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Abstract: The 13C NMR signals of the methyl groups in N-methyl-rrans-decahydroquinoline and some of its analogs with
“mobile” N-methyl groups are compared with corresponding signals of N-methyl groups which are constrained, sterically,to
remain in either the equatorial or the axial position. From these data, the conformational equilibrium N-methyl (axial)=
N-methyl (equatorial) is evaluated; the conformational energy —AG® is between 1.8 and 2.45 kcal/mol in chloroform and
possibly somewhat larger in benzene. The appropriateness of the conformationally biassed (anancomeric) models is dis-
cussed. A less reliable value of —AG® = 1.35-1.77 kcal/mol in chloroform was determined for the N-methylpiperidine equi-
librium (Me-a = Me-¢), for which no suitable model for the Me-axial conformation is available.

The question as to the position of the N-H equilibrium in
piperidine (eq 1, R = H) has been discussed extensively in
the literature;2 yet the answer is still controversial with

H R

N N—R
-7 o

values reported ranging from +0.6 to —0.4 kcal/mol. Much
less attention has been given to the N-methylpiperidine
problem (eq 1, R = Me), even though the values reported,
from —0.65 kcal/mol? to —1.61 kcal/mol,*3 span about the
same range as those for the N-H compound (though they
do not bracket the magic value of zero). Yet the wide-
spread occurrence of N-methylpiperidines and their polycy-
clic homologs makes it very desirable to know whether 25 or
5% of their molecules exist in the conformation with axial
N-methyl.

The most extensive studies of equilibrium 1 have involved
studies of dipole moments as shown in (2).> In the original
work,®® X was chlorine; later supporting experiments with
X = NO, were reported.S® Since evaluation of the equilibri-
um shown in (2) from dipole moments depends on accurate
calculation of the moments of the two conformers shown,
which, in turn, depends on an accurate knowledge of the
molecular geometry, later studies® included an optimization

CH,

oW,

X

X

of molecular geometry by molecular mechanical calcula-
tion; however, the refinement of the data produced thereby
was relatively minor. Other studies of the equilibrium (eq
1) have involved infrared absorption intensity measure-
ments of Bohlmann bands,? evaluation of the ratio of the
protonated species formed when N-cis-3,5-trimethylpiperi-
dine [a system similar to that in (1) but with ring reversal
prevented by the methyl substituents] is quenched into tri-
fluoroacetic acid,?® and an evaluation of the chemical-shift
difference of the axial and equatorial protons at C-2,6 in
variously substituted NV-methylpiperidines.2® These studies
have been subjected to various criticisms: the infrared
study* on grounds that the N-isopropyl homolog, used as a
standard for the intensity measurements of the Bohlmann
bands, did not, itself, appear to be conformationally homo-
geneous (equatorial);®® the quenching study on grounds
that the reaction may have been diffusion controlled, and
partial equilibration of the salts may have occurred during
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Table I. Values for the N-Methylpiperidine Equilibrium (eq1,
R = CH,) from the Literature®
—AG®,
keal/mol Solvent Method Ref
0.39 Benzene Dipole4 6a
0.42 Cyclohexane Dipole2 6a
0.53 Benzene Dipole4 6b
0.57 Benzene Dipole4 6b
0.59 Cyclohexane Dipole? 6b
0.67 Cyclohexane Dipole? 6b
0.55 Cyclohexane Dipoleg.¢ 6b
0.66 Cyclohexane Dipoleb¢ 6b
0.60 Dioxane Dipole4 6b
0.81 Dioxane Dipoled 6b

0.65 Cyclohexane Dipole4.d 3
1.61 Carbon tetrachloride Ir' 4
>1.6 Neat Quenching 2be
2.7 Cyclohexane Quenching 5

@4-p-Chlorophenyl compound. b 4-p-Nitrophenyl compound.
¢4-Spirodioxolane compaund used as comparison sample. dOpti-
mized geometry. €See also J. McKenna, Tetrahedron, 30, 1555
(1974).

quenching.>’ The NMR method as published?® does not
yield quantitative results but merely suggests that the pref-
erence for equatorial N-methyl is substantial. The data in
the literature for the V-methylpiperidine equilibrium (eq 1)
are summarized in Table .2

Results

Since it is known that large '>C chemical-shift differ-
ences are observed between equatorial and axial methyl
groups in cyclohexanes,” similar differences might be ex-
pected in the equatorial and axial conformations of N-
methylpiperidines (eq 1). If the shift of the V-methyl group
in the equatorial conformation is 6. and that in the axial
conformation 8,, then the observed average shift will be!®

5 = n,8, + 1,6, ®3)

where n. and n, are the mole fractions of the equatorial and
axial conformations, respectively (eq 1). Since § is readily
measured and n, + n, = 1, the two mole fractions can be
evaluated if models for measuring . and &, can be found,
and if these two shifts are substantially different from each
other and from 6. While the problem of constructing suit-
able model compounds could not be totally solved in the
case of V-methylpiperidine, it did prove amenable to solu-
tion in the homologous N-methyl-trans-decahydroquinoline
(1, R = H) (eq 4).

