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Boothl has recently demonstrated, through equilibrium measurements in 2g-methyl-cis-
decahydroquinoline2 and 9-methyl-cis—decahydroquinoline, that an axial methyl group at C(2) in
the nitrogen—containing ring is disfavored, vis-a-vis the corresponding equatorial group, by
over 2.7 kecal/mol. He also reportsl that the methyl group at C(9) prefers the axial position
in the carbon~-containing ring by 1.4 kcal/mol which, assuming AGﬁe in that ring to be 1.7 kecal/
mol,3 would suggest a corresponding value of 3.1 kcal/mol for the nitrogen-—containing ring.

We report here corresponding findings based on low-temperature C-13 WMR study of the con-
formational equilibria of 2,3-, 2,4-, 2,5~ and 3,4-dimethylpiperidine (%-ﬁ) in contrast to those
of their N-methyl homologs (§—§)(Schane 1). The room-temperature C-13 spectra of a number of
these compounds have previously been reported;4’5 those as vet unknown will be included in our
full publication. Low-temperature spectral data are showmn in Table 1; while some of the

(parametric) assignments are as yet preliminary (data shown in parentheses), there is little

question, in most instances, as to which signals correspond to which conformer.
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Table 1
C-13 Chemical Shifts of Piperidines (1-4) and N-Methylpiperidines (5-8)
at —80 to -95°C in CD,Cl, (1-4) or CHC1=CClZ/CD3COCD3 (§—§)f
Conformer  C(2) c(3) c4) c(5) (6 me? Me? N-Me
1E° 54.69 32.69 32,51 (20.88) 47.86 (20.66) 11.47
¢ 51.91 34.85  (27.19)  (27.39) 38.94 12.22 19.94
pio 46.00  (41.34)  26.56 31.35 (40.12) 23.45 17.91
24 47.27  (39.57)  25.17 35.60 (41.34) e 22.967
3r° (52.28) 30.43  (29.37)  (27.30) (53.06) 23.29 16.96
2l (46.18) 31.02?  27.69 32.90 (46.98) e 20.11
4g° 53.27 33.67 33.24 29.02 47.03 11.13 20.43
4a9 46.48 (34.09)  (34.09) 31.06 39.53 17.44 11.36
5E° 62.18 34.82 32.63 21.40 58.35 19.41 12,74 43.62
5ad 58.82 35.24  (26.13)  (26.22) 46.70 1.79 19.63  43.17
6£9 53.35 40.61 26.47 31.61 51.39 21.23 17.73  43.36
6a° 53.60 40.61 24.33 34.82 47.31 8.06 22,79 42.87
78° 60.44 31.76 30.40 29.03 62.91 21.04 18.03  43.71
e 52.68 29.83  26.95 31.76 55.12 7.32 20.11  42.95
ge° 63.36 34,06 33.12 28.78 56.87 12.45 19.76  46.87
gad 57.25 33.67  32.93 30.25 49.77 17.38 11.35  46.52

#Lower-numbered CH, group (Me2 or Me3). bHigher—numbered CH, group (Me3, Me, or MeS). cMajor

£
conformer. dMinor conformer. °©Peak not clearly seen. Shifts in ppm from TMS.

By integrating the underlined peaks in the major and minor isomer, taking the ratio and
averaging (in those instances where several peaks were integrated), the equilibrium constants
shown in Table 2 (with the corresponding free-energy differences) were computed. The underlying
assumption that signal area ratios are proportional to the ratio of the corresponding nuclei
(i.e. that no complications arise from unequal relaxation times and NOE's) has been defended
elsewhere.4’6 In Table 3 are shown absolute values of Acge, in keal/mol, at C(2), C(3) and C(4)
in piperidine and N-methylpiperidine based on the equilibria of the 2,4- (g,é) and 2,5~ (%,Z)
isomers, assuming additivity of AG's and taking AG&e for the 4-isomer as 1.98 kecal/mol, the
reported7 value for N,4-dimethylpiperidine. In the absence of contrary evidence it was assumed
that the same value applies to 4-methylpiperidine itself.

