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Microbial transformations have been employed as a means of preparing analogues of the resorcylic acid lactone
zearalenone. Microbial transformation products were initially identified by thin-layer chromatography of
fermentation extracts and then prepared by large-scale incubations. Each metabolite was subjected to structural
elucidation employing carbon-13 and proton NMR, mass spectrometry, and infrared analysis. Metabolites were
identified as a- and S-zearalenol, a- and B-zearalanol, zearalanone, 8/(S)-hydroxyzearalenone, 2,4-dimeth-
oxyzearalenone, and 2-methoxyzearalenone. Binding affinities to rat uterine estrogen receptors were carried
out. Only those metabolites having a free 4-phenolic group were capable of binding to the estrogen receptor.
However, 8-hydroxyzearalenone, even with a 4-phenolic hydroxyl, did not bind to the receptor. It is possible
that hydrogen bonding of the aliphatic hydroxyl groups to the C-6’ carbonyl of zearalenone or equilibrium between
the hydroxy ketone and its tautomeric hemiketal may lead to distortion of the conformation of the molecule

resulting in loss of binding to the receptor.

Introduction

Zearalenone 1, 6-(10-hydroxy-6-oxo-trans-1-undece-
nyl)-B-resorcylic acid lactone, is a fungal metabolite pro-
duced by certain Fusarium sp. when hosted on corn and
other cereal grains. This compound possesses estrogenic-
and growth-promoting activity in laboratory and farm
animals.'? The economic loss associated with impaired
fertility in cows® and hyperestrogenism in swine has pro-
moted further investigations on the metabolism of zeara-
lenone by mammalian species*® to determine the structure
of the active compound(s).

In view of the fact that zearalenone is a good growth
promoter in farm animals, and since diethylstilbestrol was
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Table I. Percent Microbial Transformation of Zearalenone
to a- and §-Zearalenols

a-zearale- (-zearale-
microorganism nol (%) nol (%)

Absidia coerulea MR-27B a
Absidia spinosa NRRL 3033 4
Aspergillus niger ATCC 11394Y 1
Fusarium avenaceum 12 F-6 5
Fusarium oxysporum 5F-3 5
Mucor bainieri NRRL 2988 a
8
4
1
8

(o]

2

Penicillium stipitatum MR-336
Streptomyces griseus ATCC 13273
Streptomyces rimosus NRRL 2234
Streptomyces rutgersensis NRRL B1256

N Q \IGJ%U!C‘J-&Q

[<%)

%No transformation.

found to be potentially carcinogenic® and therefore banned
as a growth promoter in animals, several investigators were
led to conduct a systematic study on the biological activ-
ities of zearalenone and several of its synthetic ana-
logues!®'? and to establish structure—activity relationships

(9) Herbst, A. L.; Scully, R. E. Cancer 1970, 25, 745.
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® See Ref. 14.

Figure 1. Structures of zearalenone and its microbial metabolites.

for this series. Microbial transformations have been ex-
tensively used in the preparation of analogues of zearale-
none, whose preparation would have been difficult by other
routes. Their structural elucidation using spectroscopic
techniques and a description of their biological activities
is the subject of this article.

Results and Discussion

The outstanding successes realized in microbial trans-
formations of steroids and of other terpenes'? indicated
that a similar approach with zearalenone could provide
new and potentially useful analogues. A broad program
of screening microorganisms for their abilities to achieve
chemical transformations of zearalenone was undertaken.
Some 170 cultures were examined, and numerous of these
provided different metabolites of zearalenone, some in
almost quantitative yield (HPLC). The types of chemical
transformations observed include reduction of the carbonyl
ketone, reduction of the double bond, hydroxylations,
O-methylation, O-glucosidation,'* and cleavage of the
lactone.!® Several of the best metabolite-accumulating
cultures were selected for preparative scale work.

Streptomyces griseus (ATCC 13273) and Mucor bainieri
(NRRL 2988) were used to produce a-zearalenol (2) and
B-zearalenol (3) in 40% and 60% yields, respectively. The
identity of the products was established by comparison of
the IR and *H NMR spectra and melting points with those
reported in the literature!® as well as those obtained by
using authentic samples.”” Table I shows that most mi-
croorganisms, except for M. bainieri and S. rimosus,
produced a mixture of both isomers. These observations

