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Conformational analysis of six-membered rings occupies one
of the cornerstones of organic stereochemistifhe two textbook
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and 4.2-4.3 Hz for the equatorial and axial protons, respectively.
It is conceivable that the assignments fohave been reversed
such that the measured couplings of 4.8 and 2.8 Hz correspond
to JeecandJe, respectively, instead. To test this idea, we employed
gNMRE to fit both assignments at 200 MHz. Figure 1a compares
the alternatives and illustrates clearly that either pattern is
consistent with the published spectrdnif the suggested reversal
obtains, it opens the possibility that the larger coupling constant
arises from dynamic averaging &f. and Ja.

To examine the extremes of H-20 coupling in a comparable
nitronate ester system, we have preparedcteeandtranstert-
butyl derivatives2 and 3, respectively, with unknown €N

features that characterize the structural class are the existence of

axial (ax) and equatorial (eq) conformations and the predominance
of equatorial conformers in the accompanying dynamic equilib-
rium. To be sure, novel and sterically biased exceptions to the
“equatorial rule” have been reported for cyclohexanes bearing
more than a single substituténtin the heterocyclic realm, certain
3-fluoro piperidines, including the monofluoro derivative, are
known to be axiaf. However monaubstituted cyclohexanes have
persistently demonstrated equatorial preferéné&ang and Yin's
recent and intriguing proposal of “completely stable axial
conformers of monosubstituted cyclohexanes at room tempera-
ture” for nitronic esteflaandO-cyclohexyloximelb derived by
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1H NMR spectroscopy appears to offer the first anomalidhe
finding contrasts with a host of oxygen-monosubstituted cyclo-
hexanes with conformational energies favoring the equatorial
isomers by 0.270.87 kcal/moli2 corresponding to eg/ax popula-
tions of 60/40 to 90/10, respectively.

Kang and Yin have argued that oxygen is strictly axial at C-20
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configuration from the nitronate anion precursorlsfand cis-
andtranstert-butylcyclohexanols under Mitsunobu conditicHs.

cis -2 with axial oxygen displays H-20 as a narrow symmetrical
five-line band centered at 5.06 ppm (400 MHz). The latter can
be matched (Figure 1b) with,= 2.91 andl.e= 2.70 Hz, values
virtually identical with those forcis-4-tert-butyl-cyclohexanol.
trans-3, on the other hand, displays H-20 as a well-defined nine-
line spectrum centered at 4.65 ppm (400 MHz). Simulation of
the splitting pattern likewise suggests coupling constants (4.40
and 11.35 Hz) nearly identical with those fois-4-tert-butyl-
cyclohexanol (Figure 1c). In addition, the 0.41 ppm downfield
shift of eq H-20 in3 relative to its axial counterpart i is in
complete accord with literature precedent for cyclohexahes.

In sharp contrast to the cleahl NMR patterns for H-20 in
the conformationally immobiléert-butylated rings o2 and 3,
compoundl is reported to exhibit a broad ill-defined band at
5.19 ppm (200 MHz, Figure 1a). Simulation of the spectrum at
400 MHz furnishes an improvement in resolution but illustrates

in 1 as a consequence of steric effects arising from the presence? different band shape by comparison with the rigidified cyclo-

of a rigid and planarr-system for theZ-configured moiety Go—
O—X=C—C(0O)-0—Cy3*® In the present work we examine this
proposition and conclude that compouhds at best a rapidly
equilibrating mixture of equatorial and axial conformers.
Attribution of a completely axial cyclohexane conformer in
lab was based on both proton chemical shifts and coupling
constants for H-20 (200 MHz, CDg)l Values of 4.8 and 2.8

hexanes (Figure 1b). The H-20 envelope strongly suggests rapid
exchange between conformations. Remarkably, the chemical shift
of H-20 in 1ais reported to lie 0.13 pprdownfieldfrom that of

the corresponding pure equatorial proton2of An alternative
indicator of the purity of axial orientation is th€C chemical

shift in cyclohexanes. Carbon substituted equatorially by oxygen
is found 3.3-5.2 ppm downfield from the corresponding axial

Hz reported for the latter were assignedJasand Je., respec-
tively.* There are several reasons for believing that 4.8 Hz is
too large to represeidt, for this proton. First, it is well-known
that when oxygen is attached to a carbon common to a pair of
vicinally coupled protons and held rigidly anti-periplanar with
respect to one of them, thelg, is reduced to a value of 25 1

Hz® Second, Anet's measurements foH@) in the chair
conformers of deuterated oxy-cyclohexanes yikldbf 2.7—-3.0
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Figure 1. Measured and simulated (sifhl NMR spectra for H-20. (a)
Nitronatela; Jea= 4.8 Hz (sim, 200 MHz)Jee = 4.8 Hz (sim, 200 MHz),
expt (200 MHz)* (b) 2, expt/sim, 400 MHz1a, Jea = 4.8 Hz (sim, 400
MHz); (c) 3, expt/sim, 400 MHz. Spectra in (a) are on a common scale
as are all spectra in (b) and (c).
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system'? For example, ax- and eg-OH in thetdr-butylcyclo-
hexanols show&SC(OH) shifts at 66.2 and 71.4 ppm, respectively
(A6 = 5.2 ppm, 400 MHz). The corresponding valuesZand

3 are 69.9 and 75.0 ppm, respectivelA) = 5.1 ppm).
Inexplicably, the reported shift for C-20 it is 78.0 ppm, a
quantity considerably downfield from that for equatorially
substituteds.

