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The preparation of a number of steroidal ring A olefins, epoxides, methano steroids, and spiroosiranyl steroids 
has been undert,aken 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 r e a d o n  to %oxo st'eroids, 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 3P-p-toluenesulfonate esters. Methano steroids were secured by treatment of the olefins 1Tith diiodomethane 
and zinc-copper couple. The interaction of 3-os0 steroids with dimethylsulfosoninm methylide in dimethyl sulf- 
oxide gave the corresponding spiro-3p-oxiranyl steroids. Biological evaluation of a number of these rompounds 
by means of the m?-otrophic-andiogenic assay indicates that the methano steroids are the most active compounds 
in the series and that androgens are bound to their receptors through a a-bond to the @-face of the -%-ring, The 
&face of rings A, B, and C and the a-face of the 1)-ring apparent'ly are involved in the steroid-receptor complex. 
I t  is concluded that the st,eroid may function a3 a conrormational cain or wedge in initiating the biological response. 

I n  a preceding paperj2 evidence was presented for the 
hypothesis that  androgens, as well as progesterone, 
function by @-face adsorption on the receptor site. 
We now describe studies intended to provide further 
iiiforiiiatioii on the mode of combination of steroids 
with receptor sites. 

This work was initiated in the hope of confirming 
our hypothesis3 that a requireinelit for aiidrogeiiic 
activity is the pieseiice of high electron density a t  C-2 
and/or C-3, such as is provided by sp2 hybridization. 
Sornially, sp2-hybridized bonds at  C-2 or C-3 will 
produce electron clouds iyhich are syimietrical with 
respect to a plane passing through (2-2, C-4, and (2-10, 
or C-1, C-3, and C-3. Under these conditions, infor- 
niatioii cannot be obtained relative to the steric re- 
quirements on the a- and ,&faces of the sp2-hybridized 
systems. Ethylene oxide and cyclopropane, however, 
are special cases in this connection. Both the Walsh4 
and the Coulson and Jloffittj iiiodels (Fig. 1) show the 
bonds in these substances to be sp2 hybridized. 
Whereas these groups have the electronic characteristics 

(1) (a) A preliminary account of portions of this u-ork was presented a t  t he  
Sixth Pan  American Congress of Pharmacy and Biochemistry, Mexico City, 
Mexico, Dec. 11, 1963. (b) This investigation was supported by a PHS 
research grant (.iM 05016) from the  National Insti tute of Arthritis and 
Vetabolic Diseases, United States Public Health Seri-ice. The n.m.r. spec- 
troirieter used in this study was provided b y  a grant (NSF-G 21268) from 
the National Science Foundation. (e) Portions of this n o r k  are taken from 
the  Ph.D. Thesis of W. Ho, University of California, Ban Francisco, Calif.; 
1965. 

(2) lf. E. Wolff and  T. Jen, J .  .Wed. Chem., 6, 726 (1963). 
( 3 )  R. K a o k ,  Ph.D. Thesis, University of California, San Francisco. Calif., 

Jan. ,  1963, p. 73-74. A similar hypotheeis was independently proposed b y  A. 
Bowers, A. Cross, J. Edwards, H. Carpio, RI. Calzada, and  E. Denot,  ibid., 
6, 156 (1963). 

(4) h. D. Walsh, Tram.  Faraday Soc., 46, 179 (1949). 
( 5 )  C. A. Coulson and TV. E. Moffitt, Phil. Mae.,  40, 1 (1949). 

of ethylene, they are, of course, quite different steri- 
cally.6 Thus, i t  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 cyclopropane or ethylene oxide rings fused to 
C-2 and C-3 should thus be informative with reference 
to the validity of the sp2 hypothesis, the steric require- 
ments around C-2 and (2-3, and, finally, the question 
of the inechanisiii b y  If-hich the C-2 and 'or C-3 sub- 
stituent is involved in androgenic action. 

Chemical Results.-For the synthesis of the epoxides, 
the preparation of 2,3-olefins was required. Ailthough 

n .I o::&R 

11, R=OAc 
111, R.CHj-7 

HO 

I Fh 

R2 

Rr C J P  - 
IV, R1 = C1; RP = OH; Ra = CHI;  R, = O h c  
V, R1 = C1; Rs = OH; R3 = CHSOH;  Rq OAC 

VI, R1 OH; RP OH; RI CX; Ra = OAC 
VII, R1 = OAc; RP OAc; Ra = CX; R4 OAC 

XXII ,  R1 = H ;  Rz = OH; R3 = CHs; R4 = OH 
XXIII ,  RI = H ;  RP = 0 ;  Rs = CH?; R4 = 0 

(6) For a reriew of the structure of cyclopropane, consult 11. I Lukina, 
RUSS.  Chem. RED.  (English Transl.), 419 (1962). 
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t ioii .  111 tlic piczeiit rase the usc of thr> Baiiifoid-dtei eii3 

reactioii \\a. investigated ' Ti*rntmeiit of 173-11) - 
dro~\--~~cr-aiidrostan-3-one \\ ith p-tolueiie*ulf onyl- 
hvdraziiie gave the caorrripoiidiiig hydrazoiic. nhci l i  
\\a5 \ubjected to  the Banifoi,d-Stc\ eiic ieartiong i i i  

order to obtain the A*-olefiii. AUtliougli tliii reactioii 
had becii applied to  7-0x0'~' arid 2a-iiietliyl-3-oxo 
steroidsL1 with the productioii of iiiistures of products 
in soiiie cases, the identity of the side products had not 
been established. In the present case the reaction 
gave olefiiiic material v hich iiielted 10' below the litera- 

