
:how stabilizing effect a t  any concentration. I J ~  tliih 
sense vitamin .I. l i  phenothiazine t r anqu i l i~c r . , 9~~~~  1oc;il 
:mbthetics,18a alcohols, and steroid;.1811 :ire rionspecific. 
hemolysins. 
tcroric to bt. :I rionsperific hem015 siii. I'olyrric~ i i i i t i -  

biotics and haponiris, on tht> othcr h:iii(l, : i i ~  cxiniplr~-  ot 
.pecific ht.molj m i .  

l l i i i  is i n  agrernieiit ~ i t h  this prewi t  datri, nhich 
show the influencf of the lipophilic character 011 thtl 
hemolytic :Lctivity of nonspecific hemolysin+ -uch ;I+  

testosterone ebteri The lipophilic churactrr should 
wert  its etfect d s o  111 the  c of specific hthinolybiiii. 

T n  particular Swniati'hl~ ronsidm1d t 

- 7  

Steroidal Heterocycles. XI1l.'d 
4cu,5-Eyoxy-5~androst-2-eno[2,3-d]isoxazoles and Related Conipouncls 

Several compounds described iii this paper, which 
were prepared as p u t  of a continuing program in thew 
laboratories involving the preparatioii arid reactions of 
steroidal heterocycles,Ia were found to inhibit adrenal 
cortical function. Jt'e have used them in attempts :it 
molecular modification which has played such an im- 
portant role in the developmerit of better nrid safer 

htidrosta-%,G-dieno [%,3-r2]isosnzol-li~-ol (la) ~ 011 

t,rratnient with either peracrtic or perphthalic acid i r i  

C16H6, consistently \.ielded a inisturr of 4cr,,ky)oxy-.5a- 
androst-%-en0 [%,~-rl]isoxazol-liB-ol (2aj with starting 
material in a ratio of approximately 1 : 2.  Ho~vever. 
when a solution of isosazole la in CHCl, or CHaCl2 11 
treated x i th  either permaleic acid4 or m-chloroper- 
benzoic acid5 in the presence of a small amount of pyri- 
dine, 2a was obtained in SO-90c{4 yield. 

1 r w t  nic I I t of 1 CY,  .i-r.posj.-.i ~~-:iridi*ost -2-rai io [ 2 ,  :-;-(I 1- 
isoxnzol-li@-ol actltntc (2b) wit.11 aq A\Ir2CO--HnS0, 
yit~ldrd 5a-androst-:! -t21io [ % , 3 - t 7 ] i s o s : ~ z o l ~ - ~ ~ , ~ ~ l i ~ -  

tlrugs. 

r ,  

111 la) I'aper M I :  T. C.  Miller, J .  ~ f d ~ r o r ! ~ d .  C ' h u n ~ . .  3, 338 r l O t i t i ) :  (I), 
. \ lbanr  Medical Center Hospital, Albany. S .  Y. 

(2) I t .  0. Clinton. A. J .  l lanson.  F. \r. Stonner, 11. C:. Stwmann, t1. (;. 

('!iristiansen, R .  I,. Clarke. J. H. Aokrrrnan, I ) .  F. Page. . I .  I\'. I)ean, \V, 13. 
])irkinson, and C y .  Carahatraw, J .  9 m r r .  Cl i rm.  S O C . ,  83, 1478 (1961); I:. 
('liancr. "Amino .\rids, I'rotPinv, an<] ('nncer Iliochemisiry," .J. T. I<dsall. 
13 . -  LArademir, New York,  N. Y., 1960, I, 101; 1.. 1,. Engel. ,I.  AI. S t d T y n  
and .I. F. Scott, "Hormonal Steroids," Val .  1 ,  I,. Martini and .\, Peril,-. 
Ed., Academic, New York, N. Y., 1964, p 291: 15. Fisher, J. C. Sheehan, 
el al.. Aduon. Chem. Ser. ,  46, 1-223 (1964); and other similar reviews. 

(3) A.  J. Blanson, F. W. Stnnner, H. C. Seumann,  R. G. Chriatiansen, 
Robert L. Clarke, J. H. Ackerman, D. F. Page, J. \V. Dean, D. I<. Phillips, 
C. 0. Potts, A .  Arnold, A .  1,. Beyler, and R.  0.  Clinton, J .  N e d .  Chem., 6 , ,  
1 ll<l6.3). 

( t i  11. I\, \vllite a n d  \v. 1 ) .  xiumonn, ~ ' d r , 8 / ! e d r o ! ~ ,  1'7, :$I rl$Jti2), 
1.7) 'rer.Iinira1 1)ata. F l l ( '  (yorp. 13 in (1963): L. 1'. I'ieser an,] AI .  

