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concentrated, and distilled to give 28.6 g. (68%7) of aun oil. b.p.
R7-89° (12 ninL); vuax 3400, 965 em. ~ L.

Angl. Caled. for C,HO: 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 mun); v 1740, 1675, 1240, 965
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Anal. Caled. for CiHuOs:
71.9; H, 11.1.
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Main for determination of biological activities and to
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Hypocholesterolemic Agents.

V.!" Isomeric Azacholesterols'®

R. E. CouxstrLy, e P, D. KurvsTtra, L. N. NysTED, AND R. E. RANNEY

Divisions of Chemical and Biological Research, G. D. Searle and Company, Chicago, Illinois 60680

Received August 5, 196/

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 syuthesis 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 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.
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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
actionl 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 7@ 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 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 (I1Ib, N-isohexyl-N-methyl-173-
aminoandrost-5-en-38-ol) was readily obtained in
several steps from 3B-acetoxyandrost-i-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. Reduection of IT with
lithium aluminum hydride afforded the corresponding
amine (ITTa) which was methylated under Eschwiler—
Clarke conditions® to give IIIb. 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 T 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 whicli was 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 Niclear Magnetic Resonance
Spectroscopy in Organic Cliemistry," Pergamon Press, New York, N, Y.,
1958, p. 6.
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componnds were evaluated in the forniof their hydrocehloride salts.

by which dimethylaminopropylamine condensed with
I under these conditions.’
38-Acetoxy-20a-aminopregn-d-ene  (IV), previously
described by Julian and co-workers,'? was ntilized for
the synthesis of 22-azacholesterol (V0 N-isoamyl-20a-

aninopregn-s-ci-35-ol).  Acylation of IV with iso-
valeryl echloride gave the amide Vo which readily

nnderwent metal hydride reduction to VI.

The appropriate steroidal carboxylic acids (Vila-¢)
served as starting materials for the synthesis of 23-,
24-, and 25-azacholesterol (1Xa-c¢). The standard
method of converting the acids to the amides (VIITa-c)
#ia the acid chlorides and subsequent metal hydride
reduction furnished the desired amines i good over-all
vield.  The preparation of IXc by this methad was pre-
viously deseribed by Louw, Strating, and Backer. '

Preliminary Biological Results.'—The oral hypo-
cholesterolemic activities of the azacholesterol analogs
were assayed i male ratz made hypercholesterolemic
with G-propylthiouracil according to the procedure
deseribed  previonsly.  The minimal effeetive  dosce
(MIED) was the criterion of activity, and was estimated
from dose-response curves as that dose which would
induce a 109 reduction in scrum ehiolesterol level after
a 10-day treatment period.

Although the snbstitution of nitrogen for carbon at
positions 20 and 22 (IIT and VI, Table I) resulted in
compounds that were inactive at the standard dosc
(10 mg.'ky.), successive substitution at positions 23,
24, aud 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 evidence that these
snbstances as well as the diazacholesterols are not ex-

(12) P. L. Julian, F. W, Aeyur, and 1. CL
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erting their hypocholesterolemic action by some metal-
chelating process.

Further studies with IXc showed that desmosterol
accumulated 1 gerum 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 Dbeen previously reported for 20,25-diaza-
cholesterol.™  Thus, like the 20,25-%% and 22 25-
diaza'® ¥ analogs, 1X¢ appears to have an inhibitory
action on desmosterol reduetase.  The fact that ad-
ministration of thesc 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
mvolved.  This latter site of action remains to be
clucidated.

It is generally accepted that the mechanisin of action
of structnrally specific drugs involves interaction of the
drug with certain regions or receptor sites on cellular or
enzyme surfaces.’*  Although it is hazardous to inter-
pretoin o data as mdicating the mode of action of in-
hibitors at a molecular level, certain relationshipg be-
tweell structure and activity ot the isomeric azacholes-
terols are noteworthy.  If these substances are pre-
sunied to have similar tissuce distribution and membrate
penctrability properties, then the degree with which
they mteract with the receptor site could account for the
observed  variations i potency.  Accordingly, the
patent hypocholesterolemic activity for IXce 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
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Figure 1.