( 7 )  R. Marker, 0. T<atnrn, n. .Jones, anil L. Mixon, J .  dm Chem. Soc., 59, 

( 8 )  Another alternate preparation of the A>- and A3-androstenols was re- 

(9) W. Baniford and T. Stevens, J .  Chem. Soc., 4735 (1952). 
110) D. Evans and G .  Summers, ihid., 4821 (1956). 
(11) C. Djerassi, N. Finch, R. Cookson. and C. Bird, J .  Am. Chem. Soc., 

13G3 (1937). 

ported subsequent to  the  completion of this phase of the work in  ref. 3. 

8 2 ,   sa (1960). 

(1959). 
(13) 1. A l a l i i n o w i c i .  J. I ' x j k d ,  aiirl F. & m i , ,  ibid., 25,  1350 (IQtiUj.  
114) I ) .  H .  R .  Barton, .J. 11. Beaton. I,. E. Geller, and AI. 31. l ' e r l i ~ t .  J .  

( 1 . 5 )  T. .len and  31. E. \'~-olff. J .  .\fed. Pharm. Cirem., 5 ,  876 (1962). 
i l l j )  K. ICnok arid AI. E. W d f f ,  J .  Org. Chem.. 28, 12 (196:3). 
(17) .\. Bs,ners, €1. J .  Ringold anil E. Denor,  .I. . t i n .  Clirrn. .$or., 80, 

.im. C h e m .  Soc..  82 ,  2640 (1960): 83, 4076 (1961). 

6115 (1958). 
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Smith’* method was used. The preparation of several 
2,3-dihalomethano and niethano steroids using carbene 
syntheses has been disclosed r e ~ e i i t l y , ~ ~ ~ ~ ~  but in sollie 
cases19 only a probable stereocheiiiical assignment could 
be made owing to the absence of stereocheniical honio- 
geiieity in the addition of dihalocarbeiies to steroidal 
olefins. The Siiiiiiions-Smith reagent, however, has 
been shown to be highly subject to steric effects. Thus, 
the Siniiiioiis-Smith reaction 011 A’-cycloheptenyl 
acetate gives on ly  the trans adductz1 whereas the same 
reaction 011 the corresponding alcohol gives only the 
cis adduct, as a result of anchinieric stereocheniical 
control resulting from coinplexation of the organozinc 
reagent with the basic oxygen It has 
been reported that the Siniinon-Sniith reagent fails 
to add to steroidal 2,3-01efiiis.~~ I n  our hands, when 
iodoniethylziiic iodide, prepared froin zinc-copper 
coupleJZ3 was allowed to react with 5a-androst-Zen- 
17/3-01, only one product was isolated. This is quite 
certainly the 2a.3a-adduct XF’III, arising froin the 
familiar sterically controlled a-face addition to the 
t i  a n s  A/B ring 5ysteiii of steroids. Saponification of 
the adduct gave the corresponding alcohol XIX, 
n hich on chromic acid oxidation gave the ketone XX.  
Treatment of this compound with methylniagnesiulii 
bromide gave the corresponding 17a-methyl deriva- 
tive (XXI).  

I’or the synthesis of spir~oxiranyl?~ steroids the 
iiiethod of Corey-Chaykovsky?’ was employed. Re- 
duction of 2p,&3-epoxy-S a-androstan- 17p-01~~ with lit h- 
iuiii aluniiiium hydride gave the diol XXII, which on  
oxidation with chromic acid in acetone gave the dioiie 
XXII I .  Treat nient of X X I I I  with diniethylsulfoxoniuni 
iiiethylide in dimethyl sulfoxide solution gave only 
spiro-2/3-oxiraiiyl-3 a-androstan-17-one (XXIV) , The 
17-ketone group was unaffected under these conditions, 
as shon-ii by the infrared spectrum. The stereocheni- 
istry of the product is assigned on the basis of backside 
attack by the bulky ylide. Reduction of the ketone 
gave the alcohol S X V .  The action of the ylide on 
dihydrotestosteroiie gave the spiro compound XXVI. 

Pharmacological Methods. Androgenic-Myotrophic 
Assay.26-The test materials in  carboxymethylcellulose 
(CI\ IC) suspension were given by subcutaneous in- 
jection, once 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 adniinistration.27 

Statistical Analysis.-The sigiiificance of the data 

(18) For leading references, consult H. E. Simmons, E. P. Blanchard, and 

(19) L. H. Iinox, E. 1-elarde, S. Berger, L). Cuadriello, P. Landis, and.4. 

