DIDEOXYZEARALACTONE

washed with dry EtOH and Et,0O to give the pure hydrochloride
(0.358 g, 7045 of the desired Schiff base.

All the other Schiff bases were similarly prepared aund are re-
corded in Table L.
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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-hydroxyzearalanone is also described. None of the new componnds exceeded

the parent in respect to estrogenic activity.

The isolation of zearalenone (1) and a preliminary
account of its marked uterotrophic activity and anabolic
properties were reported by Stob and coworkers.! The
structure of this fungal metabolite was deduced by
chemical and spectroscopic means,? total syntheses of
zearalenone have been anncunced® and its absolute
configuration has also been determined.*

0

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-dideoxvzearalanone (6)
and each of the possible monosubstituted phenolic
analogs, as well as 5-hydroxyzearalanome,

Chemistry.—Hydrogenoly«izs  of the phenolic hy-
droxyls in zearalenone was possible using the technique
of Musliner and Gates.® This involved preparation of

(1) M. Stob, R. S. Baldwin, J. Tuite, F. N. Andrews, and K. G. Gillette,
Nature (London), 196, 1318 (1962).

(2) W. H. Urry, H. L. Wehrmeister, E. 3. Hodge, and P. 11. Hidy, Tetra~
hedron Lett., 3109 (1966).

(3) D, Tanb, N. N. Girotra, R. 1>, Hoffsommer, C. H. Kno, H, L. Slates,
S. Weber, and N. L. Wendler, Chem. Commun.. 225 (1987); N. N. Girotra
and N. L. Wendler, Chem. Ind. {London), 1493 (1967): D. Taub, N. N.
Girotra, R. D. Hoffsommer, C. H. Ko, H. L. Slates, S. Weber, and N, L.
Wendler, Tetrahedron, 24, 2443 (1968); 1. Vlattas, 1. T. Harrison, L.
Tokes, J. H. Fried. and A. D. Cross, J. Org. Chem., 88, 4176 (1968). Total
syntliesis of dideoxyvzearalane was reported by H. L. Wehrmeister and D. E.
Robertson, J. Org. Chem., 33, 4173 (1968).

(1) C. H. Kno, ). Taub, R. D. Hoffsommer, N. L. Wendler, W. H. Urry,
and G. Mullenbacl, Chem. Commun., 761 (1967).

(5) W.J. Musliner and J. W. Gates, J. Amer. Chem. Soc., 88, 4271 (1966).
See also H. .. Welirmeister and 1). E. Robertson, J. Org, Chem., 83, 4173
(1968).

the 1-phenyl-5-tetrazolyl ethers and their hydrogenoly-
sis with 59 Pd-C which concurrently caused reduction
of the olefin functionality. Our preferred conditions
were 959 EtOH as solvent, and 3.5 kg/em? 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.

ScueME 1

1., H,CHLL K.CO,
2 HYHO

CH.CHU O CH,

HO

The key reaction in this sequence was the selective
monotetrahydropyranyl ether formation at C-4 in good
vield 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 K,CO; 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 I;CO; and
1-phenyl-5-chlorotetrazole in refluxing dry Me,CO for
16 hr. The properties of these derivatives and of their



942 Journal of Medicinad Chewistey, 1550, Vol 15, No. 5

Pyrenerr, of ol

Tasi |

R,

Na. R R 7 and 27 Myp, € Crystn =plvent Ioreinnla Ny ses
B) PTO" PTo (He===(CH 166 - 165 MeOll CiolLigN O, ¢ I N
5 1l 1l CHyCH. 091 150 CrallaOy ¢l
7 o THPO* CH==(11 160 164 CHyCL- 19,0 CauH N O, oL N
N 11 11O CH,CH. 165- 1710 CILCLe 10,0 C Oy 11
4 PLCHLO 1o CH==C11 159 161 CHLCLy 18,0 CaaHaa Ny O, 00, N
10 11O I CH,CII. 101 104 240 CIT0y [

© PTO, L-phenyl-d-tetrazolyloxy.

correspouding hydrogenoly=iz produets are summarized
in Table I.

