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The addition of acetyl chloride to  the ketone 1 followed by treatment with water or alcohols leads to  the 2‘- 
acetyl-3‘(+-hydroxy 20-ketone 4 or the 3’-alkoxy derivatives 8. These compounds are interconvertible under acid 
conditiom. The oximes of 1 and 2’-acetyl-3’-methoxy 
ketone undergo fission under conditions of the Beckmann rearrangement to give 2’-cyanomethylandrosteno- 
[16,17: 3’,4’]-2‘H-pyrazole 11. Both 1“- and 2”-pyrazoleacetonitriles were obtained by alkylation of the unsub- 
stituted pyrazole 15. Characteristic ultraviolet and n.m.r. differences of the ring-D pyraaoles were correlated with 
those in the androstano [3,2: 3’,4’]pyrazole series. 

The corresponding 20-alcohols were also prepared. 

The preparation and some nuclear transformations of 
compound 1, with the 1,2-diazabicyclo [3.2.0]heptenone 
system fused to the steroid D ring, were reported 
earlier.4 In  preliminary studies of the heterocyclic 
chemistry of 1, conversion to the diazepinone 2 was 
accomplished, and the acylation of 1 was studied 
b r i e f l ~ . ~  We now report some further reactions of 1 
which were surveyed in an effort to effect useful 
transformations i:o other heterocyclic steroids by 
rearrangements praralleling those that have been ob- 
served with the versatile methylphenyl-substituted 
counterpart 3.’r6 

2 1 

3 

Acetylation Products.-As discussed previ~usly,~ 
the heterocyclic system of 1, in contrast to 3, is quite 
resistant to the action of acid or base, but reaction 
with acylating agents proceeds quite readily. Acetyl 
chloride and acetic anhydride were both reported to 
give the addition products 4 and 5.  It has now been 
found that t8he reaction of 1 with acetyl chloride in 
pyridine followed by the addition of water gives, as 
expected, mainly 4; contrary to the earlier report, 
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the diacetyl derivative 5 is produced in trace amounts 
at most. The major product with acetic anhydride is 
5,  but 4 was also isolated. I n  addition to 4, a by- 
product was obtained in the reaction of 1 with acetyl 
chloride in low and erratic yield. This compound 
was of considerable interest since i t  contained only a 
single nitrogen atom, but structural information could 
not be obtained owing to the lack of a reproducible 
method of preparation. 

The formation of the carbinol 4 clearly involves the 
hydrolysis of an intermediate addition product, as ob- 
served’ with the diazoacetylpyrazoline precursor of 
3;  this might be either a pyridinium salt or the 3’- 
chloro compound. Addition of alcohols to the reac- 
tion mixture of 1 and acetyl chloride-pyridine gave the 
respective 3’-alkoxy derivatives. Attempts to detect 
a chloro compound by t.1.c. were not successful, 
since the reaction mixture was ultimately exposed to 
moisture and 4 was obtained. Treatment of the al- 
cohol 4 with phosphorus oxychloride in pyridine gave a 
reaction mixture which behaved like that obtained 
from 1 and acetyl chloride, but again only solvolysis 
products were isolated. 

The reaction of 1 with acetyl chloride in benzene, 
without pyridine, gave two other products. The major 
component was a sparingly soluble, high-melting com- 
pound which was very similar to the 3’-hydroxy com- 
pound 4 in infrared and n.m.r. spectra except for the 
absence of the OH group. This product on hydrolysis 
led to 4, and was formed when 4 was refluxed in benzene 
saturated with hydrogen chloride. These properties 
are consistent with the bimolecular ether 9, and the 
composition agreed well with this structure, which 
represents simply another product of adventitious 
hydrolysis. The other product from the reaction, 
isolated after hydrolysis, was the diazepinone 7,5 
obtained in the same yield (16%) as in the reaction of 
1 with acetic acid-sodium acetate. 

Some additional transformations in this 2’-acetyl 
series are summarized in Chart I. The alkoxy deriva- 
tives 8 were readily obtained by treatment of the 3’- 
hydroxy compound with the alcohol in the presence of 
sulfuric acid; acid hydrolysis of the ethers gave the 
alcohol. These reactions parallel those observed in 
the methylphenyl series (3)’ and are presumably 
S N l  displacements facilitated by the adjacent nitrogen 
function. In  the derivatives of 3, the endo configura- 
tion, corresponding to that shown in 4-8 (Chart I) 
was assigned1 to the oxygen substituents on the basis 
of steric factors and the absence of spin coupling in 
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the protons corresponding to H-3‘ and H-16p in 4. 
A similar absence of splitting in the H-3’ peak (6 = 
5.7-5.9 p.p.m.) in the spectra of 4 and the ethers 8 
leads us to a tentatiive conclusion of the same endo 
configuration (steroid p configuration in projection). 

