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The Benzilic Acid Rearrangement of
3a,173-Diacetoxy-11-hydroxy-12-oxo-
53-androst-9(11)-ene

The known? 3¢, 17f-diacetoxy-12-oxo-58-androstane (7)
was converted to a mixture of 1l¢- and 11f-bromo-
ketones (2) following the procedure of Jurian and
MagNaNIl, Without separation of the isomers, this
material was treated with sodium hydroxide in aqueous
methanol and the new 11-oxo0-3e, 128, 178-trihydroxy-58-
androstane (3)2 was isolated and recrystallized from
acetone; m.p. 235-236°; [a]}] + 52° (c, 0.546)3. The tri-
olone (3) was oxidized with bismuth trioxide in acetic
acid solution* and the 3«, 178-diacetoxy-11-hydroxy-12-
oxo-5p-androst-9(11)-ene (4) was recrystallized from
acetone; m.p. 247-248°; [a]f + 108° (¢, 1.106); 4.
282 nm (g 9600); », . 3400, 1725, 1667, 1600 cm~1. The
NMR-spectrum of 4 exhibited the expected C-10 methyl
proton absorption at 72 c/sec?.
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The intermediate 4 was treated with potassium
hydroxide in aqueous propanol® in an atmosphcre of
nitrogen for 18 h under a gentle reflux to yield a new
compound analyzing for C;gH,,0,. An analytical sample
was recrystallized from acetone-heptane; m.p. 187-188°;
[a]f — 76° (¢, 1.011); no UV-absorption at 282 nm; v,
3600, 1755 cm~1. The mass spectrum revealed the peak
for the molecular ion at m/e 320 and 2 prominent pcaks
characteristic of the loss of 2 molecules of water at M-18
and M-36 which indicated that the compound was a diol.
Oxidation with JoNEs reagent? converted only one of the
two hydroxyl groups to a ketone. Thusit appearedt hat
one of the hydroxyl groups was tertiary and it seemed
possible that a benzilic acid rearrangement of 4 had oc-
curred.
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For stereochemical reasons it is impossible for a ben-
zilic acid rearrangement product of 4 with the C/D trans-
fused rings to form an 11a,17-lactone. An additional
retroaldol equilibrium, preceding the benzilic acid re-
arrangement, which leads to epimerization at C-13 is
postulated according to the equilibrium formulated below.
This is required for jp-lactone formation of the benzilic
acid rearrangement product in an all c¢is-fused system
containing three 5-membered ringss.

The product resulting from the alkali treatment of 4
was formulated as 11§-carboxy-3a,11a,178-trihydroxy-
130-C-nor-5p8-androstane 1la,17-lactone (5a) and the
oxidation product was the ketone 6a. The latter (6a) was
recrystallized from acetone-heptane and the following
physical constants were recorded: m.p. 247-249°; [a]3f
— 59° (c, 1.014); v,,,, 3578, 1755, 1700 cm~*. In the mass
spectrum, the molecular peak was observed at m/fe 318
and a peak at M-18 indicated the presence of a hydroxyl
group. Most important, a peak at M-70 (189%), charac-
teristic of the loss of the first 4 carbon atoms in a 3-keto-
54-H steroid under electron impact®, demonstrated that
the A/B-ring system was not involved in the reaction
that led to the destruction of the ring C chromophore
during the alkali treatment of 4. It was of particular
interest to observe that the M-70 peak was missing in
the parent alcohol 5a; thus this peak is characteristic of
the ketone 6a. The conversion of 5a to 6a was accom-
panied by the disappearance of the broad NMR-absorp-
tion centered at about 218 c/sec for the 3f-axial proton
while the multiplet centered at 258 c/sec attributed to
the 17a-proton of 5a was found unchanged in the product
ba.

The rearrangement product 5a gave rise to a diacetate
5b, which was recrystallized from acetone-heptane to a
constant melting point of 179-180°; [a]f — 82° (¢, 1.044);
Viar 1770, 1730 cm~1. The hypsochromic shift of the lac-
tone carbonyl absorption in the IR-spectrum of the
acetylated product 5b as compared to that of 5a is con-
sistent with the formulation of 5a as an «-hydroxycar-
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bonyl compound?!?. Further evidence for the proximity
of the non-oxidizable hydroxyl group to the lactone car-
bonyl was obtained when the IR-spectra of the di-
hydroxy compound 5a and the hydroxyketone 6a were
recorded in very dilute carbon tetrachloride solutions.
The spectrum of the ketone 6a showed only the absorp-
tion of the intramolecularly bonded hydroxyl (v, 3573
cm-1), while the spectrum of the alcohol 5a revealed
absorptions for both the free and the intramolecularly
bonded hydroxyl (v, 3620, 3575 cm-1)1%,