The equilibria for the 2,3- (1,5) and 3,4- (4,8) dimethyl compounds support the values in
Table 3. 1In the piperidine series, the calculated differences in conformational energies between
Me-2 and Me-3, 0.87 kcal/mol, and between Me-3 and Me-4, 0.33 kcal/mol are virtually identical
with the measured AG's: 0.84 kcal/mol for 1E/1A and 0.32 kecal/mol for &E/éA. In the N-methyl
series there are small discrepanciles: 0.12 kecal/mol (calculated) vs. 0.22 (measured) for Me-2
vs. Me-3 and 0.21 kcal/mol (calculated) ve. 0.38 (measured) for Me-3 vs. Me—4. These discrep-

ancies may be due to small differential vicinal interactions.
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Table 2
Conformational Equilibria at Low Temperature
Conformers 1E/1A 2E/2A 3E/3A 4E/4A SE/5A 6E/ 6A JE/7A 8E/8A
K 10.0° 4.55° 9.7¢ 2,42 1.76° 0.80° 1.36° 2.68°
av
—aged 0.84 0.54 0.87 0.32 0.22 ~0.09 0.12 0.38
3ot —90°C. PAr -95°C. Cat -80°C. 9YIn keal/mol.

Table 3

. a
Conformational Free Energies for Methyl Groups in Piperidines—

Me-2 Me-3 Me—4
b

Piperidines 2.5 1.65 (1.98)
7

N-Methylpiperidines 1.9 1.8° (1.98)

%In keal/mol. bAssumed. cReported7 1.51 kcal/mol.

The data in Table 3 agree with Booth's findingl that AG® for Me-2 in a piperidine ring is
considerably larger than in cyclohexane (1.7 kcal/mol3) or at other positions in piperidime or
N-methylpiperidine (Table 3).8 It would also appear from our preliminary data that AG&e-Z in
an isolated piperidine ring is slightly smaller than it is in cis-decahydroquinoline, perhaps
because of the greater flexibility of the former system.

Another interesting feature, hitherto unreported, emerges from Table 3. Although the
difference of AGﬁe between the 3~ and 4-positions in piperidine and N-methylpiperidine is nearly
the same, the same is not true at C(2). AG° at C(3) for both piperidine and N-methylpiperidine
is smaller than at C(4), as one might expect based on the fact that a syn-axial hydrogen (for
Me-4) 1s supplanted by a lone pair (for Me—3) At C(2), however, whereas the value of AG® in
piperidine is enhanced (see above), that for N-methylpiperidine is "normal", i.e. similar to the
value for cyclohexane and for other positions in piperidine.

One possible explanation is that, at the concentrations required in the 13C NMR experiment,
2-methylpiperidine (but not N,2-dimethylpiperidine) is substantially dimerized and that dimeri-
zation favors the isomer with equatorial Me—Z.l0 This interpretation seems unlikely, however,
in the light of published11 findings regarding 3-hydroxypiperidine and the 6-methyl-3-hydroxy-
piperidines, The conformational equilibria in these compounds were assessed by infrared study
of intramolecular hydrogen bonding and it was reported,ll without explanation, that the results
in the N-methylpiperidine series are in agreement with a AG® for Me—6 of ca. 1.7 keal/mol
whereas those in the N-H (piperidine) series require a much larger AG;IE_6 if additivity of AG's
is assumed. These findings support ours and, since they were obtained at a concentration of
5.10—3 M, preclude dimer formation.

A more likely interpretation of our findings is that the conformations with axial 2-methyl
groups in plperidlne and N-methylpiperidine are equally destabilized by the nearby syn-axial
hydrogen at C(6) but that a compensating destabilization occurs for the equatorial Me~2 in

N-methylpiperidine, though not in piperidine itself. An obvious source of that destabilization
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the greater proximity of Me-2e compared to Me-2a to the N-Me, caused by the expected puckering
of the piperidine ring in the vicinity of the nitrogen. It would be desirable to confirm this

hypothesis by heat-of-formation and structural data for appropriately substituted piperidines.

The present findings are of interest in relation to the Wertz-Allinger hypothesis regarding

instability of the axial conformation in methylcyclohexane.l3 We also draw attention, in

passing, to the very high-field resonances of the axial Me-2 group in the N-Me derivatives SA,

6A and 7A which is not seen in the NH compounds 1A and 2A.14
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