
DlDEOXYZEARALACTONE Journal of Medicinal Chemistry, 1970, Vol. 13, No. 5 941 

washed with dry EtOH and TLizO to give the pure hydrochloride 
(0.358 g, 70%) of the desired Schiff base. 

All the other Schiff bases were similarly prepared and are re
corded in Table I. 
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The isolation of zearalenone (1) and a preliminary 
account of its marked uterotrophic activity and anabolic 
properties were reported by Stob and coworkers.1 The 
structure of this fungal metabolite was deduced by 
chemical and spectroscopic means,2 total syntheses of 
zearalenone have been announced3 and its absolute 
configuration has also been determined.4 

We have synthesized a number of structural variants 
of zearalenone in a joint project conducted several years 
ago with a group similarly engaged in the laboratories 
of the Commercial Solvents Corporation. The purpose 
of the present report is to summarize our findings in 
respect to the effect of phenolic OH addition or removal 
on the biological activity of the parent compound. 
This study was undertaken in a systematic way since 
the structural relationships of zearalenone to a typical 
estrogen such as estrone (2) are not obvious by inspec
tion of models of their formulae. We selected as our 
synthetic goals the parent 2,4-dideoxyzearalanone (6) 
and each of the possible monosubstituted phenolic 
analogs, as well as 5-hydroxyzearalanone. 

Chemistry.—Hydrogenolysis of the phenolic hy-
droxyls in zearalenone was possible using the technique 
of Musliner and Gates.5 This involved preparation of 
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the l-phenyl-5-tetrazolyl ethers and their hydrogenoly-
sis with 5% Pd-C which concurrently caused reduction 
of the olefin functionality. Our preferred conditions 
were 95% EtOH as solvent, and 3.5 kg/cm2 at about 
70° for 48 hr. These conditions are more drastic than 
those which were of general utility for Musliner and 
Gates. 

In order to attain selective removal of the 2- and 
4-hydroxyls of zearalenone it was necessary to prepare 
the required monophenyltetrazolyl derivatives. This 
was accomplished from the 2-benzyl and 4-tetrahydro-
pyranyl ethers whose preparation is shown in Scheme I. 

SCHEME I 

The key reaction in this sequence was the selective 
monotetrahydropyranyl ether formation at C-4 in good 
yield using excess dihydropyran. This selectivity is 
attributed to the equilibrium nature of the reaction. 
Steric hindrance at C-2 and a loss of H bonding to the 
lactone CO are considered to disfavor derivatization of 
the 2-OH. It is also worth noting that benzyl ether 
formation is possible using K2COs in MeOH without 
any appreciable opening of the lactone ring. Forma
tion of the phenyltetrazolyl ethers 5, 7, and 9 went well 
from the corresponding phenols using anhyd K2CO3 and 
l-phenyl-5-chlorotetrazole in refluxing dry Me2CO for 
16 hr. The properties of these derivatives and of their 
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Syntheses are reported of 2,4-dideoxyzearalanone and each of the possible monophenolic derivatives of this 
compound. The preparation of 5-hydroxyzearalanotie is also described. None of the new compounds exceeded 
the parent in respect to estrogenic activity. 
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corresponding hvdrogenolvsis products are .summarized 
in Table I. 

The preparation of analogs monosubstituted with OH 
at C-3 and C-o was accomplished from the dideoxy 
derivatiye 6 as summarized in Scheme II. As antiei-

Sl'HKMK If 

11, R' = N0L,;R2 = H 

12. R' = NH2; R
2 = H 

13, R' - OH; R2 - H 

14. R' = H;R2 = 0H 

pated, nitration of 6 went primarily para to the alkyl 
group and to a lesser extent ortho to that function. 
Reduction of the pure 3-NOs analog (11) with 5% 
Pd-C and diazotization of the amine 12 led to the C-3 
monohydroxy analog 13. The C-5 monohydroxy analog 
14 was obtained from a similar sequence using a mother 
liquor fraction containing the o-XOo analog. 

5-Hydroxyzearalanone (18) was obtained via an 
aminozearalanone first prepared by E. B. Hodge of the 
Commercial Solvents Corp. and assigned by him 
structure 15 from physical data. Oxidation of 15 with 
Ag20-XH4OH gave, after acidification, hydroxyquinone 
16 best isolated as the acetate 17, thereby providing 
chemical support for the assigned structure 15. By 
shaking the Et20 extract of 16 with aq Na2S204, 18 was 
obtained directly. These conversions are summarized 
in Scheme III. 