(18) Rosazza, J. P. In Anticancer Agents Based on Natural Product
Models; Cassady, J., Douros, J., Eds.; Academic Press: New York, 1980;
Vol. 16, pp 437-463.
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Haute, IN, unpublished results.
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are quite interesting in view of the stereospecificity of
enzymatic reactions. Thus, because of the relative flexi-
bility of the lactone ring, it is quite possible that a single
enzyme may catalyze the reduction of the C6’-ketone, re-
sulting in the formation of the isomeric C6’-diols. How-
ever, it is quite possible that two separate reductases may
be involved. Experiments designed to use cell-free systems
in the presence of 4-pro-S[*H]NADPH and 4-pro-R[*H]-
NADPH should be helpful in explaining this observation.'®
Aspergillus ochraceous (NRRL 405) and Aspergillus
niger (X-170) gave 20% and 50% yields of a-zearalanol
(4) and 3-zearalanol (5), respectively. The spectral data
for these two compounds were essentially similar to those
obtained for compounds 2 and 3 except for the signals for
the C-1’-C-2’ double bond. The 'H NMR spectrum lacks
the olefinic proton signals but has additional new signals
at 6 3.58 and 2.10 (4) and at ¢ 3.50 and 2.15 (5). Mass
spectral data showed a molecular ion at m/e 322.
Saccharomyces cerevisiae (NRRL Y2034) was used to
produce zearalanone (6) in 20% yield. The IR spectrum
and mass spectral (m/e 320, 2 mass units more than
zearalenone) behavior supported the structure as 6. The
loss of the olefinic proton signals at the C-1” and C-2
positions was evident in the 'H NMR spectrum. The 2C
NMR spectrum of 6 showed the loss of two signals at
135.24 and 132.54 ppm and the appearance of two new
signals at 37.83 and 32.08 ppm, consistent with the satu-
ration of the olefinic double bond at C1’'-C2’. It is inter-
esting to note that only this microbe produced this me-
tabolite. Most microbes saturating the olefinic double
bond also showed reduction of the C-6" carbonyl.
Streptomyces rimosus (NRRL 2234) was used to pro-
duce 8(S)-hydroxyzearalenone (7) in 32% yield. The mass
spectrum showed an ion at m/e 334, indicating the pres-
ence of one additional oxygen in zearalenone. The 'H
NMR spectrum (3.71 ppm, 'H) and 3C NMR spectrum
(64.6 ppm) indicate that hydroxylation had occurred at one
of three possible methylene carbon atoms. The assignment
of the hydroxyl group to the C-8 position is essentially in
agreement with the results obtained by Mirocha’s group'®?
and Bolliger and Tamm,? using 8-hydroxyzearalenone
produced by F. roseum in which the C-10' and C-7’ protons
were shifted downfield by 0.76 and 0.25 ppm, respectively.
The 13C NMR spectrum showed that the signal for the C-7/
carbon was deshielded (14.7 ppm) more than the C-9’
carbon (4.3 ppm) which is attributed to its proximity to
the C-6’ carbon carbonyl. The stereochemistry of the
hydroxylation was based on comparison to an authentic
sample of 8(S)-hydroxyzearalenone in which X-ray crys-
tallographic data showed that the hydroxy group was in
the 8'S configuration.1%2
Cunninghamella bainieri (ATCC 9244B) produced two
major metabolites in 25% and 22% yields that were
identified as zearalenone derivatives 8 and 9, respectively.
Both compounds showed IR spectra with no absorption
bands at 3300 cm™, indicating the disappearance and in-
terruption of the intramolecular hydrogen bonding be-
tween the C-2 hydroxyl group and the lactone carbonyl
that was shifted downfield (37 cm™) in comparison to
zearalenone. The 'H NMR (methyl group absorption at
3.8), 3C NMR (absorbances at 55.4 ppm), and mass
spectral properties of these two compounds are consistent

(18) Abul-Hajj, Y. J. Steroids 1972, 20, 215,

(19) Pathre, S. V.; Mirocha, C. J. Adv. Chem. Ser. 1979, 149, 178.

(20) Jackson, R. A.; Fenton, S. W.; Mirocha, C. J.; Davis, G. J. J. Agric.
Food Chem. 1974, 22, 1015.

(21) Bolliger, G.; Tamm, C. Helv. Chim. Acta 1972, 55, 3030.