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

(21) A. C. Cope and P. E. Peterson, J .  Am. Chem. Soc., 81, 1943 (1959). 
(22) W. G .  Dauben and G. H. Berezin, ih id . ,  85, 468 (1963). 
(23) R. S. Shank and H. Schechter, J .  Org. Chem.,  24, 1826 (1959). 
(24) Although compounds of this type are named l-oxaspiro[2.5]octane 

when dried from cyclohexanone, in the case of analogous compounds involv- 
ing one of the steroid rings the  stereochemistry of the new ring must be 
indicated. I t  is  proposed tha t  these compounds be named as  spirooxiranyl 
steroids, using conventional bymbols t o  indicate the position and configura- 
tion of the oxygen atom, e.o., spiro-28-oxiranyl-5or-androstan-l7-one. 

(25) E. J. Corey and hl.  Chaykovsky, J .  A m .  Ckem. Soc., 84, 868 (1962). 
(26) L. G. Hershberger, E. G .  Shipley. and R .  K. Meyer, Proe. Soe. Ezptl. 

(27) Pharmacological tests were performed a t  The  Endocrine Labora- 

R.  11. Smith. J .  Am. Cliem. Soc., 86, 1347 (1964j. 

Cross. ibid., 85, 1851 (1963). 

(1963). 

Biol. Med.,  8S, 175 (1953). 

tories, Madison, Wis. 

was established by the “t” test; the 95% confidence 
level mas used as the limit of significance. 

Discussion 

The data froin the phariiiacological testing are dis- 
played in Table I. Perhaps the most interesting finding 
is the remarkable activity shown by the methano 
steroid XIX, which is as active as testosterone pro- 
pionate in the inyotropic test and about one-third 
as active in the androgenic tests. lloreover, the ep- 
oxides I1 and I11 exhibit about one-fifth the myo- 
trophic activity of testosterone propionate. The C-2 
and C-3 atonis in all three coiiipounds are in the sp?- 
hybridized state. Compound I, a 3a,4a-epoxide, 
likewise has about one-fifth the iiiyotrophic 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 function is the basis for aii- 
drogeiiic action.zb 2 9  It has been knowi for soiiie time 
that steroids lacking an A-ring substituent still exhibit 
sonie androgenic activity,3o and more recently it has 
been shown31 that the hydrocarbon 3a-androstane. 
although inactive in the levator ani and seminal 
vesicle test n hen given subcutaneously, has some oral 
activity and weak local chick comb activity. The 
activity of all of these compounds may result froiii con- 
version to a C-3 oxygenated metabolite, aiid the pos- 
sibility that  such compounds are proaiidrogeiis has 
been suggested as an explanation for the fact that 3a- 
androstane has greater oral than subcutaneous activity. 
Even the 2,3-olefins described by Bowers3 and the 2,3- 
epoxides obtained in the present n-ork might ove their 
activity to conversion to  C-3 ketonic metabolites. 
For example, enzymatic hydroxylation of double 
bonds is a well-known reaction. However, in the case 
of the niethano steroid XII, this possibility is unlikely. 
-Although comparatively little is known of the nietab- 
olisiii of the cyclopropane ring, cyclopropane and its 
methyl and ethyl ethers are iiietabolically inert aiid 
excreted unchanged. trans-a-Phenylcgclopropylaiiiilie 
(traiicylproiiiiiie) is extensively metabolized, 3 2  but this 
call be explained readily on the basis of an initial attack 
on the amino group. Thus, the marked biological 
action33 of the ring-h olefins, epoxides, and cyclopro- 
panes is most easily rationalized in ternis of the activity 
of the unaltered s p 2  system. An oxidation-reduction 
mechanism, therefore, cannot be invoked to explain the 
androgenic response in this context, and we propose 
that the ring-A substituent functions by the f o rmat ion  
of a a-complex with the receptor site. In  this coniiec- 
tion, it is noteworthy that the preparation of stable 

(28) P. Talalay, B. Hurlock and H. G. ~ ~ i l l i a m s - . ~ s h ~ ~ i a n ,  PTOC. %atl. Acad 
Sei. U. S., 44, 862 (1958). 

(29) H. J. Ringold in “lfechanism of Action of Steroid Hormones,’’ C .  A .  
Villee and L. L. Engel, Ed., Permagon Press, i iew York,  N. Y., 1961, p. 214- 
215. 

C .  
H. Huggins and E. V. Jensen, J. Ezptl. Med. ,  100, 241 (1954). 

(30) C. D. Kochakian, Proc. Soc. Ezptl. B i d .  ,Wed., 80 ,  386 (1952); 

(31) 4 .  Segaloff and R. B. Gabbard. Endocrinology, 71, 919 (1962). 
(32) J. J. Allera, 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 hletabolism,“ F. Gross. Ed.. 
Springer verlag, Berlin, 1962, pp. 45-74. 
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n-complexes of estrone aiid acetylcrgosterol \$ ith ch ro -  
iiiiuiii t ricarboiiyl has h e m  descrihed recently. 3 4  

