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concentrated, and distilled to give 28.6 g. (689) of an oil, b.p.
R7-89° (12 mn1.); wimax 3400, 965 em, —1

Anal. Caled. for C,Hi3O: 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.); wmax 1740, 1675, 1240, 965
em. T
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Anal.  Caled. for CyHuO,:
71.9; H, 11.1.

Acknowledgments.—We are grateful to Professor
L. Crombie for helpful discussions, to Mr. I. H. M.
Main for determination of biological activities and to
Cynthia E. Coleman for technical assistance.
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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.

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
groups? 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.?

Previous publications*?® 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.? Sub-
sequent clinical studies with this agent confirmed the
high order of hypocholesterolemic activity in humans.®

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.** For
example, replacing the isosteric dimethylamino end
group with bulkier substituted amines markedly re-
duced the hypocholesterolemic activity. Lengthening
the side ehain 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, Counsell 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, Ill., August 1964. (e) To whom inquiries should be addressed,
Laboratory of Medieinal Chemistry, College of Pharmacy, University of
Michigan, Ann Arbor, Mich.

(2) R. G. Gould and C. B, Taylor, Federation Proc., 9, 179 (1950); G.
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(1953); I. D. Frantz, Jr., H. 8. Schneider, and B. T. Hinkelman, ¢id.,
206, 465 (1954).

(3) E. P. Madhava Bhattathiry and M. D. Siperstein, J. Clin. Invest.,
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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 w»ia an intramolecular metal-chelating process
which would tie up certain trace metals essential for
cholesterol biosynthesis. Such a mechanism was pro-
posed by Curran’ to explain the inhibitory action of 8-
quinolinol. The azacholesterols, on the other hand,
would be incapable of acting i 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 (I1Ib, N-isohexyl-N-methyl-173-
aminoandrost-5-en-35-ol) was readily obtained in
several steps from 3B-acetoxyandrost-5-en-17-one (I).
Condensation of 1 with isohexylamine in the presence
of a catalytic amount of p-toluenesulfonic acid gave the
expected 17-imine (IT) as an oil. Reduection of IT with
lithium aluminum hydride afforded the corresponding
amine (ITla) which was methylated under Eschwiler—
Clarke conditions® to give II1Ib. Infrared and n.m.r.?
analysis of the product clearly showed the characteristic
absorption band for the N-methyl group at 3.6 ¢! and
128 c.p.s.,'! 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

(7) G. L. Curran, Proc. Soc. Ezptl. 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 was used as the internal standard.

(10) K. Nakaniski, ‘“Infrared Absorption Spectroscopy,’”
Inc., San Francisco, Calif., 1962, p. 40.

(11) L. M. Jackman, *“Application of Nuclear Magnetic Resonance
Spectroscopy in Organie Chemistry,” Pergamon Press, New York, N. Y.,
1959, p. 56.
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compounds were evaluated in the form of their hydrochloride salts.

by which dimethylaminopropylamine condensed with
1 under these conditions.®

3B8-Acctoxy-20a-aminopregn-H-ene  (IV), previously
described by Julian and co-workers,'® was utilized for
the synthesis of 22-azacholesterot (VI N-isoamyl-20q-
aminopregn-s-cn-38-ol).  Acylation of IV with iso-
valeryl chloride gave the amide V. which readily
underwent metal hydride reduction to VI

The appropriate steroidal carboxylic acids (Vila-c)
served as starting materials for the synthesis of 23-,
24-, and 25-azacholesterol (IXa-—¢). The standard
method of converting the acids to the amides (VIIIa-c)
ria the acid ehlorides and subsequent metal hydride
reduetion furnished the desired amines in good over-all
vield. The preparation of IX¢ by this method was pre-
viously deseribed by Louw, Strating, and Backer.™