(22) Taylor, L F., Jr.; Watson, W. H. Sprg. Meeting Amer. Crystallogr.
Ass. (1975), Abstract G6, Charlottesville, VA,
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Table II. Estrogen Receptor Affinity of Zearalenone

Metabolites

compound RBA®
estradiol 100.0
zearalenone : 2.0
zearalanone 2.0
a-zearalenol 1.9
B-zearalenol 1.9
a-zearalanol 15.8
B-zearalanol 1.3
8'(S)-hydroxyzearalenone 0.0
2-methoxyzearalenone 2.0
2,4-dimethoxyzearalenone 0.0
zearalenone-4-0O-8-glucoside 0.0

*RBA = Relative binding affinity for the rat uterine estrogen
receptor. See Experimental Section for definition and determina-
tion.

with the formation of a mono- and di-O-methylation of the
parent compound. Thus, compound 8 was found to be
2,4-dimethoxyzearalenone. With respect to the mono-
methoxylated derivative (9), the assignment of the methyl
group to the C2-OH group was based on both the IR and
13C NMR spectra. The IR spectrum showed no absorption
at 3300 ¢cm™!, while the frequency at 1688 ecm™ which is
assigned to the lactone carbonyl in zearalenone was shifted
to 1725 cm™ in 9. These results indicate the disappearance
and interruption of the intramolecular hydrogen bonding
between C2-OH and the lactone carbonyl. The *C NMR
spectra showed that substitution at the C-2 phenolic group
had a significant effect on the aromatic ring system. Thus,
the intramolecular hydrogen bonding at C-2 causes the
lactone carbonyl to remain coplanar with the aromatic ring
resulting in increased electron density around C-6. In
compounds that do not have a free C2-OH group, the C-6
carbon resonance was found to be shielded by about 7.2
ppm. Thus, substitution at C2-OH forces the lactone
carbonyl out of the plane of the aromatic ring system and
causes increased polarization of the bond between C-1 and
C-12.

Earlier studies in our laboratories showed that Tham-
nidium elegans and M. bainieri transformed zearalenone
to zearalenone-4-O-3-glucoside!'* while Gliocladium roseum
transformed zearalenone to a racemic mixture of 1-(3,5-
dihydroxyphenyl)-10’-hydroxy-1-undecen-6’-one and 1-
(3,5-dihydroxyphenyl)-6’-hydroxy-1-undecen-10’-one.®

Biochemical Studies. The binding affinities of the
zearalenone metabolites for the estrogen receptor were
measured by a competitive binding assay with 173-[3H]-
estradiol. Rat uterine cytosol was used as receptor source
and the dextran coated charcoal method (DCC) was ap-
plied.?3 The relative binding affinities (RBA) are given
as the ratio of the molar concentrations of 178-estradiol
and zearalenone required to decrease the receptor-bound
radioactivity by 50%, multiplied by 100. The semiloga-
rithmic plot of bound radioactivity vs molar concentrations
of the zearalenone derivatives exhibited curves parallel to
those of 178-estradiol, suggesting a common binding site
for all of the compounds that showed competition.

Table II shows the RBA for the zearalenone compounds
isolated by microbial transformations. Zearalenols and
zearalanols were found to have a low binding affinity for
the estrogen receptor, with a-zearalanol showing the
highest activity (RBA = 15.8%). A three-dimensional
structure of a-zearalanol shows a relatively close spatial
similarity to that of estradiol in which both are about 10-11
A in length and are of similar lipophilicity.* These studies

(23) Koreman, S. G.; Rao, B. R. Proc. Natl. Acad. Sci. U.S.A. 1968,
61, 1028.
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show the importance of a free 4-phenolic group for binding
to the estrogen receptor. Thus, those metabolites that have
a blocked 4-phenolic group by either methylation or gly-
cosylation!* were found to be biologically inactive. Com-
pounds with a 6’-ketone or 6’-hydroxyl group were found
to compete with estradiol, indicating the need for an
electron-rich center around the C-6’ position. It is inter-
esting to note that compound 7 showed no binding to the
estrogen receptor, which may be explained by the fact that
the 8-OH can form hydrogen bonding with the C-6’ ketone
or may be due to equilibration between the hydroxy ketone
and tautomeric hemiketal. Thus, the loss of activity may
be attributed to the change in the conformation of the
molecule resulting in loss of binding to the estrogen re-
ceptor.

Experimental Section

General. Melting points were determined on a Fisher-Jones
hot plate apparatus and are uncorrected. Infrared spectra were
taken with a Nicolet 5D XC FT-IR spectrophotometer using KBr
or Nujol disks. Mass spectra were determined on an LKB 9000
GC mass spectrometer. 'H NMR and ®C NMR spectra were
obtained on a 300-MHz Nicolet NT-300-W3 spectrometer using
tetramethylsilane (TMS) as the internal standard. Zearalenone
and other authentic zearalenone standards were provided by ICM,
Terre Haute, IN. Authentic sample of 8(S)’-hydroxyzearalenone
was obtained from Dr. Chester Mirocha, University of Minnesota.