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 a receptor surface if
adsorption occurred by the less hindered a-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-33-0l (IIIa).—A solution
of 3B-acetoxyandrost-3-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 3B-acetoxy-17-(N-isohexyl)iminoandrost-3-ene (II, 28
g.) as an oil ([@]®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 u.5
Anal. Caled. for CyHiNO,: C, 78.02; H, 10.91; XN, 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 stercids
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 CuH4NO: 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 1.). The precipitate was col-
lected by filtration, washed with water, and allowed to dry.
Recrystallization of the c¢rude product from acetone-water gave
pure IIIb (5.3 g.), m.p. 121-125°, [«]%Dp — 48.5°.

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

20a-Isovaleramidopregn-5-en-33-0l Acetate (V).—To a warn
solution of 3B-acetoxy-20e-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.COs 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 CsHyNO;: C. 75.80; H, 10.22; XN,
Found: C, 75.60; H, 10.24;: N, 3.39.

33-Acetoxypregn-5-ene-20-carboxylic Acid Isobutylamide
(VIIIa).—To a stirred solution of crude 38-acetoxypregn-5-ene-
20-carbonyl chloride'? (10 g.) in anhydrous benzene (100 mil.)
was added isobutylamine (25 ml.). The reaction mixture was
heated to reflux, cooled slightly, stoppered, and placed in a steam

3.16.
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pverr at 65° for 1 hre The solvent was revoved /o veeno, il
the residue was taken up in ethar--ethyl aeetate (1:1), Thix
soluntion was washed suceessively with dilute HCL water, st ¢,
putassiiim carbonate solution,  The washall extraet was il
(Nu2804) and the solvent was vemovid npder vedinved pressinne.
Tha residunt sulid was reerystallizad fromn accone-hexane 1o
vive pure VIIIn (9.2 g.), mup. 194-197°, [o) 0 57"
el Caled. Tor CuHygNOy: € 73811 L D22 N, UL,
Found: ¢, 75.504; H, 10.21; N, 3.1,
33-Acetoxy-23-nor-5-cholenic Acid Isopropylamide (VIIIb).
Thivuyt chloride (1 b)) was added dropwise with stirring to u
solution of 3g-sretoxy-23-nor-d-cholenie aeid®* (2,400 g in anby-
drous benzene (25 mil ). The solution was refluxed for Yo i,
and the solvent wias rewwved under redneed pressnre.  Traves
uf thiouyl c¢hlovide were removed by the repeated additiom and
distilution of anhydrons benzene.  The cude aeid chloride
wis di=zolved in smhydrons benzene 115 k) and addeld dropwise
with stirring to a vooled solution of isopropylnnine 12wl i
anhydrons benzene (20 mb L The wixture was stiveed at ronan
temperitare Tor 3 hre ol warer (25 mbs ol ether were ldel
o0l The vrganie tyer was sepairated, washad with waier,
amd dried over aomixtnre of NSO aud Daren. . Rewoval of the
solvent in vavwo alforded o white vrysialline solid €2.2 000 wep.
EST-104°0 Reerystallization from acetone-hueptine gave pe
VIIIb, np. 197-199°, [«] %D - 41°.
dnel. Caled. for Cul, Nty ()
¢ 702 H, 1021,
33-Acetoxy-5-cholenic Acid Dimethylamide (VIIIe). - The
erinde aenll chloride of g-neetoxy--cholenivc avid 115 g) was
prepared ina wanner similar ro that deseribed above. This
proiet was dissobved in anhyihons benzene (150 b} and o
=ohition of dbnethylamine in tohwene (26,67, w.o w80 ud. ) was
added with =tirring awml exteraal conling, Benzene 240l

a0 L D220 Fouad:

G130 L 0L Sax and WO Bersimann, S, D, Clone Sec,, TT, 10LU (16555,
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wis 1set] to rinse the wldition funned and this was ubiled o the
resetion waxture. The mistire was stiveed ot oo temperee
for 2 hee awed e o2t wd) was wihdeds The selnticn was
wished siecessovely with water, 28 HCL mad 500 NallCo,
solntion b dvied veee o wdxture of aubcdrons potassino v
homate and Davess Heamvabiod the sobventunder veduval pressie
gave crnde VITHe d1758 g0, mep. 177183, which was satisletor
fur <ubsgequent n=e. A sample was povilied by adserption o
sthen gl and vlmion with ethylaceine beazme i 1:90, Ahemate
veervstalhizanion frone ethyl meetate heptane id benzeae
heprine gave a0 pae sample, iep. IS8 1R6.5°, Led®*n 11
R, IS5 100, Tabpy = 40.0° 1

