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The preparation of steroidal heterocycles containing an isoxazole ring fused to the 2,3-positions of the steroid 
These were prepared by the reaction of hydroxylamine with either a 2-hydroxymethylene- 

The factors which influence the ratio of androstano[2,3-d]isoxazole to 
Several of these novel steroidal heterocycles 

The cleavage of steroidal [2,3-d]- 

nucleus is described. 
3-ketosteroid or a 2-acyl-3-ketosteroid. 
androstano [3,2-c]isoxazole afforded by this reaction are discussed. 
possess interesting, and often unpredictable, endocrinological activity. 
isoxazoles by means of base leads to the corresponding 2-cyano-3-ketosteroids. 

In  a previous publication* me outlined attempts to 
alter the nucleophilic environment near position 
3 of the steroid nucleus3 by the attachment of a pyra- 
zole ring a t  the 2,3-positions. This approach was based 
upon the rationalization that the cellular receptor 
sites would vary sufficiently to make the question of 
fit one of paramount importance. 

The success of our initial efforts in synthesizing 
steroidal[3,2-c]pyrazoles with very high anabolic/ 
androgenic ratios2 has led us to investigate the very 
closely related steroidal isoxazoles fused a t  the 2,3- 
positions. 4,5 

The reaction of hydroxylamine with a 2-hydroxy- 
methylene-3-ketosteroid can conceivably afford both 
of the two isomeric the steroidal [2,3-d]- 
isoxazole (I) and the steroidal [3,2-c]isoxazole (11). 
I can be distinguished readily from I1 by its facile base- 
catalyzed coiiversion to  the corresponding 2a-cyano-3- 
ketosteroid. Under the same conditions I1 is recovered 
~ n c h a n g e d . ~  

(1) Paper VI :  R. 0. Clinton, R. L. Clarke, E'. W. Stonner, A. J. Manson, 
K. F. Jennings and D. K. Phillips, J. O w .  Chem., 27, 2800 (1962). 

(2) R. 0. Clinton, A. J. Mason. F. W. Stonner, H. C. Newmann, R. G. 
Christiansen, R. L. Clarke, J. H. Ackerman. D. F. Page, J. W. Dean, W. B. 
Dickinson and  C. Carabateas, J. Am. Chem. Soc.. 83, 1478 (1961). 

(3) A similar concept has been used recently by J. C.  Orr, 0. Halpern and 
A. Bowers, J .  Med.  Pharm. Chem., 5 ,  409 (1962). 

(4) Preliminary communication, R. 0. Clinton, A. J. Manson, F. W. 
Stonner, R. G. Christiansen, A. L. Beyler, G. 0. Potts and A .  Arnold, J. Org. 
Chem., 26, 279 (1961). 

(5) Since t h e  completion o our worK there have appeared two other 
reports dealing with androstanoisoxazoles: (a) J. A. Zderic, 0. Halpern, H. 
Carpio, A. Ruis, D. C. Limon, L. RlagaAa. H.  Jimenez, A. Bowers and  H. J. 
Ringold, Chem. and Ind., 1625 (1960), (b) E. Marchetti and  P. Donini, Garr. 
chzm. ital., 86, 1133 (1961). Concerning the  question of priority raised in 
the latter publication, cf. our Belgium Paten t  580,902 (January 22, 1960). 

(6) C/. the  reaction of hydroxylamine u i t h  the  hydroxymethylene deriva- 
tive of cyclohexanone, K. V. Auuers, Th. Bahr and E. Frese, Ann., 441, 54 
(1925). 

(7) L. Claisen Ber. ,  36, 3664 (1903). 
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The literature contains inferences8 that the ratio 
between the two possible isoxazole isomers is dependent 
upon pH, solvent and temperature. Very early in our 
work it became desirable to obtain more specific in- 
formation regarding the preferential formation of the 
steroidal [2,3-d]isoxa~oles.~ since it soon became ap- 
parent that they possessed more noteworthy endo- 
crinological activities than did their [3,2-c ] analogs. 

When the 2-hydroxymethylene-3-ketosteroids were 
made to react with hydroxylamine under mildly basic 
conditions ( e . g . ,  in alcoholic solution containing an excess 
of sodium acetate, or in pyridine solutionlo) mixtures of 
isomeric isoxazoles usually resulted. Purification of 
these mixtures was not possible by direct methods, 
such as recrystallization or chromatography. However, 
the steroidal [3,2-c]isoxazoles could be easily isolated 
from the mixtures since the isomeric [2,3-d]isoxazoles 
were readily converted by sodium methoxide to the 
alkali-soluble a-cyanoketones. 

Optimum yields of the androstano [2,3-d]isoxazoles 
were obtained by the direct reaction between a 2- 
hydroxymethylene-3-ketosteroid and hydroxylamine 
hydrochloride in either alcoholic or glacial acetic acid 

(8) W. S. Johniron and R'. E. Shelberg, J. Am. Chem. SOC., 6'7, 1745 (1945). 
(9) F. Winternita, C. Menow and E. Arnal, Bull. soc. chim. France, 505 

(1960), have reported the  preparation of 2a-cyanocholestan-3-one cia the  
intermediate cholestano[2,3-d] isoxazole; the  latter compound was not 
isolated. 

(10) Cf. referenres 5a and 5b. 
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solution. l 1  However, these conditions were not suit- 
able when a tertiary alcohol waq present in tlic steroid, 
sinw extensive dohydration resulted (ice‘ k)clow). 
In order to prevent dehydration when the 2-hydroxy- 
mt.thylcne-~-ketosteroid contained a t utiary h y d r o ~ j  1 
group, it was found necessary to employ the addition of 
iodium acetate $0 that, the conden-ation \vas wrriecl 
oiit under mildly avidic vonditions (see1 Experimental) . 

For the preparation of I.l-dimethylandro.tano- : m l  
~,Cdimethylandroht-~-(~no [?,Y-d]i\osazoles po-~s\ing ;I 
tcrtiary hydroxyl group at the li-position, :I \light 
i'xcess of sodium ucetat e over the hydroxylsminc hydro- 
cshloride completely prevented any dehydration of the 
17P-hydroxyl group while affording excellent yield\ of 
the steroidal [2,3-d]iwiazole us the bole product. .lp- 
purently the +&dimethyl group sterically hinders the 
nucleophilic attack of hydroxylamine at  thr 3-position 
to swh an eytent t h i t  under thew e\;pc.rimental ran- 
ditions t tic htc.roida1 i";i-d]isox:1z:olc i- formed PY- 
calusively . 

ribed above w c x  sw- 
ccssfully applied to the preparation of the iinsatiirntcd 
androst-kno [2,3-d]isoxa~oles and itndrost-l.(i- 
dieno [2,3-d]isoxazoles. In both of thesc cases the 
steroidal [2,3-d]isoxazoles \\-ere thc3 solr products of 
these reactions. Their structure.: w r e  demonstrated 
by their ready vonversion to  2a-cyano-3-ketobteroids. I?  

specific example of the ad-catalyzed dehydration 
of tcrtiary alcohols mentioned above \vas provided hy 
the isolation of 17,17-dimethyl- 18-norandrost-13-cno- 
j2,3-d]isoxazole (111) in high yield from the reartion ot 
equimolar amounts of 2- hydro~~methylene-1Tcr-methyl- 

'rhc preparative methods dc 

H 
111 

androstan-17P-ol-3-0ne~~ and hydroxylamine hydro- 
chloride in glacial acet'ic acid. The structure of the 
product was demonst,rat'ed by elemental analysis and 
by ultraviolet', infrared, and nuclear magnetic resonance 
(n.m.r.) spectra. The infrared spectrum contained two 
prominent bands at) 7 . 2 2  and 7.36 p which are indica- 
at'iye of the presence of a gemdimethyl group. l1 

The n.m.r. spectrumL5 showed a signal at 8.50 p.p.m. 
which was assigned to t,he hydrogen on t'he het,ero- 
cyclic: ring. The absence of' any other signal in t'hc 
vinyl region eliminated t'he alt'ernative structure con- 
taining a double bond at, t'he 12-posit8ion.16 The as- 

i l l )  The latter solvent iisiiall,y avetylated secondary alcohols (e.(/ . ,  :it 

Cii) under these conditions. 
(12) Several Z~-cyano-~"-S-ketosteroids have been prepared by H. 11. 

Kissman, A. S. Hoffman and 11. .J. Weiss, .J. Org .  Chem.. 26, 2610 (1961) .  
!iy tlie treatment of 2-hydroxynr etosteroids wiiti O,N-his- 
(tritiuoroacety1)hydroxylamine. C 

(13)  11. J. Ringold, E. Ratres,  0. Halpern and E. Xecoechea, .I. An. C h r n .  
S o r . ,  81, 427 (1959). 

(14) A. R. €1. Cole.. I). 11.. Thornton and D. 15. Wliite, Chem. and Ind . .  70: 
i l  Y .X). 