I ' i twr.  "Reagents for Organic S, ntlie. \\.iley. Nr\v 1-ork. K. Y,, lYBi. 
p I%?. 
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OH 
5 

a. R = OCOCH >; R’ = H; R” = H 
b. R = OCOCH >; R’ = H: R” = OCOCH, 
c. R =OH; R’ =CH,; R = H 

R 

7 8 

CJ&,-EtlO was subjected to treatment with either 
B1,’3-Et20 or HF,6 unchanged starting material was 
recovered. 

Treatment of 5a with CrOs yielded 5,178-dihydroxy- 
3a-androst-2-eno [2,3-d]isoxazol-4-one 17-acetate (6a) 
which on treatment with pyridine-SOC12’ yielded S570 
of 17P-hydroxyandrosta-2)5-dieno [2,3-cl]isoxazol-4-one 
17-acetate (7). 

Ring opening of the isoxazoles 2a and 2b in the pres- 
ence of SaOMe yielded 4a,j-epoxy-3,17p-dihydroxy- 
3a-androst-2-ene-2-carbonitrile (3a) and its 17-acetate 
3b, respectively. 

The nmr spectrum of 3b in CDC1, exhibited 2 peaks 
of about equal intensity at  102 and 104 Hz, attribut- 
able to the C-19 Me, indicating the presence of approxi- 
mately a 1 : 1 mixture of the keto-enol tautomers 4b and 
3b. I n  deuteropyridine, the nmr spectrum indicated 
the presence of only the enol 3b. 

I n  view of the interesting biological activity of 3a, a 
number of structurally related compounds, varying only 
at C-17, were Iireparrd using procedures similar to 
those described above. These compounds and their 
derivatives are listed in  Tables I, 11, and 111 below. 
In  the case of the hemisuccinate isoxazole 2e, treatment 
with SaOMe in dry THE’ led to the precipitation of its 
S a  salt before ring opening to the cyano ester deriva- 
tive 3e was affected. Upon addition of H20 to the 
waction mixtun. there was obtained a mixture of un- 
rcacted starting: compound 2e :tiid cyario alcohol 3a. 
However, when KO-t-Bu in dry THE’ was used, a 40% 
yield of the cyano ester 3e was obtained along with 
starting compound 2e and cyano alcohol 3a. 

Hydroxylic solvents (alcohols) had to be avoided for 
the recrystallization of 2-cyano-3-keto steroids in view 

( 6 )  J. Fried and E. Sabo, J .  Amer. Chem. Soc., 79, 1130 (196;). 
( T )  S Bernstein, R .  H Lenhard, W. S. .411en, ,\I Heller, R. Littell. 

L S Feldman, and R. H. Blank, zbzd.,  78, 5693 (1956). 

of poor yields presumably resulting from decomposition 
(an HCN-type odor was usually noted). The nature of 
the decomposition products has not been investigated, 
but the uv spectrum of a solution of 3a in EtOH showed 
a decrease in the absorption maximum (E) from 8100 to 
7000 on standing at 25” for 3 days. During the same 
period, a study of this solution by tlc showed almost 
complete disappearance of the original 2-cyano-3- 
ketone and appearance of several new spots. 

Biological Evaluation.-Certain members of this se- 
ries of compounds blocked the corticotrophin- (ACTH) 
induced catabolic and thymolytic responses of cas- 
trated male rats. It is well established that treatment 
with ACTH results in an increased excretion of X in the 
urine and a reduction in the weight of the thymus and 
that these effects are brought about as a result of an in- 
creased output of corticoids by the adrenal cortex. 
The presumptive evidence that the epoxy steroids were 
exerting their effect a t  the level of the adrenal cortex 
was based substantially on their inability to block the 
catabolic and thymolytic effects produced by cortisone 
acetate in adrenalectomized-castrated male rats. 
Adrenal blocking activity was determined using a modi- 
fication of the method of Beyler, et aL8 Male rats of 
the Sprague-Dawley strain weighing 90-100 g were 
castrated. One week postoperatively the rats were 
given daily weighed portions (15 g) of coarsely ground 
laboratory chow-. Tap  water was provided ad libitum. 
After a 4-week equilibration period the rats mere placed 
on an overnight fast, then transferred to iiidividual 
metabolism cages for a 24-hr experimental period dur- 
ing which time free access to H20 but no feed was per- 
mitted. ACTH (45 I.U./rat) was administered as 3 
subcutaneous injections evenly spaced over the first 
8 hr of the 24-hr experimental period. The steroids 
were administered sc a t  either 30 or 60 mg/kg con- 
currently with the ACTH. Urine collections (24 hr) 
were analyzed for S content by a micro-Kjeldahl pro- 
cedure. At the end of the 24-hr period the rats were 
returned to their individual cages, placed on a daily 
ration of 13 g (as above) and held for autopsy 4 days 
later. At autopsy, the thymus was recovered and 
weighed on a microtorsion balance. The percentage 
inhibition of the ACTH-induced Iz’ excretion in the 
urine and thymolysis were used to assess adrenal block- 
ing activity. 

