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The preparation of a number of steroidal ring A olefins, epoxides, methano steroids, and spircoxiranyl steroids
has been undertaken to verify the hypothesis that sp?-hybridization in the A-ring is required for highly biologically

active androgens.

The requisite intermediate olefins were prepared in the androstane series by application of

the Bamford—Stevens reaction to 3-oxo steroids, and mixtures of 2,3- and 3,4-olefins were obtained in some cases.

Epoxidation with peracetic acid gave the a-epoxides.

In the estrane series the olefins were produced by solvolysis

of the 38-p-toluenesulfonate esters. Methano steroids were secured by treatment of the olefins with diilodomethane

and zinc-copper coliple.

oxide gave the corresponding spiro-33-oxiranyl steroids.

The interaction of 3-oxo steroids with dimethylsulfoxonium methylide in dimethyl sulf-
Biological evaluation of a number of these compounds

by means of the myotrophic-androgenic assay indicates that the methano steroids are the inost active compounds
in the series and that androgens are bound to their receptors through a =-bond to the 8-face of the A-ring. The
B-face of rings A, B, and C and the a-face of the D-ring apparently are involved in the steroid-receptor complex.
It is concluded that the steroid may function as a conformational cam or wedge in initiating the biological respouse.

I11 a preceding paper,? evidence was presented for the
hypothesis that audrogeus, as well as progesterone,
funetion by p-face adsorption on the receptor site.
We now describe studies intended to provide further
information on the mode of combination of steroids
with receptor sites.

This work was iuitiated in the hope of confirming
our hypothesis® that a requirement for androgenic
activity is the presence of high electron density at C-2
and;/or C-3, such as is provided by sp? hybridization.
Normally, sp*hybridized bonds at C-2 or C-3 will
produce electron clouds which are symuunetrical with
respect to a plaie passing through C-2, C-4, and C-10,
or C-1, C-3, and C-5. Under these conditions, infor-
mation cannot be obtained relative to the steric re-
quirements on the «- and g-faces of the sp>-hybridized
systems. Ethylene oxide and cyclopropaie, however,
are special cases i11 this counection. Both the Walsh*
and the Coulson and Moffitt’ models (I'ig. 1) show the
bouds in these substances to be sp? hybridized.
Whereas these groups have the electronic characteristics

{1) {a) A preliminary account of portions of this work was presented at the
Sixth Pan American Congress of Pharmacy and Biochemistry, Mexico City,
Mexico, Dec, 11, 1963, (b) This investigation was supported by a PHS
research grant {AM 05016) from the National Institute of Arthritis and
Metabolic Diseases, United States Public Health Service. The n.m.r. spec-
trometer used in this study was provided by a grant {(NSF-G 21268) from
the National Science Foundation. (c¢) Portions of this work are taken from
the Ph.D, Thesis of W. Ho, University of California, San Francisco, Calif.,
1965.

(2) M. E. Wolff and T, Jen, J. Med. Chem., 6, 726 (1963).

13) R.Kwok, Ph.D. Thesis, University of California, San Francisco, Calif.,
Jan., 1963, p. 73-74. A similar hypothesis was independently proposed by A.
Bowers, A. Cross, J. Edwards, H. Carpio, M. Calzada, and E. Denot, ibid.,
6, 156 11963).

(4) A. D. Walsh, T'rans. Faraday Soc., 45, 179 (1949).

153) C. A, Coulson and W, E. Moffitt, Phil. Mag., 40, 1 (1949),

of ethylene, they are, of course, quite different steri-
cally.® Thus, it is possible to evaluate steric as well as
electronic factors by the fusion of these rings to the
steroid nucleus. The biological evaluation of steroids
having cyclopropaie or ethylene oxide rings fused to
C-2 and C-3 should thus be informative with reference
to the validity of the sp? hypothesis, the sterie require-
iments around C-2 and C-3, aud, finally, the question
of the mechanisin by which the C-2 and/or C-3 sub-
stituent is involved in androgenic action.

Chemical Results.—T'or the synthesis of the epoxides,

the preparation of 2,3-olefins was required. Although
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IV, R, =Cl; R,=OH; R; = CHy; R; = OAc
V., R, =Cl. R,=OH R; = CHNOH; R, = OAc
VI, R:. = O0H; R, = OH; R; = CN; R: = OAc
VII, R, = OAc; R: = OAc; Ry = CN; R, = OAc
XXII, R, = H, R2 = OH, R:; = CHg, R4 = OH
XXIII, R, =H; R:=0; R;= CH; Ri=0

(8) For a review of the structure of cyclopropane, consult M, Y Lukina,
Rusg, Chem. Rev. (English Transl.), 419 (1962).
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Marker™ had prepared 17g-hydroxyandrost-2-ene ace-
tate in wunstated vield by treatment of 3-chloroan-
drostan-17-one with quinoline and subsequent reduc-
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tion, in the present case the use of the Bamford—stevens
reaction was mvestigated.” Treatment of 173-hy-
droxy-3e-androstan-3-oue  with  p-toluenesulfonyl-
hydrazine gave the corresponding hvdrazone, wheih
was subjected to the Bamiford-Stevens reaction® in
order to obtain the A2-olefin. Although this reaction
had been applied to 7-oxo! and 2e-methyl-3-oxo
steroids! with the production of mixtures of produects
in some cases, the identity of the side products had 1ot
been established. In the present case the reaction
gave olefinic material which melted 10° below the litera-

(7) R. Marker, O. Kaluili, D. Jones, and L. Mixon, J. 4m. Chem. Soc., 59,
1363 (1937).

(8) Another alternate preparation of the A% and As-androstenols was re-
ported subsequent to tlle completion of tlis phase of the work in ref. 3.

19) W. Bandord and T. Stevens, J. Clem. Soc., 4735 (1952).

(10) D. Evans and G. Summers, 7bid., 4821 (1956).

(11) C. Djerassl, N. Finch, R. Cookson, and C. Bird, J. Am. Chem. Soc.,
82, 5488 (1960).
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ture value. Chromatography failed to raise thie melting
point, but on acetylation and subsequent chromatog-
raphy, the wmelting point rose to the value reported
for aundrost-2-en-178-ol acetate.  That the chroma-
tographed acetvlated product was in fact still a mixtuee
of the A* aud Ad-isomers was shown when epoxidation
of ths material gave two readily separated oxides,
nep. 108-110° and m.p. 184-186°, i the ratio &:1,
respectivelv. The hngher melting oxide was found to
be  3a,da-epoxy-Se-androstan-173-ol acetate (I} by
cowparison with an authentic sawple.™ wheveas the
major product was the expected 2a3e-izomer (110
The formation of the two isomers indieates that the
Bamford--Stevens reaction may lead to confusing nis-
tures of olefins, as v this particular case, wheve the
sharply welting mixture eould not be separated by our
nortnal chromatographic procedures. It 1z noteworthy
that eollidine treatment of 3g-tosvioxy-Sa-cholestan

and 3g-tosvloxy-Se-androstan-17-one  affords  sunilar
sharply welting  isomer nuxtures,’*' and i these

ases even the oxide mixtures behave as homogeneois
cotpountds.

