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TABLE I 
c1 

ADDUCTS OF THE TYPE 

Cl 

R 
Yield, Carbon Hydrogen Chlorine 

5% B.P. Mm. n? Calcd. Found Calcd. Found Calcd. Found 
I 

Acetyl 97 110-113 0 5 a 30 09 29 92 1 69 1 78 60 63 60 01 
Butyryl 75 126-127 0 3 1 5224 34 14 34 06 2 61 2 56 54 96 54 88 
2-Ethylhexanoyl 88 145-147 0 3 1 5084 40 66 40 39 4 10 4 02 48 01 48 17 
Sonanoyl 88 176-178 1 0 1 5083 42 05 41 94 4 41 4 46 46 42 15 91 
Benzoyl 71 160-163 0 2 b 39 96 39 85 1 92 1 96 50 52 50 32 
a L1.p. 44" (from hexane). M.p. 91" (from hexane). 

1.56921 which was a reddish oil and dichlorinated I1 [b.p. 
148-152" (1.7 mm.) n'," 1.57751 which was a yellow oil 
were also obtained. The infrared spectra of the latter two 
materials are consistent with the proposed structures. 
I,d,S,4,7,7-Hexachloro-5-methylene-2-norbornene (IV). A 

mixture of 1,2,3,4,7,7-hexachloro-5-(chloromethyl)-2-nor- 
borneneg (60.0 g., 0.172 mole), potassium hydroxide (9.6 g., 
0.172 mole) and 500 ml. of absolute ethanol was refluxed 
for 9 hr. The solvent was removed by distillation a t  reduced 
pressure and the pentane soluble portion of the residue 
distilled. The methylene compound distilled at  104" (2 mm.) 
as a colorless oil ny 1.5560 and was obtained in a yield of 
95y0 (51.1 9.). Infrared maxima: 5.97, 6.23, 6.98, 7.07, 7.99, 
8.37, 8.72, 9.22, 9.53, 9.67, 10.07, 10.36, 10.92, 11.32, 
11.45, 11.79, 13.53, and 13.82 F. 

Anal. Calcd. for CsH,Cle: C, 30.71; H, 1.29; C1, 68.00. 
Found: C, 30.97; H, 1.44; C1, 67.65. 

The olefin IV (3.2 g., 10.3 mmoles) in 90 ml. of ethyl 
acetate was ozonized to confirm that the double bond was 
exocyclic. The theoretical amount of ozone was consumed, 
and the ozonide was hydrogenated over a palladium on 
strontium carbonate catalystlo first a t  atmospheric pressure 
and fmally in a Parr hydrogenator a t  50 p.s.i.g. for 20 min. 
(a sample gave negative peroxide test with KI). The catalyst 
was separated by filtration and the ethyl acetate solution 
shaken out nith water. The water extracts furnished a 43% 
yield of formaldehyde as the dimedone derivative," and 
cvanoration of the ethyl acetate yielded 2.9 g. of the ketone 
I1 (90%) whose infrared spectrum was identical with that 
ohtained by the methods reported above. 

1,2,3,4,5,7,7-Heptachloro-6-( chloromethy1)-2-norbornene. 
(I-), A solution of IV (13.5 g., 0.0432 mole) in 30 ml. of meth- 
1 lene chloride was treated with chlorine In ultraviolet light 
until a yellow color persisted. Evaporation of the solvent 
left behind a colorless oil (16.2 g., 98% yield) which had ny 
1.5692. Infrared maxima: 6.21, 6.94, 7.83, 8.15, 8.21, 
8.49, 8.80, 8.93, 9.24, 9.37, 9.80, 10.31, 10.82, 11.27, 11.62, 
11.96j 12.45, 12.79, 13.28, 13.38, 14.12, 14.60, and 15.16 I.(. 