Cultures and Fermentation Screening Procedures. Fungal
stock cultures were stored at 4 °C and maintained on Sabo-
raud-dextrose agar (Difco) slants.

Biotransformation experiments were performed by using shake
culture techniques by a two-stage fermentation procedure in a
medium consisting of 2% glucose, 0.5% yeast extract, 0.5%
K,HPO,, 0.5% neopeptone, and 0.5% NaCl. The medium was
adjusted to pH 7 before sterilization by autoclaving at 121 °C and
15 1b pressure for 15 min, After 72 h of incubation in the above
medium, 5 mL of stage I culture was used as the inoculum for
fresh stage II cultures (50 mL/250-mL flask). After 24 h of
incubation of stage II cultures, zearalenone was added (0.25
mg/mL medium) as a suspension in dimethylformamide (180
mg/mL, DMF). Culture controls consisted of fermentation blanks
in which the organism was grown under identical conditions
without substrate. Substrate controls consisted of sterile media
containing the same amount of substrate and incubated under
the same conditions. The fermentations were sampled by ex-
traction of 5 mL of culture broth with 5§ mL of chloroform. After
evaporation of the solvent, the residue was spotted on precoated
silica gel TLC plates (0.25 mm) that were developed in chloro-
form-acetone (8:2), normal phase, or acetonitrile—ethanol-15%
NaCl, reversed phase, and visualized by spraying with 1% ceric
sulfate in 3N H,S0,. All preparative scale incubations were
conducted with 500 mg of zearalenone and with protocols es-
tablished on smaller scale screening experiments. Most trans-
formations were continued until no further increase in metabo-
lite(s) was formed (usually 3-4 days). Both cells and the fer-
mentation browth were extracted separately (3X) with a mixture
of chloroform-methanol (9:1, v/v). The combined chloroform
extracts were washed with water, dried over anhydrous sodium
sulfate, and evaporated to dryness under vacuo.

Isolation and Purification. Both preparative TLC and
column chromatography were used for isolation of metabolites.
Preparative thin-layer chromatography was carried out on 1-
mm-thick silica gel GF precoated plates that were developed twice
in chloroform-methanol (97:3, v/v). Column chromatography
was carried out by using silica gel columns that were eluted with
a gradient of a chloroform-methanol mixture of increasing po-
larity.

Zearalenone. Zearalenone (1) was provided by ICM and
possessed physical properties identical with those reported in the
literature, including *H NMR (CDCl,): 6 1.36 (3 H, d, C-11"), 1.67
(2H, m, C-8),1.81 (2H, m, C-4), 2.10 (2 H, m, C-3"), 2.31 (2 H,

(24) Lindsay, D. G. Fd. Chem. Toxic. 1985, 23, 767.



518 J. Org. Chem., Vol. 53, No. 3, 1988

m, C-9), 2.60 (2 H, m, C-7"), 2.90 (2 H, m, C-5), 5.01 (1 H, m,
C-10"), 5.88 (1 H, m, C-2, J = 15.5 Hz), 640 (1 H, d, C-5, J =
2.5 Hz),6.44 (1H,d, C-3,J =25Hz),and 701 1 H, d, C-1, J
= 15.5 Hz). 3C NMR (CDCly): & 21.07 (C-11%), 21.09 (C-8), 22.39
(C-4%), 31.08 (C-3), 34.79 (C-9’), 36.76 (C-7'), 43.03 (C-5'), 74.52
(C-10"), 102.96 (C-3), 103.90 (C-1), 108.96 (C-5), 132.54 (C-2'),
135.24 (C-1’), 144.05 (C-6), 160.05 (C-4), 165.46 (C-2), 171.37
(C-12’), and 211.82 (C-6).

