J value in 

assigning an E-configuration to the 7'-olefinic function 

in 7'-dehydrozearalenone (100). As mentioned earlier, 

extensive pmr technique was used in structural assignments 

for isomeric formylzearalenones (15 and E), metabolites 

19, 21, and 100, dnd their derivatives. - 

The mass spectrums of 1 shows a prominent 

molecular ion peak m/e - 318, with major peaks at 189, 188 

(base), 161, 151, 125, and 112. Bolliger and ~ a m m ' l  studied 

fragmentation pathways in high-resolution mass spectra of 

1 and several of its derivatives. The carbonyl groups of - 
the macrolide ring serve as the sites for a-  and 8-cleavages. 

Similar studies were reported by Jackson g a. 31,32 who 
supported the fragmentation pathways by attaching a bromo 

group tag on the aromatic ring. 

The circular dichroism spectrum58 of 1 (c = 0.011, 

MeOH, 24') gave these values: e350 O o ;  8320 -0.020 

(shoulder); e290 -0.068; e 287 0 ;  e274 +0.080; e263 0; e257 

-0.047: 8252 0; 8246 +0.078; 8230 -0.041. 

Gas-liquid chromatographic methods for this group 



of compounds as their trimethylsilyl ethers were 

reported. 6br 31* 32 ; 59 Several groups of workers reported 

tlc detection methods for zearalenone. 6bf60-62 Fishbein 

and ~ a l k ~ ~  summarized these chromatographic methods. 

Recently, Seitz &.64 indicated that the tlc methods, 

when used for the detectionpf 1 in spoiled grain, can 

lead to erroneous conclusions. The behavior of alternariol. 

monomethyl ether, a metabolite of Alternaria is very similar. 

8. Fermentation 

For early studies, 1 was produced in stationary 

..cuLtures of 5. zeae ( F .  yraminearum) grown on moist sterile 

corn.4 A chemically defined medium supported on vermiculite 

was subsequently developed to improve the recovery and to 

scale up  the production. 65 An economically feasible large 

scale industrial fermentation process was made possible by 

isolation of a mutant, (obtained following exposure to a 

chemical agent) which produced 1 in high titers by a sub- 

merged fermentation process. 9,66 

Surveys of Fusarium species for strains capable 

of synthesizing were made by several investigators. 62.67.68 

A possible physiological role of 1 as a sex-regulating 

hormone in F .  roseum was investigated by Wolf g. 6 9 

9. Biosynthesis 

A polyketide pathway, involving nine acetates, 

appears to be responsible for biogenesis of zearalenone and 
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metabolites 15, 19, 21, and 100. Experiments using compounds 

labeled with radioisotopes indicated ready incorporation of 

acetate,and dimethyl malonate into zearalenone by cultures 

of F. -. Kinetic studies and degradation of labeled 

zearalenone supported the polyketide pathway. 7 0 

Biosynthesis of curvularin, a related macrolide 

derived from eight acetate units, was studied by Birch 

et - a1.71 A general pathway for 1 and related macrolides - 
was proposed by Bagli and Immer. 57a 

10. Metabolites Related to Zearalenone 

Mold metabolites (Chart 14) related to zearalenone 

are curvularin (176) produced by Curvularia species, 7 1 

lasiodiplodin (177) and de-0-methyllasiodiplodin (178) 

produced by Lasiodiplodia theobromae,72 radicicol (monorden) 

(179) - produced73 by Nectria radicicola and Monosporium 

bonorden, diaporthin (180) produced by Endothia parasitica, 7 4 

and cladosporin (181) produced by Cladosporium 

cladosporioides. 75 A total synthesis of ( R , z )  -di-0-methyl- 

curvularin was reported by Baker g 9. 7 6 

11. Pharmacology 

Zearalenone and several of its derivatives exhibit 

very weak estrogenic activity. For example, zearalenone (1) 

and zearalanone (56) were 0.1% as active as diethylstilbestrol 

(DES) in an oral uterotropic assay in rats. 23 Removal of the 

phenolic functions, as in 62, 87, and 88, reduced the - 
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[a], A ,  
solvent, 
C, temp°C - 

-170.5', 546, 
MeOH, 1, 25 

-173.g0, 546, 
MeOH, 1, 24 

-134.2'. D, 
MeOH, 1, 24 

-191.8'. D, 
CHC13, 1, 24 

- 
- 

+49.8", D, 
CHC13, 1, 24 

+24.7O, D, 
MeOH, 1, 24 

+25.0° r D, 
MeOH 

- 
- 

- 

-176.7", D, 
CHC13, 1, 24 

- 

Table 1 

Conf iq- 
uration 
at C-10' 

Ref 



T a b l e  1 ( c o n t d )  

BZ H 

BZ P T  

H THP 

P T  P T  

P T  THP 

leOCH2 MeOCH2 

Ac Ac 

MOA Me 

C o n f  ig- 
u ra t ion  
a t  C-10 

R e f  
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Compd 

- 

R3 

- 
H 

H 

CHO 

CHO 

H 

H 

H 

H 

H 

H 

H 

- 

R5 

- 
CHO 

CHO 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Table 2 

2 4 
[a], , ( c  = 1) t 

solvent 

-42.0°, CHC13 

+52.7', CHC13 

-130.2', CHC13 

- 
+75.2', CHCL3 

-149.l0,Me2CO 

- 

+11.3O, CHC13 

-53.1°,Me2C0 

- 
+ 8 0 . g 0 ,  CHC13 

-93.2O, CHC13 

- 
- 

- 
Ref 



Table 3 

- 
Compd 

COOH 

COOMe 

COOH 

COOMe 

CNOH 

CN 

CN 

CONHZ 

H 

H 

H 

H 

H 

H .  

