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concentrated, and distilled to give 28.6 g. (68%) of an oil, b.p. 
87-89° (12 mm.); >w 3400, 965 cm.-1. 

Anal. Calcd. for C,,H,80: C, 76.0; H, 12.8. Found: C, 
76.4; H, 12.6. 

The acetate of this alcohol, prepared using acetic anhydride in 
pyridine, had b.p. 92-94° (13 mm.); vm,,x 1740, 1075, 1240, 965 
cm.-1. 

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. More recently, this negative feed­
back control of cholesterogenesis was found to be opera­
tive in man as well.3 

Previous publications4'5 from these laboratories de­
scribed various diaza analogs of cholesterol which were 
synthesized as part of a program aimed at finding sub­
stances which would simulate cholesterol in the feed­
back mechanism. In these studies 20,25-diazacholes-
terol (X) was noted to be an extremely potent inhibitor 
of cholesterol synthesis in laboratory animals.5 Sub­
sequent clinical studies with this agent confirmed the 
high order of hypocholesterolemic activity in humans.6 

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" fashion.4,5 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, however, 
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 maximum activity. 

(1) (a) Paper IV: R. E. Cornwall and P. D. Klimstra, J. Med. Chem., 
7, 119 (1964). (b) Presented in part before the Division of Medicinal 
Chemistry, 148th National Meeting of the American Chemical Society, 
Chicago, 111., August 1964. (c) To whom inquiries should be addressed, 
Laboratory of Medicinal Chemistry, College of Pharmacy, University of 
Michigan, Ann Arbor, Mich. 

(2) R. G. Gould and C. B. Taylor, Federation Proc, 9, 179 (1950); G. 
M. Tomkins, H. Sheppard, and I. L. Chaikoff, J. Biol. Chem., 201, 137 
(1953); I. D. Frantz, Jr., H. S. Schneider, and B. T. Hinkelman, ibid., 
206, 465 (1954). 

(3) E. P. Madhava Bhattathiry and M. D. Siperstein, ./. Clin. Invest., 
42, 1613 (1963). 

(4) R. E. Counsell, P. D. Klimstra, R. E. Ranney, and D. L. Cook, ./. 
Med. Pltarm. Chem., 6, 720 (1962). 

(5) R. E. Counsell, P. D. Klimstra, and R. E. Ranney, ibid., 5, 1224 
(1962). 

(6) J. M. Martt and C. R. Talbert, Circulation, 28, 763 (1963). 

Anal. Calcd. for C„H2(lO,: U, 71.7; H, 10.9. Found: (J, 
71.9; H, 11.1. 
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Accordingly, any structural change which tended to im­
pede adsorption of the substrate molecule at 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 was pro­
posed by Curran7 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 (Illb, N-isohexyl-N-methyl-17/3-
aminoandrost-o-en-3/3-ol) was readily obtained in 
several steps from 3/3-acetoxyandrost-5-en-17-one (I). 
Condensation of I with isohexylamine in the presence 
of a catalytic amount of p-toluenesulfonic acid gave the 
expected 17-imine (II) as an oil. Reduction of II with 
lithium aluminum hydride afforded the corresponding 
amine (Ilia) which was methylated under Eschwiler-
Clarke conditions8 to give I l lb . Infrared and n.m.r.9 

analysis of the product clearly showed the characteristic 
absorption band for the N-methyl group at 3.6 ,u10 and 
128 c.p.s.,11 respectively. 

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

(7) G. L. Curran, Proc. Soc. Exptl. Biol. Med., 88, 101 (1955). 
(8) M. L. Moore, Org. Reactions, 5, 301 (1949). 
(9) The n.m.r. spectrum was obtained in deuteriochloroform with a 

Varian A-60 spectrometer and is reported in c.p.s. downfield from tetra-
methylsilane which wTas used as the internal standard. 

(10) K. Nakaniski, "Infrared Absorption Spectroscopy," Holden-Day, 
Inc., San Francisco, Calif., 1962, p. 40. 

