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The reaction of secondary amines with ketones is a common synthetic
method for the producticn of enamines. The acid-catalyzed addition of
morpholine to norbernencne (1) to form the tricyclenamine, 2,5-bis-
(N-morpholino)tricyclo[2.2.1 .02’6] heptane (2), in a 287 yleld has been
previously reported (2). Subsequent investigation has shown that a small

amcunt of an enamine, 2-N-hexamethylen1mmcb1cyclo 2.2 ]]hepta-2,5-diene
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(_3_), is alsc produced during the reaction.
The reacticn between morpholine and norbornencne in the absence of any
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acid catalyst produces tricyclenamine 2, enamine 3 and S <N-morpholinobicyclo=-
[?.2.%] heptan-2-cne (k) in L7, 27 and 1Y yields respectively (run for 50
heurs in refluxing xylene with the water removed by a Dean-Stark trap).
Tricyclenamine 2 was identified by cemparison cf its beiling point and
infrared spectrum with that of an authentic sample (2). Enamine 3 was

-1

identified by its infrared spectrum (v,ir%i-m 1685 em."t, ¢ = oy )

Amincketcne é was identified by its boiling point, infrared spectrum
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(vgi)lcm 1750 cm-l, ¢ = ) and gas-liqmid chromatographv (g.l.c.) retenticn
time as ccmpared with an anthentic sample (2). The authentic sample was
originally prcduced by acid-catalyzed additicn of morphcline tc tricyclo-
[2.2.1 .02’6] heptan-3-one (5_). Tt has since bcen cbserved, however, that
the reaction proceeds in approximately the same yield (55¢) producing the
same product in the absence cf an acid catalyst. Since the presence of
acid is nct necessary for this reacticn, it probably preceeds by a nuclec~

philic backside attack of morpholine on _5'_ tc¢ produce carbanion ﬁ followed

by protcn rearrangement to give preduct ,_J_. This would mean that the com=
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potmd produced ()_1) is the exo iscmer. Proof of its being the exo isomer
was cbtained by reducing aminoketone Q_ by means of the Wolff-Kishner
reduction tc the correspending amine (b.p. 80" (C.6 mm.), n;v 1.4972), The
infrared spectrum of this amine was compared with that of an authentic
sample of e_ngg_-z-morphclinobicyclo[?.i’.I]heptane (R), synthesized by reduce

tion cf iainium salt 7 with lithium 2luwminum hydride, This tyvoe of reducticn
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has been shown to produce the endo isomer (1). The infrared spectra have
several distinet differences showing them to be non-identical, Therefore
aminoketone .li and its corresponding amine are indeed exo isomers.

The most'plausible explanation for the formation of 4 from norbornencne
(1) and morpholine is via a homoenolate ion intermediate (4,5) in a Michael
type addition reaction. The ketone group must exert a homoconjugative
effect on the carbon-carbon double bond since neither norbornenme nor
norbornadiene react with morpholine under these conditions (2). Michael
addition reactions involving secondary amines and ol, 6 -msaturated carbonyl
compounds have been reported before (2,6,7), but this is the first example
of such a reaction inwlving the homoenolate ion.

The reaction mechanism may involve a direct intramolecular transfer of
the proton from the nitrogen to the homoenolate ion. This type of
protonation involving a homoenclate ion in basic medium has béen shown by
Nicken (4) to proceed by exo attack. This can be accommated by an exo=~
morpholinium grouwp at carbon-5 since an endo-morpholiniumm group would have
its proton in the wrong position for exo attack. The fact that the produet
has a2 morpholine grcup on the two-carbon bridge and is the only aminoketone
product isclated (as shown by g.l.c.) can also be explained by this
intramclecular mechanism. One might expect to find the one-carbon bridge
substituted (10) as well as the two-carbon bridge substituted aminoketone
present. However, the carbon-6 position would be favored over the carbon-l
position for such an attack because of the close proximity of C-6 to the
attacking proton as compared to C-1. Nevertheless, a mechanism involving

intermolecular protonation is also a possibility.
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The tricyclenamine 2 probably forms in both.acidic and basic media by way
of homoconjugate nucleophilic attack of merpholine on intermediate

carboniwm ion 1l1.

u

1, Part IIT in press.

2, For Part II, see A. G. Cock, W, C. Meyer, K. E. Ungrodt and R. H.
Mueller, J. Org, Chem,, 31, 1k (1966).

3. Support of this work by a grant from the Petrolews Research Fund of the
American Chemical Society and by a Valparaiso University Research Grant
is gratefully acknowledged.

L. A. Nickon, J. L. Lambert, R. O. Williams and N. H. Werstiuk, J., Am.
Chem. Soc., 88, 3354 (1966), and previocus articles.

5. J. P, l"reann—and J. H. Plonka, J. Am, Chem, Soc., §_8_, 3662 (1966).

6. . Bestian, Am., 566, 210 (1950). -

7. R, G. Kostyunonki;._-and V. F, Bystrov, Isv, Akad. Nauk S.S.S.R., otd.

Khin. Nauk, 171 (1963).