a-Zearalenol (2) was produced by Streptomyces griseus ATCC
13273 in 40% yield and other microorganisms in lower yield (Table
I): mp (from CHCl,~hexane) 169-170 °C [lit.!” mp 168-169 °C],
R;0.62, tg 11 min. IR (KBr): 3500, 3180, 1630, 1610, and 968
cm™l. Mass spectrum (direct probe): m/e 320 (M*), 302, 281,
233, 188 (100%), 179, 125, 112, and 97. The TMS derivative
showed M* m/e 536, 464, 446 (100%), 320, 305, 260, 197, and 169.
'H NMR (CDCly): 61.49 (3H, d, C-11"),1.51 (2H, m, C-8), 1.73
(2H, m, C-4),1.85 (2H,m, C-3),1.95 (2H, m, C-9),2.42 (2 H,
m, C-7), 2.55 (1 H, m, C-5'), 3.85 (2 H, m, C-6’), 5.08 (1 H, m,
C-10"), 5.89 (1 H, m, C-2), 6.21 (1 H, 4, C-5, J = 2.5 Hz), 6.56
(1H,d, C-3,J = 2.5Hz),and 7.17 (1 H, d, C-1", J = 15 Hz). *C
NMR (CDCly): 6 21.30 (C-117), 21.70 (C-8"), 22.80 (C-4'), 30.60
(C-3), 32.10 {C-9"), 35.10 (C-7"), 86.70 (C-5'), 66.90 (C-8"), 73.80
(C-10), 102.50 (C-3), 103.80 (C-1), 108.80 (C-5), 132.90 (C-2"),
133.60 (C-1’), 144.50 (C-6), 160.47 (C-4), 165.70 (C-2), and 171.70
(C-12%).

83-Zearalenol (3) was produced by Mucor bainieri NRRL 2988
in 60% yield as well as by other microorganisms in lower yield
(Table I): mp (from CHCl;-hexane) 173-174 °C (lit.!" mp 174-176
°Cl, R;0.54, tg 12.2 min. IR (KBr): 3500, 3180, 1630, 1610, and
968 cm™!. Mass spectrum (direct probe, 23 eV): m/e 320 (M*),
302, 233, 225, 188 (100%), 112, and 97. The TMS derivative
spectrum displayed a molecular ion m/e 536 (M%), 464, 446
(100%), 320, 305, 260, 196, and 169. 'H NMR (acetone-dg): &
1.46 (3 H, d, C-11"), 1.62 (2 H, m, C-8'), 1.90 (2 H, m, C-4'), 2.25
(2H, m, C-3),230 (2H, m, C-9),2.85 (2H, m, C-7), 3.48 (1 H,
m, C-5'), 3.76 (2 H, m, C-6"), 5.10 (1 H, m, C-10"), 598 (1 H, m,
C-2,6.34 (1 H,d,C-5,J =25Hz),654 (1H,d,C-3,J =25
Hz), and 6.90 (1 H, d, C-1’, J = 15 Hz). 13C NMR (CDCl,): &
18.98 (C-11%), 18.73 (C-8), 21.58 (C-4), 30.34 (C-3), 30.84 (C-9'),
33.81 (C-7"), 35.32 (C-5'), 66.95 (C-6"), 72.58 (C-10’), 102.60 (C-3),
103.82 (C-1), 108.57 (C-5), 131.71 (C-2'), 133.58 (C-1"), 144.58 (C-6),
. 160.80 (C-4), 164.97 (C-2), and 170.30 (C-12).

a-Zearalanol (4) was produced in 20% yield by Aspergillus
ochraceous NRRL 405: mp (from CHCly~hexane) 181-182 °C
{lit.!* mp 182-183 °C], R; in normal phase 0.49 and in reverse phase
0.51. IR (Nujol): 3500, 3180, 1645, and 1620 em™. Mass spectrum
(direct inlet): m/e 322 (M*), 304, 286, 236, 207, 206, 169 (100%),
164, 163, 150, and 99. The TMS derivative showed m/e 538 (M™),
467, 454, 434 (100%), 395, 379, 352, 336, 323, 321, 307, 268, 171,
129, and 81. 'H NMR spectrum (acetone-dg): 6 1.34 (3 H, d,
C-11), 1.52 (2 H, m, C-8), 1.66 (2 H, m, C-4"), 1.86 (2 H, m, C-3'),
2,10 (2H, m, C-2),2.42 (2H, m, C-9),3.21 (2 H, m, C-7"), 3.25
(2H, m, C-5),3.58(2H,d, C-1),3.76 (1 H, t, C-6), 5.17 (1 H,
m, C-10"), 6.22 (1 H, d, C-5), and 6.28 (1 H, d, C-3). *C NMR:
§ 20.90 (C-11"), 24.01 (C-8), 27.05 (C-4"), 32.71 (C-2'), 33.09 (C-3),
34.31 (C-9), 34.66 (C-7"), 35.90 (C-5'), 38.15 (C-1"), 66.85 (C-6"),
73.70 (C-10"), 102.34 (C-3), 103.26 (C-1), 109.21 (C-5), 145.15 (C-6),
161.02 (C-4), 165.98 (C-2), and 171.20 (C-12).