'l'hc iiiaiiiier in which the foriliation of turh a co i i i -  

p l ~ x  can lead to aiidrogetiic action n-ill he coiisidered 
latcr iii this sectioii. l i r s t ,  l iowevc~, it bhould tjo 
pointed oiit that coiiipoiiiids XYT-, YXYI, atid IS- 
VII12 arc weakly active o i  iiiactire. The  lack of 
poteiicy of XY\' should be cwiiiparrd ~ i t h  the respoiiw 
to .'-iiiethyleiie-.ic-aiidrostaii-l~~-ol~~ xvhich hay o w -  
t m t h  the aiidrogeiiic a i d  oiic-fifth tlie iiiyotropliir 
activity of testosteroiiv -1gaii1, 17m-iiiethyI-:3- 
I iictliyleiic~-~ a-aiidrostan-1 id-ol i, reportrd to  I i a ~  ( '  

nppreciahlc iiiyotrophic aritl androgetiic activ1t.r 
I<ach of tliv prcseiit epoxide, ha- sp? hybridizatioii at 
( ' -2  or  ('-:3* hiit tlic h l k y  oxide riiig is oii the d-fac.1, 
ot tlic s t twid.  'l'liu>, thv tetideiicy is for tho asyrii- 
iiirttiical bp' systeiii to afToitl a iiiore active coiiipouiid 
~ l i c i i  Iiiiidrance i.: greater 011 tlic. a-face. tliaii v-lioii 
Iiiitdraiicc i? grvatc.1 on  tlir d-iaw. This iesult is ~ 0 1 1 1 -  

patihlc with our $-fact. adsorptioii iiypotheais? for tlir 
.I-riiig of androgeiis. It is pertiiieiit tha t  19-inethyl- 
testostc,roiie is i i i a ~ t i r e ~ ~  in the tiiyotrophic-androgt.iiic. 
away aid the less bulky l!~-~iiethyleiietestosteroii(~ i i  

i : i l )  .\, Xakariiura and XI. Tsiitsrii, . I .  .lied. Chrm. .  6 ,  7Y6 (1963); L. 
.Ynfur/orsch., 18b, 666 (1963) .  

(35) (a) A.  11. Cruss,  .J. .4. W w a r d s ,  .J. C. Orr. B.  Berkiie, L .  C'err,anres. 
XI. ('. Calzada, and A. Bowers, J. M e d .  Ciiem., 6 ,  162 (1963); (b) I). I ) .  
I<rnns,  I). P. Evans, G .  S. Lewis, and P. J .  Palmer, .I. Chem. Soe., 4312 
(1963): (c) Ii. Irnischer, H. G. Kraft, and K. Briickner, .I. -?led. Chem., 7, 
345 (1964). 

(36 )  K. I.  Dorfnian and 1;. .\. Kincl, I;'ndocTinolog!i, 72, 259 ( lSIe3~;  
S t e r o i d s .  3 ,  109 (lY64). 

iiiteriiictliate i i i  activity Iietn.t>clii tlii- c.oiripoiiiiti atid 
testosteroiie itself. ('oiiipouiidz ST- aiid ST.111. 
the 2,X-olefins tlcrivcd f r o ~ n  I!)-iiol.t(.stost('l'oiic, ant1 it- 
1 ia-iiiethyl thivativc,. respectively, ai e coiisidcrat~ly 
less effectivt. than . ia-ai idrost-"-ci i - l i~-~~l~ '  xvliicli t y  i i i  

liariiiony n itli aii iiitwactioii hctn ccii til(, l!)-aiigiihi 
iiiethyl group aiid the ieccptor yitc 'Th(1 iiitiilc 1-1 I1 
ia also inactive. a' noiild 1~ oxpectcd o i i  thc  1)a 
all these consideration<. 

It is nortlix~liilc to eciiiiiiiv the -t iuctuial  i ( ~ ~ i i i i ( ~ -  

meiits of otlicr area3 111 tlie aiidrogen i\iolcc.iilc i i i  roii- 
iiwtioii XI itli tlii- i i ~ n  iiifortiiatioii a1)out tliv 1-1 itis 

:I Ion stwic rw Iuirc'iiieiit oii tlic u-tacv oi 

I Y l i ~ t i  iiiig 11 iq c o i i d e i e d ,  h o ~  c v ~ i , ~  : I  
i- poiiit\ : ~ i v  iouiid i r  h i e  tlic -tcric rccluii'c'- 

iiieiit 011 the u-fncv is greater tliaii o i t  t i i r  $-fact, t i i -  

dicatiiig U-face adsorptioii 111 t l i rw arm- I Iiu-. I i n -  
~roi ic  has high activity, l iu t  1aigc.r 17tu- 
i ch  as ethyl, vinyl, and ethinyl i i iark~i l j .  

dirniriisli the response. Algain, the 17cu-iiietliyliiictliaii~) 
steroid ?(?(I is less active than XIS  In tlic 19-iioi 
series lia-alkyl groups larger thaii ethyl aholish a(*- 
t i ~ i t y . ~ '  Conversely, the presence of bulky ester group< 
in the li/3-position does not decrease androgenic action. 
.Ilthough a p- ior i  it would be expected that  the ( I - l i  
esters first hydrolyze aiid the free lip-alcohols aie 
the active species, the available data do not support 

g, -1llcc' tllV ;a-lllctllyl stcro1d- llave 111qlI 

7 .  
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this expectation and indicate instead that the intact 
esters are active as X 17/3-functional 
group is required for appreciable activity, however, 
since 5a-androstane is iiiarkedly less active than 3,- 
androstan- 17p-01. 