H H cq, H

jus)

CH,

LR =R =H
6, R, = H; R, = CH;
7, RR=CH; R, =H
Inspection of eq 4 indicates 1 has three syn-axial CH3/H
interactions in the N-axial conformation instead of the two
found in NV-methylpiperidine (eq 1). However, the extra in-
teraction is hopefully offset by the peri interaction in the
N-equatorial conformation, assuming that, as a close ap-
proximation, peri and syn-axial interactions are equivalent.
Suitable models, both with equatorial (A) and with axial
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R, R, R, CH,
/ CH,
CH; B:5

A:2,R =CH; R, =R, =H

3, R,=CH; R, =R, =H

4, R,=CH; R, =R, =H
methyl (B) are readily conceived and, thanks to a newly de-
veloped synthesis of the N~H precursors,!! readily synthe-
sized by N-methylation of the latter. The synthesis!! also
led to two additional mobile systems (6, 7; eq 4) and to

three additional anancomeric model compounds (8-10) in
the tricyclic series.

CH,
N
8
CH,
H,C—N
N
9 10

The N-methyl resonances of compounds 1-10 are sum-
marized in Table I1.2 The assignment of the equatorial and
mobile N-Me signals (compounds 1-4, 6, 7, 10) proved
simple since these compounds displayed only a few well-sep-
arated signals below 40 ppm among which the methyl group
was readily discerned by off-resonance decoupling. Off-res-
onance decoupling also permitted assignment of the axial
N-methyl resonances of compounds §, 8, and 9 but, since
these N-Me signals occurred in a relatively crowded region
of the spectrum, the result for 5 was confirmed by synthe-
sizing the corresponding N-CDj analog. In this compound,
the signal assigned to N-Me disappeared through a combi-
nation of the absence of a strong nuclear Overhauser effect
and the dissipation of the signal intensity into a heptet.

From the data reported in Table II, one may compute, in
CDCl;: 8. = 42.99 (average of 3 and 413); § = 42.54 (aver-
age of 1, 6, and 7); 5, = 33.08 (average of 5, 8, and 9);
whence (eq 3) K = 21.0 and —AG° = 1.80 kcal/mol (eq 4).
Similarly, in benzene, 6. = 42.88, § = 42.68, §, = 33.23
(value for 5), whence K = 47.25 and —AG° = 2.28 kcal/
mol. Indeed, the value of K is so large'# as to be difficult to
determine with accuracy, since 6 is so close to d.. Confirma-
tory evidence for a large K comes from measurement of the
C-3 chemical shift; this shift differs greatly in the N-Me-
axial model § (19.41 ppm) and the N-Me-equatorial 2
(25.76 ppm, all shifts in CDCl3) because of the steric com-
pression® in the former. For the mobile species 1 and 7, C-3
resonates at 25.76 and 25.88 ppm, respectively, i.e., virtual-
ly at the same frequency as in the equatorial model 2.

Discussion

Adequacy of the Models. In any conformational analysis
based on model studies, one must be very concerned about
the adequacy of the models. The problem is greatly aggra-
vated in the present case where § is so close to e so that
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Table II. N-Methyl ! 2C Resonances?:?

Compd: 1 2 3 4 6 7 8 9 10
SN-Me€ 42.52 42,22 43.04 42,94 33.18 42.32 42,77 33.10 32.97 42.27
§N-Me? 42.66 42.26 42.86 42,90 33.23 42.54 42.85 Nre Nre Nre

aln parts per million downfield from Me,Si. ®The data here reported are slightly different from those in the preliminary communication
[E. L. Eliel and F. W. Vierhapper, J. Am. Chem. Soc., 96,2257 (1974)] because of the attachment of a pulse-shaping network to our instru-
ment which eliminated small calibration errors contained in the preliminary paper. ¢In solvent CDCl,. 9In solvent benzene-d,. €Not record-

ed.

even a minor decrease of §, or a minor increase in § would
lead to a much increased K and —AG°. Under the circum-
stances, it is difficult if not impossible to define an upper
reasonable limit for K and —AG®°. Fortunately, in the con-
text of the history of the N-methylpiperidine problem, it is
more important to define a Jower reasonable limit, and we
shall, in the main, concentrate on this objective.