The preparation of analogs monosubstituted with OH
at C-3 and C-5 wax accomplished from the dideoxy
derivative 6 as summarized i Scheme T As antici-

Scvrsy 1T

1LHNO. 2
2. Pd=(
L HNO

1L R"=NO;R?=H
12.R’=NH,;R*=H
13.R"=0H:R’=H
14. R’ =H:R*=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-NO, analog (11) with 39
PPd-C and diazotization of the amine 12 led to the C-3
monochydroxy analog 13,  The C-5 monohydroxy analog
14 was obtained from a similar sequence using a mother
liquor fraction containing the 5-NO), analog.

5-Hydroxyzearalanone (18) wuas obtained wvia 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
Ag,0O-NHOH gave, after acidification, hydroxyquinone
16 best isolated as the acetate 17, thereby providing
chemical support for the assigned structure 15. By
shaking the EtyO extract of 16 with aq Na,S:04, 18 wax
obtained directly. These conversions are summarized
in Scheme I1I.

Biological Evaluation.—Estrogenic activities were
estimated for the zearalenone analogs prepared iu this
study by a determination of their oral uterotrophic
properties in rats using diethyl stilbestrol as the
standard.® In this assay zearalenone (1) and its
C,'-Cy’ dihydro derivative zearalanone show about 0.19,
the activity of the standard. The dideoxy derivative 6
has less than 0.1 of the activity of zearalanone. 2-De-

o Ry L Dorfman vl A, X, Dorfman, £nidoeryaolpgy, 88, 65 {19540,

SHPO, 2-tetrahydropyranyloxy, (5

caled, 65.92: {omd, 6417,

oxyzearalanone (8) retained abont two-thirds of the
activity of zearalanone (1); however, the ather mono-
hvdroxy analogs <howed less than 0.1 of the activity of
zearalanone, while 5-hydroxyzearalanone had less than
one-third of the estrogenic activity of the parent diol.
Introduetion of a thivd OH at cther C-27 or (-4 qn
extradiol, leads to a sharp decrease In estrogenicity,
[ntroduction of a thirtd OH at C-1¥ in estradiol also
causes a sharp drop in estrogenieity, unlike o finding
that zearalanone is more active than the 2-deoxy deriva-
tive.  Weinterpret the activating effect of the 2-OH
zearalanone to be the vesult of a conformational restric-
tion which H bonding of the lactone himposes on the
molecule.”  We believe that the 4-OH of zeamralanone
corresponds to the 3-OH of estradiol in respect to itx
effect on intrinsic estrogenic activity.

Experimental Section!!

6-(10-Hydroxy-6-0x0-/rans-1-undecenyl j-g-resorcylic Acid u-
Lactone 4-(2-Tetrahydropyrany!) Ether (3).---A suspeusion of 8.0
g (25.6 mmoles) of 1 in 8 ml of dihydropyran and 4 drops of coned
ITC1 was stirred at room iemperature for 4 hr, an additional 8 ml
of dihydropyran was then added, and the snspension was stirred
overnight. The resultant solntion was poured mto =aturated
aq NaHCO; aud extracted with EtOAc¢.  The extract was washed
with dil NaOH, H:0, aud NaCl salution, dried, and evaporaied
nnder rednced pressure. The N.8 g of residue was dissolved iu
410 1l of MeOH and cooled to 0°; 3.76 g of 3 was obtained, wp
146-149°. A second crop was obtained after concentration to
ca. 150 ml, giving 4.20 g of 3, mp 114-115°.  Both of these frae-
tions were 4-THP derivatives ax jadged by their spectra aud
both were suirable for further transformuations. Repeated
eryvsrallization front MeOTl of a portion of the first crop gave an
analytical sample which melted ar 150-160° nal.
H0s) C, H.