To obtain 19-substituted steroidal epoxides aud ole-
fins,  28,38-epoxy-sa-androstan-175-ol - acetate!®  wax
cleaved with hydrogen chloride to afford 3a-chlove-
Seeundrostane-23,173-diol  17-acetate (IV), which on
application of the Barton reaction' formed the cor-
respondintg 19-oxime (V). Treatment of Vo owith zine
i acetic acid, iu order to form the corresponding
2,3-ol¢fin by analogy to our previous work.:! gave
mstead a mixture of saturated produets.  Scparation
by chromatography afforded two nwjor products.  The
first major compound to be eluted was found to be the
epoxide VITL, apparently formed by internal displace-
ment of the halogen by the hydroxyl group.  Ia later
fractions the diol mounoacctate VI was obtained.  The
structure of VI owas established by the elemental
analyvsis and infrared spectrum, aud by its couversion
to the triacetate VITL™

fu the 19-nor series, acetylation of 178-hiydroxy-Ha-
estran-3-one gave the corresponding acctate 1X which,
on reduction with lithium tri--butoxvaluminohydride.
gave the corvesponding 33-hydroxy derivative.  That
reduction of 19-nov steroidal 3-ketones with etal
hydrides affords the 33-aleohols has been demonstrated
previously. ¥ Conversion to the tosylate NI, followedd
by treatiment with sodiunm acetate, gave the correspond-
g A%dertvative NITI, togethier with some of the Ha-
accetate inversion product XTIV, The structive of X1V
was coufirmed by treatment of the 33-tosvlate with

alumina to afford the 3a-hivdroxy devivative X1l
Acetylation gave a diacetate identical with X1V,

I'or the 17emethyl derivative, XIII was sapouificed
to form XV which was oxidized to the ketone XV
On treatment with methylmagnesium browide, the 17a-
methyl derivative XVII was obtained.

Tor the syuthesis of methauo steroids, the Sunmons-

12y J. Vajkos «nd Y. Soral, Collection Czecl. Chemn. Commen., 24, 115
(1959).

(11 I. Malunowicz, J. Fidkod, and F. Sorld, 1bid., 25, 1359 (1860).

(14) D. H. R, Barton, J. M. Beaton, L. E. Geller, and M. M. T'ecler, J.
Am. Chem. Soc., 82, 2640 (1960); 83, 4076 (1961).

(13) T. Jen and M. E. Wolff, J. Med. Pharm. Chem., 8, 876 (1962},

(16) R. Xwok ard M. B, Wolff, J. Org. Chem., 28, 423 (1963).

(17) A. Bowecs, H. J. Rlngold, and E. Denot, J. Am. Chem. Snc., 80,
6115 11958.
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Smith!® method was used. The preparation of several
2,3-dihalomethano and nethano steroids using carbene
syntheses has been disclosed recently,®* but in somne
cases!® only a probable stereocheinical assignment could
be niade owing to the absence of stereochemical hoo-
geneity in the addition of dihalocarbenes to steroidal
olefius. The Simmons—Smith reagent, however, has
beet shown to be highly subject to steric effects. Thus,
the Simmons-Smith reaction on A*cycloheptenyl
acetate gives only the trans adduct®' whereas the same
reactionn on the corresponding alcohol gives only the
cts adduct, as a result of anchineric stereochemical
control resulting from complexation of the organozine
reagent with the basic oxygen fuuection.? It has
been reported that the Sinunons-Smith reagent fails
to add to steroidal 2,3-olefins.® In our hands, when
iodoniethylzine iodide, prepared from ziue—copper
couple,?® was allowed to react with 5a-androst-2-en-
17B-0l, ouly one product was isolated. This is quite
certainly thie 2a.3a-adduct XVIII, arising from the
famniliar sterically coutrolled a-face addition to the
prans A/B ring system of steroids. Saponification of
the adduct gave the corresponding aleohol XIX,
which on chironiie acid oxidation gave the ketone XX.
Treatment of this eompound with methylmagnesium
browmide gave the corresponding 17a-mnethyl deriva-
tive (XXI).

For the synthesis of spirooxiranyi?t steroids the
method of Corev—Chavkovsky® was employed. Re-
duction of 23,33-epoxy-da-androstan-1735-o1'? with Iith-
tun aluminum hydride gave the diol XXII, which on
oxidation with chromie acid in acetone gave the dione
XXIII. Treatment of XXIIIwith ditnethylsulfoxouium
methylide i1 dimethyl sulfoxide solution gave only
spiro-2@-oxiranyl-sa-androstan-17-one (XXIV), The
17-ketonie group was unaffected under these conditious,
as shown by the infrared spectrum. The stereochem-
istry of the product is assigued on the basis of backside
attack by the bulky ylide. Reduction of the ketone
gave the alcohol XXV, The action of the ylide on
dihydrotestosterone gave the spiro compound XXVTI.

Pharmacological Methods. Androgenic—-Myotrophic
Assay.®—The test materials in carboxymethyleellulose
(CMC) suspeusion were giveur by subcutaneous iiu-
jection, ouce daily for 7 days, to groups of five castrate
male rats 21 days of age at the start of the test. Au-
topsy was performed on the day following the last
day of administration.?

Statistical Analysis.—The siguificance of the data

(18) Forleading references, consult H. E. Sindllons, E. P, Blanchard, and
R. D. Swnith, J. 4m. Ckem. Soc., 86, 1347 (1964).

119) L. H. Knox, E. Velarde, 8. Berger, D. Cuadriello, P. Landis, and A.
Cross, 1bid., 85, 1851 (1963),

(20) R. C. Cookson, D, P, G. Hamon, and J. Hudec, J. Chem. Soc., 5782
(1963).

121) A. C. Cope and P. E. Peterson, J. Am. Chem, Soc., 81, 1943 (1959).

(22) W. G. Dauben and G. H. Berezin, ibid., 88, 468 (1963).

123) R. S. Shank and H. Schechter, J. Org. Chem., 24, 1825 (1959).

(24) Although compounds of this type are named l-oxaspiro[2.5loctane
when dried from ecyclohexanone, in the case of analogous compounds involv-
ing one of the steroid rings the stereochemlstry of the new ring must be
indicated. It is proposed that these compounds be named as spirooxiranyl
steroids, using conventional symbols to indicate the position and configura-
tion of the oxygen atom, e.g., spiro-28-oxiranyl-5«-androstan-17-one.

125) E. J. Corey and M. Chaykovsky, J. Am. Chem. Soc.. 84, 868 (1962).

(26) L. G. Hershberger, E. G, Shipley. and R. K. Meyer, Proc. Soc. Ezxptl.
Biol. Med., 83, 175 (1953).

(27) Pharmacological tests were performed at The Endocrine Labora«
torles, Madison, Wis.
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was established by the “t” test; the 959 coufidence
level was used as the limit of significauce.

Discussion

The data from the pharmacological testing are dis-
played in Table I. Perhaps the most interesting finding
is the remarkable activity shown by the 1methano
steroid XIX, which is as active as testosteroue pro-
pionate in the myotropic test and about omne-third
as active in the androgenic tests. Nloreover, the ep-
oxides IT and III exhibit about oune-fifth the myo-
trophic activity of testosteroue propionate. The C-2
and C-3 atouts in all three compounds are in the sp*-
hybridized state. Cowmpound I, a 3a,4a-epoxide,
likewise has about one-fifth the myotrophic activity
of testosterone propionate.