Al Caled Tor CyHpN Oy ¢
Fomad: ¢ 76,135 H, 0,000 N, 3058,

Reduction of Amides. General Method.--A solition ol v
t4d o vol 0 i dioxane 175 mb)y was added dropwise with
sturing tooaosugpension o hrhinm alminnn hydride (o8 .,
b fuodioxame 700k at the veflux tempernture. The wis-
e was reflnsed with <tieing for IS L wherenpon the exeess
lvihvide: was deenmposert by thie suevessive dhopwize addition
i witer b ocdinsane el s 200, NaOH sohation 5 ml o
ard warer 20k Plee lorgande salts were vemoved by filtra-
o b washed with dioxane, The lileate was coneentrntel
to hevtwess e veeon s thee vesiduie was eevstadlized froncacetooue.
Thi= wave  pure N-soayl-20-~puduopregn=s-cn-ig-ol - (VL
DT wps T2 P2 Ly 505

ealc Cabindl o ClblaNDe O =s0006; H, HLTo: N, sl
Fommd: CLsDor8: FLOTLTS: N, L 04

Hydrochloride Salts. - The evyswalline mnines were dissolvald
misnpropyl aleolhiob et sulliviene 7.8 HCH inisopropyt aleohol
was uhiled drapwise with agitation. The mixture was allowad o
sl at roow tetpersine for oo Tew winntes and the precipitar
wis vollertd Ly filteation, The salis were veerystallized Trow
cither agueons sopropyt adeohod o o wdxoare of methannd uul
isapropybab-clol il gove satistacetory elemental anndvses.
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Varions A-ving modilied derivatives of testosterone were prepared in the hope of obtaining compommls with

Ligh anabolic and minimal androgenic activity.
discussed.

In a previous publication, '™ it was noted that shifting
the double bond of testosteronce and 17 e-methyltestos-
terone from the 4,5- to the 1,2-position enhanced pa-
renteral anabolic and, to a lesser extent, androgenic ac-
tivity. Aloreover, a comparison of oral myotrophic
activity of the 4,3- and 1,2-ene systems indicated that
the latter had a more favorable anabolic-androgernic
ratio. These oral activities (Table I) were much
greater than would have been expected from an ¢xami-
nation of the original biological parenteral data.th

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

The observation by Whartonr and Bohlen® that hy-
drazine caused rearrangement of steroidal a.g8-cpoxy

(la) Presented in part before ibe Division of Muedicinal Chemisiry al rhe
118uh National Meeting of Lhe Awevican Chemycal Society, Chigee, L
Septe 1964, (1L R, KD Cogusell, I Do Kibnsern, and Vo B30 Colton, . ey,
Chem., 27, 248 (1962).

t2) % 8. Wharton wwd DL HL Bollen, did,, 26, 0015 (bt g,

A vomiparisan of the hiologival activity of these A-ring isomers is
The synthesis of some of these isomers is deseribed in detail,

ketones to allylic aleohols prompted hrvestigation ol
this reaction when applied to the 1,2a-epoxy-3-keto-
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Myotropbiec  Antlrogeuin
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Cloanyad. Myoirephic Audrogewie
Testosrerome

propionate 100 100

Testosterone 20 3o
¢ 2011 100
& 100 100
l\vil, -'l 1
V1ta i 1
NlIa 200 25
17w-Methyl-

Lestosterom: 20 24 ton 100
1h A0 25 1600 106
1IVhH 20 10 150 20
V1Hh <0 <1 <20 < 2)
NTHD 1Dy 10-25 1oy )

CPctenies e given 1o terms of perocent of the aetivity ol
testosternne propionate and 1 e-methyltestosterone mnl were
dhetermined from the havest levels at which significant mevenses
st viesivhe o bevator and musele weight= weer obtained.
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