To investigate whether the C-methyl substituents em-
ployed as conformational holding groups in this study would
have an important effect on the N-methyl 13C NMR signal,
we prepared a C-dimethyl-substituted model [the 8,10-di-
methyl-trans-decahydroquinoline (11)], and we also con-

CH, H
m %;N\J
CH, H CH, ¢

11

le-HCI
CH,

N+
/

H cr-
la- HCI

verted compounds 1, 2, 3, and 5 to their respective hydro-
chlorides. It should be noted that compound 1 can give rise
to two diastereomeric hydrochlorides, 1e-HCl and 1a-HCI,
and that, by pulsing for a long enough time, the 1*C NMR
spectra of both isomers in a mixture can be recorded, even
though 1a comprises only 8% of the total.

Compound 11 showed the signal for the 10-methyl group
at 16.72 ppm and that for the 8-methyl group at 18.91 ppm.
These values should be compared with that for the 10-Me
group in the N-H analog of 3 (15.57 ppm) and with that
for the 8-Me group in the N-H analog of 5 (18.56 ppm). It
appears that the two methyl groups do have a reciprocal ef-
fect on each other’s signals which amounts to 0.35 ppm for
Me-8 and 1.15 ppm for Me-10. The latter effect may also
be seen (but now with an N-methyl group rather than a C-
methyl group as the cause) when one compares the 10-Me
group of 3 (17.32 ppm) with that of its N-H analog (15.57
ppm); in this case, the effect amounts to 1.75 ppm. One
might argue that the effect of Me-10 on Me-8 would also
express itself in compound 3 as an effect of Me-10 on Me-
N, and that the observed Me-N value of 43.04 should thus
be reduced by 0.35 ppm to 42.69. This would change K
(calculated from the data for 3 plus the average 6 and 6,
listed above) from 19 to 63. While this change is perturb-
ingly large, it is in the direction of making K even larger
than calculated earlier and would raise —AG® to 2.45 kcal/
mol which we consider to be an upper limit.

The shifts for the hydrochlorides measured are summa-
rized in Table III. The signals for the axial N-methyl
groups in 1a-HCl and §-HCl are coincident within the limits
of experimental error. The same is not true for the equatori-
al N-methyl groups. Those in 1e-HCl and 3.HCI are suffi-

Table III. !'3C Chemical Shifts for Amine Hydrochlorides?
Compd: le la 2 3 S
N-CH, Shift 40.356 32.770  40.05 41.70 32.66b

aIn parts per million from Me,Si, CDCl,. ®N—CH, signal assigned
from ' *CNMR spectrum of N—CD, analog, see text.

ciently different to suggest a substantial distortion caused,
possibly, by the syn-axial interaction of the N-H and
10-Me in 3-HCL. It should be noted, however, that, if even
part of this correction applied to 3 itself, its effect would be
to make the earlier used N-Me shift value of 3 too large,
thus lowering the true 8. and increasing X in the calculation
(i1) (vide supra). The opposite is true for 2, and one is
tempted to increase the value for énx_me for 2 in Table II by
0.30 ppm (the difference between the N~-CHj shift in 1le-
HCI and 2.HC], Table III). The effect of that adjustment,
however, would merely be to bring én_me for 2 (now cor-
rected to 42.52) into a reasonable range for &, though it
would still be at the low end of that range; we recall that the
raw value of 42.22 was so low that we had to reject it in the
compution of the average 8..!> If this corrected value of
dn-Me for 2 is included in the average for &, the average be-
comes 42.83 giving K = 32.6 and —AG° = 2.07 kcal/mol.!?

In summary, even though our models are expectedly im-
perfect, any reasonable correction applied on this score
would have the effect of making —AG°Nn-Mme even larger
than 1.80 kcal/mol, the maximum reasonable value in
CDCl; being 2.45 keal/mol.

