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above stabilizing effect at any concentration. In this
sense vitamin A,'7 phenothiazine tranquilizers,® = local
anesthetics, 8 alcohols, and steroids™ are nouspecific
hemolysins.  Inparticular Seeman™ considercd testos-
terone to be w nonspecific hemolysin.  Polyene anti-
bioties and saponins, on the other hand, are examples of
speeific hemolysins.

This 15 in agreement with the present datn, which
show the influence of the lipophilic character ou the
hemolytic activity of nonspecific hemolysius such ax
testosterone esters. The lipophilie character should
exert its effect also in the case of specific hemolysins.

(17) L. AL Luey and J. T, Dingle, Natuve London), 204, 156 119641,
(18) (1) 1. Seeman, Biochem. Pharmucvl., 18, 1753 (19661: (L) 741d., 18,
1632 (1966).
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In fact 1t should influence the penetration to their site
of actionr.

Finally, Milborrow and Williains' reeently mas-
amined Collander’s contribution on the penetration ol
Nitella cells by nonelectrolytes.'s  Collander'*  had
suggested a linear relationship between  penetration
and  partition  coefficient.  Actually Milborrow and
Williams!* showed the pxisteuee of a parabolie relation-
ship betweenn penetration and partition  coefficient.
This provides further support for our findings of =
quadratic relationship between hemolytie activity and
12y, values.

Acknowledgment.-—We¢ are grateful to Dr. Hansch
for his helpful suggestions.
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The preparation of a nunniber of 4,5-epoxysteroido[2,3-d]ixoxazoles from the corresponiding A* vompounnds and
tlieir conversinu into the correspouding 2-cyano derivatives and to 4,3-dihydroxy-, 3-hydroxy-4-axi-, and 4-nxn

derivatives are described.
activity.

Several compounds deseribed in this paper, which
were prepared as part of a continuing program in these
laboratories involving the preparation and reactions of
steroidal heterocycles,'* were found to inhibit adrenal
cortical function. We have used them in attempts at
molecular modification which has plaved such an im-
portant role in the development of better and safer
drugs.*

Androsta-2,6-dieno [2,3-d Jisoxazol-178-0l  (1a),® on
treatment with either peracetic or perphthalic acid in
CeHg, consistently vielded a mixture of 4a,3-epoxy-Ha-
androst-2-eno [2,3-d Jisoxazol-178-0l (2a) with starting
matelial in a ratio of approximately 1:2. However,
when a solution of isoxazole 1a in CHCl; or CHLClL: was
treated with either permaleic acid* or m-chloroper-
benzoic acid® in the presence of a small amount of pyri-
dine, 2a was obtained in S0-909 yield.

Treatment of 4a,3-cpoxy-da-androst-2-cuo[2,3-f }-
isoxazol-178-0l acetate (2b) with aq Me.CO-H,S0,
vielded Sa~androst-2-cno [2,3-d lisoxazole-48,5,173-

111 (a) Paper XII: . C. Miller, J. Heteroeyel, Chem., 3, 338 11966): 1)
Albany Medical Center Hospital, Albany, N. Y.

(2) R. O. Clinton, A. J. Manson, F. W, Stonner, 1. C. Nenmann, R. (.
Christiansen, R. L. Clarke, J. H. A¢kerinan, 1). F. Page, J. W, Dean, W, 3.
Diekinson, and . Carabateas, J. Amer. Chem. Soc., 88, 1478 (1961); 12,
Chanee, ""Aniny Aeids, Proteing, and Cancer Biochemistry,'” J. T. Edsall,
Jsd., Acarlemic, New York, N. Y., 1960, p 191; 1. L. Engel, A, AL Stoffyn,
and J, F. Scott, ""Hormonal Steroids,” Vvl. I, L. Martini and A, Pecile,
Ed., Academic, New York, N. Y., 1964, p 201: M. Fisher, J. C. Sheehan,
et al., Advan. Chem. Ser., 48, 1-223 (1964); and other similar reviews.

