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The 'hydrid'e red‘uction of a 17-keto-C/D trans-steroid proceeds from the backside while a similar reduction of a 17-keto-
C/D c:w-stermd (either 138,148 or 13a,14«) involves a frontal approach. These results are explained on the basis that the
reductions are product development controlled, affording as the predominant product the more stable epimer in each case.

The concepts of steric approach control and
product development control on the hydride reduc-
tion of a carbonyl group have been propounded by
Dauben and his associates.! Based upon these con-
cepts they concluded that the reduction of an
unhindered ketone with lithium aluminum hydride
will yield a mixture of epimers whose composition
will closely resemble that obtained under equilibrat-
ing conditions, and that when sodium borohydride
in methanol is used in place of lithium aluminum
hydride, the product will be richer in the unstable
epimer.

Applying the concept of product development
control to the hydride reduction of the 17-keto-
steroids, both those in which rings C and D are
fused cis as well as trans, and assuming that the
energy-level spacings of the aleohols epimeric at
C-17 are nearly identical,? we have reached a
set of conclusions pertaining to the relative stability
of the reduction products, the epimeric 17-ols,
which agrees with the results obtained by confor-
mational analysis.

It is a well documented fact that the reduction of
a 17-keto-138,14a-steroid yields overwhelmingly
the 17-ol having the g-configuration. If the 17-keto
group is unhindered, then the 178-ol must be the
more stable epimer in keeping with the concept of
product development control. Although Elks and
Shoppee® were unable to equilibrate the epimeric
androstan-17-ols with sodiumethoxide, which would
have provided direct evidence as to the relative
stability of the two epimers, the greater stability
of the 178-0l can be inferred from the equilibration
studies of the normal (178) 20-ketosteroids, which
have been shown to be more stable than the 17a-
compounds, *
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St. André et al.5 reported that the reduction of 17-
keto-5a,148-androstan-38-0l with sodium boro-
hydride gives the 17a-ol as the principal product.
As it has been shown that derivatives of 20-keto-
143,17 a-pregnane are more stable than the corre-
sponding derivatives of 20-keto-148-pregnane,® the
17 a-0l must be regarded as the more stable epimer.

When a 17-keto-13«,14a-steroid is reduced with
lithium aluminum hydride, the 17a-0l is obtained
as the predominant product.” Although experimen-
tal support is lacking, the 17 -0l can be assumed to
be the more stable epimer on the basis that the
course of the hydride reduction of the 17-keto-
13,14 e-steroid,® just as of the 17-keto-138,14a-
and 17-keto-133,148-steroids, is product develop-
ment controlled.

According to Brutcher and Bauer® there are
three important conformations to be considered
for ring D of the steroids. Two of these conforma-
tions are envelope forms and the third is a half-chair.
For a 138,14a-steroid the envelope conformations
are I and II, Examination of conformations I-IIT
reveals that a substituent at the 178-position would
be on a bisectional bond in I, an equatorial bond
in I, and a pseudoequatorial bond in IT1. A substit-
uent at the 17a-position would be on a bisectional
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bond in I, an axial bond in II, and a pseudo-axial
bond in III. As either a 178- or a 17a-substituent
in T would be eclipsed by a hydrogen atom at C-16,
conformation I would be energetically less favorable
than II or III. Hence, a consideration of II and IIT
would lead to the conclusion that a substituent at
the 178-position is more stable than if it were
attached to the 17a-bond.?

For a 138,148-steroid the three important confor-
mations are IV-VI, of which IV and V are the two
envelope forms. For reasons outlined above, con-
formation IV may be omitted from consideration.
An examination of V and VI indicates that the 17 -
position (equatorial in V and pseudoequatorial in
VI) is more stable than the 178.

(10) Cf. D. H. R. Barton, Ezperientia, 6, 316 (1950);
L. F. Fieser and M. Fieser, Steroids, Reinhold, New York,
1957, p. 468.
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The argument that the 17 a-position is more stable
than the 178 in a 138,143-steroid is also valid for a
13a,14a-steroid. The three important conformations
for the latter substance are represented by VII-1X,
of which VII and VIII are the envelope forms and
VII is energetically the least favorable when a
substituent is located at C-17.

EXPERIMENTAL!!