Anal. Calcd. for CaH&ls: C, 25.04; H, 1.05; C1, 73.91. 
Found: C, 24.80; H, 1.04; C1, 73.16. 
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Steroids. VII. Synthesis of Some 
4-Azaandrostanes 1-3 
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The synthesis of a series of 4-azacholestanes wab 
recently described.6 This paper reports the syn- 
thesis of a related group of 4-azaandrostanes with 
preliminary biological data. 

17a-Methyl-4-azaandrost-5-en-17p-ol-3-one (11) 
mas prepared (a) by refluxing the ammonium salt 
of 17 a-me thyl-3,5-seco-4-n orandrostan- 17p-01-5-0n- 
3-oic acid (I)' in n-amyl alcohol for eight hours and 
(b) by heating a solution of the ammonium salt of 
the oxo acid (I) in concentrated ammonium hy- 
droxide in a sealed reaction vessel a t  180' for six 
hours. The lorn yield by method (a )  mas shown to 
be due largely to the decomposition of the am- 
monia salt t o  ammonia and acid (I). 4,17~-Di- 
methyl-4-azaandrost-5-en-l~/3-ol-3-one (111) was 
obtained in good yield (a) by refluxing the methyl- 
ammonium salt of the acid (I) in xylene and (h) 
by heating a solution of the acid (I) in ethanolic. 
methylamine in a sealed reaction vessel a t  140'. 
4 - (p - Hydroxyethyl) - 1 7 ~  - methyl - 4 - aman- 
drost-5-en-17/3-01-3-one (IV) and 4-benzyl-17~- 
methyl-4-azaandrost-5-en-l7/3-ol-3-one (V) were 

(1) Presented a t  the Frederick F. Blicke Symposium of 
the Division of Medicinal Chemistry at  the 138th National 
Meeting of the American Chemical Society, New York, 
N. Y., September 1960. 
(2) For DaDer VI see N. J. Doorenbos and C. P. Dorn, 

Jr.; j .  Pha;;. Sei., 50 ,  271 (1961). 
(3) dbstracted from a thesis submitted by Chieri Li 

Huang to the graduate faculty of the University of Maryland 
in partial fulfillment of the requirements for the Ph.1). in 
Pharmaceutical Chemistry, February 1960. 
(4) Sterling-Winthrop Research Fellow, 1958-1959. 
( 5 )  Present address: Research Laboratories, Spring Grove 

(6)  ?;. J. I~oorenkios and C. L. Huang, J .  0 1 . g .  C ' h o ~ . ,  itr 

(7)  C .  C .  Bolt, Rec. truo. chinc., 70, 940 (1951). 

State Hospital, Baltimore 28, hld. 
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synt,hesized by refluxing a solution of the acid (I) 
in excess ethanolamine and benzylamine, respec- 
tively. 

The lithium aluminum hydride reduction of 
11, 111, IV, and V yielded l7a-methyll-aza- 
androst-4-en-17/3-01 (VI), 4,17a-dimethy1-4-azaan- 
drost-5-en-17/3-01 (VII) , 4-(,&hydroxye thylb17p- 
methyl-4-azaandrost-5-en-l7~-01 (VIII) , and 4- 
benzyl-17~-methyl-4-azaandrostA-en-17/3-ol (EX) 
in high yield. 

OH 
I :CHJ 

R R 

11. R = H- VII. R = CHa- 
111. R = CH1- 
IV. R = HOCHzCHz- IX. R = CBH~C&- 
V. R = CEH6CHz- 

VIII. R = HOCHZCHz- 

The weak absorption of VII, VIII, and IX at 
6.08 p has been assigned to C=C stretching of the 
5,6- double bond. Each of these enamines was 
shown to be an a,p-unsaturated amine by a 
comparison of the infrared spectra of the bases 
and their hydrogen sulfate salts. The absorption 
of the double bond of the salts had shifted from 
6.08 to 6.02 p and increased in The 
6.03-p band of VI did not shift or change in in- 
tensity when the salt was made. The fact that the 
absorption peak of the three enamines is below 220 
mp indicates that there is poor conjugation be- 
tween nitrogen and the double bond.6 