It can be seen from Table IT’ that  sc administration 
of 4a,5-epoxy - 17p- hydroxy-3-oxo - 5,- androstane -2a- 
carbonitrile (4a) a t  30 mg/kg completely inhibited the 
.%CTH-induced urinary X loss and thymolysis. De- 
rivatives of 4a with changes a t  position 17, such as the 
acetate 4b, lia-methyl (4c), l7a-ethinyl (4d), hemi- 
succinate (4e), vary in degree of lipid and water solu- 
bility, but possess marked adrenal blocking activity. 

Experimental Section 
All melting points are corrected and were taken in a Hershberg- 

type apparatus. Except as noted, optical rotations were de- 
termined in CHC1, a t  2j0,  c-l. Uv were determined in 9570 
EtOH (Cary 15)  and ir in KBr disks (Perkin-Elmer 21). Nmr 
spectra were measured with MerSi m internal standard (Varian 
A60) in CDC1, unless otherwise stated. Where analyses are 
indicated only by symbols of the elements or functions, analytical 

(8 )  .&. L. Beyler, C,. 0. Potts and D. F. Burnham, First International 
Congress of Endocrinology, 1960, Abstracts, pp 829-830. 
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rehultn obtained for thost, elemelits I)I' fiiiic~iiciiic w e i ~  withiii 
10.45;  of the theoretical value*. 

The authors are indebted to Dr. Rudolph K. Kullnig and staff 
for spectral determinations and hIr. K. TI. Fleisrher and staff f o r  
analytical services. 

The steroidal [2,3-d]isoxazoles used as starting material for the  
preparation of the compounds described in this paper were re- 
ported by Manson, et a1.3 

Androsta-2,l-dieno [2,3-d] isoxazol-l7$-ol Hemisuceinate ( le  ). 
---A solution of androsta-2,Pdierio [2 .3-d]  isoxazol-lTp-ol ( l a )  
(-24.9 g)  and succinic anhydride (10 g) iii pyridine (200 ml) \\:I> 

kepi $11 room temperatiire for 2 d:iys> heated iii a $team baih for  
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TABLE IV 
PERCF:NT.IG:F; ISHIBITION OF ACTH-INDUCED 
URINARY XjITROGE?i LOSS 4 N D  THYMOLYSIS 

7" inhibition of ACTH-induced 
Urinary 

Dosen nitrogen 
so. Ing 'ky Thymolysis loss 

2a 30 0 0 
2b 30 0 0 
2c 39 0 0 
.ib 
4a 8 0 100 100 
.,:1 30 0 0 
6b 3 1  0 0 
.IC 33 0 0 

30 0 0 
2d 3 0 0 0 
G C  3 0 0 0 
2f XO 0 0 
41, 30 84 100 
4c 30 100 98 
4d 30 100 61 
x 30 61 100 
le  30 0 0 
%e 
4e 60 J 7 100 

- 

11 Seven rats per group. 

a stirred, ice-cooled solution of permaleic acid prepared from 
maleic anhydride (10 g )  and 88% HsO29 (2 .5  ml) in CHzClr 
(300 ml).4 The clear, cold solution was treated with 10 drops of 
pyridine and allowed to stand at  5' for 16 hr. I t  became turbid 
as maleic acid settled out. The excess peracid was reduced with 
SatSOs solution and the mixture washed with S a H C 0 3  solutioii, 
dried (lIgSo,),  and concentrated to a small volume. EtOAc was 
added aiid the solutioii again concentrated and cooled to give 
18.3 g of 2a mp 203-210". A small sample was recrystallized 
(EtOAc) to mp 205-207". ilnal. ( C ~ O H ~ ~ N O ~ )  C, H, X. 

The follouTing examples illustrate the procedures used for the 
preparation of the 4@,3-diols (Table 11) and subsequent chemical 
changes carried out at those positions. 

