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4-Aza-4-beazyl-5-cholestane (VII). 4-Aza-4-benzyl-5-choles- 
ten-3-one (111) (1.6 g.) was added to a solution of 1.3 g. of 
lithium hydride in anhydrous ether by means of a Soxhlet 
extractor. The mixture was refluxed for 4 hr. after the 
addition was completed. The excess hydride was destroyed 
with water, and the inorganic salts were filtered and washed 
with ether. The ether solutions were combined and dried over 
sodium sulfate. The residue, obtained by evaporating the 
solvent, was crystallized from ether-acetone to yield VI1 
as colorless needles; 1.47 g. (95%); m.p. 90-94". An analyti- 
cal sample was prepared by two additional crystallizations 
from ether-acetone; m.p. 97-101'; [Q]D -170'; A,, 6.08 
and 6.67 p (6.02 and 6.67 p in the presence of a slight excess 
of sulfuric acid). 

Anal. Calcd. for C ~ ~ H L ~ N :  C, 85.84; H, 11.13; N, 3.03. 
Found: C, 86.17; H, 11.03; N, 2.98. 

4-Aza-4-methyl-6-cholestene (VIII). 4Aza-4-methyl-5-cho- 
lesten-3-one (IV) (4.2 g.) was added to a solution of 3.8 g. 
of lithium aluminum hydride in 300 ml. of anhydrous ether 
by means of a Soxhlet extractor. After the addition was 
completed, the mixture was refluxed for 7 hr. The excess 
hydride was destroyed with water and the inorganic salts 
were filtered and washed with ether. The ether solutions were 
combined and dried over sodium sulfate. The solvent waa 
evaporated and the residue crystallized from ether-acetone 

to yield 3.86 g. (95%) of VI11 a8 colorless needles; m.p. 
96-99'; [ a ] ~  -136.7'; A, 6.08 p (6.02 p in the presence 
of a slight excess of sulfuric acid); (reported: an oil; Amsx 
6.12 p; 6.05 p as the perchlorate).ll 

Anal. Calcd. for C27H47N: C, 84.07; H, 12.30; N, 3.63. 
Found: C, 84.03; H, 12.15; N, 3.44. 

4-Aza-4-(fl-hydrozyethyl)-6-cholestene (IX). A solution of 
448 mg. of 4-aza-4-(fl-hydroxyethyl)-5-cholesten-3-one (V) 
in 200 ml. of tetrahydrofuran waa added to a solution of 800 
mg. of lithium aluminum hydride in 100 ml. of tetrahydro- 
furan. The mixture was refluxed for 8 hr. The excess hydride 
was destroyed with water and the inorganic salts were 
filtered and washed with ether. The tetrahydrofuran and 
ether solutions were combined and dried over sodium sulfate. 
The residue obtained by distilling the solvent was crystal- 
lized from ethanol to yield 360 mg. (90%) of the monohy- 
drate of IX as colorless needles; m.p. 10&112°; Am% 6.08 p 
(6.02 ~r in the presence of a slight excess of sulfuric acid). 
The anhydrous base was so hygroscopic that we were able 
to obtain a better analysis on the monohydrate. 

And. Calcd. for CBHSIO~N: C, 77.54; H, 11.85; N, 3.23. 
Found: C, 77.77; H, 11.76; N, 3.34. 
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All attempts to prepare 4-aza steroids from 4-oxa-5a-cholestan-3-one (I) by reaction with ammonia, methylamine, hydra- 
zine, 8-hydroxyethylaminc, and benzylamine yielded only 5~-hydroxy-3,5-seco-4nor-3-cholestanamides. All attempts to 
cyclize the amides resulted in the formation of I. The lactone I and 5fl-hydroxy-N-methyl-3,5-seco-4nor-3-cholestanamidc 
were reduced wit,h lithium aluminum hydride to 3,5-seco-4-norcholestane-3,5j3-diol (VII I )  and 58-hydroxy-3-methylamino- 
3,5-seco-4-norcholestane, respectively. The cyclization of VI11 with phosphorus oxychloride or tosyl chloride and the lithium 
aluminum hydride reduction of the boron trifluoride complex of I yielded 4oxa-5n-cholestane. 