(1.5) .\I1 n.m.r. spectra were recorded o n  a Yarian ..I-GO sgertroineter 
using IS% solutions of the  compounds in deriteriochloroiorm. Tetramethy!- 
silane u-as used as  a n  pxternal standard. The positions of the signals werv 
measured on  precalibrated c h a m  and eulirrssed as p.p.m. tmy..ard Ion f i d d  
iron1 tetraniethylsilane. 

(1s) CI'. H. I,. Herzog, C .  C .  Joyner, AI. G. Gentles. II. T. Huglies, E;. 1'. 
f ) l iveto.  E. R .  HPmhherg anr l  D. T I .  R .  Harton. .I.  TJrg. ( 'hem. ,  22,  141:1 
( 1  M.57). 

Yumption that migration of the mcthyl group hatl 
t a k w  place  ah supportrd by th  n:tl : ~ t  1 . t8 11 1) ni., 
\vhich n a- tL\signod to the yrm- thy1 group at t l l ( >  

I i-yo*ition. 'I'lw 4 g n d  a t  I .%; p.p.m. n i ib  a s q g d  
Io thc mcthyl group. 'I' se a-bignnient. ot t h r l  
Yignal- wercx mad(. on t h t .  ha of their position. in- 
tensity :mi  line-skitip(.. 

I n  order t o  determint ivh:it deet substitiition on t,hci 
iwuuole ring n oultl tiavc on t h c x  stracturc-nctir ity 
rc~lntion~hip, 1 Ti3-ltvtlrouyandro.;t3no [%.::-d]-:~'-nic.tliyl- 
iwxazolc anti 1 TB-bcnLoxyandrostun~) [2,3-d ] 3/-pro- 
pylisoa:iml(~ \ v ( w  prepared i i n  thc appropriatc 2 
:icyl-:)-kt.toundroitancd. These intermediatrs were prc- 
p:irctl I)>* thv Imron t r i~uor ide-~a ta lyz(~~l  rcavtion 
t)ct\vcen androstan-17d-o1-:3-one and thc appropriate 
anhydride in methylenr dicahloride solution. Ra+ 
(*atalpis (c.g. ,  Yodium hydride) of the reaction h t v  wn 
rth>-l aretat(. and :i %ketoandrostane failed to prodric*t> 
thc. tlcsircd prodiic.1 'l'h(> expectation illat thc 2- 
ac,yl-:(-licto:intir.oit ;me-, likc t hc L'-hydro\ymt+ h! lmv- 
::-ketosteroid., 11 oiiltl cxiit predominantly in the. c . f i c 5 -  

Iated form 11 : I -  c*onfrmcd hy t h c  iiltriir iolct and infrnrctl 

ul)srquent wndensations of t lie 2-acyl-Y-ketostcroi~s 
\nth hydroxylamine hydrochloride provided cwellent 
yields of the pure isoxdzoleq. The  structurcs of thrit 
iwsazole.: arc tentatively assigned on the basis that 
thcy werc prcpred under conditions which f:~vor tht. 
nuolrqhilic nttark of hydroxylamine on thtb hydroxy- 
metliylenc-::-kctosteroids. ?'h(. suhstit ution at posi- 
tion 3 '  of tltwr isoxazoles prevents m y  wady dcmon- 
htration of' their strurtures t)y cwnversion to a-cyano- 
lict on(%\. 

on ot 1 i8-hydroxy-lia-methgl- 
azole (T'), an unusual by-product 

to  the isomeric [3,'1-(~]i~oxa~olc 
17. Thi:, rc:~dily-c.rystalline, cdorless hg-product was 
4o\vn to lie thc. r,-hydroxy-~?-isox~zolinc (VIT) hy 
means of the rmctions illuqtratrd in ('hart I and oth>r 
( ~ ~ - i t l m w  

CIIARI I 

x H 

VI11 VI I 
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(1) The analysis of VI1 was in agreement with that 
expected for the isoxazole plus a molecule of water. 
(2) The ultraviolet spectrum showed no select,ive absorp- 
tion above 220 mp. Its  infrared spectrum revealed no 
ketone absorption but exhibited bands a t  3.10 p (-OH) 
and 6.14 p (=C=N-). (3) On treatment with a cata- 
lytic amount of concentrated hydrochloric acid in 
boiling acetic acid solution, the by-product VI1 lost two 
molecules of m t e r  and was converted quantitatively to 
17,17 - dimethyl - 18 - norandrost - 13 - eno[3,2 - c]- 
isoxazole (VIII), which was also obtained from VI 
under the same conditions. The structure of this 
[3,2-c]isoxazole was firmly established by elemental 
analysis, its non-identity with 17,17-dimethyl-18- 
norandrost-13-eno [2,3-d]isoxazole (111), and by 
ult’raviolet, infrared and n.m.r. spectra. The n.m.r. 
spectrum15 of VI11 exhibited a signal a t  8.63 p.p.m. 
which was assigned to the hydrogen on the heterocyclic 
ring.18 As was observed for the n.m.r. spectrum of the 
[2,3-d]isoxazole I11 (see above) no signal appeared in the 
vinyl region. Signals a t  1.52 and 1.27 p.p.m. were as- 
signed to the 17,17-gem-dimethyl group and the C19 
methyl group, respectively. The positions, intensities 
and line-shapes were consistent with the assignments. 
(4) Under conditions which do not ordinarily acetylate 
a tertiary hydroxyl group, i.e., pyridine and acetic 
anhydride, a monoacetyl derivative of VI1 was pre- 
pared readily. The infrared spectrum of this acetyl 
derivative showed carbonyl absorption at  5.69 p,  which 
further supports the assumption that acetylabion has 
occurred at  a position other than 17. Finally, the 
n.m.r. spectrum of this relatively soluble acetyl deriva- 
tive provided the addit’ional evidence necessary 
to allow the unambiguous assignment of structure 
VI1 to  the by-product (due to the highly insoluble 
nature of VI, its n.m.r. spectrum could not be ob- 
tained). The n.m.r. spectrum15 of this acetate showed 
a narrow doublet a t  6.88 p.p.m. ( J  = 2 cps.) which was 
assigned to  the hydrogen a t  position 5’. That this 
signal is a doublet is consistent with the assigned 
structure; however, the corresponding splitt’ing of the 
signal of the Cz hydrogen could not be demonstrated 
since it was not recognizable. The signals observed 
a t  2.62, 1.75, 1.53 and 1.40 p.p.m. were assigned to the 
methyl group of the acetate, the methyl group at  the 17 
position, the C19 methyl and the Cu methyl, respec- 
tively, on the basis of comparison with known steroids. 
The assignments were consistent with the observed 
positions, intensities and line shapes of the signals. 

Although several 5-acetoxy-A2-isoxazolines are 
known,19 an example of a 5-hydroxy- Az-isoxazoline 
was not reported until recently.Zo 

The formation and isolation of 17P-hydroxy-17a- 
methylandrostano [3,2-c 1-5’-hydroxy-A2-isoxazoline may 
be explained in the following way. A part of the 
hydroxylamine reacts with 2-hydroxymethylene-17~~- 
methylandrostan-I7/3-01-3-one (IT’) to yield its 3- 

(18) I n  comparing the  signals observed for the hydrogen on the  hetero- 
cyclic rings of t h e  isomeric isoxazoles I11 and V I I I ,  i t  is interesting t o  note 
tha t  the  relative positions of these signals, 8.55 and 8.63 p.p.m., respectively, 
are in agreement with the expected trends based on chemical shift considera- 
tions; 5ee.L. H. Meyer, A .  Saika and  H. 8. Gutowsky, J. A m .  Chem. Soc., T I ,  
4567 (1953). 

(19) (a) G .  S. D’Alcontres and  P. Griinanger, Gam. chim. ital.,  80, 741 
(1950). and  references cited therein. (b)  T. AIakaiyama and  T. Hoshino, 
J .  A m .  Chem. Soc., 82 ,  5339 (1960). 

(20) K. Briickner, K. Irmscher, F. v. Werder, K. Rork and H. Meta, Ber., 
94, 2878 (1961). 

oximino-derivative which can cyclize to either the hy- 
droxyisoxazoline VI1 or its C5’ epimer. Subsequent de- 
hydration of these two hydroxyisoxazolines to the isox- 
azole VI can proceed by either a unimolecular elim- 
ination (El) reaction via the carbonium ion a t  C5’ 
or by a bimolecular elimination (E2) reaction which is 
subject to  steric requirements. The isolation of a 
stable hydroxyisoxazoline suggests that  only an E2 
mechanism is operative and that the compound pos- 
sesses a configuration unfavorable for an E2 dehydration 
(i.e., the 5’-hydroxy group is cis relative to the 20- 
hydrogen). This isolable hydroxyisoxazoline then 
must be represented by the structure TTII. The C5’ 
epimeric isoxazoline would be expected to dehydrate 
too readily to  the isoxazole VI to permit its isolation. 
It should be noted that the isolation of VI1 requires 
that its reconversion to the 3-oximino-derivative of 
IV must be relatively slow. Confirmation of this fact 
was provided by quantitative recovery of the hydroxy- 
isoxazoline after i t  had been heated for 4 hours in an 
ethanolic solution containing the same ratio of hy- 
droxylamine hydrochloride to sodium acetate as had 
been used in the reaction from which i t  was isolated. 