5~-Androst-2-eno[2,3-d]isoxazole-4p,5,17@-triol 17-Acetate 
(Ba).-To a stirred slrirry of 2b (3.3 g)  in ;IleiCO (50 ml) was 
added 2 5 5  I12S04 ( 5  ml) and stirring was continued for 2 hr 
during which time a clear solutio11 formed followed by formation 
of a precipitate. The mixture was diluted with H2O and filtered 

(9) H202 (90%) of varying age was used, titrated before use. I t  Iyas not 
used if assay had dropped below 75%. 

to give 2.5 g of crystals, mp 283-287" dec, contaminated by what 
probably Wac: the A4 compound (not isolated). Recrvstallization 
yielded 1.18 g of 5a, mp 283-284" dec (DBIF-HlO). Anal. 
(CuHsiXOi) C. H. S.  

Treatment of 5a with Ac2O-pyridine yielded the corresponding 
4p-acetoxy compound 5b, mp 309-312" dec (dioxane-CHCla). 

5,17p-Dihydroxy-5~1-androst-2-eno [2,3-d] isoxaz 01-4-one 
17-Acetate (6a).-To a stirred, ice-cooled sollition of 5a (4.56 g)  iii 
glacial AcOH (LO0 ml) was added a soliitioti of CrOs (1.25 g) in 
H i 0  (5  ml). Cooling was discoiitinued, EtOH (2 ml) v a s  added 
after 2 hr, and the solution was conceiitrated in vacuo to a small 
volume. On addition of HIO, crystals precipitatcd which, on 
crystallization from EtOAc, yielded 1.3 g starting compound 5a. 
The mother liquor was evaporated to  dryiiess in L'acuo and the 
residue chromatographed on Si02 (ZOO g)  to yield on elution with 
3% EtO.kc in CaH6, 1.16 g of 6a; mp 229-248") recrystallized 
to  mp 241-246' (lIe013). Anal. ( C ~ ~ H U S O ~ )  C, H,  S.  

17B-Hydro~yandrosta-2~5-dieno [2,3-d] isoxazol-4-one 
17-Acetate (7).--4 cold solutioii of 6a (0.95 g) iii pyridine (20 ml) 
was slowly added to a cold solution of SOC1, (1.0 ml) in pyridine 
(20 ml) n i th  stirring. A H2O and ?r'aHCOa solution was added 
after 2 hr and the resulting precipitate was filtered and washed 
with HzO to give 0.75 g of crystals. Recrysallization yielded 0.70 g 
of 7, mp 244-245' (lIe2CO). i lna l .  (C,UHZ;SO~) C, H ,  S.  
The follon-ing two examples illustrate the procedures used for 
the preparation of the 3-hydr0xy-~~-2-carboiiitriles.~ 

4u,5-Epoxy-3,17~-dihydroxy-5a-androst-2-ene-2-carbonitri~e 
(3a).-To a stirred solution of 2a (23.1 g) iii dry tetramethyl- 
urealo (400 ml) under S2 was added SaOXle (8 g). After 16 hr, 
Et20 (500 ml) was added and the resultiiig S a  salt wai filtered 
and washed with Et2O. The salt was dissolved in HzO n i th  ,:light 
warming and dilute HCI n-as added dropwise until precipitation 
ceased. The solid was collected and washed with HrO to give 
22.8 g of white powder. Recrystallization yielded 13.1 g of 3a, 
mp 2d8-270" dec (DMF-HZO). Anal. (CZOH~TKOS) C, H,  S.  

4~,5-Epoxy-3,17@-dihydroxy-5~-androst-2-ene-2-carbonitrile 
17-Hemisuccinate (3e).-To a stirred, cooled sohitioil of 2e (10 
g)  in T H F  (200 ml) under SI was added KO-&Bit (5.6 g). The 
resulting slurry was stirred at  room temperature for 16 hr, Et20 
was added, and the K salt n'as collected and washed with Et20 
and THF.  A solution of the K salt, in H2O (300 ml) was treated 
successively with excess NaHzPOl solution and dilute HC1 (10 
ml) to give, on filtration, 3.96 g of cryst,als, mp 140-162'. Ex- 
haustive crystallization yielded 40 mg of 3e, mp 1 0-157' 
(Xe2CO). Anal. (C24H3,X06) C, H, N. The  recrystallized ma- 
terial was contaminated by a trace amount of 3a; the bulk of the 
material containing greater amounts of 3a according t o  tlc. 

Anal. (CiaH33XO6) C, H, S. 

(10) John Deere Chemical Co., Pryor, Okla. Dry T H F  was used in all of 
the other preparations. 