(11) L. M. Jackman, "Application of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry," Pergamon Press, New York, N. V., 
1959, p. 56. 
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The potent hypocholesterolemic activity of certain diaza analogs of cholesterol prompted the synthesis of a 
series 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. 
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by which dimethylaminopropylamine condensed with 
1 under these conditions.6 

3^-Acetoxy-20a-aminopregn-5-ene. (IV), previously 
described by Julian and co-workers,12 was utilized for 
the synthesis of 22-azacholesterol (VI, X-isoamyl-20a-
aminopregn-5-en-3/3-ol). Acylation of IV with iso-
valeryl chloride; gave the amide V which readily 
underwent metal hydride reduction to VI. 

The appropriate steroidal carboxylie acids (Vlla-c) 
served as starting materials for the synthesis of 23-. 
24-, and 25-azacholesterol (IXa-o). The standard 
method of converting the acids to the amides (Villa -c) 
via the acid chlorides and subsequent metal hydride 
reduction furnished the desired amines in good over-all 
yield. The preparation of IXc by this method was pre­
viously described by Louw, Strafing, and Backer.'3 

Preliminary Biological Results.14—-The oral liypo-
cholesterolemic activities of the azacholosterol analogs 
were assayed in male rats made hyporcholosterolemic 
with O-propylthiouracil according to the procedure 
described previously.1'"' The minimal effective dose 
(MED) was the criterion of activity, and was estimated 
from dose-response curves as that dose which would 
induce a 10% reduction in serum cholesterol level after 
a 10-day treatment period. 

Although the substitution of nitrogen for carbon at 
positions 20 and 22 (III and VI, Table I) resulted in 
compounds that were inactive at the standard dose 
(1.0 mg./kg.), successive substitution at positions 23, 
24, and 25 produced azasterols with progressively in­
creasing hypocholesterolemic activity. 25-Azacholcs-
terol (IXc), the most potent member of the series, 
showed an activity of about 10 times that of 20,25-
diazacholesterol (X). This is good evidence that those 
substances as well as the diazacholesterols are not ex-

(12) P. L. Ju l i an . K. W. Meyer , a n d It. ( \ Print,; ' , J. Am. Cl<em. .SV•., 
70, 887 (1048). 

(PS) IV F . Louw, ,L S t r a t i n g . and II. .1. Backer , lite. trar. r/ii'm.. 73 , C1I17 
(195) ) . 

(14) The a u t h o r s wish to t h a n k M r . R. S. J a c o b s for assis t ing in t he bio­
logical e v a l u a t i o n of t h e c o m p o u n d s u n d e r discussion. 

(15) R. E. I l a n n c y , D . I.. Cook. W. P . ITambourger , and P . K. Counsel! , 
./. rhiirmncol. Exptl. Tlmrap., 142, PW (lfi l i" ' . 

erting their hypocholesterolemic action by some metal-
chelating process. 

Further studies with IXc showed that desmosterol 
accumulated in serum and liver of treated rats and that 
the amount of this sterol appearing in the tissue was di­
rectly related to the intensity of treatment, A similar 
effect has been previously reported for 20,25-diaza-
cholesterol.1" Thus, like the 20,25- and 22,2 
diaza151S analogs, IXc appears to have an inhibitory 
action on desmosterol reductase. The fact that ad­
ministration of these substances causes an over-all re­
duction in total sterols, however, indicates that a site 
of action prior to the cyclization of squalene is also 
involved. This latter site of action remains to be 
elucidated. 

It is generally accepted that the mechanism of action 
of structurally specific drugs involves interaction of the 
drug with certain regions or receptor sites on cellular or 
enzyme surfaces.19 Although it is hazardous to inter­
pret in vivo data as indicating the mode of action of in­
hibitors at a molecular level, certain relationships be­
tween structure and activity of the isomeric azacholes-
terols are noteworthy. If these substances are pre­
sumed to have similar tissue distribution and membrane 
penetrability properties, then the degree with which 
they interact with the receptor site could account for the 
observed variations in potency. Accordingly, the 
potent hypocholesterolemic activity for IXc would tend 
to indicate the presence of an anionic site on the re­
ceptor surface complimentary to the C-25 position of 
cholesterol. This would account for the decrease in 
activity when the isosteric group is placed at lower 
numerical positions in. the hydrocarbon side chain. 