Several of the derived steroidal [2,3-d]isoxazoles were 
converted to  their corresponding 2a-cyano-3-keto- 
steroids by treatment with an excess of one equivalent 
of sodium methoxide, utilizing either methanol or tetra- 
hydrofuran as solvent, The use of tetrahydrofuran 
as the solvent was found to  enhance greatly the rate of 
conversion to the a-cyanoketone, relative to the use of 
methanol.Z1 In methanol solution the reaction usually 

required about 48 hours a t  room temperature for com- 
pletion. In  tetrahydrofuran solution under the same 
conditions the reaction mas completed in less than 30 
minutes (see Experimental). 

The A4p6-steroidal isoxazoles mere found to be very 
labile to base and although they apparently were 
transformed to 2a-cyano derivatives (Amx 288 mp 
(-18,200) and 341 mp (-3700) on crude product), 
the instability of the reaction product prevented further 
identification. 

The ultraviolet absorption maxima of the androstano- 
and androst-4-eno [2,3-d]isoxazoles were unaffected by 
the presence of excess hydrochloric acid. In  the case 
of the androstano [3,2-c]isoxazoles a slight hypsochromic 
shift ( 2  mp) of the maxima was observed on the addi- 
tion of excess hydrochloric acid; however, subsequent 
neutralization with potassium hydroxide restored the 
original absorption maximum. In the presence of excess 
hydrochloric acid the absorption maxima a t  319 mp of 
the androsta-4,6-dieno [2,3-d]isoxazoles underwent a 
hypsochromic shift to 296 mp (e-l5,000) over a period 
of 96 hours a t  room temperature. 

It is interesting to note that the androstano [2,3-d]- 
isoxazoles were found to absorb a t  a longer wave length 
in the ultraviolet than their corresponding isomeric 

(21) W. S. Johnson, J. W. Petersen, and C D. Gutsohe, J B m  Chem. SOC., 
69, 2942 (1947), reported rapid transformation of 10,11-dihydro-7-methoxy- 
phenanthro-[2,1-d]isoxazole t o  its corresponding a-cyano ketone utilizing 
potassium tert-butoxide in te i  t-butyl alcohol. 
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[3,2-c]fused analogs (see Experimental). Almost with- 
out exception the ultraviolet absorption maxima for 
the androstano [2,:3-d]isoxazoles and their [:3,2-r]- 
analogs were 227 + 2 mp and 222 + 1 mp, respectively; 
notable exceptions to this were 17,17-dimethy1-18- 
norandrost-13-eno [2,3-d]isoxazole 111, A,,,, 222 mp 
( E  = 5800) and its [3,2-c]analog VI11 which exhibited 
no absorption above 218 mp. Hence the introduction 
of AI3 unsaturation into a 2J-fused andro3tanoisoxa- 
zole results in a hypsochromic shift of the ahsorption 
maximum, which in the case of the [:3,2-r]i.oxazole 
TI11 is obscured by end absorption. This rather 
dramatic shift can be interpreted as a manifestation of 
“long range conformational transmission” effects. 22 

A conmnient method for the evaluation of the 
purity of a steroidal [2,3-d]isoxazole, I\-ith respect to 
contamination by its [3,2-c]isomcr, utilizes the fact that 
the [2,3-d]isomer is converted quantitatively to an 01 

cyanoketone by base. A specific example of thiq 
method is cited: -1 sample of lip-hgdrouy-liO1- 
methylandrostano [2,3-d]isoxazole, A,,, 227 mp ( E  = 
5000), was dissolved in alcohol containing an excess 
of potassium hydroxide. By recording the ultra- 
violet absorption maximum of this solution at  ap- 
propriate time intervals. i t  TVUS found that the solu- 
tion acquired an essentially constant ahsorption 
value after 18 hr., i.e., A,,, 26.5 mp ( E  = 11,800). h 
solution of the pure potassium salt of 2a-cyano-lia- 
methylandrostan-17P-ol-3-one euhibited A,,,, 26.5 mp 
( E  11,900) and was stable under analogous cvndition3. 
Thus the purity of the steroidal [2,:3-d]isoxazole can 
be readily ascertained. 

Structure-Activity Relationships.-111 regard to 
anabolic ’androgenic properties, the androstano-isosa- 
zoles ex: ibited a pattern of activity similar to that rc- 
ported for their corresponding androstano [3,2-c 1- 
p y r a z o l c ~ . ~ ~ ? ~  The most intcrcsting member of the 
isoxazole series in terms of the separation of anabolic 
and androgenic activities was lid-hydrouy-17a-methyl- 
androstano [2,3-d]isoxazole (T). It was 0.2; as ana- 
holic, 0.43 as mgotrophic and 0.11 as androgenic as 
testosterone propionate when rompared parenterilly 
(to b p  published). I’urthermore, this steroid was 9.7 
times as anabolic, 2 times as myotropic and 0.24 time5 
:is androgenic as methyltestosterone when compared 
orally.24s25 

17d-IIvdroxyandrostano [2,::-d]isoxazole was (‘om- 
parable in activitiw to the preceding isoxazole T’ when 
administered parenterally but inactive when given 
orally. Extension of the ibovazole series to the higher 
homologs (e.g., liP-hydroxy-l7a-ethylandrostano[2.S- 

(‘22) I ) .  €I. R. Barton and C;. A .  Morrison, Progress in the Chemistry of 
Organic Xatural Products, Springer-Verlag. Berlin, 1961, p. 166, and refs. 
3 4 ,  41, 42 and 49 cited therein. 

(23)  .1. T,. Reyler. C,. 0 .  Potts  and A. Arnold, Endorrinology,  68, 987 

(24) (a) A .  .lrnold. Q. 0. Potts. \ .  1.. Heyler and R. 0. Clinton, Fed.  P T O C . ,  
20 ,  198 (1961): ( h )  A .  Arnold, G .  0 .  Potts and A .  L. Beyler, F e d .  Proc., 21, 
212 (1962): ( c )  G. 0. Potts, A.  .\mold and .I, I,. Beyler. Escerpfa Medica. 
International Congress Serzca ,  S o .  51, 211 (1962); ((1) .I. .\mold. G. 0. 
I’otts anti .1. L. Beyler. i n  press. 

( 2 5 )  The anabolic activity \nas determined b y  nitrogen retention: myo- 
trophic activity by the r r o u  t h  response of the levator ani muscle; andro- 
renicity by the gain in weight of the mntral  prostate; and estronenicity hy 
rapinal cornification: all in  castrated ratq. Progestational activity was 
evaluated by the Clauherg tes t  in rabbits. Myotropliic and  estrogenic data  
are based on results obtained by subcutaneous injection of the compounds. 
All conipounds uwre administered hy intramuscular injection for progesta- 
tional evaluation. 

11961). 

d]isoxazole) resulted in a decline of activity indicating 
il structure-avtivity relationship with regard to suh- 
btitucnts of the 1 i-position. 

I i d  - I lytlro\~- - 1ia - methylandruat - 4 - (mi [ 2 J -  
0. 10-0.33 a s  anabolic, 0.30 to c~lually 

:md 0.10-020 :IS androgenic3 ;LC. t ( ,bto--  
tcrone propion:itc> .\\-hen cwmparcd parenterally. In 

roid was approximately 1.2 time- a- 
anabolic, equally a s  myotrophic. and 0.10 as androgenic. 

tci one 11 hen given orally. Ttic, l i d -  
- k n o  [2,::-d jisoxazolc \\xs comparahltl 
thc corresponding 17a-met1 
*et1 parmtcmlly, but 11 

given orally. \Vhen thr. lia-alkyl was lurgc3r than 
mcthyl ( e . g . ,  1 iJ-hydrox~--I ia-cthylandrost-~-c.no [2,3- 
d]isoxazole) a decrease in these activities \vas notcl(l 

The 1 id-hytlrou~-1’ia-metliylandrostl,(i-dieno [2& 
d]i,oxazolr cxliiiiitcd approximately 0.1 the :mabolic 
and androgenic, wtivitics of 1 ’id-hydroxy-1 ioc-mcthyl- 
androstano [2,,,i-d]isosazole on parenteral ztdministra- 
tion. The extension of thc 1 TB-hydrouy-licu-mcth? 1 -  
androst-4,Mieno [2.3-d]isoxazolc bcric.. to the 1iigiic.r 
homolog. ic.g ~ 1 T~-liydrouy-licr-etli~ landrosta-4,(;- 
dieno [2.3-d ]i.oxnzolc) rcbulted in a derline of u t i \  it-. 