A characteristic feature of the n.m.r. spectra of all 
of the 3’-substituted compounds (4, 8, and 9) was the 
appearance of the C-21 methylene proton signal as a 
single two-proton peaB (6 = 4.37 p.p.m.). The H-21 
peak in the unsaturated ketone 1 was a well-defined 
AB pattern, 68 = 4.44 p.p.m., 6~ = 4.02 p.p.m., 
J,,, = 1171 c.P.s.; there was further splitting of these 
lines (J  E 1 c.P.s.) with the H-3’ peak (7.05 p.p.m.). 
The collapse of the splitting pattern in the spectra of 
the 3’-substituted compounds, which was observed 
only with the hydroxy compound in the methylphenyl 
series, must be caused by equivalence of the chemical 
shifts ( 6 ~  = 6g) induced in some manner by the endo 
oxygen functions. The C-20 carbonyl stretching 
frequency was essentially the same (1800 h 5 cm.-1) 
in 1 and all of the C-3’-substituted compounds. 

Although the meth ylphenyl and steroid compounds 
exhibited simiiar properties in these solvolytic reactions, 
there is a fundamental difference with respect to 
elimination in the C-3’,16@ system of 4 and other 
derivatives. Acylation of the methylphenyl ketone 3 
leads directly to the 2-acetyl-A3 compound, and all 
of the bicyclic ketones related to 3 can be transformed 
to 1 ,2-diazepine or 1-aminopyridine derivatives by 
elimination. As noted previously,6 the introduction 
of a 3’,16 double bond in the rigid skeleton of 4 would 
present an insurmountable steric requirement in the 
conversion of C-16 to an sp2 center. The resistance 
to elimination in this sense is seen in the regeneration 
of the A2 double bond on vigorous acid hydrolysis of 4 
and, remarkably, also on treatment with p-toluene- 
sulfonyl chloride in pyridine, presumably by eliminac 
tion of acetyl chloride. 

Several other reactions were explored in an effort 
to delineate the chemical properties of the 2‘-acetyl- 
3‘-hydroxy system of 4. No products were isolated 
from attempted oxidations. The alcohol was readily 

attacked by base, and a low yield of an acidic product 
was obtained. On exposure to air the reaction mix- 
ture became bright red and a trace of violet product, 
A, 517, 552 mp, was isolated. Analysis of the acid 
indicated the presence of only one nitrogen atom, but 
the small amount of material precluded adequate 
characterization. 

Reduction of the 3‘ alcohol 4 with sodium borohy- 
dride resulted in a complex mixture. A very small 
amount of the 3’,20-diol was obtained, but the other 
products were not identified. The same diol was 
prepared by treatment of the A2‘-20 alcohol4 with acetyl 
chloride, followed by hydrolysis, and the 3’-methoxy- 
20-[-01 was obtained by addition of methanol to the 
acetylation reaction. The 20-hydroxyl group was 
previously found to be resistant also to acetylation 
with acetic anh~dr ide .~  

Fission of Bicyclic Oximes.-Reactions of the oximes 
presented another possibiljty for obtaining different 
functional derivatives and ring systems from the bicyclic 
ketones. The A2’-oxime lo4 and the 2‘-acetyl-3‘- 
methoxy derivative 12 are readily prepared under the 
usual conditions. Attempts to reduce 10 to a 20- 
amine with lithium aluminum hydride led to mixtures 
of five or six components (t.1.c.) which were not further 
explored. 

The reaction of 10 with either phosphorus oxychlo- 
ride or thionyl chloride gave in 70% yield a single 
product whose composition corresponded to a de- 
hydration product. The loss of water from an oxime 
under Beckmann rearrangement conditions suggested 
a ‘(second-order” rearrangement or fission7 to a nitrile, 
a reaction which is well known with oximes of CY- 

amino ketones.8 In the case of 10, the product of a 

CHzCN 

10 11 

Beckmann fission would be the androsteno [17,16:- 
3’,4’]-2’H-pyrazole-2-acetonitrile 11 .g  This interpre- 
tation was initially suspect because of the absence of 
any detectable C=N absorption in the infrared spec- 

(7) P. A. s. Smith in “Molecular Rearrangementu,” Vol. 1, P. de Mayo, 

(8) C. A. Grob, Bull. 8oc. chirn. France, 1360 (1960.) 
(9) The name androsteno [17,16-clpyrazole has been used previously.*o 

The genetic numbering adopted here, e a ,  [17,16: 3’,4’1, seems preferable for 
such heterocyclic steroids, since it provides a systematic basis for numbering 
the heterocyclic component. The isomers i and ii are designated 1’H and 

Ed., John Wiley and Sons, Inc., New York, N.  Y., 1963, p. 501. 

R 

N-N 
I 

.* i 11 

2’H in order to retain the same numbering throughout the series rather than 
reversing the direction to keep the substituted nitrogen numbered 1’ as is 
done with monocyclic pyrazoles. 

(10) C. H. Robinson, N. F. Bruce, and E. P. Oliveto, J .  Med. Chem., 6 ,  
793 (1963). 
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TABLE I 
SPECTRAL DATA ON ANDROSTENO[16,17: 4’,3’]PYRAZOLES 

-8, p.p.m.-- 
C-18 -N- C-5’ 

X CHs CHrX H A:::’, mp (e) 

2’-H series -CN 1.10 4.95 7.22 229.5(5700) 
CH2X 

I -COzCH, 1.01 4.78 7 .20  N-N YH -COzCzHs 1.02 4.77 7.20 

1’-H series -CN 1.03  5.00 7.12  231.5(9000) 
CH,X 
I 

-CC)&Hs 1.03 4.85 7.07 

trum,ll but n.m.r. data (Table I) and the synthesis 
described below confirmed structure 11. 

