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and distilled. After removing the solvent and a small forerun, 
1.5 g.  liquid was obtained, b.p.  96" (12 mm.). The infrared 
spectrum showed major bands a t  3065, 3040, 1585, 1575, 1485, 
1230, 1185, 1046, 1015, 1010, 800, and 700 em.-'. 

Anal .  Calcd. for CsHSNO: C,  71.09; H, 6.71; K, 10.36; 
0, 11.84. 

Picrate .-This was prepared from 3-allyloxypyridine with 
ethanolic picric acid, and the solution was diluted with water. 
I t  was recrystallized from absolute ethanol giving yellow crystals, 
m.p. 56-58". 

Anal .  Calcd. for ClaH,N40s: C, 46.16; H, 3.32; N ,  
15.38. Found: C ,  46.31; H,3.29;  N ,  15.20. 

Found: C,  70.77; H,  6.80; S ,  10.05; 0, 12.74.' 
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In  our investigations of steroidal pyrazoles an 
alternate route to 5,-steroidal [3,2-c]pyrazoles2 was 
desired. Since A4-steroidal [3,2-c]pyrazoles were readily 
available12 reduction of these compounds to the cor- 
responding 5a-derivatives appeared attractive. Cata- 
lytic hydrogenation has been shown to afford primarily 
the 5p-isomers. Metal-ammonia reduction was then 
considered, since the product, if the pyrazole ring re- 
mained intact, might be expected to be the 5,-isomer 
by analogy with the reduction of steroidal A4-3-ones4 
and other conjugated systems.j 

Treatment of 17P-hydroxy-17a-methylandrost-4-eno- 
[3,2-c]pyrazole (I)2a with sodium or lithium in liquid 
ammonia-tetrahydrofuran-ethanol afforded 178-h~-  
droxy-17,-methylandrostano [3,2-c]pyrazole (11) , 2a the 
saturated h/B-trans compound, in 62 to  76% yield. 

OH OH 

No reduction of the pyrazole ring or formation of the 
50 isomer was detected ; apparently only unchanged 
pyrazole I contaminated the crude product. Pyrazole 
11 was recovered unchanged when treated under the 
same conditions. 
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Two factors may be responsible for the nonreduction 
of the pyrazole ring: (1) the ''aromatic" pyrazole ring, 
which is more electronegative than the aryl ring (re- 
duced under the conditions used6), is more resistant to  
electron addition, considered to  be the initial step of 
the reductive process'; (2) metal salt formation may 
prevent reduction of the ring. The second possibility 
can not be the major factor since the S-methyl deriva- 
tive of I, 17P-hydroxy-17 a-met hylandrost-4-eno [ 3,2- 
c]-2'-methylpyrazole (III),2b which has no acidic hy- 
drogen, is reduced in 75% yield to the N-methyl deriva- 

CH3 111 

tive of 11, l7~-hydroxy-17~-methylandrostano [3,2-c 3- 
2'-methylpyrazole (IV) 2b with lithium-ammonia-t- 
butyl alcohol (see Experimental). Pyrazole IV can 
be recovered in 75% yield when treated under the same 
conditions (thin layer chromatographic examination of 
the mother liquors show some decomposition products 
along with additional quantities of pyrazole IV) .8  

Similar results have been obtained with pyrrole and 1- 
methylpyrrole. 

The 4,5-double bonds in pyrazoles I and I11 are 
probably reduced in a manner similar to the reduction of 
styrene-type double bonds. lo 