Biological Evaluation.—Estrogenic activities were 
estimated for the zearalenone analogs prepared in this 
study by a determination of their oral uterotropic 
properties in rats using diethyl stilbestrol as the 
standard.6 In this assay zearalenone (1) and its 
C/-C2' dihydro derivative zearalanone show about 0.1% 
the activity of the standard. The dideoxy derivative 6 
has less than 0.1 of the activity of zearalanone. 2-De-

(fii K . I. Oor fman and A , Dorfnian. Hinlni: 55. li". (19"i4i 

oxyzearalanone (8) retained about, two-thirds of the 
activity of zearalanone (1); however, the other mono
hydroxy analogs showed less than 0.1 of the activity of 
zearalanone, while o-hydroxyzearalanone had less than 
one-third of the estrogenic activity of the parent diol. 
Introduction of a third OH at either C-2" or C-4S in 
estradiol, leads to a sharp decrease in estrogenicitv. 
Introduction of a third OH at C-l9 in estradiol also 
causes a sharp drop in estrogenicitv, unlike our finding 
that, zearalanone is more active than the 2-deoxy deriva
tive. We interpret the activating effect of the 2-OH in 
zearalanone to be the result of a conformational restric
tion which H bonding of the lactone imposes on the 
molecule.1" We believe that the 4-OH of zearalanone 
corresponds to the .'>-OH of estradiol in respect to its 
effect on intrinsic estrogenic activity. 

Experimental Section'' 

6-(10-Hydroxy-6-oxo-//a/i6--l-undecenylj-/S-resoreylic Acid n-
Lactone 4-(2-Tetrahydropyranyl) Ether (3). —-A suspension of 8.0 
g (25.6 mmoles.) of 1 in 8 ml of dihydropyran and 4 drops of coned 
HC1 was stirred at room temperature for 4 hr, an additional 8 ml 
of dihydropyran was then added, and the suspension was stirred 
overnight. The resultant solution was poured into saturated 
aq NaHCOs and extracted with EtOAe. The extract was washed 
with dil NaOH, H2O, and NaCI solution, dried, and evaporated 
under reduced pressure. The 8.8 g of residue was dissolved in 
450 ml of MeOH and cooled to 0°; M.76 g of 3 was obtained, nip 
146-140°. A second crop was obtained after concentration to 
ra. 150 ml, giving 4.20 g of 3, mp 114- 115°. Both of these frac
tions were 4-THP derivatives as judged by their spectra and 
both were suitable for further transformations. Repeated 
crystallization from MeOH of a portion of the first crop gave an 
analytical sample which melted at 159-160°. Anal. <(' 
IW.lCH. 

6-(10-Hydroxy-6-oxo-(ra«.s-l-undecenyl)-/°-resorcyclic Acid M-
Lactone 2-Benzyl Ether (4) .- A mixture of 500 mg (1.24 mmoles; 
of tetrahvdropvranvl ether 3. 400 mg (2.92 mmoles) of anhvd 
K.COs, 0^42 ml (3.68 mmoles) of PhCH,Cl, and 12.5 ml of anhyd 
MeOH was refluxed under X2 for 16 hr, cooled, and filtered. The 
filtrate was discarded and the filter cake was washed repeatedly 
with CHCI3. Evaporation of the washes yielded .V!5 nig of 
material which was crystallized from 45 ml of hot MeOH to give 
300 mg (48r:(~) of 4 as its 4-tetrahydropyranyl ether. 

A solution of 250 mg (0.51 mmole.) of this 4-tetrahydropyranyl 
ether in 50 ml of dioxane with 0.25 ml of 2.5 A' HOI was heated 

(7) S. Gordon , K. W. Can t r a l l . W. P. Cekleniak , H. .1. Albers. S. Matter . 
S. M. Stolar , a n d S. l ie rns te in , Stiroid*. 4, 2H7 (tiHj4;. 
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19) E . Hecker a n d G. Far thufer -Boeokh, Biochem. Z.. 338, b'28 (l'JB:ii. 
(10) Several o the r effects of conformat iona l change on the chemis t ry and 

phys ica l p rope r t i e s of zeara lenone and its de r iva t ives will be discussed in 
subsequen t pub l i ca t ions . 
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bols of the e lements , ana ly t i ca l results are within i O . 4 % of the theoret ical 
va lues . N m r , uv. and ir da ta were in till cases consistent with the s in ic -
tu res proposed . 
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on the steam bath for 15 min, then poured onto ice. The aq 
suspension was extracted into EtOAc, washed, dried, and evap
orated to yield 172 mg (81%) of 4, suitable for further chemical 
transformations. Recrystallization from CH2Cl2-Et20 gave an 
analytical sample, mp 165-167°. Anal. (C2oH2s06) C, H. 