The fission of a-amino ketones is a typical fragmen- 
tation reaction and is facilitated by an antiparallel 
geometry such as obtains in acyclic anti-oxime deriva- 
tives.8 This steric situation would not be realized with 
either geometrical isomer of the oxime 10 because of 
the constraint of the four-membered ring, but the lack 
of “frangomeric assistance”* is evidently compensated 
by the relief of strain as well as the gain of pyrazole 
resonance in the product. The methoxyacetyl oxime 
12 was also converted to the pyrazole 11 with thionyl 
chloride; since the ketone 8 (R = CHs) was not affected 
by similar treatment with thionyl chloride, the fission 
of 12 presumably proceeds through the methoxyacetyl- 
pyrazoline 13, The corresponding methoxyaeetyl bi- 
cyclic oxime 14l gave no detectable pyrazole. 

CH#N 

12 13 

MeO” ca5w N‘ 

Ac 

14 

The formation of the pyrazole 11 from 10 opened the 
possibility of definite structural assignments of N- 
substituted androsteno [ 17,16 : 3’,4’]pyrazoles prepared 
by other methods. A parallel situation has been 
exploited in the 3(5)-methyl-4-phenylpyrazole series.12 
As discussed in the latter case, the structures of pyra- 
zoles obtained in alkylations or ring closures with 
unsymmetrical hydrazines cannot be specified with 
assurance from the course of such reactions. 

The alkylation of 3P-hydroxy-5-androsteno [17,16 : - 
3’,4’]pyrazole (15) with chloroacetonitrile, with or 
without the addition of base, gave a mixture of the 
two nitriles 11 and 17, each in about 30% yield. Al- 
though the isomers were readily separated by crystal- 

(11) The intensity of C E N  bands varies widely and may be depressed 
markedly by neighboring heteroatoms. C=N absorption is reported to be 
completely lacking in the struoturally similar Reissert compounds: W. E. 
McEwen and R. L. Cobb, Chem. Rev., 66, 511 (1955). 

(12) C. L. Habraken and J.  A. Moore, J .  Ow. Chem., SO, 1892 (1985). 

lization of the 3-acetates, no resolution was observed 
in thin layer or alumina chromatography, and quanti- 
tative estimation of the isomer ratio was not possible. 
In several experiments there appeared to be no signifi- 
cant excess of one over the other. The lower melting 
nitrile was identical with the product obtained from 
the oximes 10 and 12. 

From the condensation of 16-hydroxymethylene- 
dehydroepiandrosterone with ethyl hydrazinoacetate, 
the ethyl ester 16 (X = CO2C2H5) was isolated in low 
yield. After saponification of the remaining material, 
only the 2’-acetic acid 16 (X = C02H) was obtained. 
While a minor amount of the 1’ isomer might have 
gone undetected, this condensation appears to give 
predominately the 2’-substituted pyrazole. This re- 
sult coincides with the previous findingI3 in the con- 
densation of hydrazinoacetic ester with a-ethoxy- 
methylene-a-phenylacetone, in which the major prod- 
uct arose from attack of the NH2 group of this hydra- 
zine a t  the aldehyde carbonyl group. 

H 

CHZX 
I 

CHZX 
I 

17 f i C H O H  18 

N.m.r. and ultraviolet data in the two series of sub- 
stituted pyrazoles are summarized in Table I. The 
difference in the peak positions of the 5‘-pyrazole 
proton in the two series, 6 C.P.S. with the nitriles and 8 
c.p.s. with the esters, is in the same direction and is 
precisely the same magnitude (8 C.P.S. for the methyl 
esters) as that observed in the pyrazole proton peaks 
of the 3- and 5-methyl-4-phenylpyrazole-1-acetic 
acids.12 It may be noted that the position of substi- 
tution in the pyrazole ring has little effect on the chemi- 
cal shift of the C-18 methyl group. 

The preparation of N-methyl derivatives of the 
[17,16 :3’,4’]pyrazole system in the estratriene series 
has recently been reported.1° The same N-methyl- 
pyrazole was obtained by alkylation with dimethyl 
sulfate or condensation of 16-formylestrone 3-methyl 
ether with methyl hydrazine. This product was 
tentatively assigned the N-1’ methyl structure (cor- 
responding to 17) by comparison of the ultraviolet 
maximum with those of the N-methylandrostano- 
[3,2:3’,4’]pyrazoles 19 and 20.14 The value for 19 
used in this comparison was not correct, however, and 
the 223-mp maximum reported for the 1’-methylestra- 
trieno [17, 16 : 3’,4’]pyrazole is evidently that of the 
ring-A chromophore and is not characteristic for this 

(13) J. A. Moore and C. L. Habraken, ibid., 80, 1888 (1985). 
(14) R. 0. Clinton, A. J. Manson, F. W. Stonner. H. C. Neumann, R. G. 

Christiansen, It. L. Clarke, J. H. Ackerman, D. F. Page, J. W. Dean, W. B. 
Dickinson, and C. Carabateas, J .  Am. Chem. Soc., 8S, 1478 (1981). 
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pyrazole system. The aromatic A ring in the estrone 
derivative obscures the pyrazole n.m.r. signal as well 
as the ultraviolet marximum, and no comparison with 
the data in Table I can. be made. 

