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coriceiitrated, and dist,illed tu give 28.6 g. (68‘:;) of an oil, b.p. Anal .  Calcd. for CIIH&: C!, 71.7; H, 10.9. Found: C, 
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The potent hypocholesterolemic activity of certain diaaa analogs of cholesterol prompted the synthesis of a 
aeries of cholesterol isosteres having only one nitrogen atom in the side chain. The hypocholesterolemic activity 
of these isomers was examined and certain rationalizations regarding structure and activity were presented. 

One approach to the development of hypocholes- 
terolemic agents has been the synthesis of compounds 
which will inhibit the endogenous synthesis of choles- 
terol. In  this connection, investigations by several 
groups2 have demonstrated that feeding cholesterol to 
laboratory animals promptly suppresses hepatic choles- 
terol synthesis. JLore recently, this negative feed- 
back control of cholesterogenesis was found to be opera- 
t ive in man as well. 

from these laboratories de- 
scribed various diaza analogs of cholesterol which were 
synthesized as part of a program aimed a t  finding sub- 
stances which would simulate cholesterol in the feed- 
back mechanism. I n  these studies 20,2e5-diazacholes- 
terol (X) was noted to be an extremely potent inhibitor 
of cholesterol syiithesis in laboratory animak5 Sub- 
sequent clinical studies with this agent confirmed the 
high order of hypocholesterolemic activity in humans6 

Additional structure-activity relationship studies 
with the diazacholesterols tended to support the con- 
tention that these compounds were suppressing choles- 
terol synthesis in a “cholesteromimetic” f a s h i ~ n . ~ ? ~  For 
example, replacing the isosteric dimethylamino end 
group with bulkier substituted amines markedly re- 
duced the hypocholesterolemic activity. Lengthening 
the side chain by inserting one methylene group between 
the nitrogen atoms produced a similar effect. Shorten- 
ing the side chain by one methylene group, homver,  
produced little change in activity. These results im- 
plied that a receptor site with dimensions specific for 
cholesterol was involved and one must have an accurate 
fit of the substrate in order to get mavimum activity. 
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hccordingly, any structural change which tended to im- 
pede adsorption of the substrate molecule a t  the re- 
ceptor site, produced a corresponding decrease in the 
hypocholesterolemic activity . 

In  an effort to obtain further insight as to the mode of 
action of these compounds, a series of cholesterol iso- 
steres having only one nitrogen atom in the side chain 
was synthesized and biologically evaluated. Because 
of the disposition of the nitrogen atoms in the diaza- 
cholesterols described above, it was possible that these 
substances were exerting their hypocholesterolemic ac- 
tion via an intramolecular metal-chelating process 
which would tie up certain trace metals essential for 
cholesterol biosynthesis. Such a mechanism \vas pro- 
posed by Curran’ to explain the inhibitory action of 8- 
quinolinol. The azacholesterols, on the other hand, 
would be incapable of acting in this manner. In  addi- 
tion, it was hoped that the study of the isomeric aza- 
cholesterols would provide further information regard- 
ing the electrical and topographical features of the re- 
ceptor site. 

20-Azacholesterol (IIIb,  S-isohexyl-S-methyl-lip- 
aminoandrost-Z-en-3p-ol) was readily obtained in 
several stcps from 3,3-acetoxyandrost-3-en-li-one (I). 
Condensation of I with isohexylamine in the presence 
of a catalytic amount of p-toluenesulfonic acid gave the 
expected 17-imine (11) as an oil. Reduction of I1 with 
lithium aluminum hydride afforded the corresponding 
amine (IIIa) which was methylated under Eschwiler- 
Clarke conditionss to give IIIb.  Infrared and n.m.r.9 
analysis of the product clearly showed the characteristic 
absorption band for the N-methyl group a t  3.6 and 
128 c.p.s.,I1 respectively. 

Surprisingly, several attempts to carry out a Leuckart 
reductive amination of I with isohexylamine were un- 
successful. This was in marked contrast with the ease 
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Figure 1. 

also may be involved. An examination of molecular 
models (Figure 1) reveals that the p-orientation of the 
C-17-C-20 bond would decrease the ability of the 20- 
arid 22-positions to interact with a receptor surface if 
adsorption occurred by the less hindered a-face of the 
steroid molecule.20 Positions 23, 24, and 23, on the 
other hand, can readily assume a conformation which 
will allow them to rest on such a surface when ap- 
proach is from the a-face (see Figure 1). Studies with 
isolated enzyme systems are now in progress in an effort 
to obtain more information regarding the action of these 
substances a t  a molecular level. 