Moreover, the sudden loss in activity in going from 
23- to 22-azacholesterol suggests that steric factors 

. Sue. Eiptl. Biol. Mfil. 

Robb ins . Steroids. 2, D'.i 

(US) .R. I".. R a n u e y and E. < •. Daskulukis , Prot 
16, 999 (19(14). 

i 17) M . J. T h o m p s o n , J. l h i p o n t , and W. P.. 
(19t'.:j). 

18) 1). D v o r n i k and M . K r a m l , 1'ruc. Soc. Exptl. Biol. Med., 112, 101. ' 
(.19(13); D . D v o r n i k , M . Kraml , and J . D u b u e , ibid., 116, 537 (19(14). 

(19) A. TI. Becke t t , " P r o g r e s s in LI rug R e s e a r c h , " Vol. 1, E . Junker , Ed . , 
Hi rkhauser Verlag, Basel, 1959, p. 155. 
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also may be involved. An examination of molecular 
models (Figure 1) reveals that the /3-orientation of the 
C-17-C-20 bond would decrease the ability of the 20-
and 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 25, 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 at a molecular level. 

Experimental21 

N-Isohexyl-170-aminoandrost-5-en-3|3-oI (Ilia).—A solution 
of 3/3-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-ml. portions of water and dried over a 
mixture of Xa2S04 and Darco. Removal of the solvent in vacuo 
afforded 3/3-acetoxy-17-(X-isohexyl)iminoandrost-5-ene (II, 28 
g.) as an oil ([a]25D —34°) which resisted crystallization from 
a variety of solvents. The infrared spectrum displayed the 
characteristic absorption band for 17-imino steroids at 5.94 / j .5 

Anal. Calcd. for C2 7H«N02 : C, 78.02; H, 10.91; X, 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 
with protein structures have been reviewed by U. Westphal, "Mechanism 
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.), 20% 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 I I (15.5 g.). Recrystallization 
from the same solvent system gave pure material (10.5 g.), m.p. 
89-91°, [a]26D - 5 0 ° . 

Anal. Calcd. for C26H43XO: C, 80.37; H, 11.60; X, 3.75. 
Found: C, 80.37; H, 11.16; X, 3.69. 

N-Isohexyl-N-methyl-17/3-aminoandrost-5-en-3/3-ol (Illb).— 
A solution of I l i a (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% XaOH solution (10 ml.) was added 
slowly at 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. 
Recrvstallization of the crude product from acetone-water gave 
pure IHb (5.3 g.), m.p. 121-125°, M 2 6 D - 48.5°. 

Anal. Calcd. for C26H45XO: C, 80.56; H, 11.70; X, 3.61. 
Found: C, 80.54; H, 11.52; X, 3.93. 

20a-Isovaleramidopregn-5-en-3/3-ol Acetate (V).—To a warm 
solution of 3/3-acetoxy-20a-aminopregn-5-ene12 (IV, 18 g.) in 
benzene (300 ml.) and triethylamine (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 the 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% Xa2C03 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 V (13.1 g.), m.p. 189-
194°. Recrystallization from acetone-water gave needles, m.p. 
191-194°, [a]26D - 1 7 ° . 

Anal. Calcd. for Co8H45X03: C, 75.80; H, 10.22; X, 3.16. 
Found: C, 75.60; H, 10.24; N, 3.39. 

3/3-Acetoxypregn-5-ene-20-carboxylic Acid Isobutylamide 
(Villa).—To a stirred solution of crude 3/3-acetoxypregn-o-ene-
20-carbonyl chloride12 (10 g.) in anhydrous benzene (100 ml.) 
was added isobut\damine (25 ml.). The reaction mixture was 
heated to reflux, cooled slightly, stoppered, and placed in a steam 
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oven at 0o° for L lir. Tlie solvent was removed in vacuo, and 
the residue was taken up in ether-ethyl acetate (1:1). This 
solution was washed successively with dilute H O , water, Mini •">' , 
potassium carbonate solution. The washed extract, was dried 
(W'liSOU) and the solvent was removed under reduced procure. 
The residual solid was recrystallized from acetone- hexane to 
give pure Villa. (It.2 g.), m.p. 104-107°, [«|ai> ~.V7". 