6-(10-Hydroxy-6-0xo0-/rans-1-undecenyl)-g-resorcyclic Acid u-
Lactone 2-Benzyl Ether (4).-- A mixture of 300 mg (1.24 mmoles;
of tetrahydropyranyl ether 3, 400 mg (2.92 mmoles) of anhyvil
I CO;5, 0.42 ml (3.68 minoles) of PhCH,C], and 12.5 ml of anhyd
MeOH was refliixed unider N, for 16 hr, cooled, and filtered. The
filtrate was dizcarded and the filter cake was washed repeatedly
with CHCly.  Livaporation of the washesx yielded 3535 g of
material which was crystallized from 45 ml of hot MeOll 1o give
200 mg (489¢) of 4 asits d-tetrahydropyranyl ether.

A solution of 250 mg (0.11 mniole) of this 4-tetrahydropyranyl
ether i1 50 ml of dioxane with .20 ml of 2.5 .V HCI was heated

iT) R Gordon, E. W. Canrtrall, W, P. Cekleniak, H. .J. Abers. X, Muner.
2. M., Stolar, and S. Dernatein, Steroids, 4, 267 (19641,

(8) C. Huggins and E. V., Jensen. J. Frp. Med., 102, 335 110331,

19) E., Hecker and G. Farthofer-Boeckli, Byochem. Z.. 838, 628 (1160,

(10) Several otlier effects of conformational change on the cliemistry and
phiysicsl properties of zearalenone and its derivatives will be disenssed in
sibsequent publications.

111) Melting points were determined nsing a Koffler inelting point ap-
paratus and are nncorrected. Wlere analyses are indicated only by #von-
tools of the elements, analvtical resulis are willin 0,49 of the theoreiiral
valnes,  Nuir, nv, and ir o lata were in all eases consistent with (he ~irne-
tares [Iroposenl,
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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 (819%,) of 4, suitable for further chemical

transformations. Recrystallization from CH,Cl,-Et,0 gave an
analytical sample, mp 165-167°.  Anal. (CxHx05) C, H.

6-(10-Hydroxy-6-o0xo-trans-1-undecenyl)-g-resorcyclic Acid u-
Lactone 2,4-Bis(1-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 1-phenyl-5-chlorotetrazole,
2.4 g (24 mmoles) of anhyd K,COs, and 18 ml of dry Me,CO was
stirred and refluxed under N for 16 hr and filtered. The filtrate
was evaporated under reduced pressure, the residue was swirled
with CsH; and taken to dryness under reduced pressure. Finally,
the residue was dissolved in CH,Cl, and concentrated to an oil.
Addition of MeOH afforded 3.35 g (929) of white crystals of 5.
Recrystallization from MeOH afforded the analytical sample of
mp 166-168°. Anal. (CaHzNsO:)C, H, N.

2-(10-Hydroxy-6-oxoundecyl)benzoic Acid u-Lactone (6).

Hydrogenolysis Procedure.—A mixture of 2.5 g (4.12 mmoles) of
bisphenyltetrazolyvl ether (5), 0.5 g of 5% Pd-C, and 640 ml of
959 EtOH was shaken for 48 hr at 70° under H, at 3.5 kg/em?
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 Et,0 and filtered quickly. A noncrystalline precipitate
which formed in the solution at room temperature was filtered
off. Further cooling and scratching of the Et,0 solution afforded
a dense fibrous mass of crystalline 6. Further recrystallizations
(Et;0) provided an analvtical sample, mp 89-91°. Anal.
(C1sH1:0;) C, H.

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

2-(10-Hydroxy-6-oxoundecyl)-5-nitrobenzoic Acid u-Lactone
(11),—To 5.0 ml of fuming HNO;, cooled with ice to 3°, was
ndded 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,0. The resultant gum was taken up with EtOAc
and this solution was washed with aq NaHCO;, dried, and taken
to dryness under reduced pressure. Crystallization (Et,0)
gave 0.632 g of 11 (279%). The analytical sample from Et,O
had mp 108-110°. Anal. (CmHzaNOs) C, H, N.

2-(10-Hydroxy-6-oxoundecyl)-5-aminobenzoic Acid u-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 H: 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 erystallized from MeOH in 5 crops to
vield 1.74 g (76%) of 12. An analytical sample was prepared
from the same solvent, mp 139-140°. Anal. (CisHyNOs)
C, H, N.