19 
A,, 231 mp ( e  7100) 
6 (5") = 7.37 p.p.m.16 

CH, 
20 

A,, 229 mp ( e  4900) 
6 (5' H)  = 7.55 p.p.m.16 

In the N-methylandrostano [3,2 : 3',4']pyrazole series, 
both N-methyl derivatives 19 and 20 were prepared 
as indicated14; the ntructural assignment was based 
on the formation of 20 by pyrolysis of the N-methyl- 
semicarbaaone, with the usual assumption of attack 
of the more reactive nitrogen in the substituted hy- 
drazine a t  the aldehyde carbonyl. It was later found, 
however, that the product obtained from the semi- 
carbazone was a mixture of isomersls; a pure sample 
was obtained by reduction of the Aepyrazole. 

The ultraviolet and n.m.r. data for the 1'- and 2'- 
substituted pyraaole in the ring-D series (Table I) 
and the ring-A series (see formulas) are completely 
consistent with the previous structural assignments 
in the latter series. The 2-rn~ difference in ultraviolet 
maxima is evidently quite characteristic for pairs of 
1,3,4- and 1,4,5-trialkylpyraaoles, but the n.m.r. data 
provide a more emphatic distinction. From the data 
reported here and related values for 4-phenylpyrazoles, l2 

it appears to be a general rule that the 3-proton in a 
1-alkyl 5-substituted pyrazole is less shielded than the 
5-proton in the isomeric 1-alkyl 3-substituted pyrazole. 

Experimental Section17 

Acylation of Bicyclic Ketone 1.-To a solution of 2.0 g. of 1 in 
80 ml. of pyridine at 0" was added 1.5 ml. of acetyl chloride in one 
portion. A white preciriitate formed immediately and the sus- 
pension was stirred for 1.5 hr. at 0'. The mixture was poured 
into 400 ml. of ice-water, and, after standing several hours, the 
milky suspension was exttracted with ether and then with chloro- 
form. After washing with water, the ether solution was evapo- 

(15) We are indebted to Dr. A. J.  Manson for communicating these 

(16) D.  K. Phillips and A. #J. Manson, J .  0 ~ g .  Chem., 86, 2886 (1963). 
(17) Melting points were observed with a Fisher-Johns apparatus with a 

calibrated thermometer. Alumina for chromatography was Woehlm neutral 
grade, activity IV, unless otherwise specified: 20-30 times the weight of 
sample was used. All reaction mixtures were initially examined by thin layer 
chromatography using 5 X 20 om. plates coated with silica gel G (E. Merck), 
nominal thickness 0.5 mm., dried at 100' for 1 hr. Plates were developed 
with chloroform-isopropyl alcohol (25:l or 25:3), sprayed with 10% H&Or 
or SbCls in chloroform, and then charred. After chromatography, crystal- 
lization waa in general carried out only with fractions which gave a single 
spot. All substances indicated as single compounds were homogeneous by 
t.1.c. Infrared spectra were recorded in KBr pelleta with a Perkin-Elmer 
Infrared Model 137. N.m.r spectra were run in CDCla solutions (30 mg./ 
0.4 ml.) with internal tetramethylsilane (8 = 0 p.p.m.) with a Varian A-60 
spectrometer. 

values. 

rated to a semisolid residue; crystallization of this material from 
ethyl acetate gave 600 mg. of crystalline 4, m.p. 200-203", 
identical (infrared) with material previously prepared,6 and 556 
mg. of amorphous solid. Chromatography of the latter material 
gave an additional 160 mg. of 4 (total 760 mg., 36%). 

Evaporation of the chloroform extract furnished 700 mg. of resi- 
due which was crystallized from methanol to give 160 mg. of crys- 
tals, m.p. 252-254" dec., designated as substance B. Recrystal- 
lization from methanol gave prisms: m.p. 255-258" dec.; 

1500, 1450, 1360, 1250 (ester C=O) ,  1195, 1032, 927 em.-'; 
n.m.r. 6 = 0.90 (C-lS), 1.05 (C-19), 2.03, 2.07 (two CHaCO), 
5.42 (two protons, C-6 H and ?), 6.48 p.p.m. (one proton). 

Calcd. for C2&NOB: C, 67.09; H, 8.33; N, 3.13; 0, 
21.45. Found: C, 66.69, 66.79; H, 7.82, 7.83; N, 3.37; 0, 
21.41. 

Acetylation of substance B with acetic anhydride or acetyl 
chloride and pyridine in the usual way gave a monoacetyl deriva- 
tive which was crystallized from ethyl acetate-hexane: m.p. 275- 
278"dec.; vKBr3500 (sharp, NH?), 1785,1740,1680, 1500 em.-'. 

Anal. Calcd. for CnHIPN07: C, 66.23; H,  8.03; N ,  2.96. 
Found: C, 66.42; H,7.73; N,2.86. 

