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Conformational Analysis of Cyclooctanone:
Evidence from 3C Nuclear Magnetic Resonance

Miewon Jung®*

Department of Chemistry, Sungshin Women's University, Seoul 136-742. Received January 14, 1991

The “frozen-out” PC-NMR spectrum of cyclooctanone conformer was detected at —150C and is reported for the
first time. The stable conformation of cyclooctanone deduced by ®C-NMR measurements was a unsymmetrical boat-

chair conformation.

Introduction

Among medium rings the cyclooctanone is challenging sub-
strates for conformational studies since early attempts to
elucidate the conformation of cyclooctanone were not so suc-
cessful.! Most of the information has been obtained by X-
ray diffraction studies of crystalline compounds, molecular
mechanics calculations, NMR measurements, and additionally
from determinations of IR spectra, and dipole moments.
There are limitations for most methods, such as X-ray me-
thods requiring appropriate crystals for conformational analy-
sis. Spectra of medium ring compounds by IR measurements
are too complex for analysis (thus earier attemps by IR spec-
tra led to incorrect interpretations.) The diplole moment
measurments are largely limited to compounds which have
at least two polar groups. Among these methods for analysis
of conformation NMR is powerful tool although even it has
limitations.

For the conformational analysis of cyclooctanone, Anet's
group did an '"H-NMR study of cyclooctanone at low temper-
ature to freeze out a stable conformation. But they did not
deduce stable conformation because of the complexity of the

alkyt region in the 'H-NMR spectrum.? They also reported
the 'H and “C-NMR spectra of the Co-Cys cycloalkanones with
changing temperature form ~80C to —170C, but they did not
report a variable temperature “C-NMR study of cycloocta-
none.! ®C-NMR has been successfully utilized in the study
of molecular conformation in solution when one deals with
stable conformers or molecules where rapid interconversion
occurs at ambient temperature.

BC-NMR spectra are obtained in the present work at va-
rious temperature from 20C to —150T in order to find the
chemical shifts at the temperature at which the dynamic pro-
cess can be “frozen-out” on the NMR time scale and cyclo-
octanone can be observed as a stable conformation.

Experimental

Synthesis of Cyclooctanone-2,2,8,8,D,. Cycloocta-
none-2,2,8,8-D; was prepared from cyclooctanone (6.3 g, 0.05
mol) by heating it with DO (36 g 018 mol) and NaOD
(from 0.1 g Na) and freshly dried THF (5 m{) for 4 h The
mixture was saturated with NaCl, the organic phase was
seperated and the aqueous phase was combined, dried with
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Table 1, "C.NMR Chemical Shifts of Cyclooctanone at Various
Temperatures

Chemical shifts (ppm»

Temp. (Cr
C-1 c28 (C37 C456 C-5

22.0 214.20 42.04 26.03 27.82 25.08
—20.5 214.29 4203 26.04 27.82 2490
—-585 215.07 42.06 26599 2772 24.78
-90.3 216.53 42.13 26.00 2761 24.74
—-125.0 217.78 ‘ ‘ ¢ 25.45

— 1485 217.83 45,67 31.66 30.17 25.25

3976 2198 2626

*The “C-NMR spectra were obtained in CFCl; from 22T to —90
3T and in CFCL from —125C to —1485C, *Chemical shifts
were referenced by CFCl; (115.70 ppm) and CF;Cl, (126.30 ppm),
‘The signals were broadened and overlapped at this temperature.

Na,50,, filtered, and evaporated. After three such exchange
treatments, the cyclooctanone was isolated, distilled (5.3 g,
81%, bp 70T, at 3 mm), and shown to be 96% deuterated
at C; and C; by NMR spectroscopy.

BC-NMR (CDCly): 217.71 (s, Cy), 4091 (p, Jop=195 HZ,
Cs, Cy). 2682 (s, Cy, Cp), 25.19 (s, Cy, Cr), 24.44 ppm (s, Co).

13C.NMR Mesurements of Cyclooctanone. Both pro-
ton coupled and decoupled *C spectra were obtained to de-
termine multiplicities and aid signal assignments. The C
was measured with narrow spectral width to afford good
digital resolution {¢a 0.001 ppm/point). Temperature was con-
trolled during acquisition of spectra recorded while temper-
ature varied by more than * 1C were discarded. All chemi-
cal shifts reported were referenced to Me,Si (0.00 ppm) ei-
ther directly for '"H-NMR spectra or indirectly “'r °C spectra
by using solvent signals for reference: CDCly(77.00 ppm) as
a triplet, CF,Cl; (126.30 ppm} as a triplet, CFCl; (115.70 ppm)
as a doublet.