We have evaluated the extent of rigidity for the-O—X=
C—C(0O)-0—C functionality by optimizing the geometry of
conformers of MeOX=C(Me)CQO:Me (X = N, O-methyl-oxime;

X = N*—0~, O-methyl nitronic ester)4, with the Becke3LYP/
3-21G basis séf The global minima correspond to MeO and
CO.Et situatedtrans about the N=C bond. The corresponding
Z-isomers fall 1.3-6 kcal/mol higher. Single point calculations
with the Becke3LYP/6-31G*, MP2/6-311G* (% N) and MP2/
6-31G (X= N*—0") protocols yield the same result. For=X
N*—0O~, energy barriers for rotation around the €E8C and
NC—C(O)O bonds were evaluated at6 and 1114 kcal/mol,
respectively, relative tel. The quantities are well below that
necessary for rigidity at room temperature {18 kcal/mol) and

in complete accord with known structural data. A search of the

Cambridge Crystallographic database reveals numerous com-

pounds containing the 80—X=C—CO,Me fragment* Many

are planat® However, an equal number of structures show the
CO;Me unit twisted out-of-plane by 4080°.16 Constrained
optimization of the fragment as depictedlifed to a nonstationary
state 16-21 kcal/mol higher thad. All attempts to model the
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planar, alleis C—O—X=C—CO-0 fragment postulated by Kang
and Yin in1 as an energy minimum led to alternative confor-
mational minima relatively free of steric strain.

To examine the conformational surfacelofve have enhanced
the MM3* force field in Macromodéf with C—O—N*(—0")=
C—CO,C parameters derived from the DFT/ab initio calcula-
tions!® Separate 5000 step Monte Carlo conformational sedfches
including the GBSA-CHCI; solvent continuum mod# were
carried out for the C-20 equatorial and axial conformations of
the Z-isomerla. A Boltzmann energy distribution of the 68
conformers within 3.0 kcal/mol of the equatorial global minimum
5 suggests an 80/20 eg/ax ratio translating to an overall energy
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difference of 0.8 kcal/mol (298 K). Single point Becke3LYP/
6-31G* energies of the most stable ax and eq conformers are
confirmatory AE = 1.0 kcal/mol). Structuré and other low
energy conformers illustrate that not only are the bonds flanking
C=N free to rotate at ambient temperatures, but they also do so
as pictured in2 and 3 by removing theO-cyclohexyl moieties
from close contact with groups situat&dr E across the &N
double bond. NOESY and NOE difference spectra at 400 MHz
(23°, degassed, sealed tube) are confirmatory. No cross-peaks
between H-20 and the OGHH; protons are observed for either
isomer. The steric hindrance postulated by Kang and* ¥on
induce the axial-only conformer shown indoes not appear to
operate. Unfortunately, the lack of any readily interpretable cross-
molecule proton contacts makes it impossible to comment on the
E or Z configuration around the €N bond for 2, 3, and
presumablyl as well?

We conclude that while the=EN configuration is uncertain
for nitronate esterd—3, the O-cyclohexyl conformation foi2
and3 is assured byert-butyl anchoring. Distinctive conforma-
tional signatures are portrayed by €20 and'3C-20 chemical
shifts, Ad(ax — eq), and the sharp spirspin couplings at H-20.

By contrast, the reported H-20 and C-20 shieldings ffarare
atypical. Furthermore, the broad and ill-defined band shape of
H-20 in the proton NMR, &3] = 4.8 Hz (Figure 1) and the
MM3* analysis are all strongly suggestive of cyclohexane
equilibration. We surmise that if structurke is accurate as
reported, its NMR spectra reflect a rapidly averaged axial and
equatorial conformational blend with a considerable population
of the equatoriaD-cyclohexyl conformer.

Acknowledgment. We are grateful to Dr. David Lankin (Searle R &
D) for bringing the problem to our attention and to Professor Dennis
Liotta (Emory University) for generous support of the work.

JA9829214

(16) Laurent, G.;.Durant, F.; Evrard @cta Crystallogr., Sect. B981,
37, 972; Haran, T. E.; Nudelman, A.; ShakkedAtta Crystallogr., Sect. B
(Str. Sci.)1983 39, 438. Kanai, T.; Kai, Y.; Sato, N.; Naito, T.; Kamiya, T.;
Nakamura, T.; Ogura, KBull. Chem. Soc. Jpri.993 66, 2335. Gombos, Z.;
Nyitrai, J.; Doleschall, G.; Kolonits, P.; Parkanyi, L.; Kalman, A.Chem.
Soc., Perkin Trans. 1993 139. Harada, K.; Shimozono, Y.; Kaji, E.; Zen S.
Heterocyclesl993 36, 2497.

(17) Macromodel: http://www.cc.columbia.edu/cu/chemistry/mmod/.

(18) Molecular mechanics details will be published elsewhere although the
force field parameters are available upon request.

(19) Chang, G.; Guida, W. C.; Still, W. Q. Am. Chem. Sod.989 111,
4379. Goodman, J. M.; Still, W. A. Comput. Chenml991, 12, 1110.

(20) still, W. C.; Tempczyk, A.; Hawley, R. C.; Hendrickson, T.JFAm.
Chem. Soc199Q 112 6127.

(21) Kornblum, N.; Brown, R. AJ. Am. Chem. Sod964 86, 2681
2687.