These results are of special interest in connection
with the hypothesis that the reversible oxidation and
reduction of a C-3 oxygen fuuction is the basis for an-
drogenic action.?*2 It has been kuown for some time
that steroids lacking an A-ring substituent still exhibit
sone androgenic activity,® aud more recently it has
been shown®' that the hydrocarbon 3S«-androstate,
although inactive in the levator amni and seminal
vesicle test when given subeutaneously, has some oral
activity and weak local chick comb activity. The
activity of all of these compounds may result from cou-
version to a C-3 oxygenated etabolite, and the pos-
sibility that such compounds are proandrogens has
been suggested as an explanation for the fact that 5a-
androstane has greater oral than subcutaneous activity.
Even the 2,3-olefius described by Bowers® and the 2,3-
epoxides obtained in the present work might owe their
activity to conversion to C-3 ketonic metabolites.
For exaniple, enzymatic hydroxylation of double
bonds is a well-known reaction. However, in the case
of thie niethano steroid XI1, this possibility is unlikely.
Although comparatively little is kiiownu of the n:etab-
olism1 of the cyclopropaiie ring, cyclopropane and its
niethyl and ethyl ethers are metabolically inert and
excreted unchanged. trans-a-Phenyleyclopropylainine
(trancylpromine) is exteusively metabolized,?? but this
can be explained readily on the basis of an initial attack
on the amino group. Thus, the marked biological
action®® of the ring-A olefins, epoxides, and cyclopro-
panes is most easily rationalized i1 terns of the activity
of the wunallered sp? system. An oxidation-reduction
mechanisui, therefore, caniot be invoked to explain the
androgenic response in this context, and we propose
that the ring-A substituent functions by the formation
of a m-complex with the receptor site. I this counec-
tion, it is noteworthy that the preparation of stable

(28) P. Talalay, B. Hurlock and H. G. Willianls-Ashlllan, Proc. Natl. 4cad
Sci. U. 8., 44, 862 (1958).

(29) H.J. Ringold in ""Mechanism of Action of Steroid Hormones,' C. A.
Villee and L. L. Engel, Ed., Permagon Press, New York, N. Y., 1961, p. 214~
215.

(30) C. D. Kochakian, Proc. Soc. Ezptl. Biol, Med., 80, 386 (1952); C.
H. Hugglns and E. V. Jensen, J. Ezpil. Med., 100, 241 (1954).

(31) A. Segaloff and R. B. Gabbard, Endocrinology. 71, 949 11962).

(32) J.J. Alleva, J. Med. Chem., 6, 621 (1963).

(33) For the purposes of this discussion, no sharp distinction is drawn
between androgenic and myotrophic action except when specified, since the
two effects both involve protein synthesis and may reflect changes in drug
distribution or tissue sensitivity rather than more fundamental factors. For
a discussion, see J. A. Szirmai in “Protein Metabolism,”” F. Gross, Ed..
Springer Verlag, Berlin, 1962, pp. 45-74.
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Taprr I
ANDROGENIC-MYOTROPHIC Assay

Rody
wi., Acchrty
aaal, Verand peosticte Sellln:d vesele Levictor wid reorestosterolle propsobicte?
Compd. (total dose, na) u./rat wit,, mel W Qg Wy, alt Arelrogent: Alroteopid
SNeries A
Castrate control 40 14.6 = 1.4 20 £ 1.2 2T 0 £ LS
Testosterone propionate 0.3) 45 52.4 £ 4.1 3.7 = 7.5 474 £ 9.0 1.0 [0}
XXVII (1.5) 4) 17.4 £ 2.8 15.2 £ 2.7 s 4 = 205 8] <0 |
VIII 1.5H) 5 128 = 1.7 10,0 = 0.4 237 £ 5.4 1) 0
11 (1.9) 410 4.7 = 5.6 115 &= 1.5 SN £ 402 i <)Y
J11 (1.5 45 200 = al 21 4 4+ 5.3 nl 0 £ 45 )2 >0.2
I i1.5) 4) 26.2 £ 4.6 20020 4+ 44 INT £ 805 <) 2 o
Series B
Castrate control 34 145 = 4.1 TEox = w0} 2007 = 1.8
Testosterone propionate 10.3) 36 322 £ 125 7.5 £ 201 s4.2 £ 200 b.a 1.0
XXVTI (3.0) BB} L B S 4.4 = |1 T TS T= SRS I NN ot
Series
Castrate coutrol 4) 006 = 1.2 b4 = 1t DN 50
Testosterone propionate (051 45 BT .8 = NN st =20 470 = 1.7 1.a t.n
VTIT «3.1) B2 2000 £ 4.0 12,1t = 1.6 S0.2 4+ 40D 0 1)
1T (3.0) 44 45.0 £ 15 .4 44 =14 2T £ G <O pSI
Series D)
Castrate control BES 1.0 = 2.1 108 = 1.7 200 £ 4.5
Testosterone propionate . 42 47 .8 £ 4.8 302 £ 402 42 .0) &+ NN 1o l.a
XIX (0.61 34 2 £ LT 258 = 1.6 M7 £ T 0.5 1.0
NIX (0.49) 52 396 = 11.0 RO T S o0 3= 404 A5 1.0
NIX 1.0) 41 16.2 = 7.1 B3 4 £ 0.8 0. £ 7.4 o 1.0
AN &3.0) 340 3508 £ NN 244 =+ 20 HIN £ 400 <1 >(1, ]
NNV 3.0} 30 2.8 £ 2.5 N+ 09 230 £ 202 i 0
NXVI ¢3.0% 3 INH £ 1105 5.5 £ |~ 272 = 2.6 <) <1
ANY (3.0 40 S0 = A Shod £ 000 A0 = 6N <ULt EOR!
NVl 30y 40 2N = 4.7 1 =15 40 £ B0 <0 1
» Mean £ standard deviation.
m-complexes of estrone and acetylergosterol with cliro- mtermediate in activity between this compound and
mium tricarbonyl has been described recently . testosterone itself.  Compounds XV and XVIII,

The mamner i1 which the formation of such a com-
plex can lead to androgenic action will be considered
later in this section. Iirst, however, it should be
pointed out that eompounds XXV, XXVI, and XX-
VII¥ are weakly active or mactive. The lack of
poteuey of XXV ghould be compared with the response
to 2-methylene-He-androstan-173-o1* which has one-
tenth the androgenic and omne-fifth the myotrophic
activity of testosterone.  Again, 17 e-methyl-3-
methylene-je-androstan-17g-ol is reported to have
appreciable nyotrophic aud androgenic activity.?
Tiach of the present epoxides has sp? hybridization at
(-2 or ("-3, but the bulky oxide ring is on the 3-face
of the steroid. Thus, the tendeney is for the asyiu-
metrical sp* systemn to atford a more active compound
when hindranee iz greater on the a-face, than when
hindrance is greater on the g-face.  This result is co-
patible with our g-face adsorption hypothesis? for the
A-ring of androgens. It is pertinent that 19-methyl-
testosterone is inactive® in the myotrophic-audrogenic
assay and the less bulky 19-methylenetestosteroue is

(34) A, Nakarqura and M. Tedsai, J. Med. Chem., 6, 796 (1963): Z.

Naturforsch.. 18b, 666 {1963).