Bull. Korean Chem. Soc, Vol 12, No. 2, 1991 225

BC.NMR spectra of unlabeled and labeled cyclooctanone

samples were recorded from 20C to —150C at every 20T
interval and the entire spectra were measured with a2 width
of 20000 Hz anf 65000 data points. The solvents used were
CFCl, (from 20T to 90C) and CF.Cl; (from — 120C to —150
Q).

Results and Discussion

The chemical shifts at various temperatures are listed in
Table 1. Carbonyl and C-5(8) carbons were easily assigned
by the chemical shift and peak intensity in the room temper-
ature BC-NMR spectrum. The chemical shift of the carbonyl
carbon is expected to occur in the most downfield position
in the *C-NMR spectrum, and its peak intensity as a quater-
nary carbon is expected to be weak. The peak intensity of
the C-5(3) carbon is weaker than that of the other methylene
carbons because it has no equivalent methylene carbon. The
most deshielded peak in the alkyl region is assigned to C-
2 and C-8, since the carbonyl group exerts the greatest de-
shielding effect on the a carbons.

Attempts to sort out assignments of the other methylene
carbon peaks at room temperature led to use of the specifi-
cally deuterated cyclooctanone. In the case of C-2 deutera-
tion, for example, the assignment of chemical shifts of all
methylene carbons was easily achived. The assignments can
be explained by the following: (1) complete deuteration on
the C-2 and C-8 positions gives rise to splitting of the “C
signal at 41.47 ppm from a singlet to a pentet and to reduced
signal intensity; (2) C-3 and C-7, C-4 and C-6 carbons are
assigned according to the different intrinsic isotope shifts.
The pairs of nondeuterated methylene are differently shield-
ed by the intrinsic isotope effect with the larger effect expec-
ted for C-3 and C-7 carbons. The upfield isotope shift on
the signal at 26.03 ppm was 0.194 ppm, which is larger than
that on the signal at 27.79 ppm (0.094 ppm) in the “C-NMR
spectrum of a 2:1 mixture of ¢yclootanone-2,2,8,8-D; (2) and
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Figure 1. (2) The “C NMR Spectrum of Cyclooctanone-2,2,8,8-D, (2) at 185~, (b) The “C NMR Spectrum of a 2:1 Mixture of
Cyciooctanone-2,2,88-D, (2) and Cyclooctanone (1) at 185~ (asterisks indicate peaks of unlabeled cyclooctanone).
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Figure 2. “C-NMR spectra of cyclooctanone at various tempera-
ture.

(a) 5 peaks are present in a C-NMR spectum due to rapid
equilibrium at 22C (only the H peaks in the alkyl region are
shown). (b) Equivalent methylene carbons are broadened except
carbonyl and C-5 carbons at —125C. (¢} 8 carbon peaks are
well resolved since exchange is slow enough at —1485C

cyclooctanone (1) as shown in Figure 1 (The isotopicaily shif-
ted signals are somewhat broader than those for unlabeled
cyclooctanone, presumably due to unresolved coupling to
deuterium)., Thus, the 2603 ppm signal is assigned to C-3
and C-7 carbons and 27.79 ppm to C-4 and C-6, The remain-
ing signal is for the § carbon (C-5) which shows no resolved
isotope effect. The '3C signal assignments of cyclooctanone
by deuterium substitution agree with those of silverstein®

The structure of cyclooctanone on the NMR time scale
at room temperature was known as a conformational average
having net C,, symmetry which has two planes and an axis
of symmetry as in the plannar representation of cycloocta-
none.” The C, symmetry can be explained by any combina-
tion of rapidly intercoverted conformers.

The 'H-decoupled *C spectrum of cyclooctanone above
—585C in Table 1 has sharp singlet signals, shows brode-
ning at —90C in the signal at 26,0 ppm, has broad signals
also at 28,50 and 43.00 ppm at —125C, and finally has eight
sharp resonance signals at —150C. The “WC-NMR spectra
of cyclooctanone at several temperatures are shown in Figure
2 for comparison. The ¥C signals for cyclooctanone at —125
€ were broad except for the carbonyl and & carbons; the
rate of exchange was starting to slow down at this tempera-
ture but the “C signals were still broadened due to not
having reached the point of slow dynamic process at this
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Figure 3. Boat-chair cyclooctanone conformations from replace-
ment of methylene group by carbonyl group.

temperature. Since a dynamic process is slow enough on
the NMR time scale, previously averaged methylene carbons
show seperate signals at low temperature.