3p-Acetoxy-2 '-acet yl-3 '8-methoxy-1 da, 17a ,2 1- (3 ' , I  ', 1 '-pyrazo- 
lidmo)-S-pregnen-20-one (8, R = CHI). A. From 4.-A solu- 
tion of 100 mg. of the 3'-hydroxy ketone 4 in 10 ml. of methanol 
containing 5 drops of concentrated sulfuric acid was stored at 25' 
for 1 hr., neutralized with sodium bicarbonate, and evaporated 
to dryness. The residue was acetylated with acetic anhydride- 
pyridine and the crude product was chromatographed on alumina. 
The first fractions eluted with benzene were crystallized from 
acetone to give 36 mg. of prisms: m.p. 194-197"; vKBr 1800, 
1745, 1670-1680 (split) ( ( 3 4 )  cm.-'; n.m.r. 0.97 (C-18), 1.03 

(C-6), 5.68 (C-3') p.p.m. See Table11 for analysis. 
From 1.-To a solution of 100 mg. of the As'-bicyclic ke- 

tone 1 in 4 ml. of pyridine was added 0.8 ml. of acetyl chloride. 
The solution was stirred a t  0" for 2 hr. with exclusion of moisture 
and then 2 ml. of methanol was added. The solution was then 
evaporated in vacuo and the solid residue was washed with water 
and then extracted with ether. Concentration of the ether solu- 
tion and dilution with hexane gave 60 mg. of colorless crystals of 8 
(R = CHI), m.p. 190-193'. Recrystallization from ether-hex- 
ane gave prisms, m.p. 193-196", identical (infrared) with ma- 
terial prepared by method A. 

By substitution of other alcohols for methanol, the foregoing 
procedure was used, with minor moditications in detail and re- 
crystallization solvents, to prepare the other 3'-alkoxy derivatives 
summarized in Table 11. 

vKBr 3450 (OH), 2980 (C-H), 1770, 1720 (OAC), 1660 (N-Ac), 

Anal. 

(C-19), 2.03 (OAc), 2.30 (N-Ac), 3.35 (-OCH,), 4.37 (C-21), 5.37 

B. 

Anal. Calcd.: N ,  5.95. Found: N, 5.88. 
Reaction of 4 with Phosphorus Oxychloride.-A solution of 200 

mg. of 4 in 9 ml. of pyridine containing 0.4 ml. of P O c h  was 
allowed to  stand at 0' for 4 hr. After pouring into water, the 
mixture was extracted with butanol; the butanol solutions were 
washed with water and evaporated in vacuo to give 188 mg. of 
solid residue. On chromatography on alumina, 70 mg. of color- 
less solid was obtained from the first benzene eluates. Crystalliza- 
tion from ethyl acetate-hexane gave fine needles: m.p. 202-204"; 
vEF0 1800, 1745, 1670 cm. -1. This product was identified as the 
3'-butoxy derivative 8 (R = Bu) by the correspondence of the 
infrared spectrum in all details with a sample prepared as de- 
scribed above (Table 11, R = n-Bu). 

Later fractions eluted from the chromatogram with benzene 
gave mixtures of 8 (R = Bu) and another product which was not 
present in large enough amounts to  permit characterization. 

Acetylation of 1 with Acetyl Chloride in Benzene. Formation 
of 7 and 9.-A solution of 1.00 g. of 1 in 200 ml. of benzene con- 
taining 10 ml. of acetyl chloride was refluxed for 7.5 hr. and was 
then evaporated in vacuo to  dryness. Crystallization of the yel- 
low residue from benzenwther gave 276 mg. of nearly colorless 
needles of the bimolecular ether 9, m.p. 251-253' dec. Further 
recrystallization from benzeneether and acetone gave colorless 
crystals: m.p. 259-263' dec.; vFo 1800,1745,1680 ern.-'. 

Anal. Calcd. for C ~ Z H ~ & ~ ~ :  C, 69.77; H ,  7.88; N ,  6.26. 
Found: C, 69.71; H,8.05; N,6.56. 

The solid residue (850 mg.) from the crystallization of 9 could 
not be separated cleanly by crystallization of chromatography and 
was therefore subjected to  hydrolysis by refluxing for 3 hr. in 500 
ml. of ethanol-water (4: 1) containing 2% sulfuric acid. After 
evaporation and addition of water, the precipitated yellow solid 
was collected (500 mg.) and the a t r a t e  was extracted with chloro- 
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TABLE I1 
3p-ACETOXY-2'*ACETYIr3'8-ALKOXY-16a, 17a,21-( 3',1',1'-PYRAXOLIDINO)-5-PRECNEN -%)-ONES 

Y C a l c d . ,  %- -Found, %- 
Formula C H C H 

CnHasNnOs' 68.91 8.14 68.73 8.28 
CZS"96 69.39 8.32 69.55 8.38 

8.49 69.68 8.45 

It O C .  p.p.m. 