Anal. Calcd. for CViH^XO,: C\ To.xi); H, 10.22; X. :j.lli. 
Found: C, 75.54; 11,10.21; X, 3.1.'J. 

3/S-Acetoxy-23-nor-5-choIenic Acid Isopropylamide (VUIb). 
Thionyl chloride (1 nil.) was added dropwise with stirring to a 
solution, of ;-!/3-acetoxy-2..!-nor-5-choJenic acid-3 (2.0 g. J in anhy­
drous benzene (25 ml. i. The solution was rerluxed for 90 tuiii., 
and the solvent was removed under reduced pressure. Tracer 
of thionyl chloride were removed by the repeated addition and 
distillation of anhydrous benzene. The crude acid chloride 
was dissolved in anhydrous benzene ( 15 ml.,] and added dropwise 
with stirring to a cooled solution of isopropvlainino i2 nil.) in 
anhydrous benzene (20 ml.). The mixture was stirred at room 
temperature for i> hi1, and water (25 nil.) and ether were added 
(50 nil. i. The organic layer was separated, washed with water, 
and dried over a mixture of \a.SO4 and Darco. Removal of the 
solvent in vacuo afforded a white crystalline solid (2.2 g.j, in.p. 
1S7-1040. Kecrystallization from acetone-heptane gave pure 
VIl ib, m.p. 107-199°, [«)si> - 4 1 ° . 

Anal. Calcd. for CiSH4iXO.i: (', 75.M): 11, 10.22. Found: 
C, 75.92; 11, 10.21. 

3#-Acetoxy-5-cholenic Acid Dimethylamide tY'IIIc). The 
crude arid chloride of 3fl-acetoxy-5-cholenic acid (15 g.) was 
prepared in a manner similar to thai described above. This 
product was dissolved in anhydrous benzene (bid ml.) and a 
solution of dimethylainine in toluene (2(i.(i', w./w., '.'A) ml.) was 
added with stirring and external cooling. Benzene (41) ml. t 

(2:i) K. ,]. Sax a n d \Y. B c r g m a n n , J. Am. Chen. . S M . . 77, ItllO (1»5.V). 

was used to rinse the addition funnel and this was added to the 
reaction mixture. The mixture was stirred at room temperature 
for 2 In-, and ether (20(1 ml.) was added. The solution iva-
washed successively with water, 2 .Y H O , and 5 ' , Xa!K'() ;. 
solution and dried over a mixture of anhydrous potassium car­
bonate and 1 hirco. Removal of the solvent: under reduced pressure 
gave crude \ I l ie t I 7.(1 g.). m.p. I 77 I bo", which was satisfactory 
foi' subsequent use. A -ample was purified by adsorption onto 
silica gel and eiut ion with ethyl acetate benzene ( I :9>. Alternate 
recryslallizal ion from ethyl acetate heptane and benzene 
heptane gave a (aire sample, m.p. IM-1S(>.;>°, !<ij-'t> - II 
Iit.1:im.p. IS0.5-I90°, \a\\> -40.0°.i. 

Anal. Calcd, for OsHl;,X< >:.: (', 75.Ml; H, 10.22; N, 5.10. 
Found: (', 70. L'S; II, 0.00: X, :>,.:',:',. 

Reduction of Amides. General Method.--A solution of V 
i 4.-1 g., 0.01 .1/i in dioxane (75 ml.) was added dropwise with 
stirring to a suspension of lithium aluminum hydride (3> g-. 
0.1 .1/) in dioxane (75 ml.) at the reflux temperature. The mix­
ture wa- refiuxed with stirring for i s hr., whereupon the excess 
liydride v\a.- decomposed by the successive dropwise addition 
of water i 4 ml. in dioxane (50 ml. i, 20' , XaOH solution (.'! nil. .. 
and water (20 ml. . The inorganic salts were removed by filtra­
tion and washed with dioxane. The filtrate was concentrated 
to dryness in <YC//O ami the residue was crystallized from acetone. 
This gave pure X-isoamyl-20«-aminopregn-5-en-'lrf-oI (VI. 
2.7 s. ), m.p. 120 121 -. I, ( ! - V -:i:!.5°. 