Preliminary Biological Results.'*-The oral hypo-
cholesterolemie activities of the azacholesterol analogs
woere assayed in male rats made hypercholesterolemic
with G-propylthiouracil according to the procedure
deseribed previously.  The minimal effeetive dosc
(MIED) was the eriterion of activity, and was estimated
from dose—response curves as that dose which would
induce a 1097 reduetion in serum cholesterol Tevel 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
(10 mg./kg.), successive substitution at positions 23,
24, and 25 produced azasterols with progressively in-
creasing  hypocholesterolemic activity.  25-Azacholes-
terol (IXe), the most potent member of the series,
showed an activity of about 10 times that of 20,25-
diazacholesterol (X). This is good cvidence that these
substances as well as the diazacholesterols are not ox-

(12) P. L. Julian, I, W. Meyer, and 1T, €. Printy, J. Adm. Chene S,
70, 887 (1948).

(13) D. F. Louw, J. 8trating, and 11, 1. Backer, Fec. trav. clim.. T8, 667
B
”\:l‘i)) The authors wish to thank Mr., R. 8. Jacobs for assisting in the Lio-
logical evaluation of the compounds nunder discussion.

(15) R. E. Ranney, D. L. Cook, W. 1. Hambourger, and . T Coun=ell,
J. Pharmacol. Bxptl, Therap., 142, 132 (106230,
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erting their hypocholesterolemic action by some metal-
chelating process.

Further studies with IXe¢ 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
cffect has been previously rveported for 20,25-diaza-
cholesterol.”  Thus, like the 20,25-1%Y and 22,25-
diaza'® analogs, INe¢ 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 evelization of squalene is also
imvolved.  This latter site of action remains to be
clucidated.

It is generally aceepted that the mechanism of action
of structurally specific drugs involves interaction of the
drug with certain regions or receptor sites on cellular or
enzyme surfaeces.'®  Although it is hazardous to inter-
pret in eao data as indicating the mode of action of in-
hibitors at a moleculayr level, certain relationships be-
tween strueture 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  variatlons in poteney.  Accordingly, the
potent hypocholesterolemie activity for IXe would tend
to indicate the presence of an anionie site on the re-
ceptor surface complimentary to the C-25 position ol
cholesterol.  This would account for the decrease in
activity when the isosteric group is placed at lower
mimerieal positions in the hydrocarbon side chain.

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

(16) R, F. Ranuey and oo
16, 999 (1964,

17y M. T Thampson, J. Dupont, and W. [ Robbins, Stervids. 2, 69
{1063,

! “1 ?;) D, Dvornik and M, Kraml, /7700, Soe. Exptl. Biol. Med., 112, 1012
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{19y A. TL. Beckett, “Progress in Drug Research,” Vol. 1, E. Jucker, IMd.,
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also may be involved. An examination of molecular
models (Figure 1) reveals that the g-orientation of the
C-17-C-20 bond would decrease the ability of the 20-
and 22-positions to interact with g receptor surface if
adsorption occurred by the less hindered o-face of the
steroid molecule.®® 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 at a molecular level.

Experimental?!

N-Isohexyl-173-aminoandrost-5-en-3g-o0l (IIla).—A solution
of 3g-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 Na;SO; and Darco. Removal of the solvent in vacuo
afforded 38-acetoxy-17-(N-isohexyl)iminoandrost-5-ene (II, 28
g.) as an oil ([a]®p —34°) which resisted crystallization from
a variety of solvents. The infrared spectrum displayed the
characteristic absorption band for 17-imino steroids at 5.94 w5
Anal. Caled. for CyHiNO,: C, 78.02; H, 10.91; N, 3.37.
Found: C, 78.40; H, 10.48; N, 3.45.
The imine (23 g.) was dissolved in dioxane?? (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 g 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.), 209, 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 II (15.5 g.). Recrystallization
from the same solvent system gave pure material (10.5 g.), m.p.
89-91°, [a] %D —50°.

Anal. Caled. for CiHgNO: C, 80.37; H, 11.60; N, 3.75.
Found: C, 80.37; H, 11.16; N, 3.69.