The N-Methylpiperidine Problem. No suitable model for
the axial N-Me group in N-methylpiperidine (eq 1) has as
yet been devised. Mobile systems and systems with equator-
ially biassed methyl groups are, of course, readily available
and are shown in Chart I along with the pertinent N-methyl
13C shifts (in parts per million relative to MesSi), many of
them from the literature. It is immediately obvious that the
difference between the purely equatorial and the mobile
N-methyl groups is less than 1 ppm, the average for the mo-
bile N-Me groups being 46.66 and that for the equatorial
groups 47.15 ppm.2°

There are several ways in which one may calculate a like-
ly value for axial N-CHj;. Comparison of Table III with
Table II shows that, in the trans-decahydroquinoline series,
formation of the hydrochloride produces an upfield shift of
2.17 ppm for equatorial N-Me (compound 2) and an up-
field shift of 0.52 ppm for axial N-Me (compound §).
When N-methyl-4-tert-butylpiperidine (12, Chart I) is
converted to the hydrochloride, both the stereoisomer with
axial N-CHj3 (12a-HCI) and that with equatorial N-CH3
(12e-HCI) are seen in the 13C NMR spectrum, the equato-
rial isomer predominating by far. The N-Me shift in 12e.
HCI is 43.59 ppm, which is upfield by 2.74 ppm from the
corresponding shift in the free base 12. Considering that 12
is not conformationally homogeneous, a better comparison
might be that of 12e-HCl with the average value for equato-
rial N-Me in the free bases given above as 47.15; in that
case, the upfield shift on salt formation is 3.56 ppm. Since
12e behaves similarly to 2 upon protonation, one might as-
sume that the same is true for 12a in comparison with 5§
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Chart 1
CH,
CH,
mobile: 0 (j/
| ]
CH, CH, CH,
13 14 15
47.031%2 46.72" 468
46.90™ 46.42' 46.59"%
46.59'%
H3C\(j/CH3 C(CH,),
|
CH, T
16b CH,
46416
46.61"7 12
46,0914 46.33"%
CH, CH,
N—CH; N—CH;
anancomeric H3%
47 116b CH3
' 17
47,216
4737
46,931

and, on that basis, the calculated N-Me shift for 12a would
be 37.60 + 0.52 = 38.12. Putting this value into eq 3 as 6,
along with 8. = 47.15 and & = 46.61 (vide supra) gives K =
15.7 and —AG® = 1.63 kcal/mol.2! As an alternative, one
might try to correct the difference between 5-HCI by a cor-
rection factor of 1.68, this being the ratio of the protonation
shifts of 12e-HCI and 2-HCl (3.63/2.17). If one proceeds
thus, the adjusted difference becomes 0.52 X 1.68 = (.87,
and &, is then 37.60 + 0.87 = 3847, yielding K = 15.1,
—AG° = 1.61 kcal/mol. The adjustment is evidently quite
minor. A slightly larger adjustment results if one uses only
the shifts found in the present work.2%® In that case, .8, =
46.93,6 = 46.51, K = 19.98, —AG®° = 1.77 kcal/mol.

An alternative way of calculating §, is to assume that the
change of frequency of the axial N-Me signal in going from
the piperidine to the trans-decahydroquinoline series is the
same as for the equatorial (making the assumption that the
downfield shift of the N-Me signals in the decahydroquino-
line series is due to the extra syn-axial hydrogen for the
axial N-Me and to the peri hydrogen in the case of the
equatorial N-Me, and that the shifts engendered by these
two interactions wmay be considered equal in a first approxi-
mation). Now the difference between the equatorial signals
(average value) is 47.15-42.99 = 4.16 ppm. If one adds this
value to the average value of §, in V-methyl-trans-decahy-
droquinoline (33.08 ppm), one obtains a calculated 8, for
N-methylpiperidine of 37.24 ppm. This value is lower than
the value calculated above and leads (eq 3) to K = 17.4,
—AG?® = 1.69 kcal/mol.

Another rather appealing method of calculating the miss-
ing 8, is to start from the difference between the equatorial
and axial methyl 13C NMR frequencies in cyclohexane, re-
ported?? as 4.30 £ 0.40. Because of the disparity of C-Me
and N-Me geometry, this difference cannot be directly
transferred to equatorial and axial N-methyl, but a correc-
tion suggests itself on the basis of the models shown in
Chart II. It is immediately evident from the data shown in
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Chart II
12.09 12.50
CH, CH,
CH, CH,
2
33.18
CH,
N
CH;, 1891
enantio-5

Chart II that the difference between equatorial and axial
N-methyl in conformationally fixed N-methyl-trans-de-
cahydroquinolines (9.04 ppm) is considerably larger than
the corresponding difference in equatorial and axial C-
methyl groups in 1,8-dimethyl-trans-decalin?? (6.69 ppm),
the ratio of the two differences being 1.35. If one corrects
the difference of 4.30 in the methylcyclohexanes (vide
supra) by this factor, the calculated difference between
equatorial and axial N-methyl groups in N-methylpiperi-
dines is 4.30 X 1.35 = 5.81. From this, 8, = 47.15-5.81 =
41.34, whence K = 9.8 and —AG° = 1.35 kcal/mol. We
consider this value a lower limit.