Anal. Calcd. for (\,„H r,X(): (', SO.50; H, 11.70: N. ;i.01 
Found: ('-, si).7ii: H. 1 I.7S: X, 4.04. 

Hydrochloride Salts. The crystalline amities were dissolved 
in isopropvl alcohol and sufficient 7 X H O in isopropvl alcohol 
was added dropwise with agitation. The mixture was allowed to 
stand at room temperature for a few minutes and the precipitate 
was collected by filtration. The salts, were recrystallized from 
either aqueous isopropyl alcohol or a mixture of methanol and 
isopropvl ali-ohol and nave satisfactory elemental analvses. 

Anabolic Agents. A-Ring Conjugated Enone Androstane Derivatives1'1 

f\ D . Kl.lMSTiiA AM) l i . Iv CoVNSELI. 

Division of Chemical Hcxcrtreh, <!. I). Smile ami Compana, Chiaian, Illinois H0H8H 

Received A iitjuxt 7, lUfi.j 

Various A-ring modified derivatives of testosterone were prepared in the hope of obtaining compounds with 
high anabolic and minimal androgenic activity. A comparison of the biological activity of these A-ring isomers is 
discussed. The svnthesis of some of these isomers is described in detail, 

lit a previous publication.,1'1 it was noted that shifting 
the double bond of testosterone and 17«-methyltestos-
torone from the 4,o- to the 1,2-position enhanced pa­
renteral anabolic and, to a lesser extent, androgenic ac­
tivity. Moreover, a comparison of oral myotrophic 
activity of the 4,5- and 1,2-ene systems indicated that 
the latter had a more favorable anabolic-androgeitic-
ratio. These oral activities (Table I) were much 
greater than would have been expected from an exami­
nation of the original biological parenteral data."' 

The potent activity found for the 1-dehydro isomers 
of testosterone (I) prompted interest in other A-ring 
isomers (Table II) in which the position of not only the 
double bond, but also the carbonyl group was altered. 
This paper will discuss the chemistry and biology of 
these modifications. 

The observation by Wharton and Bohlen2 that hy­
drazine caused rearrangement of steroidal a.^-epoxy 

( l a ) P resen ted in par t before the Divis ion of Medic ina l Chemis t ry at tin 
I I8t.li N a l i o n a l M e e t i n c of the American Chemica l Society. Chicimo, 111.. 
Sept . 1!)«4. (11.0 Ti. K. Counsel l . P. I ) . Klimsi.ro.. anil T". B. Col ton . ./. (In:. 
Clii-m., 27, 248 (1962). 

!2! I'. S. W h a r t o n and I). 11. Bohlen. H'./II., 26, :i(il."> •. Idtil ,>. 

ketones to allylic alcohols prompted investigation of 
this reaction when applied to the l,2a-epoxy-H-keto-

TABI.K I 

AXAHI>I.IC"AXI>R(K;I;XK' ACTIVITIES" 

I.m.— - Oral -----
('otnpd. Myou'nphic Androgenic Myotrophic: Androgenic 

Testosterone 
propionate 1(H) 100 

Testosterone 2t> oo 
Ie 200 100 
la 100 100 
IY.n •'. I 
V i l l a 1 1 
X l l a .'00 2.) 
!7o-.\lethyl-

tcstosterone 2ti 24 100 100 
lb 50 2.) 1000 100 
IVb 20 10 150 20 
Vl l lb <;, <l <2o -.20 
XT II) 100 10-2.") 100 1.1 

" I'oleni'ie.s are given in terms of per cent of the activity of 
testosterone propionate and 17a-methyltestosterone and were 
determined from the lowest levels at which significant increases ii 
-eminal vesicle or levator ani muscle weights were obtained. 
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