(35) (a) A. D. Cross, J. A, Edwards, J. C. Orr. B. Berkéz, L. Ceratlies,
3. C. Calzada, and A. Bowers, J. Med. Chem., 6, 162 11963); (b) D. D.
Fvans, 1). P. Evans, (G. 8, Lewis, and P. J. Pal:«er, J. Chem. Soc., 4312
11963); (c) K. Irnisclier, H. (;. Kraft, and K. Briickner, J. Med, Chem., T,
345 (1964).

(36) R. I. Dorfinan and I, A. Kinel, Kndocwnology, T2, 259 11963);
Steroids. 8, 109 (1964).

the 2,3-olefins derived from 19-nortestosteronc and its
17a-methyl derivative, respectively, are cousiderably
less effective than Ha-androst-2-en-173-ol which is in
harmony with an interaction between the 19-angular
methyl group and the reeeptor site,  The nitrile VIII
is also wmactive, as would be expected on thie basi of
all these consideratious.

It is worthwhile to examiie the structurval requive-
ments of other areas in the androgen molecule in con-
neetion with this new information about the A-ring.
There 15 a low steric requirement on the wa-face of
the B-ring, siuce the 7e-methyl steroids have high
activity.®  When ring D is considered, however, a
number of points are found where the sterie veqguire-
ment on the o-face is greater than on the g-face, -
diecating e-face adsorption in these arcas,  Thus, 17a-
niethyltestosterone has high activity, but larger 17 -
substituents such as ethyl, viuyl, and ethinyl markedly
diminish tlie response.  Again, the 17 e-methylmethano
steroid XXT is less active than XIX. In the 19-nor
serles 17a-alkyl groups larger than ethyl abolish ac-
tivity.® Conversely, the presence of bulky ester groups
in the 173-position does 1ot decrease androgenic action.
Although a priori it would be expected that the C-17
esters first livdrolyze aud the free 178-alcoliols arc
the active species, the available data do 1ot support

(37) J. A, Cawpbell, R, . Lyster, :. W. Danean, and J. C. Babceock, ytivi.,

1, 317 (1963).
(38) T. 1. Saanders and V. \. Urll}, Endocrinology, §8, 567 (1136).
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this expectation and indicate instead that the itact
esters are active as such.®*® A 178-functional
group is required for appreciable activity, however,
since da-androstane is markedly less active thaun da-
androstan-178-ol.3!

Bulky groups at C-13 do not decrease activity, as is
apparent frowt the interesting work of Smith aund his
co-workers® 4! in which active 19-nortestosterone de-
rivatives having C-13 ethyl, propyl, aud butyl groups
were prepared. On the other hand, the presence of an
118-hydroxyl function decreases activity.®

All of these data can be rationalized in terms of a
steroid—receptor complex of the type showu in Fig. 2.
It is suggested that the steroid is in coutact with the
receptor surface in two discrete areas: the p-face of
rings A, B, and C aud the a-face of ring D. The 138-
and 178-substituents are in a relatively unhindered
enviromunent. It is proposed that the two priucipal
bintding sites are the A-ring, where a =-boud is fornied,
and the 17s-function, which can be attached by any
of several types of nonbouded interactions (hydrogen
bond, hydropliobiec bond, ete.). The reniaining areas
in contact with the receptor would form ordinary
liydrophobie bonds or van der Waals bonds. It is
suggested that no chemical reaction (e.g., oxidation-
reduction) as such takes place, but that the effect of
the steroid is to induce a conformational change in the
receptor. The receptor surface on the p-face, for
example, niight be deformed to accommodate the C-19
augular methyl group.

Since the nature of the receptor is unkuown, the
diverse effects of steroids have resulted in a munber 6f
theories of action*? including the previously mentioned
oxidation-reduction theory, the actiont of steroids ot
various enzymes,* metal-ion chelation mechanisms,*
and effects on cell membranes.**% An important view
of the mechanism of steroid hormone action is that
steroids exert their effect at the level of DNA control
of RNA synthesis, a process which has been called
“gerte activation.”* The messenger RNA miolecules
whose syuthesis is thus controlled are the templates
for de movo enzyme synthesis, aud it is these enzynies
which regulate the processes resulting in the observed
physiological effects.®™ Regulatory effects on RNA
synthesis or de novo enzynie or protein syuthesis have
beenn observed for estradiol,®70 testosterone,’!.5?
cortisol,*® and aldosterone 4%

(3%) . A, Overbeek, J. van der Vies, and J. de Visserin ''Protein Metak-
olisiil,"" F. Gross, Ed., ®pringer Verlag, Berlin, 1962, pp. 189-193,

(40) Y. Sndtl, et al., Experlentia, 19, 394 (1963).
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Fig. 2.—Simultaneous interaction of the androgen niolecule with
two spatially separate surfaces at the receptor site.

There is aple evidence for the occurrence of ste-
roid-protein or steroid-DNA iuteractions. Munck,
Scott, aud Engel® 3% have shown that testosteroie,
among other steroids, complexes with adenine and
certainl of its derivatives. MNlore recently, it has been
shown® that testosterone biuds strongly to DNA
and to a lesser extent to histone. The interaction
between steroids and proteins is well established.®
Dannenberg® has suggested that steroids may displace
base pairs i1 the DN A double helix, aud in fact it has
been demonstrated that the coil form of DNA has a
higher affinity for steroids than the helical form.’®

How then can the peculiar steric and electronic
relationships shown schematically in Iig. 2 be rational-
ized in terms of these coucepts? The compact, rigid
steroid molecule can be viewed as a conforniational can.
Depending o1 the size and disposition of the nuclear
substituents i space, specific conformational changes
could be induced in the surface to which the fused ring
systemi is bound, much as a complex cam can depress
a number of levers. The steric requirements in Tig,
2 may result from the wedging of the steroid molecule
between adjacent surfaces in a helical structure, each
surface i the figure representing one turn of the helix.
In this way, steroids could initiate RN A synthesis by
serving as markers for the nucleotide sequence, by
displacing a repressor from the DXNA surface, or by
conibining with repressor substances.

Alternatively, steroids could beconie enzyme acti-
vators by inducing in the enzyme speecific confor-
mational changes necessary for catalytic action.®?
Either proteints or nucleic acids, both of which have
helical structure, could be iuvolved as receptors.

Experimental®

3a,4a-Epoxy-5a-androstan-173-ol Acetate (I).—A solution of
20.0 g. (0.064 mole) of 178-hydroxy-5a-androstan-3-one, 11.9 g.
(0.064 mole) of p-toluenesulfonythvdrazine, and 20 ml of con-
centrated HCl in 500 ml. of ethanol was heated under reflux for
753) 1. 8. Edelnlan, R. Bogoroch, and G. A. Porter, Proc. Natl, Adead. Sei.
U, 8., 50, 1169 (1963).

(58) A. Munck, J. F. Scott, and L. L. Engel, Biockim. Biophys. Acta, 26,
397 11957).

157) J. F. Scott and L. L. Engel, vbid., 28, 665 (1957).

158) J. F. Scott and L. L. Engel in '‘Mechanisin of Action of Steroid Hor-
nones,” C. A, Villee and L. L. Engel, Ed., Pergammon Press, New York,
N. Y, 1961, pp. 20-32,

159) P. Ts'o and P, Lu, Proc. Natl. Acad. Sci. U. 8., 51, 17 (1964).