Bulky groups at  C-13 do not decrease activity, as is 
apparent from the interesting work of Smith and his 
co-workers4(J u in which actir'e 19-nortestosterone de- 
rivatives having C-13 ethyl, propyl, and butyl groups 
were prepared. On the other hand, the presence of an 
1 1p-hydroxyl function decreases activity. 36 

A\ll of these data can be rationalized in ternis of a 
steroid-receptoi coiiiplex of the type shown in Fig. 2 .  
I t  is suggested that the steroid is in contact with the 
receptor surface in two discrete areas: the p-face of 
rings A, B, and C and the a-face of ring D. The 13p- 
and l'ip-substituents are in a relatively unhindered 
eiiviroiiineiit. It is proposed that the two principal 
binding sites are the A-ring, where a r-bond is formed, 
and the 17d-fuiictioii, nhich can be attached by any 
of several types of iionboiided interactions (hydrogen 
bond, hydrophobic bond, etc.). The remaining areas 
in contact with the receptor would forin ordinary 
hydrophobic bonds or van der Waals bonds. It is 
suggested that no cheiiiical reaction (e.g., oxidation- 
reduction) as such takes place, but that  the effect of 
the steroid is to induce a coiiforiiiational change in the 
receptor. The receptor surface on the p-face, for 
exaiiiple, niight be deforiiied to acconiiiiodate the C-19 
angular inethyl group. 

Since the nature of the receptor is unknown, the 
diverse effects of steroids have resulted in a number of 
theories of action4? including the previously mentioned 
oxidation-reduction theory, the action of steroids 011 

various enzyiiies,42 metal-ion chelation iiie~haiiisnis,4~ 
and effects on cell inenibranes. 44  ,An iiiiportant view 
of the iiigcliaiiisni of steroid horinoiie action is that  
steroids evert their effect at  the level of D S A  control 
of RSA synthesis, a process which has been called 
"gene activation."46 The niesseiiger RSA niolecules 
whose synthesis is thus controlled are the templates 
for de novo enzyme synthesis, and it is these enzymes 
which regulate the processes resulting in the observed 
physiological effects. 4i Regulatory effects on RSA 
synthesis or de novo eiizyiiie or protein synthesis have 
been observed for estradiol,4s-ja testosterone,jl 5 2  

cortisol,j3 and aldosterone."* li 

(3B) (+. -1. Overbeek, J. van der Vies, and J. de Visserin "Protein 3 le ta t -  

(40) 1%. Smith  et a!., E z p e r i e n t i a ,  19, 394 (1963). 
(41) R. Edgren, H. Sniitli, D. Petersen, and D. Carter, Steroids ,  2, 319 

(42) For a raluable reviev dealing n i t h  adrenal steroids, see I. E. Bush, 

(43) I,. L. Wiesel, Clin. E z p t l .  M e t a b . ,  8,  256 (1959). 
(44) E. S. Willmer. Biol. Rec.  Cambridge P h i l .  Soc., 36, 368 (1961). 
(45) K. L. Gershfeld and E. Heftrnann, E r p e r i e n t i a ,  19, 2 (1963). 
(46) 31. Zalokar in "Control hIechanisms in Cellular Processes," D. R.1. 

(47) For a discussion see P. Karlson, Perspectioes Bid.  M e d . ,  6, 203 (1963). 
(48) G. C.  Mueller, A. Herranen. and X. F. Jervell, Recent Progr. Hor- 

(49) J. D. Wilson, Proc.  S a i l .  Acad. Sci. C. S . ,  SO, 93 (1963). 
(50) J. D. Wilson, Biochem. B i o p h y s .  Res.  C o m m u n . ,  8, 175 (1962). 
(51) S. Liao and H. G. TVilliams-hshman, Proc. Natl. A c a d .  Sei. C .  S . ,  48, 

(52) J. D. Wilson, J .  Clin.Inaest.,  41, 153 (1962). 
(53) K. F. Jervell, A c t a  Endocrinol. S u p p l . ,  88 (1963), and references cited 

therein. 
(54) D. Feldman, C .  Van der Wende, and E. Kessler, B i o c h i m .  B i o p h y s .  

Acta.  61, 401 (1961). 

olisin," F. Gross. Ed.,  Springer Verlag. Berlin, 1962, pp. 189-193. 
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B r i t .  X e d .  Bull., 18, 141 (1962). 

Bonner, Ed., The Ronald Press Co., New York, S. Y., 1960, pp. 87-131. 

mone Res., 14, 95 (1958). 

1956 (1962). 

