Tetrahedron Letters No,28, pp. 2369-2376, 1965, Pergamon Press Lid,
Printed in Great Britain,

OLEFINE-FORMING ELIMINATION OF THE AMIDO GROUP

K. Syhore and H. Bolkové

The Research Institute for Natural Prugs
Prague 9, Czechoslovekia

(Received 19 May 1965)

Whereas the mecid-catalyzed eliminstion of oxygen
substituents leading to the formation of a carbon-cerbon
double bond is o general, well-established reaction, only
a very limited attention has been hitherto paid to the
possible parsllelism in analogously substituted nitrogen
-compounds (1), In all known exper:u;xem.a in thie direction,
excess resgent (phosphorus pentoxide) was used, and the
results available did not sllow any conclusion concerning
scope or mechanism of the reaction.

We wish now to report about our observations on
olefine-forming elimination of the emido group under acid
catalysis, which seem to contribute to the genersl scope
of this reaction: On refluxing cyclohexylemine with ex~
cess acetic anhydride in the presence of catelytic amounts
of sulfoselicylic acid, cyclchexene was formed in good
yield (over 70 %). Similar results were obtained with
N-acetyleyclohexylemine. In the absence of an acid cata-
lyst, the reaction did not proceed.

Analogously, various N-acyl derivatives of funtv;lm-
ine (3e-smino-Se-pregnen-20-one), i.e, N-acetylfuntumine
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(Ia) (2); W-benzoylfuntumine (Ib), m.p. 219-220° C,

[a]%o +90.5° (e 1.0, chlj)!; and N-carbobenzoxyfuntum-
tne (Ic), m.p. 135-137° ¢, [a]30 +74.5° (e 1.0, caCl,)
were treated with acetic anhydride and sulfosalicylie
acid in refluxing toluene a&s sn inert solvent affording,
under concomitant enol-acetylation of the 20-keto group,
20-acetoxy-5a-pregna-2,17(20)~diene (II), m.p. 150-153°,
[a]go +59° (¢ 1.0, CHCIB), probably as a mixture of
17,20~cis- end -tirens~ forms. Omitting the isolation of
the enol acetate II and hydrolyzing the crude reaction
product directly with methanolic potassium hydroxide, we
achieved excellemt yields (over 75 %) of the kmown (2)
Sa-pregn-2-en-20-one {(III). (Probably, this substance is
contamingted with a2 small unseparable admixture of the
A3-isomer, ef. (3,4,5).) In the abaence of the acid cata-
lyst, no reaction occured even at the temperatures of boil-.
ing xylene or acetic amhydride.

Analogous results were also shown for the similer-
ly subatituted derivatives of the androstane series: both
3a-carbobenzoxyamino-1T7B-acetoxy-5a-androstane (IVa), m.p.
164-166°, [a]%o +25,5° (¢ 1.1, CHC1,), and Ja-acetamino-
-17B~-acetoxy~-5a-sndrostane (IVb) (6) gave 178-acetoxy-5a-
-androst-2~ene (V) (7), and 3a-acetamino-5a-androstan-17-
~one (VI), m.p. 200-205°, [a]2° +114° (c 1.0, EtOH) afforded,
after alkaline hydrolysis of the crude primary 17-enol

® Correct elemental analyses were obtained for all new sub-
stances; the described ones were identified by comparison
with the respective authentic samples.
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acetate, the known (8) 5a-androst-2-en-17-one (VII).

Additional light was thrown onto the pcasible
mechanism of this elimination by the cleavage of N-acetyl
derivatives of bornylemine (VIII) and neobornylamine (IX),
which both gave rise to a neutral volatile fraction con-
sisting of 87 (81) % of camphene {X), 9 (11) % of tri-
cyclene (XI), 3 (1) %) of bornylene (XII) (and 6 % of an
unidentified lower-bolling matter) as estimated by gas
chromatography™.