{60) For leading references consult U. Westphal {n " Mechanism of Action
of Steroid Hormones,'”” C. A. Villee and L. L. Engel, Ed., Pergainon Press,
New York, N. Y., 1961, pp. 33-89.

(61) H. Dannenberg, Deut. Med. Wochschr., 88, 605 (1963).

(62) (a) G, M, Tomkins and K. L. Yielding, Cold Spring Harbor Symp.
Quant. Biol., 36, 331 (1961): (b) D. E. Koshland, Jr., in '‘Horizons in Bio-
chemistry,” M. Kasha and B. Pullman, Ed., Academic Press, New York,
N. Y, 1962, p. 278.

(63) Melting points were determined with a Thomas-Hoover apparatus
and are corrected. Infrared spectra were obtained with a Beckman IR-5
instrument. Ultraviolet spectra were obtained with a Cary Model 11 in-
strument. Microanalyses were performed by the Microanalytical Depart-
ment, University of California, Berkeley, Calif. Optical rotations were ob-
tained in a 0.5-dm. tube with a Rudolph photoelectric polarimeter.
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1 hr. The mixture was poured into warer and exiracted with
cther.  The ether solution was washed with 2 ¥ HCL, 107
NaHCO; solution, and water, dried, nnd evaporated. The
gy residue was recrystallized onee from methanol-henzene
1o give 21.0 g. (66%;) of produet, m.p. HH7-120% A scdution of
4.2 g, (0.000 mole) of the ernde hydrazone and 4.2 ¢ of potis-
sin hydroxide 1 120 mi. «f diethylence ghycol monoethyt ether
wis heated nnder reflux tor H hr. and ditured with water.  The
resulting precipitate was filtered and recryvstattized once fron
hexune ta give 1.2 g, (30971 of product, mp. 153-135° din @
nLp. 165° for 17g8-hyvdroxy-Se-androsi-2-cue.  The mehing
padut conltd not be raised by ehromatography.

A solution of 1.2 g. (0.0044 mole) of this olefin in 1) mlb of
pyridine was treated wirh 2 b of acetie anhydride at 27° for
16 hr. The solution was poured onto ice, acidified with 577
HCL and extracted with ether.  The ether solution was washed
with 109, NaHCO, soluticar and water, dried, and evapornted,
The residiie was chromatographed on 40 g. of nentral ahunina.
A erystalline prodoet £0.99 g.) wus obtained from the benzene
and benzene—ether fractions, m.p. 92-94° (He? mup. 06° for 173-
hydroxy-Se-nmdrost-2-ene  acetiate). Reerystallizution  frona
methanot gnve Lirge <'1‘_\'st:1ls, nLp. 95-949°,

A stirred solution of 3.8 g, (0.012 mole ) of the foregoing neerate
in 30 ml of ehloroform wus treated with 2.5 ml. of 4097 peracetic
deld (0.013 mole) containing 0.25 g. of sodinm acetuate tllh_\ drate
at 27° fae 48 he. The mixture was ditnied with water and ex-
irncted with chloroform.  The chloroform solution was washed
with 107, NaHCO. solntion and water, dried, and evaporated.
There was obiined 4.0 g, of scdid residne, which was reeryvseal-
lized frcan methanal. The first crop was reerystallized further
Drean neetone to give 0.5 g of produer, nip, 181--184°,

1116 ana by tieal 511111)19 obtained from acetone, had m.p. 184~
NG Lal®n 310 (¢ 1, CHCLa AR 580, %05, and 12,1 4
Hil.“ for I, np. le)—lHUO. fa 2y 4207 &= 1° {¢ 2875 when
nrepared by another method!,

Anel. Caled. for CyHeOy: ()
oo HL 950,

A sadntion of 0.20 g, €0.00065 mole) «f 178-hydroxy-5e-an-
drost-3-ene neetatest in 151k of chloroform was stirred with 0.12
. of 404 peracetic acid and 0.05 g. of sodium acetate trit
dimte at 27° for 4% hr. The mixture was washed with 5¢7
NaHCO; solution and water, dried, and cvaporated to give a
crvetalline residue.  Two recrystallizatiems from ncetone gave
siall needles, m1.p. 184--186°, identieal with the epoxide described
above, ag shown by mixture melting point and eomparison of the
mfraved spectra.

20,3a-Epoxy-3a-androstan-173-ol Acetate (11),—The mother
liquor from the first recrystallization of T was concentrated and
the resulting residue was recrystallized fram aqueous methanot
1o afford 2.5 g. of II, m.p. 100-133°.  The analyvtical sample,
obtained from aqueous methanol had m.p. 108-110°; [a]®p
+16° (e 1, CHCL); AR 576, 8.00, 125, and 12,5 w [lit. nup,
LOO=110°, {af2n +19.5° ¢ 250 when prepared by another
raethod].

Anal. Caled. for
(!, 75.65; H,9.53.

3x-Chloro-5a-androstane-23,173-diol 17-Acetate (1V).—A
solution of 10.00 g. (0.030 mole) of 28,38-epoxy-5a-andrastan-
178-0l acetate!? in 500 mlb of anhydrons ether was treated with
streant of HCL gas for 5 min. The solution was kept at 27° for
16 ta., and the solvent was removed under reduced pressure.
The crystalline residue was recrystallized from aqueous methanol
to alford 8.00 g. (729¢) of chlovohydrin, Further recrystalli-
zation from aqueous methanol gave the analytical sanmple, n.p.
161-162°, [a] 5D +40° (¢ 1, CHCl,).

Anal. Caled. for CaHClOy: €, G841,
C, 68.62; H,&8.92.

3a-C hloro-aJrl-19-oximino-5a-androstane-26,176-diol 17-
Acetate (V).—A solution of 8.00 g. (0.023 mole) of IV in 40 ml. of
pyridine was treated with excess nitrosyl chloride at 0°. The
mixture was poured into ice-water and the resulting precipitate
was filtered, washed with water and aqueous methanol, and air-
dried. It was dissolved in 200 ml. of toluene, the toluene sohi-
tian was dried (Na.30,), and the dried solution was irradiated
under nitrogen for 1 hr. with 1 Hanovia 450-w. high-pressure
merenry are nnder ice bath cooling.  The solvent was removed
under reduced pressure and a crystalline residue was obtained.

ToNG: HL 9700 Found: €,

Co Oy € TAR6; H, 9.70. Fonnd:

H, 9.02. Found:

64) J. McKeroa, J. K. Norywberski, atel R. D. 8tabbs, J. Chem, Sec.,
2302 (19539).

