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The potent hypocholesterolemic properties of 20,25-diazacholesterol (1) prompted the syiuthesis of the 17a-
epimer (5) i1 order to determine the effect of altering the stereochemistry of the side chain on biological activity.

One approach to the development of hypocho-
lesterolemic agents has been the synthesis of com-
pounds which will inhibit the endogenous synthesis
of cholesterol. Previous papers in the series described
the synthesis and potent hypocholesterolemie properties
of certain aza-and diazacholesterols.? Not only have
these compounds been shown to inhibit cholesterol
synthesls in laboratory animals® and man,* but their
ability to interfere with cholesterolgenesis in insects
has also been observed.?

Studies with azacholesterols having the heteroatom
at different positions of the cholesterol side chain
showed that whereas 23-, 24-, and 25-azacholesterol
had considerable hypocholesterolemic activity in rats,
the 20- and 22-azacholesterols were essentially inactive
in this regard. An examination of molecular models
revealed that the 8 orientation of the C-17,20 bond
would decrcase the ability of atoms at the 20 and 22
positions to iuteract with a receptor surface should
adsorption occur by the sterically less hindered a-face
of the steroid molecule.22  While many other explana-
tions may account for the observed activities of the
isomeric azacholesterols, it was of interest to examine
what effect altering the stercochemistry of the side
chain would have on the biological activity of these
compouds.

Our first approach to this problem was to determine
the effect of epimerization at C-17 on the biologieal
properties of 20,25-diazacholesterol (1). The most
direet route to the 17« epimer (5) appeared to be
aminolysis of the 178-tosyloxy derivative with the
appropriate secondary amine. Several Iaboratories®
have displaced the 178-tosylate group with N3~ and
subsequently reduced the resulting 17e-azido andro-
stane derivatives to 17«-amino steroids. Moreover,
Davis and coworkers” found that 17a-pyrrolidin-1’-
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vl-5a-androstan-38-ol could be obtained in 429, vield
by treating Sa-androstane-38,17-diol 3-acetate 17-tos-
vlate with pyrrolidine in a sealed tube at 170-150°
in the absernce of solvent.

Attempts to prepare 5 directly by heating androst-5-
ene-38,17-diol 3-acetate 17-tosylate (2) with 1-(V-
methyl)-(3-dimethvlamino)propylamine proved uil-
successful. Only traces of aminosteroids could be
detected. On the other hand, similar treatment of 2
with the primary amiue, 3-dimethylaminopropylamine,
afforded 17 a-(3-dimethylaminopropyl)aminoandrost-
5-en-38-ol (3) in 239 yield.

Acetylation of the neutral fraction followed by ¢hro-
matography on silicic acid treated with AgNOj yielded
three isomeric 33-acetoxyandrostadienes (6, 7, 9) (18%),
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androst-5-cue-38,178-diol diacetate (8) (59,), und re-
covered starting material (2) (149;,). The olefinic by-
products (6, 7, and 9) were identified readily by nmr.
The more mobile 38-acetoxyandrostadiene (6) analyzed
for CyHy0Os. The nmr spectrum showed only one
tertiary Me corresponding to the C-19 at 6 1.03, and
one secondary Me at & 1.00 (d, J = 6.5 cps). The
presence of one vinyl proton at § 5.58 corresponding
to C-6 H, and the absence of cyclopropyl protous
indicated that the additional double bond was tetra-
substituted. These results are in agreement with strue-
ture 6, an 18-nor-178-methyl-13(14)-androstene sys-
tem, which may be envisaged as formed by a 1,2 shift
of the C-18 CHj to the initially formed C-17 carbonium
ion and subsequent loss of a proton at C-14.

The second isomeric androstadiene eluted from the
column also analyzed for C5;HyO,.  The nmr spectrum
showed the C-19 Me at 8 1.13, a vinyl Me peak at 1.65,
and the C-6 vinyl hydrogen at 5.534. Structure 7
is readily assigned to this product. Its formation can
be viewed as a 1,2 shift of the C-1S Me to the C-17
carbonium iow, followed by aloss of a proton at C-17.

The more polar 3g-acetoxyandrostadiene 9 also ana-
lyzed for C31H30.. The nmr spectrum showed 3 vinyl
protons at & 5.38 (C-6 H) and 5.81 (m, 2 H). The
C-19 Me appeared at § 1.16 and the C-18 Me at 0.80.
Since both angular Me groups were present, it was
apparent that no rearrangement of the C-18 Me had
occurred. Structure 9 was thus assigned and can be
viewed as arising by a simple bimolecular elimination
of the tosylate group.