The double bond of VI was assigned to 
t#he 4,s-position for the following reasons: (1) 
VI does not exhibit S-H stretching in the infra- 
red. ( 2 )  VI has a moderately strong sharp peak 
a t  6.03 p which is not reduced in intensity by 
further treatment with lithium aluminum hydride. 
Similar peaks have been reported for 6-azacholest- 
ri-encg and 4-a~acholest-4-ene.~ (3 )  The MD value 
changed +518" upon reduction of I1 with lithium 

(8) N. J. Leonard and V. W. Gash, J .  .4m. Chem. Sac., 76, 

(9) T. L. Jacobs and It. B. Brownfield, J .  Am. Chem. Sac., 
2781 (1954). 

82,4033 (1960). 

aluminum hydride while the 310 values of the other 
lactams became more negative. The shift of 
a double bond from the 5,6-position to  a 4,5- 
position in natural steroids results in a change in 
Mn of about +500°.10 Jacobs shifted the double 
bond in the other direction when he reduced 6- 
azacholest-4-en-7-one to 6-azacholest-5-ene with 
lithium aluminum hydride. He reported a change 
in Mn of -606°.9 

Biological data provided by the Cancer Chemo- 
therapy National Service Center indicates that 
lactam IV has antiestrogenic activity, weak 
androgenic activity, and the ability to potentiate 
the action of testosterone. Lactam IT1 has weak 
androgenic activity. 

 EXPERIMENTAL^^ 

I ~~-Methyl-~-azaandrostS-en-l7~-02-8--one (11) (Method 
A). A solution of 15.0 g. of 17a-methyl-3,5-seco-4norandro- 
stan-17p-ol-5-on-3-oic acid' (I), which had been prepared by 
the ozonolysis of 17a-methyltestosterone, in 200 ml. of n- 
amyl alcohol was saturated with ammonia. The mixture 
was refluxed (140') for 8 hr. Ammonia was introduced 
slowly during the fkst 30 min. of reflux. Upon cooling, the 
solution was washed with 2% sodium hydroxide and water, 
and then dried over sodium sulfate. The residue obtained by 
distilling the solvent was crystallized from acetone to ob- 
tain 2.35 g. (17%) of 17a-methyl-4aeaandrost-5-en-l7p-o~- 
3-one (11) as white needles; m.p. 256-258'; [ a ] ~  -120.2'; 
A,, 233 mp (log e 4.14), 2.95 p, 3.14 p, and 6 04 ,A with an 
inflection a t  5.96 p .  

Anal. Calcd. for ClpHnsOnN: C, 75.21; H, 9.63; N, 4 62. 
Found: C, 75,17; H, 9.35; N, 4.69. 

17ru-Methyl-~-aeaandrost-6-en-l rp-ol-3-one (11) (Method 
B). A solution of 3.2 g. of 17a-methyl-3,5-seco-4norandro- 
stan-17p-ol-6-on-3-oic acid' (I) in 200 ml. of concd. aqueous 
ammonium hydroxide was heated in a pressure vessel under 
a nitrogen atmosphere a t  180' for 6 hr. The mixture was 
cooled, filtered, and dried. The precipitate wm crystallized 
from acetone to yield 2.42 g. (80%) of 17a-methyl-4-aza- 
androst-5-en-17j3-01-3-0ne (11), m.p. 256-259 '. This product 
was shown to be identical with that obtained by method A 
by a mixed melting point and a comparison of infrared 
spectra and specific rotation values. 