- 

0 158-60 

0 111-13 

0 crude 

0 crude 

0 180-82 

0 73-75 

0 120-22 

0 180-82 

NOH 210-11 

I partially 
crystalline 

I,OAc semisolid 

Ref 

2 5 

2 5 

2 5 

25 

2 5 

2 5 

2 5 

2 5 

8 

8 

3 4 

34 

18 

18 
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- 
Compd 

0CH2CH20 

0CH2CH20 

OCH2CHzO 

0CH2CH20 

SCH2CH2S 

H,OH 

H,C1 

0CH2CH20 

0 

0 

H, OAc 

0CH2CH20 

0 

0 

CH2 

Table 4 

MP, OC 

glass 

70-72 

101-03 

glass 

- 
oil 

- 
glass 

117.0-19.5 

214.5-16.0 

- 
glass 

gum 

glass 

164.0-65.5 

73-75 

- 
Ref 
- 
18 

18 

24 

2 1 

8 

31 

3 1 

18 

18 

18 

18 

18 

18 

18 

4 7 

31 



Compd 

- 
56 - 

57 - 
5 8 - 
59 - 

60 - 
61 - 

6 2 - 
63 - 
64 - 
6 5 - 

66 - - 

0 

0 

NOH 

0 

)CH2CH20 

H2 

0 

)CH2CH20 

)CH2CH20 

192-93 

190-91 

190-91 

207.0-08.5 

208-10 

124.0-25.5 

130-32 

104 

104 

103-05 

91-93 

oil 

oil 

89-91 

61-63 

91-93 

154-56 

145-47 

179-80 

[ o I ~ ~ , ~ . ,  
MeOH 

onfig- 
ration 
t C-10' 

s - 

R  - 
R , S  - 

S - 
s - 
s 

R,S - 

S - 
S - 

R . 5  - 
S - 
s - 
S - 
S - 

R . 2  - 
R . 5  - 

- 

R e f  

- 
8 

2 1 

2 1 

2 0 

2 2 

8 

8 

19 

19 

2 2 

2 5 

2 6 

2 6 

2 3 

2 5 

2 5 

8 

2 2 

22 - 



BZOX 

Me 

153-54 

- 

78-81 

oil 
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T a b l e  6 

Ref 



- 

Compd 

T a b l e  7  

Mp, OC' Ref 

108-10 2  3  

139-40 2  3  

130-33  2 3  

- 2 3 

- 2 3  

124-127 2  3  

190-93  4  6 

210-15 2 3  

96-97 2  5  

- 25 

168-70 2 3  

101-04 23 . 
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Compd 

89 - 
9 0 - 
9 1 - 
92 - 
93 - 
9 4 - 
9 5 - 

f- )CH2CHZO Hz ' 

COOH, H 

Table 8 

- 
glass 

172.5-74.5 

148-52 

141-46 

168.0-70.5 

- - .  

- 
Ref - 
18 

18 

18 

18 

18 

18 

48 

Table 9 

compd, mp in "C, (ref) - 
96, R6, = 0, 134-35, (17) - 
97 - H, 124-28, (17) 

= 
'OH 

98 - OH, 126-31, (17) - -4 
H 

9 9 - = Hz, 143-45, (43) 



Cornpd, rnp in°C, e t c .  ( i e f  

- 
, Ri4 = H, gum, ( 2 3 )  
/03, = Ac ,  133-36, ( 2 3 )  

/ 
PcO 

/06, glass '(18) - 

Mw, 
/Oi: o i l ,  ( 2 5 )  - 

8 R6' = OCH~CHZO,  o i l  (25) 
109, - = 0, ( 2 5 )  

0 Res = OCH2CH20, o i l ,  (25) 
R6' 
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C o m p d  

H 

M e  

Me 

M e  

M e  

BZ 

B Z 

BZ 

PHP 

H 

COOH 

COOMe 

COOH 

COOMe 

COOH 

COOMe 

COOH 

COOH 

8 9 - 9 1  

o i l  

- 
o i l  

o i l  

- 
1 0 4 - 0 6  

1 0 4 - 0 6  

o i l  

82-84 

- 

T a b l e  11 

R e f  



MPr " C  I Conf ig-  
u r a t i o n  

o i l  

o i l  

o i l  

o i l  

63-67 

o i l  

gernisolid 

- 
- 

R e f  
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activity. 5-Hydroxyzearalanone (84) was also less active.23 

Stereochemical correlation of the C-10' - chiral center, and 

the 1'-olefinic function of zearalenone and its derivatives, 

with mouse uterotropic activity was reported by Hurd 

et a1.20121 and Peters. - - l7 Brooks et - - a ~ . ~ '  showed that 

zearalane (65) was 0.01% as uterotropic as DES in rats. 

Introduction of a -CHO or a -COOH group in the 7'-position 

(92, 93, 95, and its 7'-epimer) increased the activity 
severalfold. Anti-implantation activity of this group of 

compounds was also reported. 48 

As mentioned earlier, compounds 68 and 70 are 
13,14 

in clinical trials. The use of zeranol (68) in 

veterinary practice was discussed by ~ r o w n , ~ ~  Burger 

g 2. ,78 and Sharp and Dyer. 79 Metabolic studies on 68 

in steers were also reported. 80 
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