From all these considerations, it appears that —AG° (eq
1) is between 1.35 and 1.77 kcal/mol. This value is consid-
erably higher than values derived from dipole measure-
ments, 3624 close to those derived from infrared* or the ear-
lier quenching?® experiments, and appreciably lower than
that most recently reported from quenching results.’

After this paper was submitted, a communication® ap-
peared reporting a value of —AG° in N-methylpiperidine of
2.70 kecal/mol (corresponding to 99% of equatorial methyl)
on the basis of refined quenching experiments. A solution of
N,cis-3,5-trimethylpiperidine in cyclohexane was extracted
with dilute hydrochloric acid and the concentration of the
two diastereomeric hydrochlorides formed analyzed by
NMR in the aqueous phase. If one accepts (in the absence
of experimental detail) that 1% of the hydrochloride with
axial N-Me can in fact be accurately analyzed by NMR,
the quenching result indicates that N-Me in NV-methylpip-
eridine prefers the equatorial position by about 1 kcal/mol
more than it does in the corresponding piperidinium salt, or
than C-Me does in methylcyclohexane. Even allowing for
the uncertainty of the models, the small difference of 6. and
8 in the present investigation (cf. Chart I) and the absence
of a firm value for §,, we feel that the present investigation
is not compatible with a value for —AG°nN_m. as large as
—2.7 keal/mol in chloroform solution. It is, of course, possi-
ble that the value in solvent cyclohexane® is substantially
larger than that in chloroform since chloroform may bias
the equilibrium slightly in favor of axial methyl by prefer-
entially hydrogen-bonding to an equatorial lone pair.??

Higher Alkyl Groups. Rather low AG° values are re-
ported in the literature? also for the N-alkyl groups in N-
ethylpiperidine (1.03 kcal/mol) and N-isopropylpiperidine
(1.58 kcal/mol). In the present work, we have prepared sev-
eral N-ethyl- and N-isopropyl-trans-decahydroquinolines,
namely the N-ethyl and N-isopropyl homologs of 1 and 6
(eq 4) and 2, 3, and 5. The shifts for N-CH,-CH3j and N-
CH(CH3); are summarized in Table IV. Using the average
of 1-Et and 6-Et for 8, 5-Et for §,, and 3-Et for 8,26 one ob-
tains K = 47 and —AG° = 2.1 kcal/mol, for the conforma-
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Table IV. !'3C NMR Signals for a-Carbon Atoms in N-Ethyl- and V-
Isopropyltrans-decahydroquinolines?
Compd: 1R® 2-Rb 3-Rb 5-Rb 6-R?
N-CH,CH, 46.22 4551 46.34  36.57 46.05
N-CH(CH,;), 45.89 44.83 4579 4528 4572

aIn CDCl,, parts per million downfield from Me,Si. & Upper line
of figures, R = CH,CH,, lower line, R = CH(CH,),.

tional energy of N-ethyl, a value which is, as expected?’
slightly higher than the corresponding value for N-methyl
and much higher than the literature value (1.03 kcal/mol)
for N-Et.> The data for the isopropyl methine carbons in
Table IV unfortunately cannot be used to calculate a con-
formational energy value for N-isopropyl since the shift of
this carbon in 5-CH(CHj3); is about the same as the shifts
for the other compounds shown. Model considerations show
that the isopropyl group in 5-CH(CH3)> cannot avoid seri-
ous steric compression for, if it is axial and assumes the
most likely position (with the methyl groups outside the
ring), a serious syn-axial interaction of one of the methyl
groups with C-8 ensues. This may lead to the isopropyl
group being at least partly in the equatorial conformation,
despite the very severe peri interaction this would involve
(eq 5). The literature value® for N-i-Pr, 1.58 kcal/mol, is
less than our value for N-Et.

/’H
H,C— C<—CH,
N

[~ ,

CH, CH, [ H— —CH,

l

CH,

!