4,l7a-Dimethy1-4-azaandrost-5-en-17p-ob8-one (111) 
(Method A). 17a-methyl-3,5-seco-4norandrostan-17p-ol-5- 
on-3-oic acid' (I) (1.5 0 9.) was dissolved in 150 ml. of xylene 
with the aid of 10 ml. of ethanol. The solution was saturated 
with methylamine and refluxed for 8 hr. After cooling, the 
solution was washed with sodium carbonate solution and 
then water. After drying over sodium sulfate, the solvent 
was removed. The residue, after crystallization from ethanol, 
yielded 9.4 g. (63%) of 4,17a-dimethyl-Pazaandrost-5- 
en-17p-ol-3-one (111) as white needles; m.p. 173-175'; 
[aln- 188'; A,,, 234 mp (log B 4.13), and 6 14 p with an in- 
flection a t  6.00 p. 

(IO) L. F. Fieser and M. E'ieser, Steroids, Reinhold Pub- 
lishing Corp., New York, 1959, p. 178. 

(11) Melting points were taken on a Fisher-Johns block 
and are uncorrected. Steroid intermediates, analyses, and 
specific rotations were furnished by Sterling-Winthrop 
Research Institute. Specific rotations were taken on l . O O ~ o  
solutions in chloroform a t  25". Ultraviolet spectra were ob- 
tained on ethanol solutions with a Beckmann DU spec- 
trophotometer. Infrared spectra were obtained on chloroform 
solutione with a Perkin-Elmer Infracord spectrophotometer. 
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A d .  Calcd. for G&O*N: C, 75.67; H, 9.84; N, 4.41. 
Found: C, 76.01; H, 10.05; N, 4.61. 

417a -Dimethyl - 4 - azaandrost - 6 - en - 17a - 01 - 3 - me 
(111) (Method B). A solution of 3.2 g. of 17a-methyl-3,5- 
seco-4norandrostan-17~sl-5-0n-3-oic acid' (I) in 200 ml. of 
ethanol waa saturated with methylamine. The solution waa 
heated in a sealed tube for 8 hr. at 140'. The solvent was 
distilled and the residue crystallized from ethanol to yield 
2.54 g. (80%) of 111 aa white needles, m.p. 172-174'. This 
product waa shown to be identical with that obtained by 
method A by a mixed melting point and a comparison of h- 
frared spectra and specific rotation values. 

4 4  &Hydrozyethyl)-1 7a-methyL4azaandroat-6-en-17fl-01- 
3-me (IV). A mixture of 15.0 g. of 17ar-methyl-3,5-seco-P 
norandrostan-17~-ol5-on-3-oic acid' (I) and 60 ml. of 
ethanolamine was refluxed for 4 hr. After cooling, water was 
added and the mixture waa extracted with benzene. The 
benzene extracts were washed with dilute hydrochloric acid 
and water, and then dried over sodium sulfate. The residue 
obtained, after evaporating the solvent, was crystallized 
from acetone to yield 4.8 g. (31%) of 4(fl-hydroxyethyl)-l7a- 
methyl-4azaandrost-5-en-l7~-ol-3-one (IV) aa white nee- 
dles; m.p. 172-175'; [+ - 137.4'; A,, 235 mp (log e 4.06), 
and 6.14 p with an inflection a t  6.00 p .  

Anal. Calcd. for GlHsO,N: C, 72.59; H, 8.46; N, 4.03. 
Found: C, 72.40; H, 9.26; N, 3.71. 

4-Benzyl-1 7 a - m e t h y L ~ - a z a a n d r o ~ ~ ~ ~ - l 7 ~ - o L h n e  (V). 
Lactam V was prepared from a mixture of 15.0 g. of the 
acid (I) and 60 ml. of benzylamine by a procedure similar to 
that used for IV. Crystallization of the product from ether 
yielded 13.0 g. (71%) of the lactam (V) aa white needles; 
m.p. 104-106'; [&-138'; X, 235 mp (log e 4.04), and 
6.13 p with an inflection a t  6.00 p .  

Anal. Calcd. for CndIasOnN: C, 79.33; HI 8.96; N, 3.56. 
Found: C, 79.53; H, 9.00; N, 3.53. 

