
Static and dynamic stereochemistry of the title compounds
was studied by X-ray crystallography and variable-temperature
NMR.  Stereomutation in solution was quantitatively analyzed
in terms of two rate processes in which the nitrogen substituents
pass over one of the benzene rings of the triptycene skeleton.

In the course of our continuous studies on dynamic stereo-
chemistry of 9-triptycylamine derivatives,1 we have been inter-
ested in derivatives 2 – 4 of N-9-triptycylhydroxylamine (1:
TpNHOH) containing simple alkyl groups.2  We report here the
X-ray molecular structure of the N,O-diethyl derivative 4 and
dynamic stereochemistry of 2−4 in solution.

Compound 13 was treated with ethyl trifluoromethanesul-
fonate EtOTf to give 2.4 Compound 2 was then O-alkylated by
deprotonation with BuLi or KOtBu followed by reaction with
ROTf (R=Me and Et), affording compounds 3 and 4.

Figure 1 shows the molecular structure of 4.5 The nitrogen
atom assumes an almost tetrahedral geometry and the Tp-N bond
is completely staggered.  The C1–N–O–C7 and C5–N–O–C7
dihedral angles are 148.9° and −89.3°, respectively, which are
deviated by ca. 30° from those for the theoretically predicted

lowest-energy conformation of hydroxylamine (120° and
–120°, respectively).2 The deviations may be caused by the
steric repulsion between the O-ethyl group and the Tp skeleton.

1H NMR spectra of 2−4 in CD2Cl2 at 23 °C indicate the
occurrence of fast stereomutation on the NMR time scale: the
methylene protons of an ethyl group are mutually equivalent
and the three benzene rings of the Tp moiety are also equiva-
lent.  Upon lowering the temperature, the lineshape of both the
methylene and the aromatic signals broaden, split, and resharp-
en reflecting the slow-down of stereomutation.  At ca. −70 °C
each ethyl group affords an ABX3-pattern signal and three ben-
zene rings of the Tp skeleton are mutually nonequivalent.  

Any molecule of 2 – 4 is assumed to exist in one of the
conformations schematically shown in Figure 2, which might
be similar to the one found in crystal for 4.  Three equivalent
conformations and their enantiomeric forms in Figure 2 inter-
convert by two kinds of rate processes: "R-passing" and "O-
passing", where the R group and the OR′ group pass over a Tp
benzene ring, respectively.  Either process involves inversion of
the nitrogen and partial torsion about the N–O bond, which take
place either simultaneously or consecutively.  The methylene
protons of the N- and O-ethyl groups become equivalent when
either of the two processes becomes fast on the NMR time
scale, and thus the rate constants obtained by the lineshape
analysis (LSA) of the methylene signals correspond to the sum
of the rate constants for the two processes.  Meanwhile the two
processes independently affect the lineshape of the aromatic
proton signals and thus the two rate constants can be separately
determined from LSA of the aromatic signals.
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Nuclear Overhauser effect (NOE) experiments at tempera-
tures where the stereomutation is sufficiently frozen revealed
the degree of the proximity between the methyl/methylene pro-
tons and the peri-protons of the Tp skeleton, which enabled the
assignments of the peri-protons.  The results for compound 2 at
–72 °C are shown in Scheme 1 as a typical example.6

Since the chemical shifts of the three peri-protons are firm-
ly assigned for all compounds examined, LSA of the peri-pro-
ton signals at several temperatures around 250 K affords the
rate constants for the two processes, O-passing and R-passing,
separately.  The rate constants and the free energies of activa-
tion at 250 K for both processes in 2–4 are shown in Table 1,
together with those obtained by LSA of the methylene signals.

Table 1 shows that the O-alkyl compounds 3 and 4 show
almost the same kinetic parameters, and that the O-passing is
far faster in 3 and 4 than in 2, while the R-passing is faster in 2
than in 3 and 4.  If we tentatively assume that the transition
states for the O-passing and R-passing are schematically shown
by 5 and 6, respectively,7 the following inferences are made.  In

the O-passing, the steric congestion around the OR′ moiety will
be significantly relieved upon going from the ground state (e.g.,
A in Figure 2) to the transition state 5 and the degree of the
relief will be larger in 3 and 4 than in 2, and thus 3 and 4 will
have lower barriers than 2.  In contrast, steric congestion
around the OR′ moiety will increase upon going from the
ground state to the transition state 67 in the R-passing, and thus
the R-passing barrier will be higher in 3 and 4 than in 2, which

is actually observed.  Further studies are in progress to verify
these speculations.
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