4-0xa-5a-cholestan-3-one (I) is easily prepared 
by the persulfuric acid oxidation of 4-cholesten-3- 
one.4 It seeincd to us that a series of 4-aza st,eroids 
might be prepared by the reaction of I with 
amines. 4 - h a  steroids have been prepared by the 
reaction of ammonia with 4-oxa-5-cholesten-3- 
O I ~ C . ~ ~ ~  6-Valrrolsctonc has been treated with 2,3- 
dimethoxyphenylethylaniiii~~ and o-pheaylene- 
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diamine* to yield 1-(3,4-dimethoxyphenolethyl)-2- 
piperidone (66%) and 1,2,3,4-tetrahydropyrido [a]-  
benzimidazole (15%) respectively. There are many 
reports of the synthesis of lactams from 7-lactones 
which are derived from primary, secondary, and 
tertiary alcohols as well as enols and  phenol^.^-^^ 
Temperature control was often important to assure 
the formation of the lactsam instead of the y-hy- 
droxy amide. 

All attempt's to prepare 4-aza steroids by the re- 
action of the lactone (I) with amines resulted in the 
formation of 6-hydroxyamides. Methylamine reacted 
readilyat room temperature, but ammonia, a less nu- 
cleophilic reagent, required elevated temperatures. 
The lactone was treated with each of t'heee amines 
in a sealed tube at  temperatures ranging from 140' 
to 280". Only &hydroxy amides were obtained. 
Thus, the reaction of the lactone with ammonia, 
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methylamine, hydrazine, p-hydroxyethylamine, and 
benzylamine yielded 5fkhydroxy-3,5-seco-4-nor-3- 
cholestanamide (11), 5P-hydroxy-N-methy1-3,5- 
seco4-nor-3-cholestanamide (111), N-amino-5P- 
hydroxy-3,5-seco4-nor-3-cholestanamide (IV) , 5p- 
hydroxy - N - (P - hydroxyethyl) - 3,5 - seco - 4- 
nor-Bcholestanamide (V) , and N-benzyl-5P-h~- 
droxy-3,5-seco4-nor-3-cholestanamide (VI), respec- 
tively. Other investigators have reported similar 
difficulty in preparing lactams directly from lac- 

Reppe" succeeded in preparing pyrrolidone in 
79% yield by heating y-hydroxybutyramide in an 
autoclave at 250" for seven hours. In a similar 
manner a large series of N-substituted pyrrolidomes 
was prepared. All attempts to prepare 4-aza ster- 
oids from the 5~-hydroxy-3,5-seco-4-nor-3-choles- 
tanamides by pyrolysis or by the use of such 
catalysts as acetic acid, polyphosphoric acid, 
calcium oxide, and sodium ethoxide yielded I. 

tones.%14W14 

I VI11 

11. R=-H IX 
111. R = -CH, 
IV. R=-NHz 
V. R = -CH&HzOH 

VI. R= -CHzCeHB 

HO , 
VII. R=-CHs 

The hydroxyamide (111) and the lactone (I) 
were reduced with lithium aluminum hydride to 
5p - hydroxy - 3 - methylamino - 3,5 - seco - 4- 
norcholestane (VII) and 3,5-seco-4-norcholestane- 
3,5B-diol (VIII), respectively. The diol (VIII) 
was cyclized to 4-oxa-5a-cholestane (IX) by phos- 
phorus oxychloride (85% yield) and tosyl chloride 
in pyridine (60% yield). 4-Oxa-5a-cholestane (IX) 
was also prepared by the lithium aluminum hydride 
reduction of its boron trifluoride complex utilizing 
the reaction recently reported by Pettit and 
Kasturi.ls This confirmed the structure of IX16 since 

(13) E. L. Neugebauer, Ann., 227, 97 (1885). 
(14) R. Fittig, Ann., 256, 147 (1889). 

the configuration at  position 5 should be unaf- 
fected. 

