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We recently reported the preparation of the 1-aza-2-adaman-
tanone1 and the unsurprising observation that when dissolved
in water it is rapidly hydrolyzed to the ring-opened amino acid2
(Scheme 1).1 More remarkably, at pD 3.30 the solution in D2O
showed a13C NMR peak at 106.3 ppm, assigned “with some
confidence” to the orthoamide carbon of the protonated hydrate
3. Such structures are presumed short-lived, high-energy inter-
mediates in the acid-catalyzed hydrolysis of normal amides.2 We
now report confirmation of the structure of3, in the shape of a
crystal structure, and the extraordinary reactivity of the amino
acid 2(; which is converted to3 at NMR rates at acidic pH in
water and back to1 in neutral methanol. In this system, proximity
makes carboxylate an effective intramolecular acylating agent.

Compound3 is indeed stable in aqueous solution at low pH:
it could be isolated, simply by dissolving the twisted amide1 in
0.1 M HCl and evaporating to dryness. The crystal structure3

(Figure 1) shows the significant lengthening of the C-N+ bond
(1.552(4) Å), the related shortening of the two C-O bonds
(1.382(4) Å) at the anomeric center, and the conformation about
these C-O bonds expected for a normal anomeric effect.4 The
structural parameters are otherwise unremarkable.

When the solution of the amino acid2( (formed over a few
minutes by dissolving1 in water) is acidified, it is completely
converted into3, faster than we can record the high-field NMR
spectrum (<30 s). In D2O at pD 4.28 and 25°C, 2( and3 are
both present, as shown by their characteristic13C and1 H NMR
spectra. On warming this solution, corresponding proton peaks
broaden and then coalesce. The rate constant calculated for the
equilibration at the coalescence point (60-63 °C, N+-CH2

signals) is 280 s-1. This is quite extraordinarily fast for the
formation of such a species from the zwitterionic form of an amino
acid. It is not possible to derive an accurate effective molarity

(EM),5 because the corresponding intermolecular reaction is too
slow to be observed. However, the mechanism should be
relatively straightforward (Scheme 2), and we can make a rough
estimate,6 of 1011 to 1012 M, based on the intermolecular reaction
of a secondary amine with a methyl ester.

At pHs where2 is present as the zwitterion,3/2( will be in
equilibrium also with small amounts of the twisted amide1 itself.
Not surprisingly,1 cannot be observed in water, except during
the few minutes it takes to disappear when dissolved in neutral
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Figure 1. Molecular structure of3 (ORTEP, ellipsoids are drawn at the
30% probability level).
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D2O. But it is present, in substantial amounts at equilibrium, in
methanol. When the amino acid zwitterion2( is dissolved10 in
methanol-d4, its NMR signals disappear with a half-time of∼30
min at the probe temperature of 23°C. NMR spectra show the
appearance of two products, in a 4:1 ratio: the twisted amide1
(20%) and a second, major product corresponding to3. We
presume that this is the protonated hemiacetal4 (though the NMR
data do not exclude the possibility that it is the corresponding
dimethyl acetal).

Much more reactive than1 is its N-methyl derivative (+NMe-
1), made by reacting1 with Meerwein’s reagent.1 Nevertheless,
even thisN-methylated amide is formed, as an intermediate, from
the ring-openedN-methyl amino acid. Thus, when the zwitterion
NMe-2( is dissolved10 in methanol, it is converted, slowly (half-
life 31 h), into the methyl ester6. The first step corresponds no

doubt to that of Scheme 2, but theN-methylated intermediate5,
unable to lose a proton from N, reverts almost exclusively to
NMe-2(. The much slower loss of hydroxide generates+NMe-
1,11 which is rapidly solvolysed to the ester6.

The thermodynamic driving force which brings2( into close
equilibrium with such normally high-energy species as1, 3, and
4 is derived from steric strain in the bicyclic system, relieved
when the third axial substituent is incorporated into the azaada-
mantane structure. It seems that the three C-methyl groups make
a significant contribution to this driving force: the twisted amide
is formed much less readily when only one CH3 (R to the CdO
group) is present.12 Significantly, when the thermodynamics are
favorable for the formation of the C-N bond, the kinetic barriers
to amide formation and hydrolysis are seen to be very small.
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