6-(10-Hydroxy-6-oxo-(rans-l-undecenyl)-/3-resorcyclic Acid M-
Lactone 2,4-Bis(l-phenyl-5-tetrazolyl) Ether (5). General Pro
cedure for Tetrazolyl Ether Formation.—A mixture of 2.0 g (6 
mmoles) of 1, 2.17 g (12 mmoles) of l-phenyl-5-chlorotetrazole, 
2.4 g (24 mmoles) of anhyd K2C03 , and 18 ml of dry Me2CO was 
stirred and refiuxed under N2 for 16 hr and filtered. The filtrate 
was evaporated under reduced pressure, the residue was swirled 
with C6He and taken to dryness under reduced pressure. Finally, 
the residue was dissolved in CH2C12 and concentrated to an oil. 
Addition of MeOH afforded 3.35 g (92%) of white crystals of 5. 
Recrystallization from MeOH afforded the analytical sample of 
mp 166-168°. Anal. (C32H30N8Os) C, H, N. 

2-(10-Hydroxy-6-oxoundecyl)benzoic Acid ^-Lactone (6). 
Hydrogenolysis Procedure.—A mixture of 2.5 g (4.12 mmoles) of 
bisphenyltetrazolyl ether (5), 0.5 g of 5 % Pd-C, and 640 ml of 
9 5 % EtOH was shaken for 48 hr at 70° under H2 at 3.5 kg/cm2 

and filtered and the filtrate evaporated under reduced pressure 
to afford 3.1 g of crude product. This was extracted with 25 ml 
of hot E t 2 0 and filtered quickly. A noncrystalline precipitate 
which formed in the solution at room temperature was filtered 
off. Further cooling and scratching of the E t 2 0 solution afforded 
a dense fibrous mass of crystalline 6. Further recrystallizations 
(EtoO) provided an analytical sample, mp 89-91°. Anal. 
(C18H2403) C, H. 

Compounds 8 and 9 whose properties are described in Table 
I were prepared by the same hydrogenolysis conditions. How
ever, it was necessary to resort to column chromatography to 
separate the products from phenyltetrazolone or to wash the 
latter out with dilute base. I t is noteworthy that the T H P 
group in 7 was usually cleaved during the hydrogenolysis so 
that 8 was obtained directly. 

2-(10-Hydroxy-6-oxoundecyl)-5-nitrobenzoic Acid ^-Lactone 
(11).—To 5.0 ml of fuming HNOa, cooled with ice to 3°, was 
added 2.0 g (6.93 mmoles) of dideoxy compound 6 in portions 
over a 15-min period with cooling and vigorous stirring. After 
an additional 30 min the solution was poured into about 70 ml 
of ice and H 2 0 . The resultant gum was taken up with EtOAc 
and this solution was washed with aq NaHC0 3 , dried, and taken 
to dryness under reduced pressure. Crystallization (Et20) 
gave 0.632 g of 11 (27%). The analytical sample from E t , 0 
had mp 108-110°. Anal. (C18H23NOs) C, H, N. 

2-(10-Hydroxy-6-oxoundecyl)-5-aminobenzoic Acid ^-Lactone 
(12).—A mixture of 2.5 g (7.5 mmoles) of nitro compound 11, 0.25 
g of 5% Pd-C, and 250 ml of MeOH was shaken with H2 at 
atmospheric pressure until 3 equiv had been absorbed. Filtration 
and evaporation of the filtrate under reduced pressure gave 2.18 g 
of white solid which was crystallized from MeOH in 5 crops to 
yield 1.74 g (76%) of 12. An analytical sample was prepared 
from the same solvent, mp 139-140°. Anal. (C18H25NO3) 
C, H, N. 