4-Oxa-5a-cholestane has been prepared recently 
from 4,5-sec0-3-cholesten-5-one~~ by the following 
sequence of reactions : (a) ozonolysis, (b) lithium 
aluminum hydride reduction to diol which was not 
isolated in pure form, and (c) cyclization with ben- 
zenesulfonyl chloride. A product, with physical 
properties similar to IX, was isolated in 20% yield 
from the cyclization and assigned the structure of 
IX. Although we are in agreement with the struc- 
tural assignment, we do not believe that lithium 
aluminum hydride reduction of the 5-keto group is 
sufficiently stereospecific to establish a 5a-configura- 
tion, when only a small portion is isolated. The steric 
course of the lithium aluminum hydride reduction 
of 3,5-seco-4-norcholestan-5-ones is now under 
investigation in this laboratory. 

EXPERIMENTAL" 

4-Oxa-5a-cholestan-3-one (I) was prepared from Ccholes- 
ten-3-one by oxidation with persulfuric acid. 4,1* 

5~-Hydroxy-S,6-seco-~-nor-S-cholestanami& ( 11). 4-Oxa- 
5a-cholestan-3-one (2.50 g.) was dissolved in 200 ml. of 
absolute ethanol which had previously been saturated with 
ammonia. The solution was heated in a sealed tube a t  150' 
for 8 hr. The solvent was removed, and the residue crystal- 
lized from methanol yielding 1.82 g. (70%) of 5j3-hydroxy- 
3,5-seco-4nor-3-cholestanamide, m.p. 168.2-170.2'; [a17 
+40.0° (c 0.5, chloroform); h ~ c l '  2.72, 2.90, 2.98, and 6.00 
P .  

Anal. Calcd. for C ~ ~ H U O ~ N :  C, 76.98; H, 11.68; N, 3.45. 
Found: C, 76.73; H, 11.44; N, 3.36. 

68-H ydroxy-N-methyl-S,5-seco-4-nor-S-cholestanamide 
(111). 40xa-5a-cholest,an-3-one (2.0 9.) was dissolved in 
100 ml. of absolute ethanol which had previously been 
saturated with methylamine. After 30 min., the solvent 
was removed, and the solid residue was crystallized from 
methanol to give 1.55 g. (72%) of 5j3-hydroxy-N-methyl- 
3,5-seco-4-nor-3-eholestanamide; m.p. 151-152.6'; [a]y 
$38.7" (c2.0, chloroform); X2~~:""2.72,2.90,2.98, 6.02,6.53 P .  

Anal. Calcd. for CZ7HIOOZN: C, 77.27; H, 11.78; N, 3.34. 
Found: C, 77.09; H, 11.50; N, 3.41. 

N- Amino-68-h ydroxy-3,5-seco-4-nor-5-cholestanamide (IV). 
4-Oxa-5a-cholestan-3-one (1.0 9.) and 0.5 ml. of hydrazine 
hydrate (85%) were dissolved in 10 ml. of ethanol and re- 
fluxed for 4 hr. After concentration to approximately 3.0 
ml., 0.93 g. (86%) of N-amino-5~-hydroxy-3,5-seco-4-nor- 
3-cholestanamide was obtained as large colorless platelets; 
m.p. 178-181'. An analytical sample was obtained by re- 
crystallization from methanol; m.p. 178.6-181.8'; [ala. 
+38.8" (c 2.0, chloroform); Xz 2.94, 3.02, 6.05, and 6.50 
P .  

Anal. Calcd. for C28H1802N2: C, 74.23; H, 11.50; N, 6.66. 
Found: C, 74.49; H, 11.16; N, 6.55. 

(15) G. R. Pettit and T. R. Kasturi, J .  Org. Chem., 25, 
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6&HydrmyN-( & h y d r o z y e t h y l ) - ~ , 6 - ~ 4 ~ ~ - c h o l ~  
tanamide (V). 4-Oxa-5a-cholesestsnSone (1.0 g.) and 6.0 
ml. of freshly distilled ethanolamine were heated at 170" 
in a nitrogen atmosphere for 5 hr. The excess ethanolamine 
was removed, and the residue crystallized from methanol 
to yield 0.88 g. (75%) of whydroxy-N-(&hydmxyethyl)- 
3,5sec&-nor3Chol 'de- m.p. 185.4-186.0"; [a]: 
+32.2" (c 0.5, chloro=e'3.00, 6-14, and 6.50 p. 