B-Zearalanol (5). A 50% transformation was obtained by
Aspergillus niger X-170: mp (from CHCl;-hexane) 152-153 °C
(lit.'® mp 145-147 °C}; R; 0.51 and 0.52 in normal and reverse
phase TLC, respectively. IR spectrum (Nujol): 3500, 1680, 1650,
and 1622 cm™. 'H NMR (CD,0OD): 6 1.33 (3 H, d, C-11"), 1.50
(2H, m, C-8),169 (2H, m, C-4'),1.85 (2H, m, C-3),2.15 (2 H,
m, C-2), 2.65 (2 H, m, C-9'), 3.19 (2 H, m, C-7), 3.21 (2 H, m,
C-5),3.50 (2 H,d, C-1),3.77 (1 H, m, C-6'), 5.18 (1 H, m, C-10),
6.29 (1 H, d, C-5), and 6.36 (1 H, d, C-3). 3C NMR (CD;0D):
8 21.40 (C-11%), 23.91 (C-8), 26.80 (C-4"), 31.96 (C-2), 32.25 (C-9"),
32.85 (C-3"), 33.20 (C-79), 35.10 (C-5"), 37.90 (C-1"), 67.21 (C-6),
73.68 (C-10), 102.21 (C-3), 103.60 (C-1), 108.56 (C-5), 145.42 (C-6),
160.90 (C-4), 165.80 (C-2), and 170.90 (C-12’).

Zearalanone (6) was produced in 20% yield by Saccharomyces
cerevisiaze NRRL Y2034: mp (from CHCl;~hexane) 190-191 °C
(lit.8 mp 192-193 °C]; R; 0.79 in normal phase TLC. IR spectrum
(KBr): 3500, 3180, 1750, 1650, and 1620 cm™.. Mass spectrum
(direct inlet) showed a molecular peak: m/e 320 (M*), 302, 169,
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163, 125, and 112 (100%). *H NMR (CDZOD): 5 1.33 (3 H, d,
C-11%), 1.57 (2H, m, C-8"), 1.76 (2 H, m, C-4), 1.89 (2 H, m, C-3'),
2.11 (2 H, m, C-9), 2.32 (2 H, m, C-2"), 269 (2 H, d, C-7), 3.00
(2H,t,C-1"),3.10(2H,d, C-5),5.18 (1 H, m, C-10"),6.16 (1 H,
d,C-5), and 6.18 (1 H, d, C-3). 13C NMR (CD,0D): 4 21.71 (C-11%),
23.88 (C-8), 28.93 (C-4"), 32.08 (C-2), 33.04 (C-3"), 36.49 (C-9),
37.83 (C-17), 39.81 (C-7), 45.09 (C-5"), 73.98 (C-10), 102.33 (C-3),
103.18 (C-1), 112.41 (C-5), 149.66 (C-6), 164.16 (C-4), 166.97 (C-2),
173.10 (C-12’), and 215.37 (C-6).

8(S)-Hydroxyzearalenone (7) was produced in 32% yield
using Streptomyces rimosus NRRL 2234: mp (from acetone-
hexane) 173-174 °C [lit.2 mp 172-174 °C}; [a]p —53.2 (¢ 1, ace-
tone); R{ 0.55. IR (KBr): 3530, 3300, 3180, 1690, 1640, 1612, and
980 cm™.. Mass spectrum (direct probe): m/e 334 (M*), 318, 248,
204, 188, 161 (100%), 110, and 95. TMS derivative gave rise to
m/e 550 (M*), 478, 460, 442, 391, 377, 333 (100%), and 305. 'H
NMR (CDCl): § 1.04 (3 H, d, C-11"), 1.34 (2 H, m, C-4'), 1.48
(1H,m, C-3),199 (2H,m, C-9),2.35 (2H, m, C-7), 2.77 (2 H,
m, C-5), 3.71 (1 H, m, C-8'), 4.25 (1 H, m, C-10"), 6.30 (1 H, d,
C-2,6.82 (1H,d, C-5,J = 251 Hz),7.06 (1 H,d, C-3,J = 2.51
Hz), and 7.19 (1 H, d, C-1"). C NMR (DMSO0-dg): 8 21.00 (C-11/),
23.10 (C-4), 31.20 (C-3), 89.10 (C-9"), 43.30 (C-5"), 51.70 (C-7"),
64.60 (C-8'), 69.80 (C-10), 102.05 (C-3), 102.80 (C-1), 108.40 (C-5),
131.00 (C-27), 144.20 (C-6), 164.00 (C-4), 166.11 (C-2), 172.10
(C-12Y), and 212.10 (C-6'); mass spectrum, caled for C,gH, 04 m/e
334.3682, found m /e 334.3698.