S o  estrogenic ity 11 as obscrvcd for 1id-liydroxy-1iu- 
mcthylandrost-4-cno [2,kl]i~ouazolr or 1 ‘ip-h 
lia-methylaridrost-l,(j-dieno [2,3-d]isoxazolc id 
contrast to tlirir corresponding [S,2-c Ipyrazo 

1701 - Ethinyl - 170 - hydroxyandrostanoL2 
iiosazolc and lioi id-hydroxyandro yt -I-cno- 
[ “3-d ]isoxaml(~ \I only weakly myot rop hit* 
and androgenic. r vompound exhiltitd :L 
lo\\ dpgrcc of c3ztrogeniritg ( 1  40,000 estradiol 11 1ic.n 
romparcd parentcrally) ni i ich absent in the entlo- 
c*rinologicd profile of thr latter unsaturated :innlog. 
This finding of cdrogenicaity iz in direct cwntrast to  the, 
results obtaincd in thc steroidal [.l,“-c]pyr:izolcs, n.herc 
estrogenicity a p p c w d  to hi :L manifestation of the 
introduction of unsaturation (i.c., :L doublc. bond :it t tic 
&position) into ring 

The cffcvt of wbstituents on tlic androst:tnoisoxazol(. 
molwulr other than a t  the 17-po.ition I\ a. euminctl 
by preparing various derivativrs containing -1 .A-cli- 
mcthyl,i7 (ia-methyl** and 3’-alkyl subititucnty. I n  ;ill 
deiivatives thus prepared myotrop! ic’ artivity \\:I* 

minimal ( c . g  , h, 1 Ta-dimethyl-li,3-h~dro~yundrc~st;ino- 
[2,,3-d]isoxazole and (i01, lSa-dimethyl-l’i~-l~ydroxy~~ri- 
drost.4-eno [2,:3-d]isoxazole). This effcct is in markcd 
contrast to  the enhancement of myotrophic a h \  ity 
conferred by the iia-methyl group on testostcronc :rnd 
dihydrotestosterone. 21 

In  the 1 9-nor series, 19-nor-li~-hydrosy-lia-metliyl- 
androst-4cno [2,3-d]isoxazole proved to bc thc rnoit 
interesting. Tt \vas found to be progestational, 
equal in activity to  progesterone intramuscularly and 
a t  least as ac.ti\-cl as ethisterone when givm orally. 
This rompound has the same order of myotrophic and 
androgenic. acbtix-ities as 17~-hydrosy-lScu-metii~lan- 
drost-4-eno [2,3-d]isouazole when vompared parenti+ 

of the bteroid.?,23t?G 

(26) G, 0.  I’otts. ~1. .\mold ancl A,  I.. Beyler, E n d o c r i m l o g ! , ,  67, Rl!4 
:1960). 

(27) I’ur the interiilediate 3-keto steroids see 11. J .  Ringolii ani1 c;. R O W I -  
k r a n i ,  .I. O r g .  Cttem., 22, 602 (1937); c j .  W, J. Adanis, 1). I<. P a t d .  \’ 
I’ftrTiu, I .  .i. Stuart-Kehb and B. Sturgeon, .I. Ciiem. Soc.,  4490 f l 9 7 t i l .  

(1957j. 
128) I f .  . I .  Ringold. E. Blitres anrl C:. Rosenkrand. J .  Org.  Chi-rri.. 2 2 ,  !)I) 
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ally. In addition, the 19-nor compound had a low 
degree of estrogenic activity. The estrogenic response 
was atypical, since considerable mucification and leuco- 
cytic infiltration accompanied the cornifying effects 
on the vaginal epithelium. 19-Nor-170-hydroxy- 
17a-methylandrostano [2,3-d]isoxazole was ap- 
proximately 0.25 as myotrophic and androgenic as 
17p - hydroxy - 17a - methylandrostano [2,3 - d]isoxazole 
when it was compared parenterally. The 19-nor 
saturated isoxazole was not estrogenic. It should 
be noted also that the 19-nor-unsaturated isoxazole 
was somewhat more myotrophic and androgenic than 
the 19-nor-saturated isoxazole. 

In  search for a long-acting anabolic agent, several 
estersof 17P-hydroxyandrostano [2,3-d]isoxazoleand 170- 
hydroxyandrost-4-eno [2,3-d]isoxazole were prepared. 
All showed some degree of myotrophic activity except 
170 - (trimethy1acetoxy)androstano [2,3 - d]isoxazole. 
The lack of myotrophic activity in this latter ester can be 
attributed to its resistance to hydrolysis. The com- 
pound of most interest in this group was 17P-(3-cycl0- 
hexy1propionoxy)androstano [2,3-d ] isoxazole which 
proved to be a potent anabolic agent with a long dura- 
tion of action and minimal androgenicity. The admin- 
istration of this agent to castrated immature male rats as 
a single subcutaneous injection a t  10 mg. produced a 
marked increase in the weight of the levator ani muscle 
which reached its peak response 3 weeks after adminis- 
tration and which was maintained for an additional 5 
weeks. The marked myotrophic response was accompa- 
nied by only a moderate androgenic response as meas- 
ured by increase in the weight of the ventral prostate 
over the same time period. 

In  several cases where the steroidal [2,3-d]isoxazole 
had been found to possess outstanding myotrophic 
activity, e . g .  , 17~-hydroxy-17a-methylandrostano [2,3- 
d]isoxazole and 17p-(3-cyclopentylpropionoxy)andro- 
stano [2,3-d]isoxazole, the corresponding [3,2-c]isoxa- 
zole was investigated. I n  each case the [3,2-c]analog 
(e .g . ,  17p-hydroxy-17a-methylandrostano [3,2-c]isoxa- 
zole) was found $0 exhibit a lower order of activity. 

To summarize, the relationship of myotrophic and 
androgenic activities to structure has been demon- 
strated to be dependent upon rather critical require- 
ments. Apparently only minor structural features 
can be altered on the 17p-hydroxyandrostano [2,3-d]- 
isoxazole molecule if a high degree of activity is to be 
maintained or enhanced. The presence or absence of 
the A4 or A4,6 unsaturated positions appeared critical 
in that for all cases, except for the 19-nor members, the 
fully saturated analogs were the more active. In  the 
19-nor series where anabolic activity was demonstrated, 
the A4 unsaturated member was clearly more active 
than its saturated congener. Only limited variations 
could be made without greatly diminishing the degree 
of activity demonstrated for the 17P-hydroxy-or 17p- 
hydroxy-17a-methyl members. This information is 
presented with the ides that the accumulation of such 
structure-activity relationships can lead to  a better un- 
derstanding of cellular requirements for androgenic and 
anabolic activity. 

Acknowledgment.-The authors are indebted to  Dr. 
F. C. Nachod, Miss Catherine Martini and Mr. M. 
Priznar for spectral determinations and to  Mr. K. D. 
Fleischer and staff for analytical services. They also 

thank Dr. R. K. Kullnig for his helpful discussions re- 
garding the interpretation of the n.m.r. spectral data. 

Experimentalz9 
2-Hydroxymethylene-3-ketosteroids.-Except for the com- 

pounds listed in Table I, the 2-hydroxymethylene-3-ketosteroid 
intermediates used in the present work have been reported in 
reference 2." 

T.4BLE 1 
2-HYDROXYMETHYLENE-3-KETOSTEROID INTERMEDIATES 

Time, Yield. 
Methoda days %* 2-Hydroxymethylene derivative of 

17a-Propinylandrostr4-en-lip-01-3- 
onec C 4 88 

4,4-Dimethyl-l7a-ethinylandros t-5- 
en-17p-ol-3-one 17-(2-tetrahydro- 
pyranyl ether)d E 2 65" 

4,17a-Dimethylandrost-4en-17~-01- 
%one' C 1 sog 

4-Ethy1-17a-methylandrost-4-en- 
17p-ol-3-oned E 3 95 

4,4-Diethyl-l7a-methylandrost-5- 
en-17p-ol-3-oned E 1 l O O h  
a The capitalized letters listed under method refer to the meth- 

ods of preparation for 2-hydroxy"thylene-3-ketosteroids listed 
in reference 2 ,  (page 1484). *Yields are based on the total 
amount of base-soluble product. For the intermediate 3-keto- 
steroid see S. P. Barton, D. Burn, G. Cooley, B. Ellis and V. 
Petrow, J .  Chem. SOC., 1957 (1959). In our hands this 3-keto- 
steroid had a m.p. 181-182", whereas these authors report a m.p. 
151-152'. (The infrared spectra of these two substances in 
CHC18 solution were identical. We thank Dr. V. Petrow of the 
British Drug Houses Ltd., London, for this information). For 
intermediate 3-ketosteroid see Experimental. e Resinous, Amax 
277 mp (4930) and 228 mp (2110). f For the intermediate 3- 
ketosteroid see S. TV. Atwater, J .  Am. Chem. SOC., 82, 284i 
(1960). 0 A sample of the crude product which was recrystallized 
from ether afforded pale yellow crystals, m.p. 197-204", [ a ] ~  
-0.4', Amax 262 mp (10,500) and 308 mp (6650). Anal. Calcd. 
for C22Ha20a: C, 76.70; H, 9.36. Found: C, 76.73; H, 9.35. 