I I I f 
Fig 2 --Simultaneous interaction of the androgen molecwle 15 Ith 

two spatially separate surfaces at the receptor site 

There is ample evidence for the occurrence of ste- 
roid-protein or steroid-DSh interactions. hlunck, 
Scott, and Eiige15"-js have shown that testosterone, 
among other steroids, complexes with adenine aiid 
certain of its derivatives. >lore recently, i t  has been 
showna9 that testosterone binds strongly to DSA$ 
and to a lesser extent to histone. The interaction 
between steroids and proteins is well established.60 
DannenbergG1 has suggested that steroids may displace 
base pairs in the D S X  double helix, and in fact it has 
been deiiionstrated that the coil forin of D S d  has a 
higher affinity for steroids than the helical form ~9 

How then can the peculiar steric and electronic 
relationships shown scheinatically in Fig. 2 be ratioiial- 
ized in ternis of these concepts? The conipact, rigid 
steroid niolecule can be viewed as a con jomat iona l  can(. 
Depending 011 the size and disposition of the nuclear 
substituents in space, specific coiiforiiiational changes 
could be induced in the surface to which the fused ring 
system is bound, much as a coniples cam can depres, 
a iiuniber of levers. The steric reyuireinents in Fig. 
2 may result from the wedging of the steroid molecule 
between adjacent swfaces in a helical stiw,cfure, each 
surface in the figure representing one turn of the helix. 
I n  this way, steroids could initiate RSA4 syiithesis by 
serving as markers for the nucleotide sequence, b? 
displacing a repressor froiii the D S h  surface, or by 
combining with repressor substances. 

Xlternatively, steroids could beconie enzyme acti- 
vators by inducing in the enzynie specific confor- 
niational changes necessary for catalytic action.62 
Either proteins or nucleic acids, both of which have 
helical structure, could be involved as receptors. 

ExperimentaP 
3~,4~-Epoxy-5~androstan-l7~-0l Acetate (I).-A solutlorl of 

20.0 g. (0.064 mole) of 17P-hgdroxy-5a-androstan-3-one, 11.9 g 
(0.064 mole) of p-toluenesulfonylhydrazine, and 20 ml. of con- 
centrated HC1 in 500 nil. of ethanol was heated under reflux for 

:55)  I. S. Edelman, R .  Roqoroch, and G Porter,  P r o c .  S a i l .  A c a d .  Sci. 

(56) A .  Xlunck, J. F. Sco t t ,  and L. L. Engel, Biochlm.  B i o p h y s .  A c t a ,  26, 

:57) J. F. Scott  and L. L. Engel, ibid., 23, 665 (1957). 
:58) J .  F. Scott  and L. L. Engel in "RIechanism of .Letion of steroid Hor- 

mones," C. A .  Villee and L. L. Engel ,  Ed.,  Perganlon Press, New I-ork,  
N. P., 1961, pp. 20-32. 

C. S., 60, 1169 (1963). 

397 (1957). 

(59) P. Ts'o and P. Lu, Proc. S a t l .  A c a d .  Sci. I;. S., 51, 17 (1964). 
(60) For leading references consult U. Westphal in "hIechanism of Act ion 

of Steroid Hormones," C. A. T'illee and L. L. Engel, Ed.,  Pergamon Press, 
New York, N. Y., 1961, pp. 33-89. 

(61) H. Dannenberg, D e u t .  M e d .  PI-ochschr., 88, 605 (1963). 
(62) (a) G. M. Tomkins and K. L. Yielding, Cold S p r i n g  Harbor S y m p .  

Quant. Biol., 26, 331 (1961); (b) D. E. Koshland, Jr., in "Horizons in  Bio- 
chemistry," M. Kaaha and B. Pullman, Ed., ;icademic Press, New York, 
3. Y . ,  1962, p. 278. 

(63) Melting points were determined a i t h  a Thomas-Hoover apparatu8 
and are corrected. Infrared spectra were obtained a i t h  a Beckman IR-5 
instrument. Ultraviolet spectra were obtained with a Cary Model 11 in- 
strument. Microanalyses were performed by the Microanalytical Depart- 
ment, Cniversity of California, Berkeley, Calif. Optical rotations were ob- 
tained in a 0.5-dm. tube with a Rudolph photoelectric polarimeter. 
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sample, n1.p. 176-178; [CX] '~D -4" (c 1, CHCl,); A::: 5.78, 7.91, 
5.50, 9.50, 10.61, 11.71, and 14.92 p.  

Anal. Calcd. for C2;H,,0jP: C, 68.33; H,  8.07. Found C, 
fX.93: H, 8.16. 

Chromatographic purification of X I  on neutral alumina gave 
the 3a-hydroxy cornround XII ,  n1.p. 155-156', [.I]% +18" 
( C  1, CHClj). 

dna l .  Cal(,d. for C,,H3,03: C, 74.96; H, 10.00. Found: 
C, 74.71 ; H ,  9.99. 

17p-Hydroxy-5.1-estr-Z-ene 17-Acetate (XIII).-A mixture of 
1.3 g. of XI ,  1.3 g. of sodium acet,ate, 2 nil. of acetic anhydride, 
and 20 nil. of acetic acid was heated under reflux for 3 hr. It was 
diluted with water and extracted with ether. The ether solut'ion 
was washed with 5%; S a H C 0 3  solution and water, dried, and 
evaporated. The residue was chromatographed on 40 g. of 
neutral alumina packed in hexane. Elution wit,h hexane and 
benzene-hexane 1 :1 afforded 500 mg. (60%) of cryst'als, m.p. 
96-99'. The analytical sample, obtained by vacuum sublima- 
tion, had n1.p. 96-98', [ C Z ] ? ~ D  +68" ( ~ 0 . 8 ,  CHCL). 

