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Conformational Preferences for 3-Piperideines:
An Ab Initio and Molecular Mechanics Study

Anatoly M. Belostotskii,* Michael Shokhen, Hugo E. Gottlieb, and Alfred Hassner!*!

Abstract: Conformational preferences in alkyl- as well as Ph-substituted 3-piper-
ideines (1,2,3,6-tetrahydropyridines) have been characterized by ab initio and

molecular mechanics calculations. A set of rules and subrules for estimation of the
conformational equilibrium (in terms of preferred substituent orientation) in these
systems, with differently positioned ring substituent (-s), is presented. Examples of
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the revision of some previous stereochemical assignments demonstrate the reliability

of these rules.

Introduction

From the point of view of conformational analysis, six-
membered saturated carbo- and heterocycles are probably the
most studied organic systems. Surprisingly, the conformation-
related knowledge for six-membered rings with one endocy-
clic double bond is poor: only cyclohexene compounds have
been studied systematically. The unsaturated carbocyclic
backbone adopts a half-chair conformation*! (see Figure 1)
in the absence of additional sp?-hybridized ring atoms or
covalent fixation of another conformation by a rigid structural
fragment. A slight predominance of equatorial (e) over axial
(a) substituent orientation has been determined for nonbulky
4-substituents (halogen, OH, CN),['* 2l while pseudoaxial
(ya) orientation versus pseudoequatorial (1e) orientation is
slightly preferred for these substituents in the 3-position of the
ring.'d In contrast, determination of the conformational
energy for a Me group in the cyclohexene half-chair gave
the same preference (1 kcalmol~!) for both e and e orienta-
tions (i.e., for 3-Me and 4-Me groups, respectively).['» 20l

The piperideine (tetrahydropyridine) cycle, a cyclohexene
azaanalogue, is a basic structural fragment of many alka-
loidsP*<l (e.g., arecoline, lobenine, anatabine, salsolidine).
Conformation analysis of these biologically active amines is
necessary for the understanding of the molecular mechanisms
of their action.*® ¢l In addition, establishment of conforma-
tional preferences in these partly unsaturated systems is
desirable for development of the strategies of stereospecific
synthesis of azacycles.
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Figure 1. Substituent orientations in the half-chair conformation (opti-
mized by MM3; a=axial, e=equatorial, ¥a = pseudoaxial, e = pseu-
doequatorial; spatially equivalent orientations are underlined) of cyclo-
hexene (the upper structure) and 3-piperideine (the lower structure). For
3-piperideine, the conformer with the axially oriented N-H substituent is
shown.
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Similarly to cyclohexenes, a half-chair is the predominant
conformation for the piperideine ring.!! It is questionable
whether other conclusions regarding conformational equilib-
rium in cyclohexenes may be transferred to substituted
piperideines. For instance, while e or e orientations for Me
groups would also be expected for piperideine compounds,
both a and e orientations have been reported to predominate
for 6-alkyl substituents in different N-benzyl-2,6-disubstituted
3-piperideines.P> " A wya orientation of the Me group has
been deduced from CD (circular dichroism) data for 1-methyl
tetrahydroisoquinolines (structural components of several
important alkaloids).["!

Herein we report quantitative conformation analysis of
differently substituted 3-piperideines that is performed by ab
initio quantum mechanical as well as molecular mechanics
calculations. We have examined mainly Me substitution of six-
membered cycles in order to establish conformational pref-
erences for the basic piperideine systems, which possess no
special electronic effects of substituents (e.g., anomeric
effect) on conformation. In order to prove the accuracy of
our calculations for these piperideines 1a—n, selected com-
pounds with an experimentally determined conformational
equilibrium, such as cyclohexenes 2a,b, piperidines 3a,b, and
piperideine 4, are included in the calculations (see Figures 2 —
9). Examples of piperideines Sa—j and 6a—e (see Figure 7
and 8) provide information on the preferential orientation of
a Me substituent in these piperideine rings in the presence of
neighboring Ph or rBu groups.