Anal. Calcd. for GELNOS; C, 74.78; H, 11.43; N, 3.11. 
Found: C, 75.01; H, 11.29; N, 3.28. 

N - B e n z d c s B - h ~ . ~ 4 ~ - ~ ~ n a m ~  (VI). 
POxaba-cholestan3one (1 g.) and 6.0 ml. of freahly dis 
tilled benzylamine were heated in a nitrogen atmosphere at 
180' for 1 hr. The cooled solution was diluted with 100 ml. of 
ether and washed SucCesrJively with dilute hydrochloric acid, 
sodium bicarbonate solution, and water. The solvent was 
removed after drying over sodium sulfate. The residue, after 
crystidlisation from petroleum ether (b.p. 30-60"), yielded 
1.21 g. (99%) of N-be~yl5&hydroxy-3,5seco-4-nor3. 
cholestanamide- m-p. 145.2-147.2", [a]: +34.3" (c 1.0, 
chloroform); &3.00,6.07, and 6.58 p. 

Anal. Calcd. for G U N :  C, 79.94; H, 10.77; N, 2.83. 
Found: C, 80.19; H, 10.70; N, 2.68. 

6 & H y d " d y l a m i n o - 3 , 6 ~ 4 - ? w r c h h & m  (VII). 
~ H y d m ~ - N - m e t h y l 4 , ~ ~ n o r 3 C h o l e s d e  ( 1 .O 
g-)  was added to a refluxing slurry of 3 g. of lithium alumi- 
num hydride in 250 ml. of anhydrous ether by means of a 
Soxhlet extractor. The addition was complete in 2 hr. The 
mixture was refluxed for 48 hr. and then the ace88 hydride 
was deetmyed with water. The precipitate was filtered and 
washed with ether (4 X 150 ml.). The ether was evaporated 
after drying the solution with sodium sulfate. The residne, 
after crystdhtion from acetone, yielded 0.71 g. (74%) 
of 5 & h y d r o x y - 3 - m ~ . t n ~ 3 , ~ ~ n o r c h n e ,  m.p. 
98-100". Two rec-ations from acetone yielded an 
analytical sample; m.p. 102.6-105.6"; [sly +23.8" (e 
1.0, rhloroform); X z  2.88, 3.01, and 3.12 9. 

A d .  Calcd. for GHsION: C, 79.92; H, 12.67; N, 3.45. 
Found: C, 80.11; H, 12.63; N, 3.24. 

tan-3-one (0.5 g.) was added to a refluxing solution of 0.5 
g. of lithium aluminum hydride in 100 ml. of anhydrous ether 
by means of a Soxhlet extractor. The addition wae comp!ete 
in 0.5 hr. The mixture was refluxed for 6 hr. The excess 
hydride was destroyed with water-saturated ether. The 
precipitate was filtered and washed with ether (4 X 100 
ml-). The ether was evaporated after the solution had 
heen dried over sodium siilfate. The residue was crystdiied 
from 80% methanol to yield 0.47 g. (95Yo) of 3,&ec04nor- 
cholestan4,5&diol, m.p. 129.4-131.8'; [sly 4-23.9" 
(c 0.5, chloroform); E!" 2.75 and 2.92 p .  There waa no car'- 
bonyl absorption. 

Anal. Calcd for CaH&*: C, 79.53; H, 12.32; 0, 8.15. 
Found: C, 79.79; H, 12.13; 0,8.05. 