(3) A, J. Manson, F. W, Stonner, H, C, Neumann, R. G. Christiansen,
Robert L. Clarke, J. H. Ackerman, D. F. Page, J. W. Dean, D. K. Phillips,
G. O. Potts, A. Arnold, A. L. Beyler, and R. O. Clintuyn, J. Med. Chem., §,,
1 11963).

(11 R. W, White and W. D, Ennnons, Tebrhedros, 17, 31 (1962).

15) Teehnical Data, FAC Corp. Bulletin (1963); L. I". Vieser and M.
I'ivser, "'Reagents for Organic Synthesis,” Wiley, New York, N. Y., 1967,
p 135,

Several of these compounds were fonnd to have nnexpected adrenal cortical inhibitory
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triol 17-acutate (5a) in 769, vield which was converted
- AcO-pyridine into the correspouding 48-ncetoxy
compound (5b), also obtained directly on treatmeut of
2b with aq AcOH-H,30;, When a solution of 2b iu
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CeHe-Et,0 was subjected to treatment with either
BI'+-Et:0 or HF,® unchanged starting material was
recovered.

Treatment of 5a with CrQ; yielded 5,175-dihydroxy-
Sa-androst-2-eno [2,3-d Jisoxazol-4-one 17-acetate (6a)
which on treatment with pyridine-SOCIy yielded 839
of 17B-hydroxyandrosta-2,5-dieno [2,3-d Jisoxazol-4-one
17-acetate (7).

Ring opening of the isoxazoles 2a and 2b in the pres-
ence of NaOle yielded 4a,5-epoxy-3,175-dihydroxy-
Sa-androst-2-ene-2-carbonitrile (3a) and its 17-acetate
3h, respectively.

The nmr spectrum of 3b in CDCl; 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. In deuteropyridine, the nmr spectrum indicated
the presence of only the enol 3b.

In view of the interesting biological activity of 3a, a
number of structurally related compounds, varving only
at C-17, were prepared using procedures similar to
those described above. These compounds and their
derivatives are listed in Tables I, II, and III below.
In the case of the hemisuccinate isoxazole 2e, treatment
with NaOMe in dry THI led to the precipitation of its
Na salt before ring opening to the cyano ester deriva-
tive 3e was affected. Upon addition of H.O to the
reaction mixture there was obtained a mixture of un-
reacted starting compound 2e and cyatno alcohol 3a.
However, when KO-t-Bu in dry TH¥ was used, a 409,
vield of the cyano ester 3e was obtained along with
starting compound 2e and ¢yano alcohol 3a.

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

(6) J. Fried and E. Sabo, J. Amer, Chem. Soc., 79, 1130 (1957).

(7) S. Bernstein, R, H. Lenhard, W. S, Allen, M. Heller, R. Littell,
L. 8. Feldman, and R. H. Blank, ibid., 78, 5693 (1956).
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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 tle 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 N 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 at 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 al.® 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 were placed
on an overnight fast, then transferred to individual
metabolism cages for a 24-hr experimental period dur-
ing which time free access to H,O but no feed was per-
mitted. ACTH (45 L.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 at either 30 or 60 mg/kg con-
currently with the ACTH. TUrine collections (24 hr)
were analyzed for N 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 15 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 N excretion in the
urine and thymolysis were used to assess adrenal block-
ing activity.

It can be seen from Table IV that sc administration
of 4a,5-epoxy-178-hydroxy-3-0x0-5a-androstane-2a-
carbonitrile (4a) at 30 mg/kg completely inhibited the
ACTH-induced urinary N loss and thymolysis. De-
rivatives of 4a with changes at position 17, such as the
acetate 4b, 17a-methyl (4¢), 17a-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 CHCl; at 25°, C~1. Uv were determined in 959
EtOH (Cary 15) and ir in KBr disks (Perkin-Elmer 21). Nmr
spectra were measured with Me,Si as internal standard (Varian
A60) in CDCIl; unless otherwise stated. Where analyses are
indicated only by symbols of the elements or functions, analytical