(5)

Results from Dipole Moments. In view of the extensive
amount of work which has been done on the /N-methylpip-
eridine problem with the dipole moment method (cf. eq 2),
a somewhat detailed discussion of this work, which has uni-
formly given low values for —AG® for N-methylpiperidine
(eq 1), as shown in Table I, would seem appropriate. In
principle, the dipole moment method is unassailable since it
is based on the theoretically correct equation u? = Znu,?
where u is the dipole moment of a conformationally hetero-
geneous substance, n; are the mole fractions of the i contrib-
uting conformations, and y; their dipole moments. In prac-
tice,?® there is a difficulty in measuring the y;'s; this must
either be done on model compounds (which may or may not
be adequate) or, if appropriate model compounds are not
available, the dipole moments of the individual conforma-
tions must be obtained by a priori calculations which are
known to be fraught with uncertainties.

One of the conditions?® for the model study discussed
earlier and summarized in eq 2 to be successful is that the
p-chlorophenyl (or p-nitrophenyl) holding group does not
change the N-Me(a) = N-Me(e) equilibrium. This as-
sumption was suspect since it is known that molecules tend
to minimize their dipole moments because of dipole-dipole
repulsion29 which, in the present case, would tend to favor
the N-CHjs(a) conformation with its lower overall moment.
We therefore measured the N-CH; 13C NMR frequency of
N-methyl-4-(p-chlorophenyl)piperidine (eq 2, X = Cl,
sample kindly provided by Dr. N. L. Allinger) and found it
to be 46.29 ppm. This value is appreciably below the aver-
age value of dn-Me (46.61 ppm); a calculation with § =
46.29, 6 = 47.15, 6 = 41.34 (the highest value used earlier)
gives K = 5.76, —AG° = 1.04 kcal/mol, much lower than

the lowest reasonable value (1.35 kcal/mol) for N-methyl-
piperidine but still substantially above the values of K = 3,
—AG® = 0.75 kcal/mol reported earlier.® (The discrepancy
would become larger were one to use the smaller values for
8, discussed above.) It would thus appear that part but not
all of the problem with the dipole-derived AG®° values can
be blamed on dipole-dipole interaction. A rather likely al-
ternative source of difficulty (which is, however, hard to
pinpoint) is the difficulty of calculating the dipole moments
of the models (eq 2) with the required accuracy.

Conclusion

The value for —AG°n_Me (in CDCl3) for N-methyl-
trans-decahydroquinoline (1, eq 4) lies between 1.8 and (at
the extreme) 2.45 kcal/mol; i.e., it is somewhat in excess of
the value of 1.7 kcal/mol for C-Me in cyclohexane?” and
close to the value for 1-methyl-trans-decalin which may be
computed from published®® equilibrium data to be 1.85
kcal/mol.

The value of 1.35-1.77 kcal/mol for N-methylpiperidine
(eq 1) is on somewhat less firm ground because a model for
axial methyl is not available. It would seem reasonable that
this value is somewhat smaller than that for 1 since the
methylcyclohexane value (vide supra) is somewhat smaller
than the methyldecalin value. The value of 0.75 kcal/mol
previously reported® is quite incompatible with our findings,
and the recently reported’ value of 2.7 kcal/mol also seems
to be incompatible, though it must be stressed that the lat-
ter value was determined in cyclohexane whereas our mea-
surement refers to chloroform-d.

It has recently been speculated that the 1.7 kcal/mol
preference for equatorial methyl in methylcyclohexane is
due not to steric interaction of the axial methyl but to steric
interaction of the equatorial tertiary hydrogen in the axial
conformer.?!2 The low —AG®° value, 0.27 kcal/mol,3? for
S-Me in S-methylthianium salts (eq 6) might have been

CH,

S+
<CH3>3C\~ =
clo,”
st
(CH kc\m . ®
3.

Clo,~

considered to support this hypothesis, but the much higher
and essentially “methylcyclohexane-like” value in N-
methylpiperidine does not bear it out.3!® More likely the
variation in —AG°y reflects differences in bond lengths
(C-S > C-C > C-N), torsional angles (the heterocyclic
systems are puckered in the vicinity of the heteroatom32:33),
and ease of outward bending of the methyl group (deforma-
tion potential). Deformation is remarkably facile in the thi-
anium system (eq 6)32 but apparently not at all so in V-
methylpiperidine, contrary to earlier assumption.’® This
point and two others (comparison of N-alkylpiperidines
with N,N’-dialkylhexahydropyrimidines and the question of
equivalency of peri and syn-axial interactions) are discussed
in the Appendix.?4