Wovrrr, Winsrox Ho,
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Recrystatlizition from aceronitrile afforded 500 g, (55
erystals, mp. 218-219.0°,

¢ of sraudt
he awdyvii (‘: ~'111m10 tad g

D221 [ed®n +12% (e |, CHCLS A7 00, 3220 5,740 el
SO0 4.
.11114/‘ Cicled. for CoHgCINO: 0o us40: Ho S 120 Found:

L TN,

"lreatment of V with Zinc-Acetic Acid.—A solition of 2.2 ¢
L0058 mole) «f Vin 70 mb of acetie neid wis mrented wiih 4. 1(‘
of zine dust at 93-95° (or 16 . The mixiure was cooled, filtered.
aud 1he filter enke was washed with acetic weid. The combined
filivire was dilured steovly with water i the resniting precipitate
wils collected, washed with waier, and dried.  Tr was chran:ae-
graphoed on SO goof remerat ahoning: the Gdlowing elients were
nged: Sl of benzene, S al of benzenc-ether 101, Sam! of
ether, fonr 40—k porticns of 10 methana i echer, fon 40end.
portions «f 25 methanol in ether, faar Hled partions of 44,
methiaiol in erher, tonr 40-mb partions d N, aethand in echer,
forr H-mlb portions of 16¢, merteaad icerher. From the ethey
(reetions, o ttace of whlat was apprrentdy ile expecied olefin
was dscdted, mipo WN-1T0°0 ST 500 S50, S0 4059,
F4.65 w: b there was insnflicient anserizd tor jaalvsis,

Frean the 297 merhanol finetions there was oblained erysiad-
tine VL Recrystallizicdicn trora tenzenc-hexiae gove colaas
less needles, nwep, 214-216°; Jalsre =25° ¢ 1, CHCLa A3
4,40, 0.7, 8.05, .60, anad 12,49 4.

Jaal. Caled. for CoHuaNOg: O T8 H, 851
oy Hy NG

Tle 167 ¢ 1aerthanol {rietion gave V3 which on reervsialtizi-
fon fronc acetenitrile gave cdarless microscopic necdles, uLp
27127570 el 427 o0 0.5, erthanole \")" D08, 44N, 570,
N0, id W64 4

Aneel. Caled. for
60485 H,R47.

Acetyvlation of this cotapeanad griove VS s showie by mixtee
1eehiing point and comparisen of the infraved spectra.

20x,¢ a-Epoxy 17w~ methyl S5a-androstan-173-ot (IIl}, - A
sadnticn of 1.7 g (0.00539 mole) of 178-hvdroxy-17a-nwihy =)o
androgi-2-ered 111 15 mb of <111<)1<)1u1111 wis stirred with 1.12 ml.
o 400 peracerie acid eontaining 0.0 ¢ of sodinm cceernie
irihvdrate at 27° feo 48 b 1t was dibived with warer and ex-
iracied with ehleaoforin, The ehloroforia sohition wias washed
with witer, 100, sodiimn biearbonwte solntien. and water, driced
with scdium sutfnte, aud evaporated tocgive 1.8 go of solid resi-
due. Recrvstaliizatione from  medhiad greve w0 ervatalline
produet, mLp. 1951997 Further recrystallization from the smine

Feoamd:

CoHANO; 807 H, S65.0 Found:

sabvent gave an_analyticad sample, mip. 200-205°: Tol®n 357
ce 1 CHOLY: ASE 205, 1208 and 12,46 4.
Anal. Caled. for CuHa U, INTN: HL 1o Fonud:

CLTN06: H, 1044,
173-Hydroxy-5a-estran-3-one Acetate :IX5L--A solurion of

00 g of 178-hydroxy-da-cstran-3-one’™ was acctylited with
acetic anhydride in pyridine ae 217 far 1S hr. Tt was diluted
with water and the precipitate was cdlected and washed with
water.  Recryetallizanian from aqueans 1aethanol gave 0.4
g. «f product, m.p. 98-100° Further reerystallization fran
hexane gave the anabvicat smmple, wp, 100-102°, ta] 230 46
e, CHCL «

dnall Uhated
UL 702N H, 042

Sa-Estrane-33, 17d-diol 17-Acetate (X —-A chilled schnion of
1O g of IN in 10 b of tetrahydrofuiran was sdded raa mln'
tian of 4.0 g. of Hthinm tei-t-butoxyalumindhydride in 200 mtb.
tetrahydrofuran chilled in an ice bath,  After 0.5 hro 16 wies
panred into water, acidified with aeetie acid, qard extered
with ethier. The ether salution was washed with 377 NaHCO.
and water, dried, and evaporated. The residue was recrystal-
lized once fram acetone-hexane to afford 1.5 g. (794} of fine
needles. Further recryvstallization gave the analytical snmple,
n.p. 108-110, {]*p +15° (¢ 1, CHCL).

Anal. Caled. for CwHsO: C, 74.96; H, 10.06.
C. 7505 H. 10.00.

5«-Estrane-33,173-diol 17-Acetate 3-p-Toluenesulfonate (XI;.
~-A salution of 3.70 g. of X and 3.70 g. of p-tohienesnlfrmyl ¢hilo-
ride in 20 b of pyridine was kept nt 21° for 70 hro Tt wis
poured into water uul extracted with ether.  The ether solution

s wished with 300 HCL 57 NaHCO; solutican, and water.
dried, and evaporated. Oune 1em3st:11hmtmu fran acetone
hexane gave 3.7 g (6771 of flakes, m.p. 160-170°.  Further
reervstidlization from the same scdvents wove the saambyvrical

for CuHaOp (0 To4s:0 Ho 9500 Found-

IFoned:
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sample, n.p. 176-178; [«]®p —4° (¢ 1, CHCL); A\ 5.78, 7.91,
8.50,9.50, 10.61, 11.71, and 14.92 4.

Anal. Caled. for CxHs0:8: C, 68.33; H, 8§.07.
68.33; H, 8.16.

Chromatographic purification of XI on neutral alumina gave
the 3e-hydroxy compound XII, m.p. 135-156°, [a]®p +18°
(c1, CHCL).

Anal. Caled. for CeHz:04:
¢, 74.71: H.9.90.

178-Hydroxy-5a-estr-2-ene 17-Acetate (XIII).—A mixture of
1.3 g. of XI, 1.3 g. of sodium acetate, 2 nil. of acetic anhydride,
and 20 ml. of acetic acid was hented under reflux for 3 hr. It was
diluted with water and extracted with ether. The ether solution
was washed with 539, NaHCO; solution and water, dried, and
evaporated. The residue was chromatographed on 4) g. of
neutral alumina packed in hexane. Elution with hexane and
benzene-hexane 1:1 afforded 500 mg. (609;) of crystals, m.p.
96-99°. The analytical sample, obtained by vacuum sublima-
tion, had ni.p. 96-98°, [«] %D +68° (¢ 0.8, CHCl,).

Anal. Caled. for CypHsOs: C, 79.42; H, 10.00. Found:
C,79.5%; H,10.24.

From the ether fractions, 200 mg. of material was recovered,
m.p. 125°.  Recrystallization from methanol gave the diacetate
X1V, nip. 137-139°, [«] %D +24° (¢ 1, CHCly).

Anal. Caled. for CpHy0,: C, 72.89;
C, 72.91; H, 9.69.

Acetylation of XII gave the same product.

173-Hydroxy-5a-estr-2-ene (XV).—A solution of 0.6 g. of
XIITin 50 ml. of 59, KOH in niethanol containing 10 nil. of water
was heated under reflux for 1 hr. The solution was concentrated,
diluted with water, and the precipitate was collected.  Recrystal-
lization from aqueous methanol gave 0.45 g. (87%) of long needles,
ni.p. 110-112°.  The analytical sample, from aqueous methanol,
had ni.p. 111-113°, [a]®Dp +100° (¢ 0.8, CHCL).

Anal. Caled. for CeH0: C, 83.02; H, 10.84. Found: C,
83.07; H, 10.56.