(8) A. L. Beyler, (3. O. Potts and D. F. Burnham, First International
Congress of Endocrinology, 1960, Abstracts, pp 829-830.
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No. Ya,5-Epoxy [2,3-dlisoxaznle Mnp, 7O

2a 173-Hydroxyatidrost-2-ena- 205207
2b 178-Acetoxyandrost-2-ena- 2202331
2 173-Hydroxy-17-methylindrost-2-c¢no- 204218
2d 17-Hydroxy-17a-pregu-2-en-20-yuo- 237243
2f 17-Acetoxy-17a-pregn-2-en-20-yno- 226228
e 178-Hemisuccinoxyandrost-2-enn- 210-212

« The ir spectrum showed weak bands at 5.75, 5.87 g, ndicative of a lrace amonnt of oxe eomponnd iprobably 17-nxo5.

Hydroxy tmpurity.

cafy in

1 4\,1,.1,‘\,“. My i }\,‘\,“\ u Formnla

107. 8 237 164601 3,00, 615, 6,77 Capl Le N O,

76,5 257 163500 D28, 07K, 6012, (uHLNO,
05

RO.T 237 1626 2,95, 6,15, 6.20, e, NO);
(.74

32,0 295 165000 2,99, 3.05, 611, Coll; NOY,
6.71

23,9 23N Y00 3.06, 3.25, 4.24, .y He NGO,
5.76, 6.11, 6.74,
.05, 810

1.9 237 10050 S0 4000 580, Caglly N Oy

6.04, 6.72, ».15

TapLe 11

MISCELLANEOUS STEROIDAL [2,5-d] Isoxaz0l,1=

N, [2,3-d [Isoxazale Mp, ¢’

Da 483,5a-Dihydroxy-178-acetoxy- 283284
androst-2-eno- dec

Se 48,5,178-Trihydroxy-17-methyl- 257254
androst-2-eno- dec

S Ha-Hydroxy-48,178-dincetoxyandrost- 309-312
2-eno- dec

6h da-Hydroxy-1738-acetoxy-4-oxo- 241246
androst-2-etio-

6o de, 178-Dihydroxy-17-methyl-4-0xn- 254-255
androst-2-eno- dec

7 178-Acetoxy-4-oxoandrosta-2,H-dieno- 244-245

« In pyridine. * Impurity.

Y 178-
Jalp iv
CHCl4 A My ied A Formula
107 .9« D27 15000 2849, 3.01, 5.84, (el NO;
6.10, 7.93
103, G 229 (4500 2.0, 5,25, 6.0K, Ca My NO)
270 1100 6.75
98.0 227 (4601 288, 5.70, 5.50, CosHis N Oy
257, 6.05, 6.80, 7.94,
264 (3101 N7
—26.0 233 13%00) 2,93, 324, 585, Caullag N O,
259 (6%00) 7.80
340 (801
—21.2 230 (3900) 279, 2,05, 5,85 CaHay NGOy
260 (H5H00) 6.17
—29.0 273 (8100) 3,23, 578, 591 Cap e N Oy

290 (9100) G.16, 6.22, 7.99

o Low intensity peaks probably duie tu the presence of some S-deliydration prodinet.

Taune LI

STEROIDAL 40,5-1iP0N Y=3-0NX 0-2@-CARBONITRILES

Na. ta,5-Epoxy-3-oxo-2a-carbonitrile Mp, °C
4a 178-Hydroxyandrostane- 2H8-270)
dec
4h 178-Acetoxyandrostaie- 195-198
e 178-Hvdroxy-17-methylandrostane- 246247
dec
4d 17-Hydroxy-17a-pregn-20-yue- 23R--240
dee
4e 178-Hemizuccinoxyandrostane- 145150
% 178-Acetoxy-4-oxoandrost-j-etie- 216-220

« CHCl;.  * Pyridine.

results obtained for those elements v fnnetions were within
4:0.4%; of the theoretical values.