Experimentalll 

Reduction of 17~-Hydroxy-17a-methylandrost-4-eno [3,2-c] - 
pyrazole (I).-To a solution of 10.00 g. of 17P-hydroxy-17a- 
methylandrost-4-eno[3,2-c]pyrazole [m.p. 248.4-257.4"; [CU]D 
+134" (pyridine); A,,, 261 mp ( e  10,600)28] in 300 ml. of tetra- 
hydrofuran (distilled from calcium hydride) and 300 ml. of 
liquid ammonia, was added 20 g. of sodium in portions during 5 
min. with stirring a t  reflux. Two layers formed: a bronze 
colored upper layer and a gray opaque lower layer. The mixture 
was stirred a t  reflux for 1 hr. Ethanol (100 ml.) was added in 
15 min. The mixture was stirred a t  reflux for an additional 6 hr.  
(upper bronze layer still present), then allowed to warm to  room 
temperature overnight. The colorless mixture was conrentrated 
under reduced pressure to about 200 ml. and then poured with 
stirring into 1500 nil. of ice-water. The mixture was filtered 
to yield light yellow crystals, m.p. 157-165'; partially resolidi- 
fied, m.p. <215'; A,,, 223 mp ( e  4600), 260 mp ( e  130). Two 
recrystallizations from ethanol afforded 6.38 g. (63%) of fine 
colorless prisms (dried in vacuo at 120" for 20 hr.);  m.p.  232- 
241'; [ a ] ~  +34.9" (chloroform); Am,, 223 mp ( e  4710).** 
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From the mother liquors the following additional crops were ob- 
tained after treatment with activated carbon and several re- 
crystallizations from ethanol: 1.18 g., m.p. 152-155'; resolidi- 
fied, m.p. 224-245", A,,, 223 m p  ( e  4650), 260 mp ( e  96); 0.3i  
g., m.p. 153-157'; resolidified, m.p. 227-243'; 0.47 g., m.p. 

Keduction using lithium instead of sodium afforded 76% of 
the pure pyrazole 11. 

17~-Hydroxy-l7~-methylandrost-4-eno [3,2-c] -2 '-methylpyra- 
zole (III).*b-To a solution of 4.00 g. of 2-hydroxymethylene- 
17a-methyhdrost-4-en- 17@-0l-3-onef m .p . 179-1 80 ' in 350 
ml. of et,hanol way added a solution of 7.36 g. of sodium acetate 
trihydrate and 3.50 g. of methylhydraaine sulfat,e in 50 ml. of 
water. After the mixture was stirred and refluxed for 3.5 hr., 
i t  was concentrated under reduced pressure to a small volume 
and poured into 300 ml. of cold water. The mixture was filtered 
and the collected white solid was recrystallized from acetonitrile 
to yield 2.65 g. of light yellow crystals, m.p. 202-205'. Three 
additional recrystallizationp from benzene-acetonitrile aflorded 
1.40 g .  of fine cream colored plates, m.p. 203.6-205.8'; [ a ] ~  
+123.4" (chloroform); A,,, 219 ( e  ll,lOO), 250 sh ( e  6300), 
278 mp ( E  10,500); 6 p.p.m. (20%, CDCL), 1.45 ( C I ~ C H ~ ) ,  

1.50 (Cd2H,),  1.77 (CH3 a t  C-17), 4.30 (N-CH,), 6.55 (-C- 

207-242". 

I 
i I 

CH=), 7.72 (-N-CH=). 
Anal. Calcd. for C22H30N20: C, 77.60; H, 9.47; N ,  8.23. 

Found: C, 77.45; H,9.33; K, 8.49. 
Thin layer chromatography ( 2 %  methanol in chloroform) 

showed only one spot as detected by iodine, sulfuric acid, followed 
by heat. The previously reported sample [m.p. 175.2-193.2'; 
[ a ] ~  +103.6' (chloroform); Amax 272 mp ( E  10,400)2b] was ap- 
parently a mixture of the 1 '-methyl- and 2'-methylpyrazoles. 
The compound, whose preparation is described here, is now be- 
lieved to be the 2'-methyl isomer rather than the l'-methyl 
isomer berause of its reduction to the known 5a-2'-methyl- 
pyrazole I P b  (see next paragraph). I ts  ultraviolet spectrum 
compared favorably with the spectrum [AM::: 277.5 m p  
( e  10,200)] of 17a, 20 ;20,2 1 -bismethylenedioxy-1 1 P-hydroxy- 
2 ', 16a-dimethyl-4-pregneno [3,2-c] pyraaole . I 3  

