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The shielding of an axial proton by an adjacent, axial lone pair on nitrogen was first

recognized by Hamlow, Okuda, and Nakagawa in quinolizidines.! During the intervening five
years, a number of applications of this effect have been reported in structurally dissimilar
molecules.? Recently,? the view has been expressed that the axial-proton shielding is caused
not by the lone pair, but rather by the equatorial alkyl substituent on nitrogen. In this paper we
assess the relative importance of the two sources and conclude that the lone pair is the dominant,
though not the exclusive contributor.

At the focus of this discussion will be N-methylpiperidine (I). Because the a-axial proton

in I is shifted upfield, the chemical-shift difference between the o protons, éae(a), is consider-

D
Nﬂ CHy % D CH,
D H
H H H
I I I

ably largerzb than the value in cyclohexane.4 The structural source of this enhancement may be
the axial lone pair, the equatorial substituent, or both. Model compounds have been examined
in order to isolate and assess the lone-pair effect, on the one hand, and the alkyl effect, on the
other.
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If all bond angles were tetrahedral and all bond lengths equal in a six-membered ring,
introduction of an equatorial methyl group would not affect éae(a). Since cyclohexane and
piperidine are slightly flattened, a differential effect is to be expected. The appropriate choice
of models must remain within the same family of chair distortions; otherwise, the effect of the
distortion on éae might be greater than the lone-pair and alkyl effects to be assessed. For this
reason, puckered sulfur and selenium heterocycles®@, b and substantially flattened cyclohexa-
nones®a:C and polycyclic compounds must be rejected as worthwhile models for chemical-shift
differences in piperidines.® According to the R-value criterion,5 cyclohexane and piperidine
rings are very similarly shaped.” We will therefore restrict our models to compounds from
these two series. Furthermore, the model compounds should ideally be only one or two
structural modifications removed from N-methylpiperidine.

We have examined one carbocyclic and two heterocyclic systems in order to assess the
influence of a methyl group on & a‘e(oz). The procedure involves comparing the chemical-shift
difference for compounds that differ only in the presence or absence of a methyl group (Table I).
For cyclohexane (II), aa.e has been reported to be about 29 Hz.4 Methylcyclohexane-1,2,3,3,5,5-
dg; (I) was synthesized and found to have a & ae(G) of 45 Hz.® The enhancement by the equatorial
methyl group is seen to be about 16 Hz in this carbocyclic system. For the protonated piperi-
dines, 5 (a) is about 22 Hz (CD, OD) or 28 Hz (FSO;H-SO,) for the unmethylated form (IV), and
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27 Hz (CD; OD) or 36 Hz (FSO; H-SO, ) for the methylated form (V). The methyl effect for this
pair of compounds is thus only 5-8 Hz in a given solvent system. Molecule VI contains methylene
groups both with (C-2) and without (C-6) an adjacent methyl, so that an internal comparison is
possible. The effect of the methyl group is seen in this case to be about 18 Hz. If the example
with the methyl on nitrogen (V) is deemed the only acceptable model for N-methylpiperidine, the
equatorial alkyl effect is indeed small (< 10 Hz). If the C-methyl systems are accepted as well,
a range of 5 to 18 Hz has been observed.

The procedure to assess the effect of the lone pair on 5ae(a) is to compare systems

known to have an axial lone pair with their protonated analogues. Protonation of N-methyl-
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piperidine (V) is seen to decrease 6ae(<1) by 30 Hz in CDyOD (Table I). It should be recog-
nized that both systems (I and V) contain the equatorial methyl group and that the positively
charged nitrogen in V should inductively affect Ha and He in an equivalent manner. The
observed difference can therefore be attributed to the lone pair. Similar observa.tior:,s have been
made with N-t-butylpiperidine, 2 b although the unassessed influence of the t-butyl group makes
the data somewhat less reliable. Since 6 ae(u) is solvent dependent for both I and V, the lone-
pair effect might be as low as 21 Hz or as high as 39 Hz, if the extremes from the table are
used.

For a methylene group that lacks an adjacent lone pair or alkyl substituent but resides in
a chair undistorted from the shape of cyclohexane, & _ is about 29 Hz. 2b.4 The value of 6ae(a)
in N-methylpiperidine (57-66 Hz) thus represents an enhancement of 28-37 Hz. The alkyl effect
observed in the protonated piperidines (<10 Hz) is wholly inadequate to explain this increase.
Even the maximum alkyl effect, which is only about 18 Hz, cannot by itself cause the enhance-
ment in III. The minimum lone-pair effect (21 Hz) likewise cannot explain the entire change,
although the maximum value (39 Hz) is sufficient. In summary, the lone pair must give rise to
a significant portion of the shielding effect observed by Hamlow, etal.,! and it can be the entire
cause. The present data do not permit a more precise division. A dual cause of the enhanced
chemical-shift difference has previously been suggested by Booth and Little.1¢

TABLE 1
Geminal Chemical-Shift Differences in Six-Membered Rings
bae’ Hz (At 60 MHz)

Compound Solvent Position References
1 CD; 0D 2 57 2b
CH, Cl, 2 61 2b
Cyclopropane 2 64 2b
Toluene-dg 2 66 2b
pi ) CS, All 29 4
m CCl, 6 45 8
Iv-Cl™ CD; OD 2 >22 2b
IV-FSO; ~ FSO; H-S0, 2 28 2b
V-Cl- CD;OD 2 27 2b
V-FSO, - FSO; H-S0, 2 36 2b
Vi CDCl,4 2 29 9
CDCly 6 47 9
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