Finally, it was found that the oxidation product 6a
could be converted to the corresponding acetate 6b, which
exhibited the following physical constants: m.p. 176-178°;
[e]% — 97° (¢, 0.896); v,,,, 1770, 1750 shoulder, 1738 and
1700 cm~'. In the mass spectrum of 6b the absorption of
the molecular ion at m/e 360 as well as the prominent
peaks at M-60 and M-(60 4 70) were observed 1213,

Zusammenfassung. Die Bildung von 11g-Carboxy-
3a, 1le, 17f-trihydroxy-13a-C-nor-58-androstan 11a,17-
Lakton aus 3«, 17§-Diacetoxy-11-hydroxy-12-0x0-58-

The Effect of Nicotinamide Adenine Dinucleotide
on Lipolysis in Adipose Tissue in vitro

Lipolysis in adipose tissue in vitro has been shown to
be stimulated by a variety of sympathomimetic amines
and peptide hormones®2 There is evidence that these
effects are mediated by the activation of adenyl cyclase,
production of cyclic-3’, 5-AMP3, activation of an adipose
tissue lipase®5, hydrolytic cleavage of adipose tissue tri-
glycerides and subsequent release of fatty acids and
glycerol. Inhibition of lipolysis induced by the sympatho-
mimetic amines or peptide hormones has been demon-
strated with a number of compounds, including nicotinic
acid® and various metabolites of nucleic acids?. Nicotinic
acid has been demonstrated to be a potent lipolysis
inhibitor in vitro and this effect can be observed in vivo
in the form of a pronounced depression of plasma non-
esterified fatty acids (NEFA)®. DoLE? has reported that
ATP, 5'-AMP and adenosine inhibited lipolysis, whereas
the purines, adenine and guanine, and the pyrimidines,
uracil and cytosine, increased lipolysis. More recently,
MaTtsuzaki and RaBeN?, differing from DoLE, found that
guanine inhibited the lipolytic action of epinephrine. They
also reported that adenine stimulated lipolysis at high
concentrations but had no significant effect at lower levels.

Nicotinic acid has been shown to be an eiffective pre-
cursor for nicotinamide adenine dinucleotide (NAD) syn-
thesis10, The possibility exists that adenosine might also
contribute to NAD synthesis. In view of the fact that
both nicotinic acid and adenosine have been shown to
inhibit lipolysis in vitro, it was of interest to investigate
the antilipolytic effects of NAD and related compounds.

In order to define the lipolysis inhibitory effects of
NAD and related compounds, epididymal adipose tissue
was taken from male Sprague-Dawley rats, 180-240 g,
fed ad libitum. The tissue was placed in freshly aerated
Krebs-Ringer bicarbonate buffer, pH 7.4, and minced
with scissors into pieces weighing approximately 10 mg.
200 4 3 (mean 4+ standard deviation) mg of tissue were
placed in each experimental flask containing 3 ml of
freshly aerated (95% 0,-5% CO,) Krebs-Ringer bicar-

Specialia

EXPERIENTIA XXII/10

A%(M)-androsten wird beschrieben. Der Mechanismus und
die Stereochemie dieser Umwandlung (Retro-Aldolkon-
densation und Benzilsdureumlagerung) wird diskutiert.
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bonate buffer, pH 7.4. Bovine plasma albumin, fraction
1V, 19,, was used as a fatty acid acceptor in this incuba-
tion medium. Sufficient norepinephrine (20-30 ng/ml) to
cause 509, of maximum fatty acid release was added to
the incubation mixture. The compounds under investiga-
tion were then added at appropriate concentrations. The
experimental flasks were stoppered, aerated with 959,
0,-5% CO, for 10 min and incubated at 37°C for 3h on
a Dubnoff metabolic shaker. After incubation, aliquots
were removed and analyzed for fatty acid content by the
method of DoLe!!. The fatty acids.released into the
medium by norepinephrine were compared with the re-
lease of fatty acids in flasks containing norepinephrine
and the test compound. The effect of the inhibitor was
expressed in terms of 9, inhibition.

Under the conditions of the study, NAD was shown to
be a potent inhibitor of the norepinephrine-induced fatty
acid release from adipose tissue (Table I). This inhibition
was proportional to concentration over a range of 10-4 to
10" M. NAD is composed of nicotinamide mononucleo-
tide (NMN) and 5-AMP joined through a pyrophosphate
bridge. NMN itself was a comparatively weak inhibitor
of fatty acid release as was nicotinamide. Nicotinic acid,
on the other hand, was a very potent inhibitor. The
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