18a-Testosterone and 13a,17a-testosterone. A solution of
3.590 g. (0.0125 mole) of 13a-androst-5-ene-3,17-dione,” 5 ml.
(0.0303 mole) of freshly distilled ethyl orthoformate, 0.25 g.
(0.00132 mole) of p-toluenesulfonic acid monohydrate, 0.2
ml. of absolute ethanol, and 30 ml. of purified dioxane was
allowed to stand at room temperature in an atmosphere
of nitrogen for 4 hr. To the dark green reaction mixture was
added 2 ml. of pyridine, whereupon it turned to an orsnge-
brown color. The reaction mixture was then added over a
period of 10 min. to a mixture of 0.65 g. (0.0171 mols) of
lithium aluminum hydride in 60 ml. of anhydrous ether,
which was heated under reflux. After the addition was com-
plete, an additional 50 ml. of anhydrous ether was added to
the reaction mixture. Heating was discontinued, and the
mixture was stirred at room temperature for 15 hr. After the
reaction mixture was decomposed with the successive addi-
tion of acetone and water and acidified with 59, hydrochlorie
acid, the organic phase sas separated and washed succes-
sively with 5% hydrochloric acid and water. The solvents
were removed by evaporation on the steam bath in a stream
of nitrogen, and the residue was dissolved in 10 ml. of meth-
anol containing 0.2 ml. of 6N hydrochloric acid. The reaction
mixture was heated under reflux for 10 min., diluted with
water, and cooled in an ice bath. The resulting viscous
brown oil was extracted with benzene. The benzene solution
was dried over anhydrous potassium carbonate and chroma-
tographed on 200 g. of alumina. The column was eluted with
varying proportions of benzene and ethyl acetate. Elution
with 109, ethyl acetate in benzene gave ca. 3 g. of & solid
mixture. The mixture was fractionally crystallized from
ether-hexane, and the residual mother liquor was rechroma~
tographed on alumina. In this manner a total of 1.603 g.
(44.3% yield) of 13,17a-testosterone, melting in the
region of 124~-127° to 130-132.5°, and a total of 0.273 g.
(7.6% yield) of 13a-testosterone, melting from 156.5-158.5°
to 162-164°, were obtained.

The analytical sample of 13a,17a-testosterone was ob-
tained as colorless stout rods from ether-hexane, m.p.
129.5-131°; [a]p +39°; (0.59% dioxane); reported’” m.p.
129-130°; [a]% +48.9° (ethanol).

The analytical sample of 13a-testosterone was ob-
tained as colorless needles from ether-hexane, m.p. 162.5—
164.5°% [a]p +78° (0.5% dioxane); reported” m.p. 153-
155°; [a]lp +90.5° (ethanol).

13a,17a-Testosterone acetate. A solution of 115 mg. of
13,17 a-testosterone, m.p. 127-129°, 1 ml. of pyridine, and
1 ml of acetic anhydride was allowed to stand at room
temperature for 48 hr. Then it was poured into water and
cooled in an ice bath. The solid was collected, washed well
with water, and dried, m.p. 99-102.5°, yield 121 mg. (91.6%).
Repeated crystallizations from acetone-water gave colorless
rhombs, m.p. 103.5-104.5°; [a]p —+585° (1% dioxane);
A[M]2*TOF 1+69.5°.

Anal. Caled. for CyHy0;: C, 76.32; H, 9.15. Found: C,
76.44; H, 9.00.

13a-Testosterone acetate. A solution of 53 mg. of 13a-~
testosterone, m.p. 162.5-164.5°, 0.3 ml. of pyridine, and 0.3
ml. of acetic anhydride was allowed to stand at room tem-
perature for 16 hr. The reaction mixture was worked up as
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before to afford a crude solid product, m.p. 134.5-138°.
The solid was crystallized from hexane, m.p. 136-138°,
yield 44 mg. (72.6%). The analytical sample was obtained
a8 colorless dense crystals after two more crystallizations
from hexane, m.p. 136-137.5°; [a]p +89° (1%, dioxane);