The authors are indebted to Dr. Rudolph K. Kullnig and staff
for spectral determinations and Mr. K. D. Fleischer and staff for
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 al.?

Androsta-2,4-dieno{2,3-d]isoxazol-173-0l Hemisuccinate (le).
-—A solution of androsta-2,4-dieno|(2,3-d}isoxazol-178-01 (la)
(44.9 g) and succinic anhydride (40 g) in pyridine (200 ml) was
kept at roont temperature for 2 days, heated in a stean bath for

[aln Af,,’,‘?“ My ie) )x}?.lf; " Iormnl

137 . 4% 2732 (x3001) 2,03, 3.70, 4.54, CaeHuee N Oy
D.7%, 6.00

116,24 253 19300 3,24, 4,36, 5.77, CaHauNO,y

—2] e 5.88, 6,11, 7.80
122 4 254 103007 2,98, 3.79, 4,48,
457, 5.84, 6.06

Ca a2 NO;

NG 253 8900 2,05, 3.06, 5.74, Cayl1eN O,
£.54, 475, 5.80,
G.0u
— 4. 252 (87103 2.00-3.20, 3.7, Caglln N Oy
4.30, 4.56, 5.80
6.01, 6.13, 6.43
728, 8,05, §.2%
4.5 REGETINE 3.03, 4.53, 5.7%, ColHaNO),

SR IN2001 6.01, .19, 8.02

I hr, and quenched in ice containing concentrated HCL (275 mlb).
The resulting solid was collected, washed with H,O, and slurried
in CH,Cl,. There was obtaiued ou filtration of the slurry 24.4 ¢
of le mip 200-210°.  Another 17.5 g was recovered from (he
CH,Cl, filtrate, mp 191-205°. A recrystallized sample lad mp
207-210° (THF-~PyOH): [elp, +97.7°; Npax 285 g (11,000).
Anal. (C24H31:\-O5) C, H, 1\-

The steroidal 4a,53-epoxyv(2,3-d]isoxazoles (Table I) were pre-
pared by u wetlind simtlar to that deseribed in the following
example.

4«,5-Epoxy-5«-androst-2-eno{2,3-d}isoxazol-17 3-0! {2a). - A»
ice-cooled sohmion of la (20 g) in CH.Cl, (200 mnl) was added 1v
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TaBLr IV
PrrceNTAGE INHIBITION OF ACTH-INDUCED
UriNARY N1TROGEN Loss aND THYMOLYSIS
% inhibition of ACTH-induced

Urinary
Dose® nitrogen

No. ng. kg Thymolysis loss
2a 30 0 0
2h 30 0 0
2e 39 0 0
ab

4a 30 100 100
Da 30 0 0
6l 34 0 0
He 30 0 0
7 30 0 0
2d 30 0 0
6¢ 30 0 0
2f 30 0 4}
4h 30 84 100
4¢ 30 100 98
4d 30 100 61
8 30 61 100
le 30 0 0
2e

4e 60 57 100

« Seven rats per group.

a stirred, ice-cooled solution of permaleic acid prepared from
maleic anhydride (10 g) and 889; H,0.% (2.5 ml) in CH,CL
(300 ml).t The clear, cold solution was treated with 10 drops of
pyridinte and allowed to staud at 5° for 16 hr. It became turbid
as maleic acid settled out, The excess peracid was reduced with
Nax80; solntion and the mixture washed with NaHCO; solution,
dried (MgSO;), and concentrated to a small volume, EtOAec was
added and the solution again concentrated and cooled to give
18.3 g of 2a mp 203-210°. A small sample was recrystallized
(EtOAc) to mp 205-207°. Anal. (CuHxNO;) C, H, N.

The following examples illustrate the procedures used for the
preparation of the 48,3-diols (Table I1) and subsequent chemical
changes carried out at those positions.