Reduction of 17~-Hydroxy-17a-methylandrost-4-eno [3,2-c] -2 '- 
methylpyrazole (III).-To a solution of 100 mg. of 178-hydroxy- 
17a-methylandrost-4-eno[3,2-c]-2'-methylpyrazole (1111, m.p. 
203.6-205.8", in 25 ml. of dry tetrahydrofuran and 35 ml. of 
dry t-butyl alcohol and 50 ml. of liquid ammonia way added 150 
mg. of lithium wire. The dark blue mixture with bronze liquid 
floating on top was stirred and refluxed for two hours. The 
mixture turned colorless in 1.5 hr. Methanol (10 ml.) was 
added and the ammonia was allowed to evaporate. The mixture 
was concentrated to dryness under reduced pressure and the 
residue waR taken up in ethyl acetate-water. The organic layer 
was washed with water and saturated sodium chloride solution 
and filtered through anhydrous sodium sulfate. Concentration 
of the solution under reduced pressure afforded colorless crystals, 
m.p. 21 77222'. Recrystallization from acetone afforded 75 mg. 
of colorless flakes, m.p. 221.4-222.2'; [ a ] ~  $37.6" (ethanol); 
AmSx 229 mp ( e  4800); 6 p.p.m. (10'jYo, CDC13), 1.25 (C18CH3), 

i 
1.40 (CI~CH,) ,  1.75 (CH3 ctt C-17), 4.25 (-N-CH3), 7.79 (-K= 
CH-). 

Anal. Calcd. for C B H ~ ~ N Z O :  C, 77.14; H ,  10.01, Found: 
C, 77.13; H ,  10.08. 

Thin layer chromatography (2% methanol in chloroform) 
showed only one spot as detected by iodine, sulfuric acid, followed 
by heat. The previously reported sample,*b prepared by the 
pyrolysis of the X-methylsemicarbaaone of 2-hydroxymethylene- 
17a-methylandrostan-17P-ol-3-one [m .p. 186.6-198 .O O ,  [a] D 
+38.3" (EtOH), Amax 229mp (e4900)] was apparentlya mixture of 
mofitly the 2'-methylpyrazole contaminated with the 1 '-methyl- 
pyrazole. An examination of the n.m.r. spectrum of this sample 
(in chloroform, internal tet,ramethylsilane standard) shows two 
N-methyl peaks a t  3.77 and 3.80 p.p.m. in a 3 :2  ratio. 

( 1 2 )  H. J .  Ringold, E .  Batres, 0. Halpern, and E .  Neeoechea, J .  A m .  
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In  the course of some kinetic studies on the thermal 
decomposition of selected 2-pyrazolines2 we needed a 
sample of 5,5-diphenyl-3-carbomethoxy-2-pyrazoline 
I .  However, a literature check showed that although 
the reaction of diphenyldiazomethane with methyl 
acrylate had been e f f e ~ t e d , ~  the actual isolation of the 
pyrazoline was not reported. This might not have been 
particularly surprising since this type of reaction has 
been often used for the synthesis of cyclopropanes4 
without concern for the presumed intermediate pyraz- 
oline. However, the surprising feature of this observa- 
tion was the fact that spontaneous nitrogen evolution 
is observed when diphenyldiazomethane is added to 
methyl a ~ r y l a t e . ~  This is in contrast to the fact that 
in most cases where the reaction of a diazoalkane with 

Room temp. PheC02Me 

Ph 
Ph,CN, + CH2=CH-C02Me - + N2 

an alpha,beta-unsaturated addend is used to effect the 
synthesis of a cyclopropane, the pyrazoline is first 
formed and then must be heated to varying tempera- 
tures to give t,he desired products. 

A more careful perusal of the literature very quickly 
showed that although diphenyldiazomethane does lead 
to pyrazolines with some  addend^,^-^ spontaneous 
cyclopropane formation has also been observed in 
several  case^.^,^,' lo l 1  Furthermore, many cases of 
spontaneous cyclopropane formation in this type of 
reaction have been observed with the closely analogous 
diazofluorene. l 2  

Spontaneous nitrogen evolution from reactions of 
diazoalkanes with alpha,beta-unsaturated addends has 
been recognized as being anomolous and has been 
discussed. 1 1 - 1 3  In  general, the available evidence 
indicates that spontaneous formation of nitrogen-free 
products in this type of reaction involves initial forma- 
tion of the l-pyrazoline which then decomposes under 
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