N-Isohexyl-N-methyl-17 3-aminoandrost-5-en-33-0l (IIIb).—
A solution of IIIa (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 309, NaOH solution (10 ml.) was added
slowly at the reflux temperature. The solution was allowed to
cool and poured into ice-water (1 L.). The precipitate was col-
lected by filtration, washed with water, and allowed to dry.
Recrystallization of the crude product from acetone-water gave
pure IITb (5.3 g.), m.p. 121-125°, [«] %D — 48.5°.

Anal. Caled. for CoeHiNO: C, 80.56; H, 11.70; N, 3.61.
Found: C, 80.54; H, 11.52; N, 3.93.

20q-Isovaleramidopregn-5-en-33-0l Acetate (V).—To a warm
solution of 3p-acetoxy-20a-aminopregn-5-ene!? (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 HCI (100 ml.), 59 Na.COjs 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 ¢n 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]*D —17°.
Anal. Caled. for C;Hy,NOs: C, 75.80; H, 10.22; XN, 3.16.
Found: C, 75.60; H, 10.24; N, 3.39.
33-Acetoxypregn-5-ene-20-carboxylic Acid Isobutylamide

(VIITa).—To a stirred solution of crude 3g-acetoxypregn-5-ene-
20-carbonyl chloride? (10 g.) in anhydrous benzene (100 ml.)
was added isobutylamine (25 ml.). The reaction mixture was
heated to reflux, cooled slightly, stoppered, and placed in a steam
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oven at 63° for 1 hr.  The solvent was removed v viacwo, und
the residue was taken up in ether—-ethyl acetate (1:1). This
solution was washed suceessively with dilute HCL water, and 57
potassium carbonate solution.  The washed extract was dried
(Na:80y) and the solvent was removed under reduced pressure.
The residual solid was recryvstallized from acetone-hexane (o
give pure VIITa (4.2 g.), mup. L94-197°, [a] % —~57°

Anal. Caled. for CoHygNOy: ) 7o80: H, 1022, N, 3016
Found: €, 73.54; H, 10.21; N, 3.13,

33-Acetoxy-23-nor-3-cholenic Acid Isopropylamide (VIHb).
Thionyl ehloride (1 ml.) was added dropwise with stirring to «
solution of 3g-acetoxy-23-nor-H5-cholenic acid®® (2.0 g in anhy-
drous benzene (25 ml. ). The solution was refluxed for Y0 min.,
and the solvent was removed under reduced pressure.  Truces
of thionyl chloride were removed by the repeated addition and
distillation of anhydrous benzene. The crude acid  chloride
wix dissolved i anhydrous benzene (15 ml ) and added dvopwixe
with stirring to a cooled solution of isopropylamine (2 ml in
anhydrous benzene (20 mb. The mixture was stirred at room
femperature for 3 hro and water (25 ml ) and ether were added
(50 ml.).  The organie Lyyver was separated, washed with wader,
and dried over o mixture of Na,S0y and Dareo. Renoval of the
solvent in vacwo afforded w white crvstalline solid (2.2 g3, nup.
IS7T-194°. Reerystallization from acetone-heptane gave pure
VIIIb, m.p. 197-199°, [«] % —41°.

Anal. Caled. for CxHeNO o O, 75500 H, 1022,
¢, 75.92; H, 10.21.

33-Acetoxy-5-cholenic Acid Dimethylamide (VIIlcj.--The
crude acid chloride of 38-acetoxy-5-cholenic acid (15 g.) was
prepared in a manner similar to that described above. This
product was dissolved in anhydrous benzene (130 mb) and «
solution of dimethyvlamine In toluene (26.6; w./w., 30 ml. ) was
added with stivring and externad cooling. Benzene (40 mlo

IFound:

(230 I, 0L Sax and W. Bergmann, J. e Clhene Soc,, TT, 1910 {1655).

Anabolic Agents.