A sample of the crude product which was recrystallized from 
ethyl acetate afforded needles, m.p. 177-178', [ a ] ~ - 4 0 . 3 ~ ,  A,,, 
281 mp (7810). Anal. Calcd. for C25H3803: C, 77.67; H, 9.91. 
Found: C, 77.64; H, 9.76. 

4,4-Dimethyl-17~-ethinylandrost-5-en-17p-ol-3-one 17- (2- 
Tetrahydropyranyl ether).-A partial suspension of 20.0 g. of 
17a-ethinyl androst-4-en-17p-ol-3-0ne (0.064 mole), 75 ml. of 
dihydropyran (distilled from potassium hydroxide) and 10 drops 
of phosphorus oxychloride in 225 ml. of tetrahydrofuran (dis- 
tilled from calcium hydride) was stirred for 5.5 hr. and then al- 
lowed to stand a t  room temperature for 16 hr. Care was taken 
to exclude moisture during the reaction period. Excess solid 
sodium methoxide was added and the mixture m s  stirred for 2 hr. 
Solid material was removed by filtration and the filtrate was 
concentrated in vacuo on a steam bath. The residue was dissolved 
in a minimum amount of ether, and allowed to stand for several 
hr. The precipitate of unreacted 17a-ethinyltestosterone (1.4 
g., 0.0045 mole) xas  removed by filtration, and the ethereal filtrate 

(29) Melting points were taken in a Hershberg-type apparatus and are 
corrected. Except a8 noted, rotations were taken in  chloroform solution 
a t  2 5 O ,  C - 1%;  ultraviolet spectra in 95% ethanol (Cary) and infrared 
spectra in  a potassium bromide disc (Perkin-Elmer 21). I n  the  chromato- 
graphic purifications the silica gel used was Davison Type 923, 100-200 mesh. 

(30) The following three compounds, which were reported in crude form 
in ref. 2, subsequently have been obtained in pure form: 2-Hydroxymethyl- 
ene-17u-ethinylandrost-4-en-l7,9-ol-3-one, which was recrystallized from ace- 
tone, was obtained as  fine needles, m.p. 195-199', [u ln  -67.4', Xg? 250 
m a  (12,000) and  306 ma (5200). Anal. Calcd. for CzzHmOs: C, 77.61; H, 
8.29. Found: C, 77.33; H, 7.99. 2-Hydroxymethylene-17a-ethylandro- 
stan-17,9-01-3-one, which was recrystallized from benzene, had m.p. 148- 
150°, [a]D +34.7'. hmsr 281 m a  (9300). Anal. Calcd. for CzrHa4Os; c ,  
76.26; H, 9.89. Found: C, 76.07: H, 9.93. 2-Hydroxymethylene-17~- 
ethinylandrostan-l7,9-01-3-one, whioh was recrystallized from acetone, had 
m.p. 172-177', [a]D -18.5', 283 ma (15,300). Anal. Calcd. for 
CanHwOs: C, 77.15; H,  8.83. Found: C,  77.07, H, 8.53. 
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was evaporated to a clear syrup. This material was suitable for 
the subsequent alkylation step. A small portion of this syrup 
was crystallized from an ether-pentane mixture to afford crystals 
of crude 17a-ethinylandrost-4-en-lip-ol-3-0ne 17-(2-tetrahydro- 
pyranyl ether), m.p. 158-164', A,,:,, 240 m p  (17,500), A::: (no 
OH band), 3.07, 4.75, 5.99, 6.21 p. 

Under anhydrous conditions a solution of the above tetra- 
hydropyranyl ether (0.058 M )  in 50 ml. of tert-butyl alcohol was 
added to a freshly prepared solution of 7.5  g. of potassium in 400 
ml. of tert-butyl alcohol a t  20". The resulting nine-red solution 
was treated dropwise with 24 ml. of methyl iodide, while the 
temperature of the reaction was maintained a t  20". This addi- 
tion required 1 hr. The yellow reaction mixture was stirred a t  
room temperature for 16 hr. The cream colored suspension then 
was treated with just enough wat'er to effect a clear solution 
The tert-butyl alcohol was removed by distillation in Ziacuo and the 
residual aqueous suspension was extracted with ether. The 
ether extract was washed with saturated salt solution, dried 
(XakKh), filtered, and evaporated to dryness. The residue was 
purified by chromatography on 800 g. of Merck alumina. Elu- 
tion Tvith a mixture of 9: 1 pentane-ether through 3 :  1 pentane- 
ether gave 16.3 g. of product (mixture of stereoisomeric ethers) 
as a semicrystalline mass, which did not absorb above 220 nip 
in its ultraviolet spectrum. A small amount of this product was 
subjected to hydrolysis in boiling aqueous acetic acid (20 min.). 
The resulting crude product was recrystallized from acetone to 
afford pure 4,4-dimethyl-17~-ethinylandrost-5-en-17p-ol-3-one 
as colorless crystals, ni.p.212-214.5,' [ a ] D  -68.7", A,,, 2.90, 3.10, 
4.77, 5.88, 6.08 p. 

Anal. Calcd. for C?3H3?02: C, 81.13; H, 9.47. Found: C, 
80.82; H, 9.40. 
4,4-Diethyl-17a-methylandrost-5-en-l7p-ol-3-one and 4- 

Ethyl - 17a - methylandrost - 4 - en - 17p - 01 - 3 - one.-17a- 
Methylandrost-4-en-17~-01-3-one (20.1 g.) was subjected to the 
conditions described above for the alkylation of 17a-ethinyl- 
androst-4-en-17p-ol-3-one 17-(2-tetrahydropyranyl ether), except 
that an equivalent amount of ethyl bromide was substituted for 
the methyl iodide. Korkup of the reaction mixture in the 
previously described manner afforded a crude solid which after 
two recrystallizations from ethanol gave 7.86 g. of a crystalline 
compound, m.p. 185-192', Ashld 240 mp (215). The mother 
liquors were concentrated to dryness and purified by chroniatog- 
raphy on a column containing 200 g. of Fl0risil,3~ on top of which 
was 1500 g. of silica gel. Elution with 2.5 and 57, ethyl acetate 
in benzene yielded an additional 6.52 g. of the same compound as 
obtained above: thus this product was obtained in a 60yc yield. 
Recrystallization of a sample from methanol gave colorless cubes, 
m.p. 186-190°, -30.0", A,,, 280-290 mu (50); A,,, 2.84, 
5.91, 6.08 p .  These properties are consistent with the assigned 
structure of 4,4-diethyl- 17a-methylandrost-5-en- 17p-ol-3-one. 

Anal. Calcd. for C~IH&: C, 80.39; H, 10.68. Found: C, 
80.41; H, 10.43. 

Elution of the above chromatograms with 7.5 and 10% ethyl 
acetate in benzene afforded 4.21 g. of a solid. A sample of this 
compound was recrystallized from ethyl acetate. The pure 
compound was identified as 4-ethyl-17a-methylandrost-4-en-l7@- 
01-3-one by ultraviolet and infrared spectra and had m.p. 117- 
118", [ a ] D  +88.3", A,,, 251 mu (16,400), Amnx 2.94, 6.Ogl 
6.27 p. 

(31) The Floridin Company, Tallahassee, Florida. 

Anal. Calcd. for C2?H3a02: C, 79.95; H, 10.37. Found: 
C, 80.07; H, 10.35. 

Preparation of Steroidal [2,3-d]isoxazoles.-The steroidal 
[2,8-d]isoxazoles are listed in Table 11. The various methods of 
preparation of these compounds are described in subsequent 
methods A-E. FYith fen- exceptions the yield of these isoxazoles 
\vas greater than 60Yc. 

Method A.-To a solution of 0.01 mole of 2-hydroxymethylene- 
3-ketosteroid in 100 ml. of ethanol was added a solution contain- 
ing 0.01-0.011 mole of hydroxylamine hydrochloride in 2 ml. of 
water. The resulting solution was boiled 0.5-2 hr.3? Frequently 
the product crystallized on cooling the reaction mixture. In 
other cases the reaction mixture was diluted with water. The 
product was then isolated by filtration or extraction in the usual 
manner. 

Method B.-The above procedure was modified by the use of 
25 ml. of glacial acetic acid instead of the ethanol and solid hy- 
droxylamine hydrochloride was added. The reaction mixture 
was stirred and maintained a t  70" for 8 hr. 

Method C.-Method A was modified by the initial addition of 
0.0095-0.0098 mole of sodium acetate to the reaction mixture. 

Method D.--?*kthod A was modified as follows: The ethanol 
was replaced by ca. 25 nil. of glacial acetic acid and 0.0095-0.01 
mole of sodium acet,ate was dissolved in the aqueous hydroxyl- 
amine hydrochloride solution. During the reaction period the 
reaction mixture was maintained a t  its boiling point from 5 to 
10 min. In a few cases this procedure was altered by maintain- 
ing the mixture a t  70" from 4 t,o 6 hr.; no apparent difference in 
yield mas noted. 