Results and Discussion

A substituent on a sp*-hybridized carbon atom of a cyclo-

hexene cycle can occupy four nonequivalent spatial orienta-

tions: e, ya, e, and a (see Figure 1). Regarding 3-piper-
ideines, there are eight such substituent orientations (four
pairs of nonequivalent e, ya, e, and a orientations). Thus,

monosubstituted compounds 1a—d and Sa,eh (see Figure 5

and 7) represent 3-piperideines whose conformational equi-

librium is determined by a methyl or a phenyl group,
respectively, in different positions of the cycle.

No additivity of conformational energies is present evi-
dently for vicinally dialkylated systems due to steric inter-
actions between these substituents in synclinal conformation
(for an analysis of the conformational energy in vicinally
methylated cycles see, e.g., refs.[la] and [7]). Also 1,3-
disubstituted six-membered cycles possess a repulsive steric
interaction in the 1,3-a,a (or a,a) conformation. Thus,
3-piperideines 1le—n, Sb-d.fg,i,j, and 6a—d (see Figure 6, 7,
and 8) represent systems of nonadditive conformational
energies.

Molecular mechanics as well as ab initio calculations were
used for conformation analysis of these compounds (for
details see Experimental Section).

a) Molecular mechanics calculations were performed using
the MM3 force field®! implemented into the Macromod-
el 6.5 package.[®> I A Monte-Carlo-based conformational
search (also a Macromodel utility) was applied to Ph-
containing “multiconformer” systems. MM3 has already
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been used for the conformational analysis of some
piperideinesl®! although there was no evidence for satis-
factory accuracy for these compounds. Nevertheless, the
high accuracy of MM3-derived results for piperidines'®- 2]
permitted us to assume that this force field may be
applicable to conformational analysis of their partially
unsaturated analogues.

b) In contrast to alkylamines,'?l allylamines have not been
explicitly parameterized in the force field frames. There-
fore, quantum mechanical ab initio calculations have been
employed in order to provide an independent estimation
of conformational equilibrium in piperideines. The mo-
lecular geometry of piperideine conformers has been
optimized on the HF/6-31G* level as well as on the
MP2/6-31G* level of theory (i.e., taking into account the
electron correlation energy).

We should mention that MM3-provided steric energy (E;)
partly takes into account the entropy contribution in the
Gibbs energy at ambient temperature (see, e.g., ref. [11b]).
Therefore, in order to compare the MM3- and ab initio
derived data, our ab initio calculations provide results for the
difference in full electron energy (AE) of conformers as well
as for the difference in free energy AGY,, (in harmonic
approximation) of conformers at 298.15 K (at the MP2/6-
31G* level).

The calculation accuracy was estimated by comparison of
the obtained values of the conformational energy with the
experimental data for cyclohexenes2a,b,'*2°] piperidines
3all and 3b, as well as piperideine 441 (see Figure 2 for

/
/“F = F

AG" = 1.1 keal mol™
exo endo

Figure 2. NMR-detected conformational exo-endo transformation for
tropane 3b (the AG® value determined in this work is shown).

our data for 3b and Figures3 and 4 for the reported
experimental values). The conformational equilibrium for
tropane 3b (in CD,Cl,) was measured by NMR spectroscopy
at 185.1,205.6, 216.1, and 226.6 K by the integration of the 3C
signal intensities for the major (exo-N-Me) and the minor
(endo-N-Me) conformers (see Figure 2). The measured pop-
ulation of the minor conformer was 5, 7, 7, and 85%
proceeding from the lowest temperature to the highest one.
Thus, the AG° value is 1.1 kcalmol™! in this temperature
interval for the exo-N-Me —endo-N-Me conformational trans-
formation of 3b.°1 Taking into account a weak AG®—(T)
dependence for this compound, we can conclude that our
experimental data are in good agreement with the ab initio
(for 298 K) as well as molecular mechanics calculation results
for the conformational equilibrium in 3b.