Experimentalz1 
N-Isohexyl-17p-aminoandrost-5-en-3p-ol (IIIa).-A solution 

of 3p-acetoxyandrost-5-en-17-one (I, 25 g.), isohexylamine (15.5 
g.), and p-toluenesulfonic acid (2.8 g.) in benzene (400 ml.) 
was refluxed, and the water was removed with the aid of a Dean- 
Stark trap. When the reaction was complete, the reaction mix- 
ture was allowed to cool to room temperature. The solution was 
washed with three 100-nil. portions of water and dried over a 
mixture of Na2SO4 and Darco. Removal of the solvent in vacuo 
afforded 3p-acetoxy-1 7-( S-isohexyl)iminoandrost-5-ene (11, 28 
g.) as an oil ([a.Iz5n -34') which resisted crystallization from 
a variety of solvents. The infrared spectrum displayed the 
characteristic absorption band for li-imino steroids a t  5.94 f i . 5  

Anal. Calcd. for CL.IH,~SO?: C, 78.02; H, 10.91; S, 3.37. 
Found: C, 78.40; H, 10.48; N,3.45. 

The imine (23 g.) was dissolved in dioxane22 (200 ml.) and 
added dropwise with stirring to a slurry of lithium aluminum hy- 

(20) Studies showing the preferential interaction of the a-face of steroids 
n i th  protein structures have been reviewed by U. TVestphal, "LIechanism 
of Action of Steroid Hormones," C. A. Villee and L. L. Engel, Ed., Pergamon 
Press, New York. N. Y., 1961, pp. 65-70. 

(21) The elemental analyses, optical rotations, and infrared and n.m.r. 
spectra were furnished by Dr. R. T. Dillon, Mr. E. Zelinski, and Mr. J. 
Damascus of our  analytical department. The optical rotations and infrared 
spectra were obtained in chloroform. The melting points were obtained 
on a Fisher-Johns apparatus and are corrected. 

(22) Purified dioxane as obtained from Pierce Chemical Co. was used in 
these experiments. 

dride (10.3 g.) in dioxane (400 ml.). The addition required 30 
min., whereupon the mixture was refluxed with stirring for 5 hr. 
The excess hydride was decomposed by the successive dropwise 
addition of water (10.3 ml.) in dioxane (25 ml.), 207, NaOH 
solution (8 ml.), and water (34 ml.). The inorganic salts were 
removed by filtration and washed with dioxane. Concentra- 
tion of the filtrate in vacuo and crystallization of the residual oil 
from acetone-water gave crude I1 (1.5.5 g.). Recrystallization 
from the same solvent syst,em gave pure material (10.5 g.), m.p. 

Anal. Calcd. for Cz&SO: C, 80.37; H, 11.60; S, 3.75. 
Found: C,80.37; H, 11.16; K,3.69. 
N-Isohexyl-N-methyl-17p-aminoandrost-5-en-3~-oI (IIIb).- 

A solution of I I Ia  (7.0 g.) in formic acid (4.0 ml.) and formalin 
(4.0 ml.) was refluxed for 7 hr. The mixture was poured into 
methanol (150 ml.) and 30% S a O H  solution (10 ml.) was added 
slowly a t  the reflux temperature. The solution was allowed to 
cool and poured into ice-water (1 1.). The precipitate was col- 
lected by filtration, washed with water, and allowed to dry. 
Recrystallization of the crude product from acetone-water gave 
pure IIIb ( 5 . 3  g.), m.p. 121-125", [aIz6n - 48.5'. 

Anal. Calcd. for Cz6H45?;O: C, 80.56; H, 11.i0; K, 3.61. 
Found: (2,8054; H, 11.52; S,3.93.  
20a-Isovaleramidopregn-5-en-3p-ol Acetate (V).-To a warni 

solution of 3p-a~etoxy-2Oa-aminopregn-5-ene~~ (IV, 18 g. ) in 
benzene (300 ml.) and t,riethylamine (15 ml.) was added dropwise 
with stirring a solution of isovaleryl chloride (10 ml.) in benzene 
(50 ml.). The addition funnel was rinsed with benzene (25 ml.) 
and t'he mixture refluxed for 30 min. The reaction mixture was 
allowed to cool, water (100 ml.) was added, and the organic 
phase was separated. The latter was washed successively with 
2 N HC1 (100 ml.), 5% SaZC03 solution (two 100-ml. portions), 
and water (100 ml.). The benzene solution was dried over a 
mixture of anhydrous potassium carbonate and Darco, and the 
solvent was removed by distillation in vacuo. Crystallization of 
the residue from acetone afforded crude 1: (13.1 g.), m.p. 189- 
194'. Recrystallization froni acetone-water gave needles, m.p. 

Anal. Calcd. for CP8H4j?;03: C, 75.80; H, 10.22; S, 3.16. 
Found: C, 75.60; H, 10.24; N,3.39. 

3p-Acetoxypregn-5-ene-20-carboxylic Acid Isobutylamide 
(VIIIa).-To a stirred solution of crude 3p-acetoxgpregn-5-ene- 
20-carbonyl chloridel2 (10 9.) in anhydrous benzene (100 nil.) 
was added isobutylamine ( 2 5  nil.). The reaction mixture was 
heated to reflux, cooled slightly, stoppered, and placed in a steam 

89-91', [ a I z 6 D  -50". 

191-194", [a] "D - 17". 