Vol s

wix Used to rinse the addition funnel and this was added o the
reaction mixture. The mixture was stirred at room temperature
for 2 hr. and ether 200 mlL) wax added. The solution wus
washed successively with water, 20N HCL and 570 NaHCO,
~olution and dried over o mixture of anhyvdrous potassium cir-
honate and Daren. Renoval of the solventunder reduced pressure
gave crude VITIe 0178 go, nup. 1771839, which was =atisfactory
for subzequent use. .\ sample wis purified by adsorption onto
silica gel and edution with ethylacetate benzene {19, Alternate
recrvstallizadion frony ethyl acetate heptane and beuzene
heptane guve a pure sample, nup. IS$=186.5%0 [l -4
CHU S anp ISBA-100%, Tadn —40.9° 5

Arnad. Culed, for CiHgNOg O, 75500 H,
Found: O, 76,13 H, 9900 N, 5035

Reduction of Amides. General Method.--A solution of V
(44 g, 000 M in dioxane (75 ml) was added dropwise with
stirving 1o w osuspeusion of lithium aluminum hydride (3.8 g,
0.0 1y in dioxane (70wl at the reflux temperature.  The mix-
ture wis refluxed with =tiveing for 15 hr., whereupon the excess
hvdride wis decomposed by the =uccessive dropwise addition
of water t4 bl in dioxane 050 mbLi, 200, NaOH solution (3 ml -
and water (20l The inorganic salts were remaoved by filtra-
tion and wished withc dioxane.  The filtrate was coneentrited
Lo drviess i cacno and the residue was ervstallized from acetone.
Thiz  gave  pure  N-izoamyl-20o-wminopregn-s-en-3g-o0b - (V1
2.7 nep 1201207, e 3357,

Anals Caled, for Oy NGO O =S056:; H, L1700 N S.61
Found: ¢, 8079 HOLETS: N, 404

Hydrochloride Salts. The ervsudline wnines were dissolved
m isopropyl aleohol aud sufficient 7.V HCT in isopropyl alcohol
was added dropwise with agitation.  The mixture was allowed to
stand at roon temperiure for o few minutes and the precipitate
wis collected by filtration. The salts were recerystallized from
either aqueous isopropyl alechol or w mixture of methanol and
isopropylaleahol and gave satisfuctory elemental analyses.
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Various A-ring modified derivatives of testosterone were prepared in the hope of obtaining compounds with

high anabolic and minimal androgenic activity.
discussed.

In a previous publication,? it was noted that shifting
the double bond of testosterone and 17e-methyltestos-
terone from the 4,5- 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-androgenic
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 t-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 earbonyl group was altered.
This paper will discuss the chemistry and biology of
these modifications.

The observation by Wharton and Bohlen? that hy-
drazine caused rearrangement of steroidal «.8-cpoxy

(1a) Pregented in part hefure the Division of Medicinal Chemistry at the
148uh National Meeting of the American Cliemical Society, Chicago, 111
Sept, 1964, (1h) R, E. Counsell. P. DL Klimstra, and 17, B Colron, /. O
Chem., 27, 248 (1062).

2y S, Wharton and 1), H. Bohlen, if/d., 26, 3615 (1061},

A comparison of the biological activity of these A-ring isomers is
The synthesis of some of these isomers is described in detuil,

ketones to allylic aleohols prompted investigation of
this reaction when applied to the 1,2a-epoxy-3-keto-

TasrLe 1
ANABOLIC-ANDROGENIC ACTIVITIES"

e T L T T i ) ¢} CEEEEE
Clompud. Alyotrophic  Androgenic  Myotrophic  Androgenic

Textosterone

propionate 100 100
Testoxterone 26 30
e 200 OO
[ 00 {00
IVa K 1
Vs 1 1
Nl1la 200 23
17 ee=-Methyl-

testosterone 26 24 100 100
Ih A0 25 1600 100
IVh 20 10 150 26
VI S < | <25 <020
NTIh 104 10-~25 100 15

< Potencies are given in terms of per cent of the activity of
testosterone propionate and 17e-methyltestosterone and were
determined from the lowest levels at which significant increnses i
~eminal vesicle or levalor ant muscle weight= were obtained.