The secondary amine 3 was converted into the de-
sired diazacholesterol analog 5 by LAH reduction of
the urethane derivative 4. The corresponding 5,6-
dihydro analog of 11b was prepared from 5a-andro-
stane-38,178-diol 3-acetate 17-tosylate (10) by a similar
sequence of reactions.

The configuration of the 17a-aminated products was
confirmed by nmr spectroscopy. A series of 17a-
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amino androstane derivatives was synthesized by stan-
dard methods and the nmr spectra in CDCl; and py-
ridine compared with the spectra obtained with the
corresponding 178 epimer. A downfield shift of 2.5~
5.5 cps was observed for the C-18 Ale resonances in
the 178-amino series when the spectra were taken
in pyridine. This effect was not displayed by the
17-amino compounds. In this way a pair of epimerie
C-17 aminosteroids can be easily distinguished.

Preliminary Biological Results.—20,25-Diazacholes-
terol (1) and the 17« epimer 5 were found to be about
equal in their capacity to inhibit the development of
tobacco hornworms.®  On the other hand, 5 was much
less effective in bloeking the dealkylation of sitosterol
by these insects.?

The hypocholesterolemic activity of 5 was evaluated
in male rats made hypercholesterolemic with propyl-
thiouracil by the method of Ranney and Cook.®* Where-
as 20,25-diazacholesterol was found to produce a de-
monstrable reduction in serum cholesterol at an oral
dose of 0.3 mg/kg, the epimer 5 showed no effect at
5.0 mg/kg.’® These results are consistent with pre-
vious studies which have indicated that any structural
departure from the cholesterol molecule usually leads
to a marked reduction of hypocholesterolemic activity.

Experimental Section!!

17 2~ (3-Dimethylaminopropyl Jaminoandrost-5-en-33-0l (3).—
A soln of androst-B-ene-38,178-diol 3-acetate 17-tosylate!? (4.0
g) in freshly distd 3-dimethylaminopropylamine (6 ml) was
heated to gentle reflux with stirring under N, for 48 hr. The
solvent was removed completely in vacuo, and the residue was
extd with 109 HCl and Et-O. The organic and the aq phases
were sepd and the latter made alkaline with 104, NaOH soln.
The ppt was filtered, washed well with H,O, and recrystd from
dil Me.CO to give 3 (0.7 g, 23.39%) as colorless needles: mp
141-143°; [a]p —91.2°; nmr (CDCls) 6 0.72 (C-18 CH;:); nmr
(pyridine) 5 0.73 (C-18 CHs:). Anal. (C2sHpN-O) C, H.

The Et,O layer from the original extn was washed with dil
NaHCO; soln and H,O and dried (Na,80,). The solvent was re-
moved 7n vacuo and the residue acetylated with Ac,O and pyr-
idine. The usual work-up afforded a mixture of products (1.6 g)
which was chromatographed on silicic acid (Mallinckrodt) im-
pregnated with 59, AgNQ,; Elution with hexane-C¢H, (8:2,
200 ml) gave 178-methyl-18-norandrosta-5,13(14)-dien-33-ol
3-acetate (6) (200 mg, 89): mp 84-85°; [a]lp —173°: nmr
(CDCls) 51.00 (d, 3 H, J =65 Ccps, C-17 CHs). Anal. (C21H3002)
C, H.

Further elution with the same solvent system (500 ml) gave a
mixture of 6 and 7 (250 mg). This was followed by a fraction
(200 ml) contg only 17-methyl-18-norandrosta-5,13(17)-dien-
35-0l 3-acetate (7) (110 mg, 4.49;): mp 98-99° (from
MeOH); [alp —132°; nmr (CDCls) 8 1.65 (s, 3 H, C-17 CH,).
Anal. (C21H3002) C, H.

Elution with hexane-CsHg (7:3) (400 ml) gave androst-5-ene-
38,178-diol diacetate (8) (150 mg, 5%): mp 162-163° (lit.1
mp 157-157.5°).