CHs 194197 5.68 
198-202 5.75 

i-CsH? 202-205 5.82 CZSH42N206 69.85 
n-Bu 203-205 5.73 C30HdZO6 70.28 8.65 69.97 8.66 
Cyclo- 255-257 5.88 C3zH46N206 71.34 8.61 71.20 8.66 

M.P., 6 (H-33, ACO &Ac 

C6HlI 
0 Anal. Cslcd.: W, 5.95; Found: N, 5.88. 

form, giving 118 mg. of solid on evaporation. Fractional crys- 
tallization of the 500 mg. of precipitate from chloroform-methanol 
gave 160 mg. of 3~3-hydroxy-l',7'-dihydro-5,16-androstadieno- 
[ 16,17: 4',5'] -6'H-lf,2'-diazepine-6'-one (7), as yellow crystals, 
m.p. 249-254", identical with an authentic specimen6 by infrared, 
mixture melting point, and t.1.c. From the more soluble frac- 
tion was obtained 66 mg. of the 3p-hydroxy-3'-ethoxy bicyclic 
ketone 8, R = Et, identified by t.1.c. with material described 
below obtained by hydrolysis of pure 9. Chromatography of the 
remaining material from the fractional crystallization combined 
with the solid from the chloroform extract gave an additional 
13 mg. of 8 (R = Et:) and 27 mg. of impure 7 together with mixed 
fractions. 

Hydrolysis of 9.--A solution of 200 mg. of the bimolecular ether 
9 in aqueous ethanolic sulfuric acid was refluxed for 3 hr. and 
evaporated. Water was added and the precipitated solid waa 
collected, dried, and chromatographed on alumina. The solid 
eluted with benzenechloroform (10: 1) was crystallized from 
ethyl acetate to give 56 mg. of needles, m.p. 228-230", identical 
(mixture meIting point and infrared spectrum) with material iso- 
lated in the above reaction. The infrared spectrum, V ~ F  1800, 
1660 cm. -1, was consistent with the 3p-hydroxy-3'-ethoxy bicyclic 
structure, but satisfactory analytical data were not obtained. 
For characterization, the compound was acetylated to give the 
acetate (Table 11, R = Et), m.p. 192-196", identical with ma- 
terial obtained by addition of ethanol to the acetylation mixture 
of 1. 

Formation of Bimolecular Ether 9 from 3 '-Hydroxybicyclic Ke- 
tone 4.-A solution of 170 mg. of 4 in 17 ml. of benzene was 
saturated with hydrogen chloride a t  room temperature and then 
refluxed for 3 kv. After evaporating to dryness, the solid residue 
was chromatographed on 8 g. of alumina. Elution with benzene 
gave 15 mg. of a mixture; further elution with benzene-chloro- 
form (10: 1) gave 70 mg. of solid (mostly 9 by t.1.c.) which ww 
recrystallized from benzene-hexane and then acetone-hexane to 
give colorless crystals of the ether 9, m.p. 255-258" dec., identical 
with material described above by mixture melting point and 
infrared spectrum. 

Hydrolysis of 4.-A solution of 300 mg. of 4 in 40 ml. of dioxane 
plus 10 ml. of 2% sulfuric acid was heated for 2 hr. on the steam 
bath. After diluting with water, dioxane ww evaporated in 
vacuo and the aqueous solution was extracted with chloroform. 
The residue obtained on evaporation of the chloroform gave 71 
mg. of crystals: the remaining amorphous material, 183 mg., was 
chromatographed on alumina. The first fractions, eluted with 
benzenechloroform (1 :I) contained 73 mg. of solid, which on 
crystallization Erom ethyl acetatehexane furnished needles of the 
30-hydroxy-A2' bicyclic ketone 1 (3@-OH), m.p. 254,257", infra- 
red spectrum identical with that of an authentic  ample.^ 

Later fractions eluted with chloroform gave 40 mg. of crystal- 
line material which was combined with the 71 mg. of crystals 
initially obtained and recrystallized from ethanol to yield 88 mg. 
of the 30,3'8-dihydroxy-2'-acetyl bicyclic ketone: m.p. 235-240"; 
v:? 3340 cm.-l, v c p 0  1800,1640 em.-'. 

Anal. Calcd. for C24H34N204: C, 69.53; H, 8.27. Found: 
C, 69.49; H, 8.44. 

Conversion of 4 to 1 with p-Toluenesulfonyl Chloride.-A solu- 
tion of 100 mg. of 4 and 100 mg. of tosyl chloride in 8 ml. of pyri- 

dine was heated for 12 hr. on the steam bath and then poured into 
water. The resulting precipitate (50 mg.) was collected and re- 
crystallized from ether to give needles of 1, m.p. 190-195', iden- 
tical by infrared spectrum and mixture melting point with an 
authentic sample. 

36-Acetoxy-2 '-acetyl-lda, 17a,2 1- (3 ', 1 ', 1 '-pyrazolidino)-5-preg- 
nene-3'8,208-diol. A*-A solution of 200 mg. of the 38-ace- 
toxy 20-alcohol 4 in 20 ml. of pyridine a t  0" was treated with 
0.6 ml. of acetyl chloride. After stirring for 4 hr., the mixture 
was poured into water and extracted with ether. The residue, 
210 mg., from the ether layer was chromatographed on alumina. 
The first fractions eluted with benzenechloroform (3: 1) gave 96 
mg. of solid which contained a t  least three components. Later 
fractions gave 95 mg. of solid which was chromatographed again. 
Crystallization of these fractions from ethyl acetate-hexane gave 
71 mg. of the diol: m.p. 238-240" (recrystallization raised the 
melting point to  240-243'); v K B r  3500 (broad OH), 1745, 1650 
cm.-l. 