4-0d-910l&m (IX). Mdhod A. A ealution of 4- 
om-5a-cholestsn3-one (500 mg.) and 10 ml. of freshly 
&tilled boron trifluoride etherate in 10 ml. of dry ether 
wss added to an icecooled mixture of 0.5 g. of lithium 
aluminum hydride in 100 ml. of dry ether. The mixture 
was kept at 0-5" for 45 min., refluxed for 2 hr., and then 
treated with water-saturated ether followed by dilute sul- 
furic acid. The ether layer was separated, washed with water, 
and dried over sodium d a t e .  The solvent was removed, and 
the resulting colorless oil was crystdized from methanol to 

3,6-Seco-4+~d~~ht~~&,6&dkd (VIII). ~OX&~Q-C~OIW-  

yield 310 mg. (63%) of 3-oXasa-choleetsne, as colorlem 
needlea, mp. ?8-90". An analytical sample was obtained 
upon tion from methaool, m.p. 91-92O; [a]" 
+ 4 8 . O G o r o f o r m ) ;  e 9.02,9.15 p. There was no 
hydroxyl or carbonyl Sbeorption. 

Anal. Cald. for C U I & :  C, 83.35; EI, 1238. Found: C, 

MGuod B. 3,5-Secd-norcholenta&,~ (Mx) mg.) 
was treated with 10 mL of phoephorus oxychloride at 80" 
for 0.5 hr. The ex- p h q h o r u s  oxychloride wai~ removed 
by distihtion The residue waa poured onto ice, neutrslised 
with d u m  hydroxide, and extracted with ether. The ether 
was removed, after drying over d u m  sulfate, and the re- 
aulting solid residue waa c r y d d m d  * f rommetbanol to  
yield 400 mg. (85%) of 4-oxdbcholestsne, m.p. 91-92'. 
Infrared spectra and mixed melting painte showed this 
sample to be identical with the sample prepared by method 
A. 

Method C. A solution of 200 mg. of 3,5a?c04nmhol& 
3,5gdiol and 200 mg. of hey1 chloride in 4 d. of dry pyri- 
dine was kept at room temperature for 90 min. The solution 
waa poured into water and eJrtrsdsd with ether. The ether 
extracts were washed with dilute hydrochloric acid, sodium 
bicarbonate eolution, and water. The solvent was removed, 
after drying over sodium d a t e ,  and the solid rtxidue was 
crgstallised from acetone to yield 110 mg. (60%) of 4-oxe 
5~-cbo1eatane, m.p. 91-92". Infrared spectra and mixed 
melting points showed this sample to be identical with 
the sample prepared by method k 

-. (i) Bu tlramd dcliydrotion. &%Hydroxy- 
N - m e t h y l 4 , 5 o l  ' -de was heated in a 
nitrogen atmosphere at 240" for 15 min. The lactone (I) 
was obtained in over yield and the infrared epectrum of 
the remaining 20% gave no indication of lactsm. The ex- 
pected lactam, 4 - a s a 4 m e t h y l - 5 ~ + h o l ~ n e ,  abewba 
at 6.13 p.* Treatment of each of the 5Bhydraxy3eholestan 
amides at t e m p e r a t m  ranging from 140-2fJOo gave similsr 
d k  
(i) By &um ozida dchydtation. Fuaion of the w h y -  

droxy-3-chOlestanarm 'dee with calcium oxide at 240" for 
15 min. gave the. eame result as described above. 

(iii) By OaGtiC ad. Amidea I1 and 111 were refluxed for 2 
hr. in glacial -tic acid. Lactone I, with aome unchanged 
amide, was obtained. 

(iv) By h&" bromide. A solution of smide 111 in 
glacii acetic acid was treated with dry hydrogen bromide 
for 0.5 hr. at 25". An 85% yield of lactone I was obtained 
with no evidence of lactam. 

(v) By WZ ehhide. A solution of amide III in dioxane 
was treated with an equal weight of p t o l u e n d o n y l  chlu- 
ride at 40" for 15 min. UnchaMed amide WBB recovered in 

83.44; H, 12.25. 

AUcmptcd 4 wrimrs 6&h---- 

- 
80% yield. 

(vi) By poZ&msp* a d .  Treatment of amide I11 with 
o o l n h m h o n c  acid for 1 hr. at 120" yielded a yellow oil 
Whi:ch m&ai cryatsllisston. The i n f r s r ; ? d  spectrum gave no 
indication of lactam. 

(vG) Bg lmic catnlgd. The lactone I waa obtained in 05% 
yield by refluxing amide I11 in an ethanolic eolution of so- 
dium ethoxide for 30 min. 
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