Method E.-Method D was modified by increasing the amount 
of sodium acetate t o  0.012 mole. 

17p-Hydroxy-17a-methylandrostano [3,2-c] -5'-hydroxy-Az"- 
isoxazoline (VII) and 17a-Hydroxy-17~-methylandrostano[2,3- 
d]isoxazole (V).33-To a solution of 10.0 g. of 2-hydroxymethy- 
ene17a-methylandrostan- 17p-ol-3-one, m.p. 162-177", in 300 
mi. of et,hanol was added a solution of 2.09 g. of hydroxylamine 
hydrochloride and 3.88 g. of sodium acetate trihydrate in 10 ml. 
of mater. The resultant solution !vas boiled under reflux for 4 
hr. and then concentrated under reduced pressure to 50 ml. 
\Vater and ethyl acetate \\-ere added to the residue, the layers 
were separated, and the aqueous layer wm extracted with ethyl 
acetate. The combined organic solutions were dried (Ka?SOd), 
filtered and concentrated to a volume of 100 ml. The cooled 
solution afforded 2.58 g. of fine colorless crystals, m.p. 218-238". 
Several recrystallizations from ethyl acetate gave lip-hydroxy- 
1701 - methylandrostano[3,2 - c] - 5' - hydroxy - Az '  - isoxazoline 
as fine colorless needles (1.52 g.), m.p. 233-237" dec., [ a ] D  
- 138.5". Only end absorption was observed in the ultraviolet 
spectrum, A,,, 3.10, 3.44, 6.14, 6.19 p. 

Anal. Calcd. for C21H,3?J03: C, 72.58; H, 9.57; N, 4.03. 
Found: C, 72.80; H,  9.32; N, 3.98. 

The residue from the mother liquors of the preceding crystalline 
crop, m.p. 218-238", was chromatographed on 280 g. of silica gel 
pre-wet with benzene. The center fractions that were eluted with 

(32) The completion of the  reaction could be determined by a negative 
ferric chloride t e s t .  

(33) The preferred method for the  preparation of this isoxazole is given in 
Table I1 (Method D). The preparation of the  isoxazole by Method C is 
given in detail since i t  yields a separable mixture of products. These 
products are significant in tha t  they provide a n  insight into the  actual mode 
of formation of the  isoxazole. 

a See Experimental. Re- 
crystallized from acetone. d Prepared by treatment of the isoxazole with the acid chloride-pyridine, 24 hours a t  room temperature. 
e Recrystallized from methanol. Prepared by treatment of the isoxazole with an anhydride in pyridine, 24 hr. a t  room temperature. 

Recrystallized from ether. Calcd.: C1, 7.33. Found: C1, 7 70. ' Recrystallized from ethyl acetate. Method D afforded a 857, 
yield of the isoxazole plus a by-product identified as 17&hydroxy-17a-methylandrostano [3,2-c]-5'-hydroxy-A2-isoxazoline (see Experi- 
mental). Crude product subjected to chro- 
matographv on silica gel pre-wet with pentane; isoxazole eluted with 7 :  3 pentane-ether. wz Recrystallized from isopropyl alcohol. 

' Crude 
product subjected to chromatography on silica gel prewet with pentane; isoxazole eluted with 9:  1 benzene-ether. Also maxima a t  
282 and 287 mp, E = 12,500 and 12,500. Calcd.: C1, 7.36. Found. C1, 7.48. Recrystallized from ethanol. Hemiethanolate. 

Found: C~HEO,  5.97. Resolidified and remelted a t  161-163". 
Application of Method B afforded both the lip-hydroxy- 

androsta-4,6-dieno[2,3-d]isoxazole and its corresponding 17-acetate in a 1 : 1 ratio. The two isoxazoles were separated readily by 
chromatography on silica gel, pre-wet with pentane; the acetate was eluted with 19: 1 pentane-ether and the 17-hydroxyl derivative 
was eluted with 9 :  1 pentane-ether. Also maxima a t  244 and 
252 mr,  e = 3200 and 2700. respectively. bb Also 
maxima a t  243 and 252 mp, E = 2900 and 2500, respectively. 

Recrystallized from ethyl acetate; solvate obtained on recrystallization from methanol or acetone. 

' Preparation of the isoxazole by method C is reported in detail (see Experimental). 

Crude product subjected to chromatography on silica gel, pre-wet with pentane; isoxazole eluted with 19: 1 benzene-ether. 

Calcd.: C2H50, 5.79. 
17-(2-Tetrahvdropyranyl ether) derivative used as starting material. 

Resolidified and remelted a t  148-154". 

Also maxima a t  235 and 254 mp, E = 2900 and 2500, respectively. 
Also maxima a t  236, 245, 253 mp, E = 3400, 3000 and 2500, respectively. 
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!I: 1 benzene-ether amounted to 7 .52  g. of solid material which on 
recrystallization from ethyl acetatc afforded 4.29 g. of crystnls, 
n1.p. 168-172'. 

This compound was demonstrated to be identical with 178- 
hydroxy-1 7a-methylandrostano [ 2,341 isoxazole (reported in Ta- 
ble 11) by mixture melting point and infrared spectrum (A,,,,, 

I n  a similar experiment the ethyl acetate extract was concon- 
trltted to dryness. The total crude product was treated with cs- 
cess sodium methoxide in methanol for :< days at  room tempcmi- 
ture. After separation of the alkali-soluble a-cyanoketone by tho 
method of Johnson and Shelbergs the neutral portion from the re- 
:tction mixture was sllbjected to Chromatography 011 110 g. of silica 
gcl, pre-wet with pentane. Elution n-ith 19 : 1 benzene-ether gave 
a series of crystalline fractions. These were combined and rc- 
crystallized fr3m acetone. The pure 17p-hydroxy-lia-methyl- 
sndrostano[3,2-~]isoxazole (0.73 g.) formed triangular plates of 
imp. 171-172", [ a ] ~  +30.6", A,,, 223 m;l (3700). 

Anal. Calcd. for C ~ I H ~ I X O ~ :  C, 76.55; H, 9.83; 0, 0.71. 
Found: C, 76.52; H, 9.i9; 0, 9.35. 

The physical data reported hcre are in agreement with those 
reported for 17p-h~droxy-l7~-methylaridrostano[.7,%-c]isoxazolc 
by Marchetti and D ~ n e n i . ~ ~  On the other hand, the physical 
data (ie., [ a ]  +19, A,,, 228 mp) for this isoxazole which are 
reported by Zderic, et U Z . , ~ ~  suggest that  these workers h : d  a 
mixture. 
17,17-Dimethyl-18-norandrost-13-eno[2,3-d]isoxazole (11U.- 

A solution of 2-hydroxymethylene- 1ia-methylandrostan-176-01- 
%one (3.33 g.) in 25 ml. of glacial acetic acid was mixed with :i 
solution of hydroxylamine hydrochloride (0.70 g . )  in 5 nil. of 
glacial acetic acid. The resultant mixture u-as tioiled for 5 min., 
cooled to room temperature, and then diluted with water until R 

slight turbidity >vas apparent. Thr  mistrire was allowed to 
stand ovcrnight at room temperature. There resulted a solid 
precipitate (2.56 g.) which n-as collected h r  filtration and snli- 
jectcd to chromatography on 100 g. of silica pd, pren-et with 
pentane. Elution with bc>nzene afforded a crvstalline mass. 

2.94, 3.44, 3.53, 6.09, 6.20, 6.78, 6.91 p ) .  

Rcwystallization from methanol gave 0 98 g of colorless crvst:tls, 
m.p. 134-130",  ID -7 .8",  A,,,, 222 nip 15800). A ~ ~ ~ i s  6.08, 
C o n  - " n  
i .u, i .do p. 

Anal. Calcd. for C21H29NO: C, 80.08: H, 9.39; 0, 5.14. 
Found: C, 80.94; H, 9.39; 0, 5.20. 
17,17-Dimethyl-18-norandrost-13-eno[3,2-c]isoxazole (VIII). 

-(a) A solution of 0.50 g. of 17phydrosj -17a-methylandrostario- 
[3,2-c]isoxazole and 1 ml. of 3 S c+here:tl hydrochloride soliitioii 
in 15 ml. of glacial acetic acid !vas subjectid to reflux for 7 min. 
Dilution with water gave a crystalline precipitate (0.41 g., 1ii.p. 
110-112°); recrystallization of the dried precipitate from mcth- 
anol gave 0.15 g. of colorless prisms, m.p. 112--116', [ala -10.4. 

6.21, 7 .23 ,  7.37 ultraviolet spectrum revealed no absorption 
above 220 mp). 

Anrrl. Chlcd. for C ? I H ? ~ S O :  c', 80.08; 13, 9.39; 1, 4.50. 
Found: C, 81.12; H, 9.43: X, -1.36. 