Experimental Section

NMR spectra were recorded on a Varian XL-100 pulsed Fouri-
er transform nuclear magnetic resonance spectrometer. Internal
deuterium or fluorine lock was ‘used for both 'H and !3C spectra,
the solvent (CDCl3 or CF3COOH) providing the lock signal. Pro-
ton spectra were recorded in 5-mm diameter tubes, 13C spectra in
10-mm diameter tubes. MesSi (2%) was added to the samples as
an internal reference. Synthesis, purification, and 'H-NMR spec-
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Table V
'H-NMR signalb¢ N_CHR'R"a
Compdd H-2e H2a  HOI H R'E R"e C—CH,e Picrate, mpd (1it.), °C
1 288, f 7 2.25, 172 (173%b)
2 288, f 7 217, 0.95,(7.0) 186 — 187
3 287, f f 2.15, 0.98 240 — 241 (dec)
4 266" f f 2.19, 1.16 (7.0) 2
5 298, 289, 198 231, 0.95(6.0) 141 — 142
6 279" f f 2,220 0.82,(6.0) 194 — 195
7 286, f f 2.4, 0.86, (6.0)  187.5 — 188.0
8 295, 287 f 227, 140.5 — 141.5
9 3.00, 294 f 231, 2
10 288, f f 2.17, 0.96h 176 — 177
11 314, 261, 185 0.85,0 220 - 221
12 29%  f 2.26 0.87k !
1,014
13 295, 288,  2.04  2.40, 0.91, 215.5 — 2116.5
1'Et 290" f 7 2.800m  2.59m 0.96, (7.0)m 1122 113 (112 — 114%)
2Et 292  f 179, 2.76m  2.40.m 0.96.(7.0ym  0.95(7.0) 182 — 182.5
3Et 284 223 f 2.69m  2.59m 0.90(7.0m  0.95 128 — 128.5
SEt 321 261, 202 —— 256 1.04, (6.5) 0.94 (6.0)  139.5 — 140.5
6Et 285 f f 282m  2.63m 0.97°(7.00m  085(6.0) 134 — 134.5
1iPr 290 f 7 3.37n 1.10(7.00n  0.81,(7.0)" 169 — 169.5
2iPr 289  f 7 3.24n 1.08, (6.5  0.81.(6.57  093,(7.0) 162
34Pr 288 198  f 3.14n 1.04, (6.5 0.76, (6.5  0.94 260—261 (dec)o
SiPr 325,  2.57 203 3237 L12(6.57  1.08(6.5)" 0.93,(6.0) 122 - 124
6-Pr 285  f f 3.40m 112,(7.07  0.82 (7.0 0.85(6.0) 171

aN-Substituent CH, (R" = R’ = H) if not otherwise indicated. ®Recorded at 100 MHz, solvent CDCl,. Shifts downfield from Me,Si (&) in
parts per million. ¢H-2-e indicates equatorial proton at C, H-2-a axial proton at C, H-9 proton at C, (see eq 4). A detailed discussion of the

proton spectra will be given elsewhere' !.

dRecrystallized from ethanol if not otherwise indicated. €Coupling constants in hertz, in paren-

theses. /Not resolved, 8 Because of the very small amounts of material available, no picrate was prepared. # CH,(10). {CH,(8). / Equatorial
protons at C, .. ¥CH, of tert-butyl group. /Hydrochloride, mp 252—253° (lit. 252-254°; R. A. Y, Jones, A. R. Katritzky, and P. G.
Mente, J. Chem. Soc. B, 1210 (1970). mN—CHH'CH,; R' = H; R" = CH,. The ABX, pattern was resolved by decoupling the CH, protons.
For details, see ref 11. 7N = CH(CH,),; R’ = R” = CH,. 9Recrystallized from glacial acetic acid.

tra of the NH precursors of the majority of the model compounds
used are described elsewhere.!! N-Methyl derivatives were pre-
pared by the standard Clarke-Eschweiler procedure’® with
HCOOH and HCHO. N-Ethyl compounds were obtained by ac-
etylating the secondary amines with acetic anhydride and reducing
the acetamides with LiAlH4.3% N-Isopropyldecahydroquinolines
were prepared by stirring the NH precursors with 2-iodopropane
and potassium carbonate in refluxing acetone for 48 hr,3” except in
the case of 8a-methyl-trans-decahydroquinoline.3® Use of hexa-
methylphosphoric triamide (HMPT) as a solvent and prolonged
reaction times (6 days) led to N-isopropyl-8a-methyl-trans-dec-
ahydroquinoline in high yield (see below for deuterio analog). Per-
tinent 'H-NMR data and melting points of picrates of the model
compounds used are collected in Table V. The melting points were
determined on a Sargent “Mel-Temp” variable-temperature heat-
ing block. N~CDj3 analogs of 1 and § were prepared as described
for N-trideuteriomethyl-trans-decahydroquinoline.