Furthermore, NMR data for piperideine 1d support qual-
itatively the calculation-based estimation of the conforma-
tional equilibrium for this compound. In spite of the observed
dichotomy of the signals of the geminal ring protons of 1d at
low temperature (down to 165 K in CD,Cl,), that is, under
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Figure 3. Optimized geometry (by MM3) and energy differences
(kcalmol™'; relative to the lowest-energy conformer by different calcu-
lation methods for the geometries optimized by these methods) of
conformers of benzoquinolizidine 4. The values in bold show the AGY,4
values calculated at the MP2/6-31G* level for 298.15 K and 1 atm. The
second and the third value in each line are related to AE values calculated
at the MP2/6-31G* and RHF/6-31G* level, respectively. The values in
italics represent the MM3-derived AE; values. Experimental AGY value
(kcalmol™') at ambient temperature (in square) is taken from ref. [14].

conditions of slow conformational exchange, no signals for a

minor conformer (with an a-N-Me group) were detected in

13C as well as 'H spectra. In other words, the minor conformer
is present in less than 4—5 %. The results from the ab initio as
well as MM3 estimations also lie below this content limit (see

Figure 5).

Values of AE (in vacuum approximation) for optimized
structures for compounds 1a—m and 4 are presented for the
HF/6-31G* level as well as MP2/6-31G* level (Figures 3, 4, 5,
and 6). Values of AG?,, at 298.15 K for these compounds are
presented for the MP2/6-31G* level. Also molecular mechan-
ics-derived values of AE, (steric energy difference; Figures 3 —
10) belong to in vacuum approximation. We can conclude
that:

a) The MP2/6-31G* level is sufficient to estimate quantita-
tively the conformational equilibrium for six-membered
flexible cycles: ab initio estimates of AGY,4 at 298 K for
conformers of cyclohexenes2a,b, piperidines 3a,b, and
piperideine 4 deviate only by 0.1, 0.3, 0.1, 0.3, and
0.6 kcalmol~! (0.4 kcalmol~! for AE), respectively, from
the experimental data (obtained for solutions of these
compounds in nonpolar aprotic solvents). It also means
that the influence of solvation effects on the conforma-
tional equilibrium is negligible for these compounds.
Even taking into account only full electron energy gives
a small correction in energy (the difference between
AGY, .4 vs. AE is 0.0-0.4 kcal mol ") for every i-conformer
of most of the compounds. Only for one conformer for
each of the compounds 1gk and 3a, the difference is 0.8,
0.9, and 1.2 kcalmol~!, respectively. At the same time, the
6-31G* level is less reliable: the difference between
experimental and the 6-31G*-derived values of AFE is
0.7 kcalmol~! for compound 2a and 0.6 kcalmol~! for
compound 3a.

b) MM3-derived AE, values are usually near the correspond-
ing ab initio AGY%, values (for 298 K) for the studied
conformers of piperideines 1a-m,4 as well as of cyclo-

hexenes 2ab and piperi-

- dines 3a,b: linear regres-
TN TN /\ / : :

N O\ NUZEaN Q H\N/‘ﬁ /C!: 'F )/Nil sion analysis for AE, and
0.0 000000 2a | 00000000 0.7 1.9 1.5 0.9 3a 3b AGlyq values (for 56
2 0.0 0.0 0.0 0.0 structures)  gives  the
e N% 0.3 kcalmol~! value of the
A: S/ ! / standard regression error.
% 07 06 S 0s 0.0 6.0 0.0 0.0 Such a good correlation
706090 between the differences in
1108 1.7 1.2 N/jﬁ 141307 14 conformer energies, which
| have been provided by two
2_0H2.1 19 1.1 quite different calculation
methodologies, demon-
N% strates a significant degree
l ' of reliability of the results.
1.0 1.0 H 0.8 1.1 It shows also the applicabil-

) 1112 1.1 08 . o
ity of MM3 for quantitative

Figure 4. Calculated (values below the structures) and experimental (values in squares) relative energies
(kcalmol™) for conformers of compounds 2a,b and 3a,b. The values in bold show AGY,.4 values calculated at the
MP2/6-31G* level for 298.15 K and 1 atm. The second and the third value in each line are related to AE values
calculated at the MP2/6-31G* and RHF/6-31G* level, respectively. The values in italics represent the MM3-
derived AE, values. The experimental values for 2a,b and 3a are taken from refs. [1a, 2b, 13], respectively, and

that for 3b has been determined in this work.
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estimation of the conforma-
tional equilibrium for piper-
ideines with a relatively
large number of atoms
(e.g., alkaloids).
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Figure 5. Relative energies (kcalmol™!; the values are shown below the structures) for conformers of
monomethyl piperideines 1a—d. Calculated values are shown in the same manner as for Figure 4.
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Figure 6. Energy differences (kcal mol™!) for conformers of polysubstituted piperideines 1e —m (relatively the
lowest energy conformer for each compound; the values are depicted as in Figure 4). The piperideine cycle in 1m