voL. 27

A[MIOF 169°,
Anal. Caled. for CyHy04: C, 76.32; H, 9 15. Found: C,
76.22; H, 8.99.
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1-Benzyl-1,4-dihydronicotinamide reduces nitrobenzene at 139° in the absence of added solvent. The intermediate, nitro-
sobenzene, is trapped, presumably as a nitrone which is identified by its hydrolysis to benzaldehyde. The reaction products,
after hydrolysis of the reaction mixture, are aniline, nicotinamide, benzaldehyde, phenylhydroxylamine, and hydrazo-
Lenzene. Hydroguinone had no effect on the yields of products. A p-nitro group facilitates the reduction; a p-dimethylamino
group hinders it. o-Nitrophenol and o-nitroanisole are reduced in comparable yields. 2,6-Dimethylnitrobenzene was reduced
with difficulty. Other compounds reduced were nitrosobenzene, p-nitroso-N,N-dimethylaniline, phenylhydroxylamine,
azoxybenzene, and azobenzene. Aliphatic nitro compounds were not reduced.

Dihydropyridines play an important role in
biological reductions, and the study of model
reactions which may simulate an enzymic reaction
may lead to an understanding of the catalytic
action of enzymes. Dihydropyridine derivatives
have been reported to reduce a variety of substances
nonenzymically: thio ketones,® keto acids,® qui-
nones,’ dyes,’®8 benzil,? derivatives of maleic and
fumaric acids,? and bromotrichloromethane.?

Enzymic reductions of nitro groups may directly
or indirectly involve dihydrodiphosphopyridine
nucleotide (dihydronicotinamide-adenine-dinucleo-
tide).1!

Nitrobenzene has been used frequently as an
oxidizing agent for organic compounds.'? Several
reductions of nitro groups by dihydropyridines
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Leach, J. H. Baxendale, and M. G. Evans, Australian J.
Chem., 6,395 (1953).

(9) E. A. Braude, J. Hannah, and R. Linstead, J. Chem.
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have been reported. There is a photochemically
induced intramolecular reduction of 4-(2’-nitro-
phenyl)-1,4-dihydropyridine.!? {rans-4-Nitrostilbene
is reduced to 4-aminostilbene (16%, yield) and nitro-
benzene is reduced to aniline (yield greater than
89%) by the Hantzsch dihydropyridine (1,4-
dihydro - 2,6 - dimethyl - 3,5 - dicarbethoxypyri-
dine).® There have been no published reports of
the nonenzymic reduction of nitro groups by a
dihydronicotinamide.*

Reduction of nitrobenzene. When nitrobenzene and
1-benzyl-1,4-dihydronicotinamide were heated at
139° under nitrogen the following products were
identified after hydrolysis of the reaction mixture
by dilute aqueous acid: nicotinamide (30%),
aniline (60-68%,), benzaldehyde (119%), phenyl-
hydroxylamine and hydrazobenzene. Aniline was
shown to be present before hydrolysis, whereas
benzaldehyde was not. Small amounts of carbon
dioxide and ammonia were produced also.

The carbon dioxide and ammonia are formed
presumably by opening of the pyridinium ring,*s
hydrolysis of the amide group and decarboxylation

(12) There are many examples in the literature of which
may be mentioned the oxidation of dihydroquinolines
(Skraup reaction) [R. H. F. Manske and M. Kulka, Org.
Reactions, 7, 59 (1953); H. Gilman, J. Eisch, and T. 8. Soddy,
J. Am. Chem. Sec., 81, 4000 (1959)], the acid-catalyzed
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Nenitzescu and A. Balaban, Chem. Ber., 91, 2109 (1958);
R. Scholl and C. Seer, Ber., 55, 330 (1922)], the oxidation
of benzyl alecohol in alkaline solution {L. T. Smith and
R. E. Lyons, J. Am. Chem. Soc., 48, 3165 (1926)] and the
oxidation of eugenol to vanillin [E. Mayer, Osterr. Chemiker-
Ztg., 50, 40 (1949); Chem. Abstr., 44, 1451 (1950)].

(13) J. A. Berson and E. Brown, J. Am. Chem. Soc.,
77,447 (1955).

(14) Professor F. H. Westheimer has informed us that
his co-workers have observed an apparent reduction of the
nitro group in p-nitrothiobenzophenone by 1-benzyl-1,4-
dihydronicotinamide.