Anal. Calcd. for C?OH&: C, 79.42; H, 10.00. Found: 
C ,  79.<58; H. 10.24. 

Froni the ether fractions, 200 nig. of rnaterial was recovered, 
1n.p. 125'. Iterrystallization from methanol gave the diacetate 
XIv,  n1.p. 137-139", [ c Y ] ~ ~ D  +24" ( e  1, CHC13). 

dnal. Calcd. for CP2H3404: C, 72.89; H,  9.45. Found: 
C, 72.91; H, 9.69. 

Acetylation of XI1 gave the same product. 
17p-Hydroxy-5.1-estr-2-ene (XV).-A solution of 0.6 g. of 

XI11 in 50 ml. of 5% KOH in methanol cont'aining 10 ml. of r a t e r  
was heated under reflux for 1 hr. The solution was concentrated, 
diluted with water, and t,he precipitate was collected. Recrystal- 
lization from aqueous methanol gave 0.45 g. (87%) of long needles, 
m.p. 110-112". The analytical saniple, from aqueous methanol, 
had n1.p. 111-113°, [ C Y ] %  +loo" (c0.8, CHCla). 

Anal. Calcd. for CisH:sO: C, 83.02: H, 10.84. Found: C, 
83.07: H, 10.56. 

5.1-Estr-2-en-17-one (XVI).-A solution of 0.50 g. of XV in 
20 nil. of acetone was treated with 8 -Y ohromic acid reagent under 
ice cooling. After a slight excess of oxidant had been added, 
the mixture was kept in an ice bath for 3 niin., treat,ed with iso- 
propyl alcohol, and diluted byith water. The resulting crystalline 
precipitate was filtered and washed with water. There was ob- 
tained 0.45 mg. (907;) of product,, n1.p. 121-123'. Recrystal- 
lization from methanol gave the analytical sample, m.p. 122- 

AnaZ. Calcd. for CI9H2&: C, 83.66: H,  10.14. Found: 
124', [ a ] " D  +190° ( ~ 0 . 4 ,  CHCL). 

C, 83.27;  H, 9.8!). 
17a-Methvl-5a-estr-2-en-l7~-ol IXVIIL-A solution of 0.4 e.  

of XVI and h nil. of 3 N methylmagnesium bromide in 50 ml. :f 
anhydrous ether was heated under reflux for 16 hr. It was poured 
onto ice, acidified with HC1, 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. (E?) ,  11i.p. 133-135', was recovered from 
the 1% methanol in ether fractions. I t  formed a gel in all 
attempts a t  recrystallization. Vacuum sublimation gave the 
analytical sample, m.p. 13.5-137', [a]  2 8 ~  +56" ( e  0.8, CHCL). 

Anal. Calcd. for C19H300: C, 83.15; H, 11.02. Found: C, 
83.48; H, 11.22. 

2~,3o1-Methano-5~-androstan-l7p-ol Acetate (XVIII).- 
A stirred mixture of 16.3 g. (0.25 mole) of Zn-Cu couplejZ3 
54 g. of methylene iodide (0.2 mole), and 0.015 g. of iodine in 300 
nil. of anhydrous ether was heated under reflux for 1 hr., and 6.3 
g. (0.02 mole) of 5a-androst-2-en-liP-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 wit>h 57,  HC1 (t,o wash out any dissolved 
ZnIs) and water and dried (Xa2SO4). Evaporation and re- 
crystallization of the residue from methanol afforded 3.5 g. 
(SOYc) of product', m.p. 98-104". Further recrystallization gave 
the analytical sample, m.p. 105-106", [alZso +loso ( c  0.87, 

Anal. Calcd. for C22H3d02: C, 79.95; H, 10.37. Found: 
C, 79.71; H, 10.17. 

2.1,3u-Methano-5a-androstan-l7p-ol (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 methanol 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.  (95%) of colorless 
crystals, n1.p. 127-130'. Further recrystallization gave the 

CHC13). 

analytical sample, n1.p. 130-132", [ a ] ? , ~  +38" ( e  1, CHC1,); 
lit.,l9 for a product tentatively assigned this structure, m.p. 
127-128", [.I]D +26". 

dnal. Calcd. for C , H 3 4 :  C, 83.27; H, 11.1s. Found: 
C, 83.52;  H, 10.93. 
2a,3a-Methano-5.1-androstan-17-one (XX).-A solution of 

0.5 g. (0.0017 mole) of XIX in 30 nil. of acetone was cooled 
in ice and treated with excess 8 -I' chromic acid solution. 
The excess chromic acid was decomposed with 2-propanol and 
the solvent was removed under reduced pressure. The residue 
\vas washed with water and recrystallized from aqueous methanol 
to give 0.5 g. (80%) of colorless crystals, m.p. 9i-100". The 
analyticalsample had m.p. 100-102", [ C Y ] ~ ~ D  $113" ( e  1, CHC13). 

Anal. Calcd. for C20H300: C, 53.86; H, 10.56. Found: 
C, 83.84; H, 10.53. 