On the basis of these results, we mssume that the
following reaction mechenism of a monomolecular acid-cata-
lyzed eliminestion seems to be plausible: The amide group
(A) is acetylated under the reaction conditione to give
a secondary amide (B), which is in turn protonated, in a
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fast reaction, on the nitrogen atom, The intermediate onium
kation (C) dissocietes then spontaneously into the carbonium
ion (D), which stabilizes itself in the usual manner, known
from the chemistry of acid-catalyzed dehydration, accord-
ing to its individual character depending on the rest of

the molecule. No decisive results concerning the fate of

* The muthors are indebted with thanks to Ing. V.Luke3,CSc.,
Institute of Organic Chemistry and Biochemistry of CSav,
Prague, for the gas chromatographic analyses.
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the nitrogen-containing portion have been achieved so
far,

Und'er very favourable structural features enabling
an additionsel weakening of the carbon-nitrogen bond, the
formation c¢f the secondary amide (B) is not indispensable,
end the elimimation of an acyl derivate of a secondary
amine can cccur as well. This was demonstrated by the
cleavage of N-acetyl-3a-methylaminocholest-5-ene (XIII)
(9), which afforded, though in moderate yield, choleata-
-3,5=-diene (XIV) (10). In this case, the elimination was
probably favoured by the axial position of the amido group
as well as by the ability of the intermediate to form a
conjugated Jdiene system. - On the contrary, the closely
related 3a-2thylemino-17p-acetoxy-S5a-androstans (XVa),
m.p. 87-90° C, [a]go +59°, lacking the activating influence
of the As—double bond, formed merely the corresponding
N-acetyl derivative (XVb), but was not cleaved at all.

Another interesting example in support of the
above mechanism was experienced with 3f-aminocholest-5-
~ene (XVIa) (11). Under the standard conditions, this sub-
stance was merely converted to its N,N-diacetyl derivative
(XVIb), m.p. 165-166° €, [@]20 -21° (e 1.0, CHCl,); this
afforded, by a prolonged treatment, a moderate yield of
3p-acetoxycholest-5-ene {cholesterol acetate, XVII). This
result is in accordance with the ability (12,13) of the
original carbonium ion XVIII to be stabilized in a non-

-classical ionic structure XIX, which undergoes the sub-
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sequent substitution reaction with the acetate anion.

These three last mentioned exsmples allow to assume that
the formation of the double bond occurs prior to a full
development of a planar carbonium ion prefering thus a
diaxial trans-elimination mechanism (cf. 14). In this
way, the smooth elimination of the axial 3a- substituent
contrasting with the limited reactivity of the 3p-amido
group could be explained,

In view of the above consideratioms, it is not
surprising that elimination of an amido group attached
to a primary carbon etom did not take place. This was de-
monstrated with N-acetyl-n-octylamine, N-acetyl-n-dodecyl-
amine, and é-caprolactau,,which all afforded only the cor-
responding higher acetylated products but not a trace of
en olefin even under forcing conditions. Also, in the case
of 3B-acetoxy-178-acetamidoandrost-5-ene (XX) (15), where
the amido group was linked to a cyclopentane ring, the
elimination experiment was unsuccessfull. This failure
can be explained by the usual resistemnce of the five-hem-
bered ring to form an endocyclic double bond; similarly,
previous attempts (16) to eliminate an analogously situated
hydroxyl group in this molecule were accompanied with re-
arrengements and led to deeper structural changes.

In the most general terms, the acid-catalyzed ole-
fine-forming elimination of N-acyl (or N,N-diacyl) amides
closely resembles that of analogous hydroxy derivatives,

and follows similar rules. The basic character of the nitro-
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gen gtom is here suppressed by acylation to such an ex-
tent that the eleetron shift due to the protonation is
sufficient anough to loose the carbon-nitrogen bond.
The outlined general sacheme is also consistent wlth the
prior experience (1 and references cited herein): a very
striking example in support of our hypothesis is the
ready eliminestion of amido groups stiached to a tertiary
carbon atom (the "reverse Ritter reaction®) (17).

Ful'l experimental details of this work will ap-
pear at & later dante in Coll. Czech. Chem. Comm.
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