Zearalenone 2,4-bis(methyl ether) (8) was obtained by using
Cunninghamella bainieri ATCC 9244B in 25% yield: mp (from
acetone—hexane) 111-112 °C [lit.}¥ mp 112-114 °C]; R;0.59. IR
(Nujol) showed absorption maxima at 1725, 1600, 1455, and 960
cm™. Mass spectrum (direct inlet): m/e 346 (M*), 328, 235, 217
(100%), 207, 204, 189, 151, 125, and 112. 'H NMR (CDCL): é
1.34 (3H, d, C-11), 1.71 (2 H, m, C-8), 1.75 (2 H, m, C-4'), 2.12
(2H,m, C-3),227 (2H, m, C-9),240 2 H, m, C-7),2.70 (2 H,
t, C-5%), 3.79 (3 H, s, C,-OCHj), 3.81 (2 H, s, C-OCHj), 5.31 (1
H, m, C-10), 5.99 (1 H, m, C-2’), 6.37 (1 H, d, C-5), 6.39 (1 H,
d, C-1’), and 6.59 (1 H, d, C-3). 3C NMR (CDCly): & 20.08 (C-11%),
21.35 (C-8), 21.45 (C-4'), 31.29 (C-3"), 35.21 (C-9), 37.85 (C-7),
44.09 (C-5), 55.44 (C,-OCHy), 55.47 (C,-OCHy), 71.20 (C-10), 97.79
(C-3), 101.39 (C-5), 116.31 (C-1), 129.04 (C-1"), 133.21 (C-2/), 136.84
(C-8), 157.74 (C-2), 160.85 (C-4), 167.59 (C-12’), and 211.35 (C-6);
mass spectrum, caled for CyoHygO5 m/e 346.4224, found m/e
346.4228.

Zearalenone 2-methyl ether (9) was produced by conversion
of zearalenone using Cunninghamella bainieri ATCC 9244B in
22% yield: mp (from acetone-hexane) 189-191 °C [lit.® mp
190192 °C]; R; 0.51. IR spectrum (KBr) showed absorption
maxima: 1725, 1605, 1599, 1580, and 965 cm™!. Mass spectrum
(direct inlet): m/e 332 (M*), 314, 217 (100%), 193, 175, 151, 125,
and 112. 'H NMR (CDCly): 6 1.34 3H,d, C-11),1.61 (2H, m,
C-8", 1.79 {2 H, m, C-4"), 218 (2 H, m, C-3), 2.22 (2 H, m, C-9),
242 (2 H, m, C-7), 2.73 (2 H, t, C-5), 3.81 (3 H, s, C,-OCH,), 5.29
(1 H, m, C-10"), 5.91 (1 H, m, C-2", 6.31 (1 H, d, C-5), 6.34 (1 H,
d, C-1), and 6.51 (1 H, d, C-3). ¥C NMR (CDCly): 3 20.05 (C-11"),
21.29 (C-8), 21.83 (C-4), 31.32 (C-3"), 35.15 (C-9), 37.73 (C-7),
44.08 (C-5'), 55.05 (Co-OCHy), 71.44 (C-10), 98.27 (C-3), 104.02
(C-5), 116.63 (C-1), 128.76 (C-1%), 133.25 (C-2’), 136.88 (C-6), 157.94
(C-2), 162.80 (C-4), 168.47 (C-12’), and 211.38 (C-6"); mass
spectrum, caled for C,gH,,045 m/e 332.3956, found m/e 332.3914.

Estrogen Receptor Binding Assay. Fresh rat uteri, stored
in ice-cold saline, were freed of adherent fat and connective tissue
at 4 °C. After addition of TEMG buffer (34 uteri/mL), the uteri
were homogenized by treatment with a Teflon-glass homogenizer
until 90% of the uteri were disrupted. The homogenate was
centrifuged at 105000 X g for 1 h (0 °C). The supernatant was
then diluted with TED buffer (1:2) to obtain the cytosolic fraction
that was used for determining the affinity of the compounds for
the estrogen receptor. The protein concentration of the cytosol
was about 12 mg/mL, leading to a final concentration of 6 mg/mL
in the assay.