1 7 ~ - M e t h y L 4 a z a a ~ r o ~ t - 4 ~ 1 ? ' ~ - 0 1  (VI). Lactam I1 (6.07 
9.) waa reduced by lithium aluminum hydride in tetrahydro- 
furan following standard procedures.' The crude product, 
after two recrystfiations from methanol, yielded 3.6 g. 
(62%) of VI aa white needles; m.p. 183-185'; [(Y]D +53.2'; 
A, 6.03 p (a sharp peak of moderately high intensity). 

Anal. Calcd. for ClJLON: C, 78.84; H, 10.80; N, 4.84. 
Found: C, 79.10; H, 10.70; N, 4.87. 

4,17~-Dimethyl-4-azaandrost-6-en-l?'~-ol (VII). Lactam 
I11 (8.82 g.) waa added to a slurry of lithium aluminum 
hydride in ether, by means of a Soxhlet extractor, and re- 
fluxed for 12 hr. After working up,B the product waa crys- 
tallized from ether to obtain 8.14 g. (97%) of VI1 aa white 
needles; map. 148-152'; A,. 6.08 p (weak absorption). 

A d .  Calcd. for CuHuON: C, 79.16; H, 10.96; N, 4.62. 
Found: C, 79.03; H, 10.70; N, 4.34. 

4-( &Hydroxyethyl)-I 7a-rne thyL4-azaandros t~ -~ l7~-0~  
(VIII). Lactam IV  (3.48 9.) waa reduced with lithium alu- 
minum hydride in tetrahydrofuran. The crude product waa 
crystallized from methanol to obtain 3.10 g. (93%) of VI11 
aa white needles; m.p. 175-176'; [ a ] D  -152"; A,= 6.08 p 
(weak absorption). 

Anal. Calcd. for GlHsaOzN: C, 75.65; H, 10.58; N, 4.20. 
Found: C, 75.90; H, 10.69; N, 4.23. 
4-Benzyl-1 7~-methyL4-azaandrost6-en-l7j3-01 (IX). Lactam 

V (3.30 9.)  was reduced in the same manner as lactam I11 
above. The product WBB crystallized from acetone to yield 
3.09 g. (97%) of I X  as white needles; m.p. 122-126'; [ L y ] D  

- 175'; A,, 6.08 p (weak). 
Anal. Calcd. for C d L O N :  C, 82.27; H, 9.83; N, 3.69. 

Found: C, 82.30; H, 10.02; N, 3.80. 
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The Vapor Phase Pyrolysis of Several 
Substituted Azidobenzenes 
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Received March 16, 1961 

In  two previous papers in this series' i t  was re- 
ported that pyrolysis of properly constituted 
aromatic azides resulted in attack of the azene 
intermediate upon the C-H bond of a saturated 
carbon atom with insertion of the nitrogen atom 
into the bond. Moreover, evidence was presentedlb 
which indicated that the azene was most likely an 
imino radical (-N:). These earlier pyrolyses were 
accomplished in Holution and suffered from the 
disadvantage of affording the azene an opportunity 
of reacting with the solvent. Thus, it was decided 
to study the decompositions of several azides in 
the vapor phase, as in this way one would preclude 
reaction with solvent and would provide the maxi- 
mum opportunity for intramolecular reaction of the 
azene. 

The products obtained from the decomposition 
of 2-isopropylazidobenzene (I), 2-butylazidobenzene 
(11), and o-azidobenzyl alcohol (111) are consistent 
with the view that the azene intermediate reacts 
as a radical' (Equations 1, 2, and 3). The fact 

(44%) r- I1 

- 

V I  

QQCH3 H 

m H 

E C H O  Ii H* 

VI1 

VI11 

polymer 

(l)(a) G. Smolinsky, J .  Am. Chem. SOL, 82,4717 (1960); 
(b) J. Am. Chem. Xoc., 83, 2489 (1961). 