N-Trideuteriomethyl- trans-decahydroquinoline. To 700 mg of
trans-decahydroquinoline dissolved in 10 ml of ether and 18 ml of
H>0 and stirred at +5°, CH3;0COCI (473 mg) in 7.5 ml of anhy-
drous ether was slowly added. After addition of the first 3 ml, a so-
lution of 200 mg of NaOH in 3.5 ml of H,O was added simulta-
neously. When addition was complete, the mixture was stirred for
1 more hr at 5°; then the ether phase was separated, the aqueous
phase was extracted with ether, and the ether phases were com-
bined, washed twice with dilute HCI, and dried over MgSO4. After
evaporation of the solvent, the product was distilled in a Kugelrohr
apparatus and dissolved in 5 ml of freshly distilled THF. The solu-
tion was slowly added to a suspension of LiAlD4 (300 mg) in THF
and the mixture heated to reflux for 12 hr. The excess LiAlD4 was
carefully decomposed with H,O, the reaction mixture was repeat-
edly extracted with ether, the ether extracts were dried, and the
solvent was evaporated. Distillation of the residue in a Kugelrohr
apparatus gave 535 mg of N-trideuteriomethyl-zrans-decahydro-
quinoline, pure by VPC. N-CD,CDj3 and N-CD(CD3); analogs of
some of the model compounds were prepared in a way similar to
the proton analogs.

N-Pentadeuterioethyl-8«-methyl- trans-decahydroquinoline. 8a-
Methyl-trans-decahydroquinoline (430 mg) and 3540 mg of
(CD3CO),0 were heated to reflux in 30 ml of dry acetone over
K>COs (1 g) for 12 hr. After that time, the mixture was diluted

with ether, the salts were filtered off, the solvent was evaporated,
and the residue was dissolved in anhydraus ether and slowly added
to a suspension of 300 mg of LiAlD4 in anhydrous ether. The mix-
ture was heated to reflux for 12 hr. The excess of LiAlD4 was de-
composed with water, the ether phase separated, the aqueous phase
repeatedly extracted with ether, the ether phases were united and
dried, and the solvent was evaporated. The residue was distilled in
a Kugelrohr apparatus. The product, N-pentadeuterioethyl-8a-
methyl-trans-decahydroquinoline (410 mg), was tested by VPC
and showed only small amounts of impurity with low retention
time.

N-Heptadeuterioisopropyl-8«-methyl- trans-decahydroquinoline.
Isopropyl-d7 iodide [1.55 g; prepared from isopropanol-ds (Merck
and Co.) and hydriodic acid], 765 mg of 8a-methyl-rrans-decahy-
droquinoline, and 1.4 g of K,CO; were mixed with 7 ml of HMPT
and stirred at ~50° for 6 days. After that time, the mixture was
poured on 50 ml of water, made acidic with HCI, and extracted re-
peatedly with ether. The aqueous phase was made basic with a
concentrated solution of NaOH and extracted five times with hex-
ane. The hexane extracts were combined, washed two times with
water, and dried. The solvent was evaporated and the residue dis-
tilled in a Kugelrohr apparatus. The product, 620 mg, showed only
traces of HMPT as impurity by VPC.

Hydrochlorides of model compounds.were prepared by passing a
stream of dry HCI gas into.the ethereal solution of the amine and
distilling off the solvent.
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Supplementary Material Available, Appendix A (Deformation
Potential for N-Me and Comparison with N,N’-Dialkylhexahy-
dropyrimidines) and Appendix B (Comparison of peri and syn-
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axial Interactions) will appear following these pages in the micro-
film edition of this volume of the journal. Photocopies of the sup-
plementary material from this paper only or microfiche (105 X
148 mm, 24X reduction, negatives) containing all of the supple-
mentary material for the papers in this issue may be obtained from
the Journals Department, American Chemical Society, 1155 16th
St., N.W., Washington, D.C. 200236. Remit check or money order
for $4.00 for phatocopy or $2.50 for microfiche, referring to code
number JACS-75-2424.
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