Anal. Calcd. for C&EI38N2O6: C, 68.09; H, 8.35. Found: 
C, 67.71; H, 8.35. 

B. From &-To B solution of 150 mg. of 4 in 25 ml. of ethanol 
was added 90 mg. of sodium borohydride. After standing for 3 
hr., the solution was diluted with water and neutralized with 
acetic acid, and the precipitate (117 mg.) was collected. Chro- 
matography on alumina gave three groups of fractions. The first 
group, eluted with benzene-chloroform (5: 1 and 2: l), gave 20 mg. 
of a mixture; the second, eluted with chloroform, gave 49 mg. of a 
single substance; and the final fractions, eluted with chloroform- 
methanol, gave 48 mg. of a mixture. 

The solid from the second fractions was recrystallized from 
ethyl acetate-hexane to  give needles, m.p. 195-198'. This 
product was not identified. 

Further chromatography of the mixed fractions gave an addi- 
tional 35 mg. of the above compound and from the last fractions, 
eluted with chloroform, 13 mg. of the diol described in A, m.p. 
242-245", infrared spectrum identical with material from A. 

3p-Acetoxy-2'-acetyl-3'p-methoxy-16ru,l7~,21-(3',1', 1 '-pyrazol- 
idino)-S-pregnen-208-0l.-A solution of 200 mg. of the alco- 
hol in 20 ml. of pyridine was treated with 0.4 ml. of acetyl chlo- 
ride; after standing at 0' for 2 hr., 8 ml. of methanol was added, 
the solution was evaporated, and the solid residue was washed 
with water and chromatographed on alumina. Elution with 
benzene gave a mixture, then elution with benzene-CHCla 
(10: 1) gave 120 mg. of a single substance which on crystallization 
furnished 50 mg. of colorless needles: map. 202-205"; vKgr 3000, 
1745.1680 cm.-l. 

Anal. Calcd. for C&HmNzOs: C, 68.61; H, 8.53. Found: 
C, 68.46; H, 8.67. 

3p-Acetoxy-5-androsteno [ 17,16 : 3 ',4'] -2 'H-pyrazole-2 '-aceto- 
nitrile (ll).-A solution of 180 mg. of the oxime lo4 in 30 ml. of 
benzene was treated with 0.3 ml. of thionyl chloride and heated 
for 1 hr. The cooled solution waa washed thoroughly with 
water, the water washes were extracted with ether, and the com- 
bined organic layers were dried and evaporated. The solid 
residue was crystallized from ethanol to  give 127 mg. of colorless 
needles of 11, m.p. 214218". Recrystallization from methanol 
furnished prisms, m.p. 220-223". The infrared spectrum con- 
tained no bands in the 2000-2400-cm.-1 region; strong bands 
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were present a t  Y K B ~  1740 [OAc), 1370, 1260, 1080, 860, and 809 
cm.-l. 

Anal. Calcd. for C&1N302: C, 73.25; H, 7.94; N, 10.68. 
Found: C,72.78; H,8.03; N, 10.87. 

The same product was obtained by treatment of the oxime in 
pyridine solution a t  0' with POCI,; after 3 hr. a t  O', the solution 
was poured into water and the solid was collected and recrystal- 
lizedfrommethanol, m.p. and m.m.p. 219-223'. 

38-Acetoxy-2 '-acety1-3'p-methoxy-l6cu, 170r,2 1-(3', 1 ', 1 '-pyrazo1- 
idino)-S-pregnen-20-one Oxime (12) .-A solution of 300 mg. 
of the 3'-methoxy ketone 8 (R = CH3), 300 mg. of hydroxyl- 
amine hydrochloride, and 600 mg. of potassium acetate in 60 ml. 
of methanol was refluxed for 22 hr. The solution was then 
evaporated and the residue was crystallized from aqueous metha- 
nol to  give 100 mg. of colorless crystals. An additional 80 mg. of 
the same product was obtained by chromatography of the mother 
liquor. The combined matterial was recrystallized from acetone- 
hexane and then methanol-water to  give colorless needles, m.p. 

Anal. Calcd. for CZ7Ha9N3O5: C, 66.78; H, 8.10; N,  8.65. 
Found: C,66.66; H, 8.25; N,8.66. 

Nitrile 11 from 3'-AcetyLJ'-methoxy Oxime.-A solution of 314 
mg. of the above oxime in benzene containing 0.1 ml. of thionyl 
chloride was refluxed for 1 hr. After washing with water and 
evaporation, the residue was crysballized from ethanol to give 114 
mg. of nitrile 11, m.p. 219--223', identical with materialdescribed 
above (mixture me1 ting point and infrared spectrum). 

2'-Carboxymethyl-3~-hydroxy-5-androsteno[ 1 6 ~ 7 :  4',5']-2'H- 
pyrazole (16, X = COzH).-A solution of 100 mg. of the nitrile 
11 in 50 ml. of 5% ethanolic KOH was refluxed for 4 hr. and then 
concentrated. After dilution with water, the solution was ex- 
tracted with ether; evaporation of the ether gave 8 mg. of non- 
crystalline residue. The aqueous layer was then acidified with 
HC1 and extracted with chloroform. The residue from evapora- 
tion of the chloroform solution was crystallized from acetone- 
hexane to give 25 mg. of the acid, m.p. 266-271' dec., and 20 mg. 
of a lower melting second crop. Two recrystallizations from ace- 
tone-hexane gave prisms: m.p. 273-277" dec.; vmr 2400-3400 

235-238" ~ 

(broad), 1745; 1210,1050 cm.-'. 