2.(10-Hydroxy-6-oxoundecyl)-5-hydroxybenzoic Acid u-Lac-
tone (13).—A mixture of 4.05 g (13.4 mmoles) of amine 12, 36.9
ml of H:O, and 28.7 ml of coned HaR80, was stirred vigorously

1. Ag O—NH,0H
2 HO-H(I

AcOpyndine

18

giving an almost complete solntion. 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
NaNQ, in 20.5 ml of H,O. 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,0, extracted
with EtOAc and this solution after washing and drying was
concentrated under reduced pressare to yield 3.4 g of a foam.
Crystallization from CH,Cl—Et,0 gave i1 4 crops, 1.48 g (36<;)
of 13. The analytical sample from the same solvent had mp 130-
1330. Anal. (C13H24O4) C, H.

2-(10-Hydroxy-6-oxoundecyl)-5-hydroxybenzoic Acid u-Lac-
tone (14)—Mother liquors from a large preparation of 3-NO,
analog 11 on further crystallization from Et,0 gave a small frac-
tion, mp 88-89° which according to glc was a 1:1 mixture of 11
and another compound; analyvtical data snggested it was a mix-
ure of mononitro derivatives.

This fraction of mp 88-89° (2.0 g, 6.0 mmoles) was reduced
in 200 mi of MeOH using 53¢ Pd-C and H, at atmospheric pres-
sure. After 3 equiv of H, had been absorbed, the solution was
filtered and concentrated. Treatment of the crude amine mix-
ture under the same diazotization conditions used in preparing
13 from 12 afforded 1.27 g of foam. Peparative tic on silica gel
using 209, Et,0 in CHyCl; afforded 14. Recrystallization from
CH.Cl,-Et.0 provided the analytical sample, mp 124-127°.
.471(11. (C13H24O4) C, H

5-Acetoxy-3-(10-hydroxy-6-oxoundecyl)benzoquinone-2-car-
boxylic Acid u-Lactone (17).—A solution of Ag,0, from 0.5 g
AgNQ;, in 5 ml of concentrated NH,OH, 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 NH,OH 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 Et0 and dil Hy80,. The phases were separated and the
strongly acidic aq phase was extracted 2-3 more times with
Et,0. TUpon combination of the extracts, washing with satarated
ag NaCl, drying, and careful evaporation, a yellow gum was ob-
tained which partially crystallized onstanding. Careful titration
with EtO, permitted isolation of the quinone 16 which could be
recrystallized from MeOH. Isolation of the quinone was pref-
erably carried out inn the form of the acetate. Thus the gum was
treated with 1.0 ml of Ac,0 and a trace of pyridine. After 5-10
min at room temperature, the volatile materials were removed
with a gentle N, stream to give a crystalline residue. Recrystal-
lization from MeOH or ¢-PrOH gave the quinone acetate 17
fés bright yellow needles, mp 133-136°. Anal. (CypHO7)

, H.

5-Hydroxy-6-(10-hydroxy-6-oxoundecy!)-g-resoreyelic Acid u-
Lactone (18).—The Et,O extract obtained in the preparation of
16 was shaken with 1 g of NasS,04-2H,0 (per 0.5 g of starting 15)
in 50-100 ml of H20. 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. 4nal. (Cis-
Hx06) C, H.
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Relationship between Lipophilic Character and Hemolvytie
Activity of Testosterone and Testosterone Esters
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The relationship between lipophilic character and hemolytic activity was <radied in a seriex of testosterane com-
pounds. The lipophilic character was first expressed by means of the chromatographic R, value, which was
shown to be related to the partition coefficient between the mobile and the stationary phase of a chromatographic
system. The Ry value was determined, for each compound, in two different chromatographic systems, respec-
tively, containing in the mobile phase Me;CO or MeOH. In both casex there was a highly siguificant parabolic
relationship between R, values and hemolytic activity, Ou the other hand this result could be expected fromn
the linear relationship between the R, values, respectively, determined with Me,CO or MeOH in the mobile phase.
The lipophilic character of the test compoands was also expressed by meaus of the = values. There was a linear
relationship between the = values caleulated from octanol-H,O partition coefficients and the chromatographic 2.,
values. A parabolic relationship was therefore showu also between = values and hemolytic activity. The
present results support previous findings, which suggest that the correlation between penetraiion of organic cou-
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.