adopts a sofa conformation.
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Conformational preferences
for the substituent orientation
in 3-piperideines turn out to be
more complicated than for cyclo-
hexenes. Nevertheless, the ob-
tained results may be classified
as semiquantitative conforma-
tional rules and subrules, which
describe substituent orientation
(at 298 K) according to its posi-
tion in the cycle. We consider
here the ab initio derived results
for the Me-substituted com-
pounds and the molecular me-
chanics-derived ones for the Ph-
as well as tBu-substituted com-
pounds. In rare cases, when the
AG?,.s and AE, values obtained
by ab initio and molecular me-
chanics are essentially different
for some conformers, the aver-
aged value [(AGY,q + AE))/2] is
taken into account (i.e., for com-
pounds 1d and 1m). The scope
of the rules is limited to piper-
ideines without strong interac-
tions between vicinal or 1,3-posi-
tioned substituents, while the
subrules describe the systems
with such steric interactions.

Position 1 rule: No explicit pref-
erence for an e vs. a orientation of
a N-H substituent and significant
predominance  (more  than
1.0 kcalmol™) of an e orientation
for a N-Me substituent. The ab-
solute value of the difference of
AGY,q for the lowest energy
conformers, which differ only in
spatial orientation of the nitro-
gen proton, does not exceed
0.3 kcalmol~! for most of the
studied N-H piperideines. There-
fore, N-H piperideines do not
appear to have an explicit ten-
dency for an e or a orientation of
the proton. Only for 6-Ph piper-
ideines (compounds 5a,c,d),

e orientation of the nitrogen
proton predominates apprecia-
bly (more than 1.0 kcalmol~! by
MM3). In contrast, the N-Me
group of unhindered 3-piperi-
deines shows a definite trend to
be e-oriented. Conformational
energies for N-Me com-
pounds 1g—j and 5b.fi are more
than 1.0 kcal mol L

Chem. Eur. J. 2001, 7, No. 21
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Subrule: A bulky vicinal a-substituent forces the N-Me group
away from an e spatial position: the conformational prefer-
ence for an a N-Me is 0.8 and 1.9 kcalmol~! in 2- and 6-/Bu
compounds 6¢ and 6d, respectively. Also for 1k, the 3-Me
group, which stabilizes a 1a orientation of the vicinal 2-Me
group, almost equalizes the stability of conformers with a and
e orientations of the N-Me substituent due to the absence of
vicinal steric interactions for antiperiplanar 2-Me- and N-Me
groups.

In the saturated tropane system 3b, the N-Me group
occupies mainly the exo position with respect to the six-
membered ring,! which adopts a chair conformation (see
Figure 2). Our calculations demonstrate that in 2-tropene 1m,
the six-membered ring possesses a sofa conformation with the
N atom outside the ring plane (see Figure 6). In addition, the
endo orientation of the N-Me group is significantly preferred.

Position 2 rule: A moderate (0.5-1.0 kcalmol™") preference
for a e orientation for a Me as well as a Ph group. Indeed,
conformational energies for N-H compounds 1a, 11, 5e, and
5g (Figure 7) as well as N-Me piperideine 1g lie in this value
range.
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Figure 7. Relative steric energies (kcalmol™!, by MM3; in italics) of
conformers of piperideines Sa—j. The values for the lowest energy rotamer
among the Ph rotamer families are given for each substituent orientation.
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Figure 8. Relative steric energies (kcalmol™!, by MM3; in italics) for
conformers of piperideines 6a—e. The asterisk indicates a sofa conforma-
tion with the C-6 atom out the plane.

Subrule: The presence of a N-Me substituent may increase the
population of the 2-ye conformer (e.g., for N-Me piperidei-
ne 5f the conformational energy is 1.8 kcalmol~!). However,
a bulky N-fBu substituent leads to a significant predominance
of the wa orientation for the 2-Me group (the difference
between the lowest energy 2-iye- and 2-ya-oriented con-
formers for 6a (Figure 8) is 1.6 kcalmol ™).