(b) .A solution of 17p-hpdroxy-l7~-methplandrostano[3,2-~1- 
5'-hydroxy-A2'-isoxazoline (2.50 g. ) and 3 .IT ethereal hydrochloride 
( 5  ml.) in 60 ml. of acetic acid n-as boiled for 5 min. Work-up of 
the reaction mixture in the same manner as descrihrd above g n w  
an excellent yield of the isoxazole. m.p. 115-117': identical v-ith 
that  prepared by method (a).  

17P-Hydroxy-17a-methylandrostano [3,2-c] -5'-acetoxy-~1~'- 
isoxazoline (VII).-A solution of 10.0 p. of 17p-hydroxy-17a- 
methylandrostano[3,2-~]-5'-hydros~-~?'-isosazoline and 7.5 rill.  
of acetic anhydride in  100 ml. of pJ-ridine was heated on the steam 
Iiath for 1.25 hr. The reaction mixtiire was diluted with 1 1. of 
water and extracted with ether. The ethereal extract was dried 
(Na?SOd) and evaporated to  drvnms i n  z'acuo. The residual oil 
( 1  1.2 g . )  was dissolved in :30 nil. of ether. On standing the solu- 
tion deposited 2.21 g. of colorless needles, m.p. 166-172". Tho 
residual material from the mother liquor was subjected to chronia- 
tography on 360 g. of Flor id .  Elution with 7 :3  pentane-ether 
gave several crystalline fractions. The center fractions wmr 
combined (3.12 g.) and recrystallized from rther. There \%-as 
obtained 2.66 p. of colorless riccdles, m.p. 170-173". The mcJlt- 
ing point of t,his compound x i s  not depressed on admixture n-ith 
tho above crop (2.21 g.1. Rwryst:illization from ether gave thv 
pure acetate as needles, m.p. 169-170", [ a l l )  -269.2', A,,,. , 

Anal. Calcd. for CY,FI,SYOJ: (7 ,  70.92; H, 9.06; X, ;3,(iO. 
2.81, 3.45, 5.69, 6.90, 8.24 p. 

Found: C, 71.07, €7. 8.01; Y-, :345, 

176- (3-Cyclopentylpropionoxy)androstano [ 3,2-c] isoxazo1e.-To 
n, solution of 5.93 g. of 17p-hydroxyanclrost:illo[8,%-c]isoxa~ole~~~ 
in 100 nil. of pFriciinej 6.0 g. of 3-cyclopeiitylproI)ioiiyl c l~ lor i t l~~  
was : d d d  tlroptvisca with stirring. After 18 Iir. at rootii t , c s t i i i ) t m -  
ture, thc reartion mixture was pourcsil into 1 I .  of \vatcJr. . \  
yt,llo\v gum siq):tr:itixl. The misturc. \v:ts (uitr:Lctcd I\ irh 1 : 1 
ether-tJenzcne. Thc coinbined orgaiiic hyws \\-ere w:ishwl I\ itli 
water and drictl (SaaSUr). Thc~ residue, obtained on evaporatioii 
of the solvont, wzis tlissolvetl in l~ennoie m d  filtcrred throtigh 30 
g. oi silira gel. The column \vas \ v d i ( d  with 10 : 1 btriizc~Iir~-ctlit~l.. 
The combined fi1tratc.s mwe cvaporatcrtl. 'Tliia solid rcsitiuc \v:m 
recrj-st:tllized from methanol to yield 6.27 g. of p d c  yellow neetllos. 
111.1). 155-1363. 'rlirec~ recr~st,rtllin:itiorts from nit~th:inol allfor(l(vl 
the purc c s t w  :is colorless needlcls, 111.p. 154-15(in, [ " I )  -+:l.i.X". 

. C'alctl. for ('.pH,ISOa: C ,  7f j ,4!) :  II: 9 .40;  S,  :3.1!). 

17-Ketoandroetano [2,3-d] isoxazo1e.--A solution of 7.21 g. of 
17B-tiydrosyandrostano [2,3-d] isosazolc in 250 1111. of p1aci:il 
acetic acid was cooled in :in ice txtth. 1V:tter (cn. 18 1111.) was 
a ~ l ~ l ~ ~ i l  uritil the solution tlcvc~lopc?tl n, slight turbidity. Thcrc was 
addrd dropwiw a solution oi  2.:3 y .  of chromium trioxide in 2 mi. 
of \rater. Thv solution was mixed thoroughly and then :illowed 
to tvarrn up  to rooiii tc~mperature over a ptrriod of 2 hr. Ethanol 
W:E n,ddxl to cleconiposc ( w c s s  chroinium trioxide. After dilii- 
tion Xrith wat,t:r :inti p:irti:Ll concmtration of thc mixture untior 
reduced prwsiirc. the  crutic product \ v a ~  iso1:itctl 1)y filtration 
and mashcd with rvuter. Thcl p:de grwn solid \viis recryst:tllizcvl 
from chioroforin. 'l'hc~rr TI-:as oi~t~:iiriod (j.47 g. of colorlrss rhorri- 
hoids. m . l i .  ]!I2 -108'. 1~'iirthcr recrystallization iroiii c~tliyl 
acrtntc garc thc :Lnalytic:il samplc :LS rolorlesp roils, tn.p. l!lX .: 0 1" 
IcY!ii f 135.1. A,,,;,, 227 (4800). 

. I r i c l / .  <':ilcd. for ('~UH2;X02: C, 76.64; 11, 8.68; S, 4.47. 
Foiind: C .  7(i.%: 11, 8.7:3: S ,  4.35. 

17-Ketoandrost-4-eno [2,3-d]isoxazole.-Treatment of l i d -  
1-i~droxyandrost--l-eno [2,:3-d] isoxazoln (6.53 g. j in  the alJO\.? 
clwcrihed in:~nrier gavo tlica t i t k  compound in a 33"; yield :is 
colorliw, fin(. prism in.]>. 24'7--246", [ N ] U  +300.2, A,,, 2% 

. I n i t / .  C'alcd. f o r  (::oH?sSOr: C, 77.13; H, 8.09; S, 4.*70. 

2a-Cyano-4,4,17~-Trimethylandrost-5-en-l7~-0~-3-one.- 
l-nder anh>-tlroiis conditions, :L stirred solution of 11.7 g. of 
1 7p- hydroxy-.l..i. I icu-triniethylandrost-5-pno [2,:Ld]isoxazol(: iri 
90 inl. of tetrahyclrofriraii (distiilcd from calcinni hydride) wlts 
l,rc.:lt,ed with 3.0 g. oi  powdered socliuni inethoxicic.. The rii- 
siilting solutioii \\-:E stirred :it rooin temper:ttiire for 1 hr. 1)i ir in~ 
this i)cv-iotl t l i v  sodiiiin salt of thc, 0-cyanokc~tone procipitatcd. 
Et1ic.r (200 nil.) :i t i t1 \\-:tt(lr (250  11i1.i  \wre atlded to the rcact,ioii 
Iiiistlirc, : ~ n t l  after :t thorough niising idiich dissolved any solid 
iii:iti$ri:tl I)rcwiit,, the :iqiwoas l:ty(hr \ \as separated. Thc c~thcr 
I a y c ~  \v:is \\-:ish(d ag:iiii xvith IO0 1111. of v:itclr. T h c b  coiiit)incd 
:rclllcioiis I:t\.iirs n-rrc, :i.ritlifitd T\ ith a slight e x w s  of ailiiwiis 
hytlrochloric :tcid i 1 : I 'I : i t  room tcinpc~rntiirc~. Thtr solid prca- 
cipit:itch \v:is c o i l ~ ~ ~ t c ~ t l  I ) ?  filtration :and w a s h d  n 3 h  n-atcr. Thv 
crudc product i I I .;i g. 1 1i;rtl ni.1). 21'5--2:30°. I~ecrZ.Pt:tllizstion 

3 n1;1 i:3!,00~. x:,,,~x:3.-14, 5.82, 6.22? 6.91, 8.47 p. 

F o ~ n d :  C, iCt.l!l; 11, 9.14: S, :3.2Q. 

4:3< ; < . 5 l ,  5.75, 6.1;3, 6.23, 6.78, 6.91 p .  

Fo i i~ i t l :  ( ' , i(j.87: €1, 7.8.4: S. 4.31. 
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2a-Cyano-4,4-dimethylandrost-5-en-17~-ol-3-one, recrystal- 
lized from isopropyl alcohol, m.p. 215-218', [ a ] ~  -23.5', 
A,,, 238 mp (7500). 