Found: C. 71.13: H.8.31: N.7.92. 
Anal. Calcd. for CzzH30Nz03: C, 71.32; H, 8.16; N, 7.56. 

The methyl ester 16 (X = CO2CH3) was prepared from the acid 
with methanolic diazomethane. After 5 hr. the solution was 
evaporated and the residue was crystallized from acetone-hexane 
and then methanol-water to give needles: m.p. 186-187'; 
yKBr 3500,1760 cm.-l. 

Anal. Calcd. for C23H3.aN203: C, 71.84; H, 8.39. Found: C, 
71.71; H,8.31. 

Alkylation of 3&Hydroxy-S-androsteno[ 1 6 ~ 7 :  4',5']pyrazole 
with Chloroacetonitri1e.-A mixture of 200 mg. of the pyrazole 
15,1*J9 55 mg. of sodium iodide, 55 mg. of sodium methoxide (very 
simiiar results were obtained in another experiment without 
sodium methoxide), and b ml. of chloroacetonitrile, without sol- 
vent, was heated on the steam bath for 1 hr. The steroid slowly 
dissolved, giving a brown solution with some insoluble inorganic 
salt. After addition of water, the mixture was extracted with 
chloroform, and after washing with water, drying, and evapora- 

(18) K. Briiokner, K. Irmsaher, F. v. Werder, K.-H. Bork, and H. Metz, 
Chen. Ber., 94, 2897 (1961). 
(19) We wish to thank Dr. Hershel Hersog, Sohering Corp., for providing 

a sample of this pyrazole. 

tion, the residue (210 mg.) from the chloroform solution was 
chromatographed on alumina. The main fraction, eluted with 
benzene-chloroform (1O:l and 5:l) gave 97 mg. of solid which 
showed only a single spot on the t.1.c. plate. After acetylation 
with acetic anhydride, the material was recrystallized from 
ethanol. The first crop was 36 mg. of the 1'-nitrile 17 (X = CN) 
as a crystalline powder; further crystallization from ethanol 
gave colorless plates, m.p. 255-260" and finally 265-270' dec. 
The infrared spectrum contained no -C=N band; the major dif- 
ferences with the spectrum of 11 were in the 830-1000-~m.-~ 
region, particularly the presence of sharp peaks a t  905 and 975 
cm.-l in the spectrum of 17 (X = CN). 

Anal. Calcd. for C24H31N302: C, 73.25; H, 7.94. Found: 
C, 73.53; H, 8.01. 

Further crystallization from the ethanol mother liquor of 17 
gave 38 mg. of needles of 11, m.p. 216-221', identical (mixture 
melting point and infrared spectrum) with material obtained 
from the oxime. 

Condensation of 16-Formyldehydroepiandrosterone and Ethyl 
Hydrazinoacetate.-A solution of 500 mg. of the 16-hydroxy- 
methylene ketone 18,20 250 mg. of ethyl hydrazinoacetate hydro- 
chloride (Aldrich Chemical), and 0.5 ml. of 10% aqueous NaOH 
in 75 ml. of tetrahydrofuran was refluxed for 10 hr. The solution 
was then evaporated and the residue was extracted with hot ben- 
zene. The residue from the benzene solution was eluted from 
alumina with benzene-chloroform, and the total solid obtained, 
300 mg., was rechromatographed on alumina to give a main frac- 
tion of 210 mg. which was crystallized repeatedly from acetone- 
water to give 15 mg. of prisms of ethyl 3p-hydroxy-5-androsteno- 
[16,17:4',5'] -2'H-pyrazole-2'-acetate (16, X = CO~CZH~):  
m.p. 105-107'; yKBr 3500,1760 cm.-l. 

Anal. Calcd. for C Z B H ~ ~ N ~ O ~ :  C, 70.88; H, 8.24. Found: C, 
70.77; H, 8.89. 

The mother liquors from the above crystallization were evapo- 
rated and hydrolyzed with 10 ml. of 10% ethanolic KOH for 1 hr. 
a t  80'. After acidification, 42 mg. of acid, m.p. 272-274" was 
obtained, identical (infrared spectrum) with material obtained 
by hydrolysis of nitrile 11. 

Carboxymethyl-3p-hydroxy-5-androsteno [ 16,17 : 4',5']-1 'R- 
pyrazole (17, X = C02CH3) .-A solution of 155 mg. of nitrile 17 
(X = CN) in 60 ml. of 5% ethanolic KOH was refluxed for 5 hr. 
and then evaporated. The residue was dissolved in water and 
the solution was washed with ether and then acidified. The crys- 
talline precipitate was recrystallized from acetone to give 70 mg. 
of the acid 17 (X = C02H) as needles, m.p. 250-253". 

The methyl ester was prepared with diazomethane in methanol 
solution and was recrystallized from methanol-water to give 
needles, m.p. 160-163". 

Anal. Calcd. for C23H32N203: C, 71.84; H,  8.39. Found: 
C, 71.31; H, 8.39. 
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