Position 5: No appreciable preference for a e or ya orienta-
tion. Our calculations show a slight predominance of the
e orientation in compounds 1b, 5h, and 5i (by 0.4, 0.4, and
0.2 kcalmol~!, respectively), while a ya orientation is slightly
preferred in piperideines 1i and 5j (for 0.2 and 0.6 kcalmol !,
respectively).

For 11, a trans compound with sterically noninteracting
methyl groups, the conformation with a 2-iye-oriented Me
group should be favored over the conformation with a 5-ye-
oriented Me group in the 2-ye-Me,S5-ya-Me < 2-ya-Me,
5-e-Me conformational equilibrium due to the additivity of
conformational energies. Indeed, MP2/6-31G*-based and
MM3 calculations give 1.1 and 0.5 kcalmol~! values of con-
formational energy, respectively, in favor of the conformer
with a 2-ype-oriented Me group (these values include also a
contribution of the N-H substituent).

Subrule: A vicinal 6-substituent stabilizes a e orientation of
the 5-Me group in trans-disubstituted cycles (1.3 and
3.9 kcalmol~! for conformational energy for 6-Me and 6-Ph
compounds 1e and 5¢, respectively) and stabilizes a a or-
ientation in cis-disubstituted cycles (— 1.6 and — 3.9 kcal mol~!
for the conformational energy for 6-Me and 6-Ph com-
pounds 1f and 5d, respectively).
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Position 6: A significant predominance (more than
1.0 kcalmol™') of the e orientation for the 6-substituent in
N-H compounds. N-H piperideines 1¢, 1e, 1f, Sa,c.d, and 6e
as well as N-Me piperideine 5b adopt a conformation with an
e-oriented 6-substituent. The energy difference between the
lowest energy conformer and the corresponding conformer
with an a orientation of the 6-Me group is higher than
1.3 kcalmol~%

Subrule: N-Substitution decreases this e/a ratio due to vicinal
gauche-interactions between 1- and 6-positioned substituents.
The energy difference between 6-e- and 6-a-conformers is 0.3
and —3.1 kcalmol™' for N-Me compound1j and N-fBu
compound 6b, respectively (i.e., increase of the bulkiness of
the N-alkyl substituent leads to predominance of an a-6-Me
orientation). Nevertheless, for 2,6-cis-disubstituted com-
pounds, the content of the 1,3-a,pa conformer is decreased
due to the 1,3-a,pa steric interactions between 2,6-substitu-
ents (see Figure 9); this is similar to the negligible content of
1,3-diaxial conformers in piperidine cycles even though these
interactions are weaker than those in saturated six-membered
rings (see example of cis-piperideine 1n in Figure 9).

iis 5
in Jt JC 7
NG N\Bn
: N
N-Me 2Me 6-Me AE, | A g,
: Me %
(kcal mol™) ; o
{HHy X *ON cis-7 f - “Ssn cN
e e e 0.0 ‘ N\ / TNy
H Bn'H H V "
a e e 1.4 A H
e a a 2.8 /—\
a a a 2.1

trans-7 Hv'&B{/H
! n n"CN
TNE P N
Me) § 4% : H

o ;

% ® :
% ’ =

TN WS H

H

Figure 9. Assignment of isomers of piperideine 7 to the cis and trans series
based on the literature NMRP? as well as MM3 data for cis compound 1n.
Larger pseudoallylic coupling constants (°/;) are marked in bold. Asterisks
depict 1,3-a,3pa steric interactions.

Below we present a few examples of how the above rules
can assist in studies of the stereochemistry of 3-piperideines.

a) It was concluded from CD spectra of 1-methyl tetrahy-
droisoquinolines (including 5g; as free amines in MeOH) that
the Me group adopts a a orientation.[’! According to the
Position 2 rule (see, e.g., the results for 5g), the opposite
orientation should be favored.