5a-Estr-2-en-17-one (XVI).—A solution of 0.50 g. of XV in
20) ml of acetone was treated with 8 N\ chromic acid reagent under
lce cooling, After a slight excess of oxidant had been added,
the mixture was kept in an ice bath for 3 min., treated with iso-
propyl aleohol, and diluted with water. The resulting crystalline
precipitate was filtered and washed with water. There was ob-
tained 0.45 mg. (909;) of product, ni.p. 121-123°. Recrystal-
lization from methanol gave the analytical sample, m.p. 122-
124°, [a]%p +190° (¢ 0.4, CHCL,).

Anal. Caled. for CiHy0O: C, 83.66;
C, 83.27; H, 9.89.

17a-Methyl-5a-estr-2-en-17g8-0l (XVII).—A solution of 0.4 g.
of XVI and 8 nil. of 3 N methylmagnesium bromide in 50 ml. of
anhydrous ether was heated under reflux for 16 hr. It was poured
onto ice, acidified with HCl, and extracted with ether. The ether
solution was washed with water, dried, and evaporated, and the
solid residue was chromatographed on 25 g. of neutral alumina.
The product, 0.32 g. (77%;), m.p. 133-1353°, was recovered from
the 19 niethanol in ether fractions. It formed a gel in all
attempts at recrystallization. Vacuum sublimation gave the
analytical saiple, m.p. 135-137°, [«]*®p +56° (¢ 0.8, CHCl,).

Anal. Caled. for CsHsO: C, 83.15; H, 11.02. Found: C,
§3.48; H, 11.22.

20,3a-Methano-5a-androstan-173-ol  Acetate (XVIII).—
A stirred mixture of 16.3 g. (0.25 mole) of Zn-Cu couple,??
54 g. of methylene iodide (0.2 mole), and 0.015 g. of iodine in 300
ml. of anhydrous ether was heated under reflux for 1 hr., and 6.3
g. (0.02 mole) of 5a-androst-2-en-178-ol acetate dissolved in 30
ml. of anhydrous ether was added. The mixture was heated
under reflux for 90 hr. and then filtered through alumina. The
ether was washed with 5%, HC! (to wash out any dissolved
Znls) and water and dried (Na.SO). Evaporation and re-
crystallization of the residue from methanol afforded 3.5 g.
(509%) of product, m.p. 98-104°, Further recrystallization gave
the analytical sample, m.p. 105-106°, [a]Zp +105° (¢ 0.87,
CHCL).

Anal. Caled. for ngHmOzZ

C,79.71; H,10.17.
2a,3a-Methano-5a-androstan-173-0l  (XIX).—A solution
of 3.0 g. (0.009 mole) of XVIII, 4.0 g. of KOH, and 5 ml. of water
in 80 ml. of niethanol was heated under reflux for 1 hr. It was
diluted with water and the resulting precipitate was filtered and
recrystallized from methanol to afford 2.5 g. (959%) of colorless
crystals, nup. 127-130°. Further recrystallization gave the

Found C,

C, 74.96; H, 10.00. Fouund:

H, 9.45. Found:

H, 10.14. Found:

C, 79.95; H, 10.37. Found:
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analytical sample, m.p. 130-132°, [a]*Dp +38° (¢ 1, CHCL);
lit.,® for a product tentatively assigned this structure, m.p.
127-128°, [a]D +26°.

Anal. Caled. for CyHgz(O):
C, $3.52; H,10.93.

20,3x-Methano-5a-androstan-17-one (XX).—A solution of
0.5 g. (00017 niole) of XIX in 30 wl. of acetone was coaled
in ice aud treated with excess 8 N chroniic acid solution.
The excess chromic acid was decomposed with 2-propanol and
the solvent was removed under reduced pressure. The residue
was washed with water and recrystallized from aqueous methanot
to give 0.5 g. (809%) of colorless crystals, m.p. 97-100°. The
analytical sample had m.p. 100-102°, [«}%p +113° (¢ 1, CHCl,).

Anal. Caled. for CpHiO: C, 83.86; H, 10.536. Found:
C, 83.84; H, 10.53.

20,3a-Methano-17a-methyl-5«-androstan-178-0l (XXI).—A
solution of 0.5 g. (0.0017 mole) of XX and 10 ml. of methvimag-
nesium broniide in 60 ml. of anhydrous ether was heated under
reflux for 18 hr. It was poured onto ice, acidified with 20¢7
HCl solution, and extracted with ether. The ether solution was
washed with water and dried (Na;S8O4). Evaporation gave a
crystalline residue, which on recrystallization from methanot
afforded 0.41 g. (789:) of product, nip. 175-178°. Further
recrystallization from niethanol gave the analytical sample,
n.p. 177-179°, {a]?*p +22° (¢ 0.6, CHClL).

Anal. Caled. for CyH3O: C, 83.38; H, 11.33.
C, 83.10; H,11.28.

Androstane-2,17-dione (XXIII).—A solution of 0.50 g. of
XXII% in 50 ml. of acetone was treated with excess 8 N chromnic
acid reagent. The excess oxidant was deconiposed with iso-
propyl aleohol, the mixture was diluted with water, aud the
precipitate was filtered and washed with water. It was re-
crystallized once from acetonitrile to give 0.40 g. (80%,) of the
dione. Further recrystallization from the same solvent gave
the analytical sample, m.p. 154-155°, [a]®D +114° (¢ 0.4,
CHCL), aE» 575 and 5.90 u (Lit.% nup. 152.5-154.5, [a]2%D
+119.5°, when prepared by another method).

Anal. Caled. for CiHaOs: C, 79.12;
C,78.79; H,9.48.

Spiro-23-oxiranyl-5«-androstan-17-one (XXIV).—A stirred
solution of 3.2 g. of trimethylsulfoxonium iodide® in 50 ml. of
dinethyl sulfoxide was treated with 0.35 g. of sodium hydride
under nitrogen. After a clear solution had been obtained, 1.0 g.
of XXIII was added, and stirring was continued at room tenipera-
ture for 16 hr., followed by 4 hr. at 50°. It was diluted with water
and the resulting precipitate was collected and washed with water.
Recrystallization from acetonitrile gave 0.60 g. of long needles,
m.p. 162-165°. The analytical sample obtained from the same
solvent had nip. 165-167°; [«]*®p +52° (¢ 0.4, CHCl); r\E¥
5.79, 9.93, and 10.97 u.

Anal. Caled. for ConsoOzl C, 7942, H, 10.00.
C,79.40; H,9.97.

Spiro-23-oxiranyl-5a-androstan-173-ol (XXV).—A solution of
0.45 g. of XXIV in 20 nil. of tetrahydrofuran was treated with
1.0 g. of lithium tri-t-butoxyaluminohydride in 30 ml. of tetra-
hydrofuran for 30 min. under ice cooling. It was diluted with
water, acidified with acetic acid, extracted with ether, and the
ether solution was washed with 5 sodium bicarbonate solution
and water and dried. Evaporation gave a crystalline residue.
Recrystallization from acetonitrile gave 0.30 g. (676%) of flakes,
ni.p. 192-194°. Further recrystallization from acetonitrile
gave the analvtical sample, m.p. 200-202°; [a]%D +10° (c
0.8, CHCly); 2581298 949, 11.10, and 12.57 p.