2-(10-Hydroxy-6-oxoundecyl)-5-hydroxybenzoic Acid M-Lac-
tone (13).—A mixture of 4.05 g (13.4 mmoles) of amine 12, 36.9 
ml of H2<), and 28.7 ml of coned H2S04 was stirred vigorously 

giving an almost complete solution. Addition of 60-70 g of ice 
and vigorous stirring with ice bath cooling afforded a fine suspen
sion. To this was added a solution of 0.943 g (15.5 mmoles) of 
NaN0 2 in 20.5 ml of H 2 0 . Stirring was continued for 20 min 
and then the solution was decanted from some undissolved mate
rial and decomposed by immersion in an oil bath preheated to 
130° where it was allowed to reflux for 30 min. During this time 
the solution clouded, turned orange, and then lightened as a brown 
oil separated. The mixture was poured into cold H 20, extracted 
with EtOAc and this solution after washing and drying was 
concentrated under reduced pressure to yield 3.4 g of a foam. 
Crystallization from CH2C12-Et20 gave in 4 crops, 1.48 g (36%) 
of 13. The analytical sample from the same solvent had mp 130-
133°. Anal. (C48H2404) C, H. 

2-(10-Hydroxy-6-oxoundecyl)-5-hydroxybenzoic Acid M-Lac-
tone (14).—Mother liquors from a large preparation of 0-NO2 
analog 11 on further crystallization from E t 2 0 gave a small frac
tion, mp 88-89° which according to gle was a 1:1 mixture of 11 
and another compound; analytical data suggested it was a mix-
ure of mononitro derivatives. 

This fraction of mp 88-89° (2.0 g, 6.0 mmoles) was reduced 
in 200 ml of MeOH using 5% Pd-C and H2 at atmospheric pres
sure. After 3 equiv of H2 had been absorbed, the solution was 
filtered and concentrated. Treatment of the crude amine mix
ture under the same diazotization conditions vised in preparing 
13 from 12 afforded 1.27 g of foam. Peparative tic on silica gel 
using 20% Et 2 0 in CH2C12 afforded 14. Recrystallization from 
CH2C12-Et20 provided the analytical sample, mp 124-127°. 
Anal. (C18H2404) C, H. 

5-Acetoxy-3-(10-hydroxy-6-oxoundecyl)benzoquinone-2-car-
boxylic Acid ^-Lactone (17).—A solution of Ag20, from 0.5 g 
AgNOa, in 5 ml of concentrated NH4OH, was added dropwise over 
1 min with stirring to a solution of 0.5 g (1.5 mmoles) of 15 in 
5 ml of concentrated NH4OH at 0°. After stirring for another 
5 min, the reaction mixture was centrifuged and the blood red 
supernatant liquid added to a vigorously stirred ice-cold mixture 
of E t 2 0 and dil H2S04. The phases were separated and the 
strongly acidic aq phase was extracted 2-3 more times with 
E t 2 0 . Upon combination of the extracts, washing with saturated 
aq NaCl, drying, and careful evaporation, a yellow gum was ob
tained which partially crystallized on standing. Careful titration 
with E t 0 2 permitted isolation of the quinone 16 which could be 
recrystallized from MeOH. Isolation of the quinone was pref
erably carried out in the form of the acetate. Thus the gum was 
treated with 1.0 ml of Ac20 and a trace of pyridine. After 5-10 
min at. room temperature, the volatile materials were removed 
with a gentle N2 stream to give a crystalline residue. Recrystal
lization from MeOH or i-PrOH gave the quinone acetate 17 
as bright yellow needles, mp 133-136°. Anal. ^ O H M O T ) 
C,H. 

5-Hydroxy-6-(10-hydroxy-6-oxoundecyl)-/3-resorcyclic Acid n-
Lactone (18).—The E t 2 0 extract obtained in the preparation of 
16 was shaken with 1 g of Xa2S204-2H20 (per 0.5 g of starting 15) 
in 50-100 ml of H 2 0 . The resultant off-color organic phase was 
then washed with saturated aq NaCl, dried, and evaporated under 
reduced pressure to give 0.3-0.4 g of solid. Recrystallization 
from EtOH gave pure triol 18, mp 210-215° dec. Anal. fC,«-
H , 4 0 6 ) C , H . 
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The hemolytic activity of some neutral steroids was 
shown by Tateno and Kilbourne1 and Palmer.2 Weiss-
mann and Keiser3 in a series of 35 neutral steroids and 
bile acids pointed out that while the 5-/3-H configuration 
was associated with hemolytic properties, the 5-a-H 
compounds were inactive and only a few A-4,5 steroids 
were active. Testosterone, which is a A-4,o steroid, 
was found practically inactive,1'3 while Palmer- ob
served some activity. Segaloff4 described the hemolytic 
activity in vitro and in vivo of some testosterone esters. 
The hemolytic activity was interpreted as a conse
quence of the insertion of the steroids at the lipid— 
aqueous interface at the surface of the erythrocyte.3'0 