Anal. Calcd. for CzzH81xo2: C, 77.37; H, 9.15; N, 4.10. 
Found: 
2-Acetylandrostan-174-ol-3-one 17-Acetate.-In a flask with a 

mechanical, glass-blade stirrer, a gas-inlet tube; an addition 
funnel and a plug of cotton, Mere placed 9.6 g. (9.2 ml., 0.16 mole) 
of glacial acetic acid and 50 ml. of dry ethylene dichloride. The 
flask mas immersed in an ice bath and a stream of anhydrous 
boron trifluoride was passed into the mixture until it Jvas com- 
pletely saturated as evidenced by the separation of the solid 
acetic acid-boron trifluoride complex and escape of boron tri- 
fluoride fumes above the cotton plug. To the mixture was added 
rapidly a solution of 11.60 g. (0.040 mole) of androstan-17p-ol-3- 
one and 12.2 g. (0.12 mole) of acetic anhydride in 100 ml. of 
ethylene dichloride. Stirring and addition of boron trifluoride 
were continued until resaturation was achieved. The gas entry 
tube was removed and the solution was stirred in the ice bath for 
30 min., and then for 4 hr. a t  room temperature. The clear, 
dark orange colored solution was poured into a solution of 60 g. of 
sodium acetate trihydrate in 400 ml. of water. The ethylene 
dichloride N as distilled and the residual heterogenous mixture was 
refluxed for 45 min. After cooling in ice, the yellow-broJvn solid 
was filtered, washed thoroughly with a ater, and pressed dry. 
The wet solid was suspended in 200 ml. of methanol, 23 ml. of 
3570 aqueous sodium hydroxide solution was added, and the 
mixture was stirred until the solids had completely dissolved. 
After the mixture had stood for 1 hr. a t  room temperature it was 
diluted with water, acidified with glacial acetic acid, and the 
methanol was removed in vacuo. The resulting suspension of gum 
was extracted with methylene dichloride and the extracts were 
washed with water, dried over anhydrous sodium sulfate and 
evaporated to dryness zn vacuo, yielding 14.76 g. of a brittle resin. 
The latter was dissolved in a mixture of 20 ml. of dry pyridine and 
25 ml. of acetic anhydride and the solution was heated on the 
steam bath for one-half hr. The solution was quenched in cold, 
dilute sulfuric acid solution and the precipitated material was 
filtered, washed thoroughly with water and dried a t  40" zn vuczco. 
The crude acylated product was dissolved in hexane and chroma- 
tographed on 500 g. of silica gel prewet with pentane. Elution 
with 207, and 307, ether-pentane mixtures gave a total of 8.95 
g. of the title compound. On recrystallization from acetone, an 
analytical sample was obtained which had m.p. 183.0-184.6", 

The compound gave a deep purple-brown color with ferric chlo- 
ride. 

Anal. Calcd. for C23H3404: C, 73.76; H, 9.15. Found: C, 
73.80; H, 9.55. 

The pyrazole derivative, which was prepared in the usual 
manner,2 showed m.p. 254-263', [ a ] ~  +41.7', A,,, 224 mp 
(5300). 

Anal. Calcd. for C23H3dS202: C, 74.55; H,  9.25; 0, 8.64. 
Found: C, 74.25; H, 9.06; 0, 8.90. 

Continued elution of the above chromatogram with a 407, 
ether-pentane mixture gave a total of 4.15 g. of a second product 
melting a t  141-181". The latter compound gave a negatzve 
ferric chloride test and crystallized from absolute ethanol in 
clusters of long, thin needles, m.p. 170-171°, resolidified and 
remelted a t  177.0-178.0", [ a ] ~  +59.2", A,,, 240 mp (8900), 

Anal. Calcd. for C25H36O6: C, 72.08; H, 8.71. Found: C, 
72.15; H, 8.63. 

Since this compound exhibited properties expected of an enol 
acetate, it r a s  assigned the structure 3-acetoxy-2-acetylandrost- 
2-en-17~-ol-17a-acetate. Saponification of the 17-monoacetate 
or the enol diacetate by means of methanolic potassium hydroxide 
solution (1 hr., room temperature) gave 2-acetylandrostan-17p- 
01-3-0ne as rosettes of flattened needles (from an ethyl acetate- 

C, 77.00; H ,  9.10; N, 4.02. 

[ a ] D  +39.4, A,,, 290 mp (9100), Amax 5.76, 6.15-6.25, 8.02 p. 

A,,, 5.69, 5.72, 6.01, 6.07, 7.96, 8.26 p .  

heptane mixture), m.p. 149.6-154.0", [a]D $62.3". The com- 
pound gave an intense purple color with ferric chloride. 

Anal. Calcd. for CnlH32Oa: C, 75.86; H, 9.70. Found: 
C, 75.92; H ,  9.42. 
2a-n-Butyrylandrostan-l7fl-ol-3-one.-A mixture of 24.0 g. of 

androstan-lip-ol-3-one, 40 ml. of dry pyridine and 70 ml. of 
redistilled butyric anhydride was heated on the steam bath for 
45 min. The yellow mixture was poured into a solution of 75 g. 
of sodium bicarbonate in 1000 ml. of water and the heterogeneous 
mixture was vigorously stirred for 2 hr. The insoluble solid was 
filtered, washed thoroughly with water and air-dried. Recrystal- 
lization from 150 ml. of hexane gave a total of 25.4 g. of andro- 
stan-17p-ol-3-one 17-butyrate, m.p. 98-100". 

The boron tiifluoride-catalyzed acylation was carried out as 
described above for the "acetyl homolog, using 27.7 g. (0.0768 
mole) of androstan-17p-ol-3-one 17-butyrate, 24.3 g. (0.154 mole), 
of butyric anhydride, 27.1 g. (0.307 mole), of butyric acid, and 
proportionate increases in the other reagents. The product from 
the sodium hydroxide-methanol saponification was an orange- 
brown crystalline solid (27.5 g.), m.p. 105-130". The crude 
product was chromatographed on 500 g. of silica gel pre-wet with 
pentane. After preliminary elution with 5-207, ether pentane 
mixtures, elution with 25% ether-pentane gave a total of 25.1 g. 
of crystalline product. Recrystallization from ethyl acetate 
gave material melting a t  130.8-132.8", LTith but little loss. 
The m.p. was unchanged on further recrystallization from meth- 
anol. The compound formed white prisms v i th  [ a ] ~  +55.8", 
A,,, 290 mp (9500), A,,, 2.80, 6.21 p. The ferric chloride test 
gave an intense purple color. 

Anal. Calcd. for C23H3603: C, 76.62; H, 10.07. Found: C, 
76.70; H, 10.10. 

The pyrazole derivative, which was prepared in the usual 
manner,2 showed m.p. 169-172", A,,, 224 mp (5800). 

Anal. Calcd. for C&36N20: C, 77.48; H, 10.18; N, 7.86. 
Found: C, 77.38;  H, 10.20; N,  7.84. 

17p-Acetoxyandrostano [2,3-d] -3'-methylisoxazole and 170- 
Hydroxyandrostano [2,3-d] -3'-methy1isoxazole.-A mixture of 
3.32 g. of 2-acetylandrostan-17p-ol-3-0ne and 9.73 g. of hydroxyl- 
amine hydrochloride in 25 ml. of glacial acetic acid was boiled 
for 10 min., cooled and diluted with water. The solid precipi- 
tate was collected by filtration and subjected to chromatography 
on 200 g. of silica gel, pre-wet with pentane. Elution with 1 :4 
ether-pentane yielded 1.21 g. of solid material, m.p. 180-190'. 
Recrystallization from methanol afforded 170-acetoxyandrostano- 
[2,3-d]-3'-methylisoxazole as slender needles, m.p. 189-195', 

Anal. Calcd. for C23H33N03: C, 74.36; H, 8.75; K, 3.77. 
Found: C, 74.32; H, 9.34; iY, 3.73. 

Continued elution of the above chromatogram with 2:3 ether- 
pentane yielded 2.07 g. of crystals, m.p. 176-204". Recrystal- 
lization from ethyl acetate afforded the 170-hydroxy derivative 
as large flat needles, m.p. 209-220", [ a ] ~  +56.4', A,,, 227 mp 
( 5500). 

Anal. Calcd. for C21H3,?;02: C, 76.55; H, 9.48; X, 4.25. 
Found: 

17p-Benzoxyandrostano [2,3-d] -3'-propylisoxazole.-A mix- 
ture of 3.60 g. of 2a-butyrylandrostan-lifl-ol-3-one, 0.73 g. of 
hydroxylamine hydrochloride and 1.29 g. of sodium acetate 
trihydrate in 50 ml. of ethyl alcohol was boiled for 2 hr. and then 
poured into ~ a t e r .  A gummy solid precipitate resulted. The 
crude product was chromatographed on 150 g. of silica gel, 
prewet with 1:  19 ether:pentane. Elution with 3:7 ether- 
pentane gave 3.10 g. of a resin. Treatment of this resin with 3.0 
g. of benzoyl chloride in pyridine for 16 hr. a t  room temperature 
and subsequent work-up in the usual manner afforded a crude 
crystalline product. Recrystallization from methanol afforded 
2.47 g. of colorless needles, m.p. 199-203", [ a ] ~  +82.4, A,,, 22'3 
mp (20500), 268 mp (820),  272 mp (930). 281 mp (730). 

Anal. Calcd. for C30H39Y03: C, 78.05; H, 8.52; X, 3.03. 
Found: C, 78.31; H,  8.77; N ,  3.03. 

[a]D +35.2'. 

C, 76.33; H,  9.41; N, 4.14. 