We maintain that the evidence for the CD-based estimation
of the conformational equilibrium is weak. The above CD
studyl® is based on the application of the Craig semiempirical
quadrant model.') The Craig model considers tetrahydroiso-
quinolines with a protonated nitrogen atom,'® while no
appreciable N-protonation is present under the employed
conditions of the CD measurementl® (amines are only

4720
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H-bonded in alcohol solutions!!7+<l but they are too weak as
bases to cause formation of alkoxide anions). Simply stated,
the Craig quadrant model is not applicable to free amines.
Indeed, quite recently unambiguous '"H NMR data for some
methyl tetrahydroisoquinolines!'®l actually confirm our re-
mark regarding the scope of the Craig model (unfortunately,
the observed discrepancy between the NMR and CD spectra
based estimations of the conformational equilibrium was
explained!" by a limitation of the Craig model and not by its
incorrect use). In contrast, the above rules provide a reliable
conformational analysis of tetrahydroisoquinolines. For in-
stance, our calculations, in good agreement with the exper-
imental quantitative results for a free amine,['! demonstrate a
strong predominance of conformation A of tricyclic ana-
logue 4 with a e orientation for the alkyl substituent
neighboring the nitrogen atom (see Figure 3). Another
example is 6,7-dimethoxy-1-phenyltetrahydroisoquinoline:
as could be expected from the Position 2 rule, x-ray analysis
found the phenyl group to be pe-oriented.['”]

b) On the basis of 'H NMR spectra,® isomers of 2,6-
disubstituted piperideine 7 were assigned to the cis and trans
series, and it was claimed that a half-chair with ya-2-CN and
a-6-Me groups is the favored conformation for the cis isomer
of 7 (conformation AA in Figure 9). However, the Position 6
subrule establishes a preference for the conformation without
1,3-a,3pa interactions, that is, a half-chair with ye-2-CN and e-
6-Me substituents. These conflicting conclusions led us to
review the NMR-based analysisP for isomers of 7.

Indeed, it was correctly established (see ref. [5a] for argu-
ments) that the 6-Me group is a-oriented for one isomer
(assigned cis) and e-oriented for the other (assigned trans).
This means that only conformers AA and EA should be
considered as predominant according to this assignment. On
the other hand, higher values of homoallylic coupling
constants (°J) for protons 2-H and 5-H,,, versus the constants
for the 2-H and 5-H,,, protons have been detected for both
isomers. Since homoallylic constants are consistently larger
for cyclic trans protons versus cis protons,?**®l only confor-
mers EE and AE satisfy the magnitudes of the measured >/
constants. Hence, the conformational analysis results in an
unexpected conclusion: the former cis—trans assignment(®
for isomers of 7 should be reversed. The isomer, which was
assigned to the cis geometry, is the trans isomer and vice versa.
Now the NMR datal! for 7 fit well with the predominance of
conformers EE and AE for the cis and trans isomers,
respectively. Thus, the Position 6 rule predicts the conforma-
tional equilibrium for cis-7 correctly.

c¢) Preliminary studies of the stereochemistry of disubsti-
tuted piperideines 8 (synthetic precursors of some alkaloids)
concluded that the isolated isomer possesses a trans config-
uration and adopts a conformation with ya-5-PhSO, and a-6-
Ar groupsP'® ! (conformation AC; in Figure 10 for the 6-(p-
MeC4H,)-substituted compound 8a). The conclusion was
based on taking into account a relatively small coupling
constant between 5-H and 6-H protons (2.7 -3.5 Hz) as well as
NOE interactions between aromatic and ring protons.?!® ]
However, these preliminary conformation-related conclu-
sions contradict the Position 5 and 6 rules (see, e.g., a total
predominance for the conformation with synclinal orientation
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Figure 10. Conformational equilibrium for 5-PhSO,-6-Ar-disubstituted
piperideines. Conformations with anticlinal and synclinal orientation of
Ph and PhSO, groups are depicted AC and SC, respectively. Arcs show
selected H,H-spin —spin couplings (a larger homoallylic coupling constant
3J is marked in bold). Dotted lines depict selected NOE interactions.

of 5- and 6-substituents in trans compound Sc¢; Figure 7).
MM3-based calculations for a sterically close analogue 9 of
trans geometry demonstrate an ultimate preference for
synclinal conformation SC: the minimal energy conformers,
which have been found by a Monte-Carlo-based conforma-
tion search among the conformers of the AC and SC families,
differ by 3.5 kcalmol~! (Figure 10).?