Elution with hexane-C¢Hg (1:1) afforded the starting material
2 (550 mg, 13.759;). Elution with Ce¢H; gave androsta-5,16-
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dien-33-0! acetate (9) (200 mg) (69): mp 89-90° (from
MeOH); [a]lp —122°; nmr (CDCl) & 0.80 (C-18 CHs), 1.16
(C-19 CHs), 5.58 (C-6 H), and 5.81 (m, C-17 and C-16 vinyl
protons). Anal. (CyHgxOs) C, H.
N-Methyl-N-(3-dimethylamino )propyl-17 «-aminoandrost-5-
en-35-0l (5)—To a soln of 3 (0.3 g) in dry CeHs (7 ml) and
N(Et); (1.5 ml) a soln of EtOCOCI (0.5 ml) in dry CeHs (2 ml)
was added dropwise and the mixture was refluxed for 4 hr. The
reaction mixture was then allowed to cool and washed with
H.0. The organic phase was sepd, dried (Na.SOy), and evapd.
The residue was characterized as 4, and was used without further
purification. To a slurry of LAH (0.3 g) in dioxane a soln of 4
(0.2 g) in dry dioxane (10 ml) was added, and the mixture was
refluxed under N, for 24 hr. The excess hydride was decompd
by successive dropwise addn of aq dioxane (1:3, 4 ml), 200
NaOH soln, and H.0. The insol salts were removed by filtration
and washed with hot dioxane. The filtrate was then evapd
and the oily residue was extd with [t:0. The Et,O ext was
washed with H.O, dried (Na:SOy), and evapd. The oily residue
solidified upon addn of HyO. Recrystn from Me,CO gave 5
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(0.1 g, 33.3C;): wmp 83-87°; [alp —93.3°; nmr (CDCL) &
0.71, nmr (pyridine) § 0.72 (C-18 CHs). Anal. (C:HuN:0) C, H.
17 a-(3-Dimethylaminopropyl)amino-5a-androstan-33-ol (11a).
—A soln of bHa-androstan-35,178-diol  B-acetate 17-toxyvl-
ate! (2.0 g) in freshly distd 3-dimethylaminopropylamine (30
ml} was refluxed for 48 hr and worked up as described above.
The basic fraction afforded (230 mg, 16.6°¢): mp 147-149°;
nmr (CDCL) 6 0.73 (C-18 CHs); nmr (pyridine) § 0.74 (C-1%
CHs). Anal. (ColluN-O) C, 1. The neutral fraction wus
1ot examined in this case.
N-Methyl-N-(3-dimethylamino)propyl-17 a-amino-5«-andro-
stan-38-0l (11b).-—Methylation of 1la as described above af-
forded 11b (34¢,) which was isolated as the dihydrochloride =alt.
Recrystn from -PrOH gave a white solid; mp 278-280° dec;
nmr (of free base) (CDCl) 8 0.72 (C-18 CHs); nmy (paridine: 8
0.72 (C-18 CHjy).  Anal.  (CuHixCLN.O-TH,0) C, 1.
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Substituted tetralones were converted into cyclic lactams and amidines.

Nine out of sixteen cyclic amidines

exhibited weak to moderate hypoglycemic activity in the rat.

Substituted tetralones! and dihydro- or tetrahydro-
naphthalenes derived from them?? have been studied
repeatedly in our laboratories in the past 10 years. The
present report describes the preparation of a number
of cyclic amidines derived from a variety of substi-
tuted tetralones and the hypoglycemic activity ex-
hibited by some of them.

Scheme I illustrates the types of compounds which
have been prepared. In general, tetralone* and a
few 2-aryl substituted tetralones (I) yield only one
of the two possible lactams when subjected to the
Schmidt reaction. These lactams are 1,3,4,5-tetra-
hydro-2H-1-benzazepin-2-ones  (II). However, 6-
methoxy-2-phenyltetralone (I, R = OCH;) gave both
the acylanilide (II) and the benzamide (III) type
lactams. Werner and coworkers found that both lac-
tams were produced when 3- or 4-phenyltetralones were
subjected to the Schmidt reaction.® Evans and Lock-
hart studied the effects of various substituents of te-
tralones which guided the course of the Schmidt re-
action either to afford the acylanilide or the benzamide
type lactams.® Identification of the isomeric benza-
zepinones II and IIT was facilitated by the ease of
hydrolytic fission of the acylanilide type lactams (II)
by hydrochloric acid, in contrast to the stability of
the benzamide type lactams (III), which under the
same conditions were unaffected by acid treatment.?
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In addition, the uv, ir, and nmr spectra were found
to be useful tools in the assignment of the correct
structure to the isomeric benzazepinones.®” We have
made use of both the spectral and chemical tools in
the identification of the lactams obtained from the
tetralones by the Schmidt reaction. Table I shows the
acylanilide type lactums, while Table II depicts the
benzamide type lactums. The amidines derived from
these lactums are compiled in Tables III and IV, re-

(7) S. Minami, M. Tomita, H. Takamatsu, and S. Uyeo, Chem. Pharm.
Bull., 18, 1084 (1963).