On the other hand, no direct relationship was found be
tween hemolytic activity and water solubility.3 How
ever the acetate derivatives were found to be more 
active than their parent compounds.3 An enhanced 
hemolytic activity was also found in the AcOH and 
BzOH esters of some steroidal sapogenins.6 This 
could suggest the influence of the lipophilic character of 
the molecules, at least in a series of ester derivatives. 
Hansch, et al.,7 found very good correlations between 
partition coefficient and penetration of organic com
pounds through biological membranes. In previous 
papers it was possible toshowthatreversed-pha.se tic is a 
suitable method for the determination of the lipophilic 
character of drugs, as expressed by the Rm value.H 

(1) I. T a t e n o a n d K. 1). Ki lbourne , /'rnr. Sor. h'rp. Biol., 86, 108 (11*54). 
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Therefore, the main purpose of the present work was to 
study the relationship between Rm values and hemolytic 
activity of a series of testosterone esters, also, to study 
the influence, on the above relationship, of the phase 
system used for determining the lipophilic character. 

Materials and Methods 

The testosterone compounds were kindly provided 
by drug companies (Organon X.V.. Vister Vismara 
Terapeutici S.p.A., Istituto Luso Farmaco dTtalia 
s.r.l., Armour Erba Farmaceutici S.p.A, Essex Italia 
S.p.A.) and obtained from commercial sources (Pro-
dotti Gianni, Milan). Their structures are reported in 
Table I. The chromatographic procedure for the de
termination of the Rm values was also used in order to 
check the purity of the compounds. 

Rm Values Determination.—The lipophilic character 
of the test compounds was expressed by their chro
matographic Rm values, which have previously been 
described.8 The stationary nonpolar phase consisted 
of a silica gel (1 layer impregnated with silicone DC 
200 (350 cSt) from Applied Sciences Laboratories. The 
impregnation was carried out by developing the plates 
in a 5% silicone oil solution in Et20. The polar mobile 
phase, saturated with silicone oil, was represented by 
H20 in various mixture (v/v) with Me2CO or MeOH. 
In particular the concentration of Me2CO ranged from 
42 to 74%, that of MeOH, from 54 to 86%. Two 
plates were simultaneously developed in a chromato
graphic chamber containing 200 ml of mobile phase. 
The steroids were dissolved in Me2CO (3 mg/ml) and 1 
M1 of solution was spotted randomly on the plates in 
order to avoid any systematic error. The developed 
plates were dried and sprayed with an alkaline solution 
of KMn04. After a few minutes at 120° yellow spots 
appeared on an intensely pink background. The Rm 

values were calculated by means of the formula: 

Relat ionship be tween Lipophilic Character and Hemolyt ic 
Activity of Testosterone and Testosterone Esters 
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The relationship between lipophilic character and hemolytic activity was studied in a series of testosterone com
pounds. The lipophilic character was first expressed by means of the chromatographic ftm value, which was 
shown to be related to the partition coefficient between the mobile and the stationary phase of a chromatographic 
system. The Rm value was determined, for each compound, in two different chromatographic, systems, respec
tively, containing in the mobile phase AfeCO or MeOH. In both cases there was a highly significant parabolic-
relationship between Rm values and hemolytic activity. On the other hand this result could be expected from 
the linear relationship between the Rm values, respectively, determined with Me>CO or MeOH in the mobile phase. 
The lipophilic character of the test compounds was also expressed by means of the ir values. There was a linear 
relationship between the ir values calculated from octanol-H>0 partition coefficients and the chromatographic li,a 

values. A parabolic relationship was therefore shown also between T values and hemolytic activity. The 
present results support previous findings, which suggest that the correlation between penetration of organic com
pounds through biological membranes and partition coefficient is not affected by the nature of the phases in
volved in the determination of the partition data. 

toshowthatreversed-pha.se