The C signals of the low temperature C-NMR spectrum
at —1485T can be readily assigned since the averaged me-
thylene signals at room temperature will split symmetrically
to upfield and downfield directions from the original position.
For instance, the most deshielded pair at 39.76 and 45.67
ppm (C-2 and C-8) can be assigned to a and a’ carbons,
among the eigtht methylene carbons, get the greatest deshil-
ding effect due to the carbony! group. The signais at 31.66
and 2198 ppm can be assigned to g and B’ (C-3 and C-7)
in the low temperature ®C-NMR spectrum because the C
signal of B carhons appear at the averaged position (26.03
ppm) at room temperature. The peaks or y and y" carbons
(C4 and C-6) are assigned at 30.17 and 26.26 ppm in the
low temperature “C-NMR spectrum which are averaged at
2782 ppm in the room temperature NMR spectrum. The
signals of carbonyl and & (C-5) carbons were not split at
low temperature. Thus, carbony! carbons, C-1 {217.83 ppm)
and C-5 (2525 ppm) can be fixed.

The carbonyl and & carbon lines remained unchanged at
all temperature in agreement with the presence of a single
kind of conformation (a chiral conformation and its mirror
image are taken to be the same kind of conformation). On
the other hand, the ¢, B, y carbon resonances are split into
1:1 doublets (actually pairs of singlet) at —1485C as shown
in Figure 2. The splitting of signals is consistent with pres-
ence of a single boat-chair conformation which lacks C, or
C; symmetry (t.e., no axis, or no plane of symmetry coinci-
dent with the C8-C=Q plane). If the conformation had any
symmetry elements, no change would occur in the "C-NMR
spectrum even at low temperature since the presence of sy-
mmetry would result in identical resonances for equivalent
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methylene carbons interchanged by a symmetry operation.
Nuclei interchanged by a symmetry operation have the same
chemical and electronic environments.? Figure 3 shows the
five possible types of boat-chair cyclooctanone resulting from
replacement of a CH; in cyclooctane. Replacement of a CH;
that lies on the symmetry element gives a structure which
retains the symmetry. Thus, replacement of CH; by CO at
C-3 or C-7 gives BC-3, BC-7 which still has C, symmetry.
However, BC-1, BC-2, and BC-8 are all unsymmetrical boat-
chair (C, point group). Replacement at the remaining posi-
tions {not shown in Figure 3) generates structures which
are enantiomeric with BC-1, BC-2 and BC-8: BC-1 and BC-
5 BC-2, and BC-4, and BC-8 and BC-6 are enantiomeric
pairs. If the cyclooctanone existed as crown or BC-3 or BC-
7 conformation in Figure 3, the signal of a, B, and y could
not be seperated simply be lowering the temperature.

Another interesting result is that the difference of chemi-
cal shift for the C-3, C-7 pair (§ and §' environments) is
the largest of the methylene pairs, which can be explained
by the location of the carbonyl group in the BC-1 boat-chair
conformation. The location of carbonyl group in either the
BC-3 or BC-7 conformers would generate a plane of symme-
try, te., the C, symmetry group, and thus no seperation of
C-3 and C-7 would occur at low temperature. The location
of the carbonyl in either the BC-2 or BC-8 conformers crea-
tes unsymmetrical boat-chair conformers, but the chemical
shift seperation between C-3 and C-7 would not be as large
as the seperation for BC-1 conformer. According to the cal-
culations of strain energy done by Allinger ¢t 4l.® the cyclo-
octanone boat-chair conformation has the lowest conforma-
tional strain energy among the possible conformations since
the carbonyl group remains at favorable site (position 1 or
5) to relieve nonbonded interactions and eclipsing strain pre-
sent in cyclooctane.®
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From these results, the existence of a single kind of con-
formation which must be unsymmetrical (boat-chair confor-
mation) is evident, which is consistent Allinger's MM2 force
field calculation. Several cyclooctanone derivatives and relat-
ed compounds had their structures determined by X-ray dif-
fraction. Most of these compounds had boat-chair conforma-
tions.!
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