5a-Androst-2-eno(2,3-d}lisoxazole-43,5,173-triol 17-Acetate
(5a).—To a stirred slurry of 2b (3.3 g) in Me,CO (50 ml) was
added 2567 HaSOs (5 ml) and stirring was continued for 2 hr
during which time a clear solution formed followed by formation
of a precipitate. The mixture was diluted with H.O and filtered

(9) H:0: (90%) of varying age was used, titrated before use. It was not
used if assay had dropped below 75%.
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to give 2.5 g of erystals, mp 283-287° dec, contaminated by what
probably was the A¢ compound (not isolated). Reerystallization
yielded 1.18 g of 5a, mp 283-284° dec (DMF-H:0). Anal.
(CuHuNO;) C, H, N.

Treatment of 5a with Ae;O-pyridine yielded the corresponding
4g-acetoxy compound 5b, mp 309-312° dec (dioxane-CHCl;).
Anal. (CxHyuNOs) C, H, N.

5,17 3-Dihydroxy-5a-androst-2-eno{2,3-d] isoxaz 0l-4-one
17-Acetate (6a).—To a stirred, ice-cooled solition of 5a (4,56 g) in
glacial AcOH (100 ml) was added a solution of CrO; (1.25 g) in
H,0 (5 ml). Cooling was discoutinued, EtOH (2 ml) was added
after 2 hr, and the zolution was concentrated in vacuo to a small
volume. On addition of HyO, crystals precipitated which, on
crystallization from EtOAe, vielded 1.3 g starting compound 5a.
The mother liquor was evaporated to dryiness in vacuo and the
residue chromatographed on 8i0, (200 g) to vield on elution with
539, EtOAc in CeHs, 1.16 g of 6a; mp 229-248°, recrystallized
to mp 241-246° (MeOH). Anal. (CuHwNO;) C, H, N.

17 3-Hydroxyandrosta-2,5-dieno{2,3-d}isoxazol-4-one

17-Acetate (7).—A cold solution of 6a (0.95 g) in pyridine (20 ml)
was slowly added to a cold solution of SOCIL; (1.0 ml) it pyridine
(20 ml) with stirring. A H,O and NaHCOj; solution was added
after 2 hr and the resulting precipitate was filtered and washed
with H,O to give 0.75 g of crystals, Recrysallization yielded 0.70 g
of 7, mp 244-245° (Me,CO). Anal. (CHiNOy) C, H, N.
The following two examples illustrate the procedures used for
the preparation of the 3-hydroxy-A%-2-carbonitriles.?

4«,5-Epoxy-3,17 3-dihydroxy-5 ¢-androst-2-ene-2-carbonitrile
(8a).—To a stirred solution of 2a (23.4 g) in dry tetramethyl-
urea!® (400 ml) under N, was added NaOMe (8 g). After 16 hr,
Et,0 (500 ml) was added and the resulting Na salt was filtered
and washed with Et;0. The salt was dissolved in H,O with slight
warming and dilute HCl was added dropwise until precipitation
ceased. The solid was collected and washed with H,O to give
22.8 g of white powder. Recrystallization yielded 13.1 g of 3a,
mp 258-270° dec (DMF-H.0). Anal. (CHxNO;) C, H, N.

40,5-Epoxy-3,173-dihydroxy-5«-androst-2-ene-2-carbonitrile
17-Hemisuccinate (3e).—To a stivred, cooled solution of 2e (10
g) i1 THF (200 ml) under N, was added KO-t-Buu (5.6 g). The
resulting slurry was stirred at room temperature for 16 hr, Et,O
was added, and the K salt was collected and washed with Et,0
and THF. A solution of the K salt in H.O (300 ml) was treated
successively with excess NaH,PO, solution and dilute HCI (10
ml) to give, on filtration, 3.96 g of crystals, mp 140-162°. Ex-
haustive crystallization yielded 40 mg of 3e, mp 1 0-157°
(Me,CO). Anal. (C2HaNOs) 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 to tle.

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