Anal. Caled. for CyH:O.: C, 78.89; H, 10.59.
C,79.05; H, 10.48.

Spiro-38-oxiranyl-5«-androstan-17-one (XXVI),—A solution
of 4.8 g. (0.038 mole) of trimethylsulfoxonium iodides® in 100 ml.
of diniethyl sulfoxide was stirred with 0.52 g. of powdered sodiuni
hydride under nitrogen at 21°. After a clear solution had been
obtained and hydrogen evolution had ceased, 3.1 g. (0.019 mole)
of 178-hydroxy-5a-androstan-3-one was added. The stirred
solution was miaintained at 21° for 16 hr., and then at 50° for
2 hr. It was poured into water, and the precipitate was filtered,
washed with water, and dried. It was recrystallized from aceto-
nitrile to give 2.0 g. (63%%) of product, m.p. 170-173°. Further
recrystallization from acetonitrile gave the analytical sample,

C, 83.27; H, 11.18S. Fouud:

Found:

H, 9.79. Found:

Found:

Found:

(65) M. E. Wolff and T. Morioka, unpublished studies.

(66) C. Djerassi, R. Yashin, and G. Rosenkranz, J. Am. Chem. Soc., 72,
5750 (1950).

167) R. Kuhn and H. Trisclahann, Ann., 611, 117 (1958).



584 H. Mrozx, P. Brenscnacneir, J. Haxsan,

m.p. 175-175°% [a]®p +3° (¢ 08, CHCLj: ASY 290, 1.4,

andd 11,09 4,

Heterocyclic Steroids in the Antiinflammatory Series!

HeLyrr Mrozik, PATL BUCHSCHACHER,

Mecek Skarp & Dohuee Reseurel Lakoratorios, Division of Meeck & Conpaay, Tac.,

Recetved!

A nwnber of heterocyclie-fused steroids have heen prepared as an extension of the lead provided by the steroi-

dal 13,2-¢]pyrazoles as antiinflammatory agents,

{3,2-d}triazoles, and [3,2-d]pyrimidines related t« cortisone nre described.

triazale funerion has been found to be a powerful netiviry-enhaneing group.

Pharnacologically active steroids with a pyrazole
fiunetion fused to positions C-2 and -3 were first re-
ported iu the androgen series.*  More recent reports
tfrom these laboratories® demonstrated that the [3.2-¢ -
pytazoles of antiinflammatory steroids were also cou-
sistent. with aetivity.  Particularly interesting was the
finding that the 2'-phenyl{3,2-c]pyrazole group®* was
the most potent activity-cuhaneing funetion in the
antiinflannmatory series yet discovered.

It was a matter of interest to determine if the anti-
iuflammatory activity of the steroidal pyrazoles was
unique, or could be maintained by other heterocvelic
fusions.  To that end a number of representative
compounds were syuthestzed,

Preparation of a thiazolo steroid was undertaken
because this structure is known to retain biological
activity in the androgen sevies*® (sce Chart I), A
convenient starting material was 17¢,20;20,21-bis-
wethylenedioxy-2-formyl-16 a-methyl-4-pregnene-3,11-
dione (I), which was obtained from 17¢,20;20,21-
bismmethylenedioxy-16 e -methyl-4-pregnene-3, 11-dione®
by condensation with cthyl formate. Bromination
and  subsgequent  deformylation  afforded the 2a-
bromo ketone 1LY Reaction of 11 with a thicamide
was expected to vield a thiazole, since 4,5-allodihydro-
2-bromo-3-keto  steroids rveadily undergo this reac-
tion.*»* In the present case it appears that the
first step, replacement of the C-2 browmine by the sulfur
of thiourca, proceeded normally.  However, the sub-

1+ Tl w preliamm@ns eopoaaracarmwc coheeclliwg staae of these coun-
pocads, see Jo H Fried P foelsclaotee, sl Ho MDozk, Stevnide. 2, Do
10623

2y RO, Clintore e ol Jo Awe Cheor, Soe., 83, 1478 {19611,

s36 Gag Re Iirselpculln,. N G Steadrerg, 1. Rocliselacteer, . 11 Vried.
G, Went, M. Tishler, swad 8.0 L. Sreelacod 4id.. 85, 120 (106835, (i 1, M.
Yoried, H. Meozik, G. . Al T =0 Lep, N, Gl Stelnbery, M. Tistder, R.
Hirselcogerae angd N L. Steelqaal. (hid., 88, 236G :110632; () R. Hirsclawant,
1, Bochscelwelwee, N. G Stemnbery, J. 11. Fried, R. Ellis, G. J. Kent, and \1
Tisldel, vhid., 86, 1520 (1064:; (1) R. Mlieselaeenn, N. G, Steinberg, 14
Retwenewaldr, W, J. Paleveda, and M. Tistder, J. Med. Chem., T,
(1964); (@ R. G. Rtraclan, N. G. Steuaderg, M. Tishler, and R. Hirsele-
wanll, 1d., 7, 355 (1964, :

(41 J. A, Zderic, O. Halpeln, H. Carpio. A. Raiz, D, C. Lidon, L. Magany,
1I. Jioénes, A. Bowers, and H. J. Rinnohl C )u »l. Ind. 1 London), 1625 (1960).

(3 N.J. Doorenbos and C. P. Dorn, . J. Plaem. Ser., 50, 271 (19615
B1, 414 11062).

t6) M, Sletzinger and W, Gaines, to be publisbed.

t7) The assignment of broniine to thie a-position is supported by tle Ny pso-
clrowdte shift of the carbonyl streteldng frequency upon replacelnent of tle
(12 lydrogen by bromine.?

i8) G.R. Allen, Jr., and M. J. Weiss, J. Am. Chem. Soc., 82, 2840 (19601.

(9) H. Antaki and V. Petrow, J. Chem. Soc., 901 (1951).
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The syntheses of steroidal 13,2-d]thinzoles, 2, -rl}mud.lmles
The 5’-phenyltln2-d]-3 " H-172"57-
Cuarr 1
]YSMD I?MD
HOCH
(B

COCH,OH BMD

—

BAL) ==

A
bismethylenedioxy IV, K,

1 s = a-H, 3-UH
sequent ring closure with the A*analogs could not he
accouiplished even by reflux in dimethylformamide,
I contrast, ammoniun  dithiocarbamate!® reacted
smoothly at room temperature to vield the 2-mercapto-
thiazole TIT. The facile ring closure is most probably
assisted by the 2'-mercapto group as indicated.

[
H—S¢ S ; H .
S jA/_\V \=< m .
P’
N 0% N y
b 10_
H
.

Removal of the 2'-mercapto group could be carried
out by nifric aeid oxidation, or better with alkaline
hydrogen peroxide aud subsequeut acidification of the
sulfinic acid sodium salt.'® Reduction of the C-11
ketone and removal of the BMD protecting group!!

(10) J. M. Sprague and A, 1. Land, ""Heteroeyclic Coolpounds,” Vol &
R. C. Elderfield, Ed., John Wiley and Sons, Inc., New York, N. Y., 1957, .
484,

(11) R. E. Beyler, R. M. Moriarty, ', Hoffnlan, and L. 1. Sarett, J. .l
Chem. Soc., 80, 1517 (1958).