The hemolvtic activity of some neutral steroids was
shown by Tateno and Kilbourne! and Palmer.? Weiss-
mann and Ieiser® in a series of 33 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-4,5 steroid,
was found practically inactive,'® while Palmer? ob-
served some activity. Segaloff* deseribed the hemolytic
activity in vitro and in vivo of some testosterone esters.
The hemolytic activity was interpreted as a conse-
quence of the iusertion of the steroids at the lipid—
aqueous interface at the surface of the erythrocyte.®?
On the other hand, no direct relationship was found be-
tween hemolytic activity and water solubility.®* How-
ever the acetate derivatives were found to be more
active than their parent compounds.®? An enhanced
hemolytic activity was also found in the AcOH and
BzOH esters of some steroidal sapogenins.® This
could suggest the influence of the lipophilic character of
the molecules, at least in a series of ester derivatives.
Hansch, et al.,” found very good correlations between
partition coefficient and penetration of organic com-
pounds through biological membranes. lu previous
papers it was possible toshow that reversed-phase tle ix o
snitable method for the determination of the lipophilic
character of drugs, as expressed by the Rp vahlie?

(1) 1. Taieno and k. D. Kilbourne, I’roe. Sve. Krp, Biol., 86, 168 (1054).

2) R. H. Palmer, Nature (London), 201, 1135 (1U64).

(31 G, Weissmann and H. Keiser, Biochem. PPhiurmacol., 14, 525 (1963).

(41 A, Segaloff, J. Clin. Endocrinol. Metabol., 14, 244 (1954].

151 J. T. Dingle, " Lysosomes,'" A, V., 8. de Reuck and M. D, Cameron
Id., Churehill, London (1963).

(6) R. Segal, M. Mansour, and D, V., Zaitscliek, Biochen. Phurmacol.,
16, 1411 (1966).

(71 (a1 ¢, Hanseh, A, R. Scewart, J. Iwasa, and . W. Deutseli, Mul,
Phnrmacol., 1, 205 (1965): (11 J. T. Penniston, l.. Beckett, 1D, L, Bentley,
aml (', Nansch, ibid.. 8. 333 (1969).

(8) (u) G. L. Biagi, A, M. Barbaro, M. F. Gamba, and M. (. Gnerra,

J. Chromatogr., 41, 371 (1969): (b) G. L. Biagi., A. M. Barbaro, M. F. Gawba,
and M. C. Guerra, ibid., 44, 195 (1969).

Therefore, the main purpose of the present work was to
study the relationship between R, 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 N.V.. Vister Vismara
Terapeutici S.p.A., Istituto Luso Farmaco d’Ttalia
1.1, Armour Erba ['armaceutici S.p.A, Essex Italia
S.p.AY and obtained from commercial sources (Pro-
dotti Gianni, Milan). Their structures are reported in
Table 1. The chromatographic procedure for the de-
termination of the Eg, values was also used in order 1o
check the purity of the compounds.

R, Values Determination.---The lipophilic character
of the test compounds was expressed by their chro-
muatographic R, values, which have previously been
deseribed.®  The stationary nonpolar phase consisted
of a silica gel (i layver impregnated with silicone DC
200 (350 ¢St) from Applied Sciences Laboratories.  The
impregnation wax carried out by developing the plates
in a 59 silicone oil =olution in Iit,0.  The polar mobile
phase, saturated with silicone oil, was represented by
H.O in various mixture (v/v) with Me,CO or MeOH.
I particular the coneentration of Me,CO ranged from
42 to 749, that of MeOH, from 54 to 869,. Two
plates were simultaneously developed in a chromato-
graphie chamber containing 200 ml of mobile phase.
The steroids were dissolved in Me,CO (3 mg/ml) and 1
wl 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 KMnQO,.  After a few minutes at 120° yellow spots
appeared on an iutensely piuk background. The R,
values were culeuluted by means of the formula:


toshowthatreversed-pha.se