Therefore we again turned to '"H NMR datal'*<l for these
piperideines. The above-mentioned small vicinal constant 3/,
for example, for 8a (2.9 Hz) excluded fully the presence of
conformer SC, in an appreciable amount. However, also a
prevalence of conformation AC; does not correspond to the
NMR data. The detected NOE enhancement of a moderate
magnitude for one ortho proton (at 6 =7.14) of the 6-aromatic
substituent and the upfield 2-H' proton (at 6 =3.08; see
Figure 10) of the piperideine ring indeed confirms the
presence of the half-chair with a and wa orientation of these
ring substituents, respectively (as in AC,). A lower vicinal
coupling constant 3/ for the proton pair 2-H'-3-H (2.7 Hz)
than for the pair 2-H"(at 0=3.37)-3-H (3.6 Hz) also
indicates some predomination of the ya orientation of proton
2-H' (dihedral angle between the protons of each pair is
obviously larger in the case of the first pair; see Figure 1).
Nevertheless, a homoallylic spin —spin interaction of the 2-H’
proton with the 5-H proton is stronger (°/=3.1 Hz) than a
similar interaction of the 2-H” proton (°*J=15Hz). As
mentioned above, a larger coupling homoallylic constant
belongs to the spin-—spin interaction of the frans protons.
Thus, the protons 5-H and 2-H' are in a trans relationship.
These data indicate that the reported?'® ! isomers of piper-
ideines 8 possess a cis configuration of 5- and 6-substituents
(and not a trans configuration).

The close values of vicinal spin —spin coupling constants for
2-H'-3-H and 2-H”-3-H (see above) as well as the equal
values of allylic coupling constants 4/ for the 2-H'—4-H and
2-H”-4-H interactions (2.1 Hz) for 8a show that the NMR
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spectra of these compounds correspond to a time-averaged
mixture of conformers SC, and SC, with some predominance
of SC,. Also the sets of observed NOE interactions'*! for 8
(e.g., the moderate interactions between 2-H' and the ortho
proton as well as 2-H" and 6-H in 8a; Figure 10) satisfy this
time-averaged “virtual” conformation, while separate struc-
tures SC, and SC, do not fit.

Thus, the above conformation rules can be a useful tool for
stereochemical studies of piperideines, even including those
bearing some functionalized substituents. Nevertheless, we
are aware of the limitations of these general rules since they
cannot obviously comprise all possible substitution types. For
instance, a conformation of type AC, which is quite unfavor-
able for 5,6-trans compounds 5¢ and 9, is the most stable
conformation for the more crowded trans analogue 10 in the
solid state.”! While it contradicts the Position 5 subrule, the
established conformational preference for 10 may be pre-
dicted a priori by taking into account steric interactions
between the a-positioned Ph group and the extremely bulky
p-substituent of the piperideine ring.

Experimental Section

The commercially available hydrochloride of 1b and tropane 3b (Aldrich)
were used for NMR studies (1b-HCI was transformed into the free amine
before the NMR experiments). 'H and *C NMR spectra were obtained on
a Bruker DMX-600 spectrometer, with TMS as internal standard. Samples
(=30mg in 0.5mL CD,Cl,) were equilibrated for ~10min at each
temperature before measuring. Temperatures were measured with a
calibrated Eurotherm 840/T digital thermometer and were believed to be
accurate to 0.5 K.

Molecular mechanics calculations were performed using MM3 as well as
Amber force fields (Macromodel 6.5 package!® ). The no solvent as well as
distance-dependent dielectric electrostatics options were employed for the
energy minimization. The Monte-Carlo option was used for the conforma-
tional search in the case of Ph-containing compounds (generation of 5 x 10*
structures for each compound with the energy upper limit 5 kcalmol~! from
the lowest-energy conformer found).

Geometry of MM3-minimized structures was used as the starting geometry
for ab initio calculations (Gaussian 98 package!) for the gas phase. Initial
ab initio geometry optimization was performed at the restricted Hartree —
Fock level using the 3-21G basis set. The resulting geometry was optimized
at the 6-31G* level and then at the MP2/6-31G* level. Free energies were
calculated at the MP2/6-31G* level within the limits of harmonic
approximation of vibrational frequencies implemented into a standard
Gaussian 98 procedure.
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