For the determination of the RBA, the previously described
procedure was applied with modification.?? Aliquots of uterine
cytosol (150 uL) were added to a mixture of 50 uL of 4 nM

(25) Abul-Hajj, Y. J. J. Steroid Biochem. 1980, 3, 83.
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3H-estradiol [2,4,6,7-*H(estradiol), 110 Ci/mmol), New England
Nuclear] in TED buffer and 50 uL of 1071%-10° M of competing
ligand. The mixture was incubated for 18 h at 4 °C, and then
0.3 mL of DCC slurry (0.8% charcoal Norit A and 0.008% dextran
in TED) was added to the tubes, and the contents were mixed.
The tubes were incubated for 15 min at 4 °C and centrifuged at
800 X g for 10 min. An aliquot (200 uL) of the supernatant was
removed and the radioactivity quantified by liquid scintillation
spectrometry after addition of 5 mL of Aquasol-2 (New England
Nuclear). Nonspecific binding was calculated by using 5 uM
178-estradiol as competing ligand. Radioactivity was plotted as

a function of the log concentration of competing ligand in the
assay. The RBA was calculated as the ratio of the molar con-
centrations of estradiol and test compound required to decrease
the amount of bound radioactivity by 50%, multiplied by 100.
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Formaldehyde dialkylhydrazones were found to undergo an electrophilic substitution reaction very easily at
the azomethine carbon atom when treated with trifluoroacetic anhydride. Bistrifluoroacetylation is also possible.
As an interesting extension of this reaction, trifluoroacetylation of dialkylhydrazones of aliphatic aldehydes and
a,B-unsaturated aldehydes, was achieved. Similar reactions of these hydrazones with some other acylating reagents

were also studied.

Introduction

Recent studies in this laboratory on the successful
electrophilic substitution reaction at olefinic carbon at-
oms!~® prompted us to extend these works to hydrazone
system. As for C=N linkage, hydrazones are quite dif-
ferent from imines in electronic character. In the case of
imines, the C==N bond is polarized with positive charge
at carbon and negative charge at nitrogen according to
their inherent electronegativities. In contrast, in the case
of hydrazone 1, conjugation of the C=N bond with adja-

o + -
-fi-n=ct, -li=N-CH,
1
. + -
K-fi-CheCHy ~———= X-N=CH-CH,
2y, RCO-, RSO,-

2

cent nitrogen makes the azomethine carbon negatively
charged. In this sense the azomethine carbon of hydrazone
1 is akin to the terminal olefinic carbon atoms of N-
vinylcarboxamides or N-vinylsulfonamides 2% and is ex-
pected to be acylated easily. In fact it was reported in our
preceding paper® that the dimethylhydrazone of aromatic

(1) Hojo, M.; Masuda, R. J. Org. Chem. 1975, 40, 963.

(2) Hojo, M.; Masuda, R.; Kamitori, Y. Tetrahedron Lett. 1976, 1009.
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(8) Hojo, M.; Masuda, R.; Okada, E. Synthesis 1986, 1013.
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aldehydes 3b can react with trifluoroacetic anhydride

CF3co+ R
Me ,N-N=CHR Me N-N=C7
2 N
3 . COCF,
Ry H 3a Ry H 4a
Ar 3b Ar 4b
Alkyl 3¢ Alkyl 4c

(TFAA) at the azomethine carbon, i.e., electrophilic sub-
stitution reaction occurs there successfully. In order to
establish this type of reaction more definitely, it become
necessary to examine it with hydrazones of aliphatic al-
dehydes. As the simplest case, trifluoroacetylation of
dimethylhydrazone of formaldehyde was studied first.
Unusual resistance of 3¢ toward TFAA was experienced
in our preliminary experiments® and was the important
problem to be solved in the present work. Reaction of 3
toward some other acylating reagents also attracted our
interest.

Conversion of 3 to 4 is a key step of a series of trans-
formations® from aldehydes to 1,2-dicarbonyl compounds
5, as is illustrated in Scheme I.

Results and Discussion

Trifluoroacetylation of Formaldehyde Dimethyl-
hydrazone (3a). On the basis of our semiempirical MO
calculation carried out previously,!° the reactivity of the
azomethine carbon of 6a toward electrophiles was esti-
mated to be comparable to that of the 3-carbon of 6b as

(11) Our calculations carried out on the basis of CNDO/2 and MIN-
DO/3 methods suggest the following. Although frontier electron density
(HOMO) at the azomethine carbon of 6a is estimated to be slightly less
than that at the olefinic 8-carbon of 6b, the HOMO level of 6a is higher
than that of 6b.
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