2~~,3a-Methano-l7a-methyl-5~-androstan-l7p-ol (XXI).--A 
solution of 0.5 g. (0.0017 mole) of XX and 10 ml. of methylmag- 
nesium bromide in 60 ml. of anhydrous ether was heated iinder 
reflux for 18 hr. It was poured onto ice, acidified with 20'; 
HCI solution, and extracted with ether. The ether solution was 
washed with water and dried (Xa'SOd). Evaporation gave a 
crystalline residue, which on recrystallization from methanol 
afforded 0.41 g. (78Yc) of product, m.p. 175-178°. Further 
recrystallization from methanol gave the analytical sarnple, 
111.p. 177-17$)", [ a I z 8 ~  +22' (c  0.6, CHCL). 

dnal. Calcd. for C?IH,,O: C, 83.38: H, 11.33. Found: 
C, 83.10; H, 11.28. 

Androstane-2,17-dione (XX111).-A4 solution of 0.50 g. of 
SXI IG5  in 50 ml. of acetone was treated with excess 8 *\- chromic 
acid reagent. The excess oxidant was decomposed with iso- 
propyl alcohol, the mixture was diluted with water, and the 
precipitate was filtered and washed with water. I t  was re- 
crystallized once from acetonitrile to give 0.40 g. (80%) of the 
dione. Further recryst,allization from the same solvent gave 
the analytical sample, m.p. 154-155', [ a I z 8 ~  +114' (c 0.4, 
CHC13); 5.75 and 5.90 p (lit.66 n1.p. 152.5-154.5, [ a ] %  
+119.5", when prepared by another method). 

-4nal. Calcd. for ClyH&: C, 79.12; H, 9.79. Foiind: 

Spiro-2p-oxiranyl-5a-androstan-17-one (XXIV).-A stirred 
solution of 3.2 g. of trimethylsulfosonium iodide" in 50 nil. of 
dimethyl sulfoxide was treated with 0.35 g. of sodium hydride 
under nitrogen. After a clear solution had been obtained, 1.0 g. 
of XXII I  was added, and stirring was continued a t  room tenipera- 
ture for 16 hr., followed by 4 hr. a t  50". I t  was diluted with water 
and the resulting precipitate was collected and washed with wat,er. 
Recrystallization from acetonitrile gave 0.60 g. of long needles, 
m.p. 162-165'. The analytical sample obtained from the same 
solvent had m.p. 165-167'; [ a I z 8 ~  + 5 2 O  ( e  0.4, CHCl,); A::: 
5.79,9.93, and 10.97 p. 

Anul. Calcd. for C20H3002: C, 79.42; H, 10.00. Found: 
C, 79.40; H,  9.97. 

Spiro-2p-oxiranyl-5~-androstan-l7~-ol (XXV).-.4 solution of 
0.45 g. of XXIV in 20 ml. of tetrahydrofuran was treated with 
1.0 g. of lithium tri-t-butoxyaluminohydride in 30 nil. of tetra- 
hydrofuran for 50 min. under ice cooling. I t  was diluted with 
water, aridified with acetic acid, extracted with ether, and the 
et,her solution was washed with 57, sodium bicarbonate solution 
and water and dried. Evaporation gave a crystalline residue. 
Recrystallization from acetonitrile gave 0.30 g. ( 6 7 5 )  of flakes, 
m.p. 192-194". Further recrystallization from acetonitrile 
gave the analytical sample, m.p. 200-202'; [ a I z 8 ~  +lo"  ( c  
0.8, CHC13): A:,": 2.98,9.49, 11.10, and 12.57 p. 

dnal. Calcd. for CY0HaPO2: C, 7S.89; H,  10.59. Found: 
C, 79.05; HI 10.48. 

Spir0-3p-oxiranyl-5.1-androstan-17-one (XXVI).-A solution 
of 4.8 g. (0.038 mole) of trimethylsulfoxonium iodide67 in 100 ml. 
of dimethyl sulfoxide was stirred with 0.52 g. of powdered sodium 
hydride under nitrogen at  21". After a clear solution had been 
obtained and hydrogen evolution had ceased, 3.1 g. (0.019 mole) 
of lTp-hydroxy-5.1-androstan-3-one was added. The stirred 
solution %-as niaint,ained at  21" for 16 hr., and then a t  50" for 
2 hr. It was poured into water, and the precipit'ate %-as filtered, 
washed with water, and dried. It was recrystallized from aceto- 
nitrile to give 2.0 g. (63Yc) of product, m.p. 170-li3". Further 
recrystallization from acetonitrile gave the analytical sample, 

C, 78.79; H, 9.48. 

(8.5) 11. E. Kolff  and T. Morioka, unpublished studies. 
(66 )  C. Djerassi, R .  I'ashin, and G .  Rosenkranz, J. Am. Chem. Soc., 72, 

( 6 7 )  R. Kuhn and H. Trischiiiann, A n n . ,  611, 117 (1958). 
5750 (1950). 
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lteiuoval of thc 2'-niercapto group could he carriccl 
out by iiitric acid oxidation, or better with alkaliiicb 
hydrogen peroxide and subsequelit acidification of  tliv 
sulfinic arid sodium salt. Reduction of tlie C-11 
ketone and reilloval of tlic BJID protecting group' ' 
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