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The conformational properties of medium-sized rings are of relevance to understand their intramolecular interactions and
reactivity. Here we have characterised the conformational landscape of the eight-membered ketone cyclooctanone by

broadband rotational spectroscopy in combination with quantum-chemistry calculations. Three conformers, two boat-

chair and one twisted boat chair configurations, have been identified and their spectroscopic parameters determined.

Cyclooctanone predominantly exists in the global minimum boat-chair conformation, whose bond lengths and angles have

been determined for the first time. The relative abundance of the global minimun with respect to the second conformer in

the energy ordering, a twisted boat-chair, is 40:1 in all carrier gases used in the supersonic expansion. The conformational

preferences of cyclooctanone are driven by minimization of repulsive non-bonded transannular interactions.

Introduction

Characterisation of the conformations and structural features
of cyclic alkanes and their derivatives has attracted a great
deal of attention over the years, as a testing ground for
theories on chemical bond, intramolecular forces and
reactivity. Molecular conformation is determined by the
balance of intramolecular forces, which in cycloalkanes include
angular strain, torsional strain and non-bonded transannular
interactions. The structural properties of small rings have been
extensively studied.”™® Large amplitude motions such as ring-

puckering and pseudorotation have been thoroughly
characterised in four- and five-membered rings, including
cycloalkanes, cycloalkanones and their  substituted

heterocyles.7_14 These investigations showed that angular
dominant,
replacement of a methylene group by a heteroatom or a

strain is and provided information on how

carbonyl group in the ring affects conformation and the

balance of intramolecular interactions. Six-membered

cycloalkanes and their derivatives were found to prefer a chair

6,15-19

conformation with very low levels of ring strain, while

seven-membered rings suffer some ring strain and undergo
. 20,21
pseudorotation.
Fewer structural investigations have been reported on
medium-sized eight- to twelve-membered cycloalkanes and
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their derivatives, including cycloalkanones. Conformational
analysis of these larger cycles is more complicated as flexibility
increases with ring size. Torsional strain and non-bonded
transannular interactions are expected to be more important

in determining ring conformation.”? Several studies of
medium-sized rings were conducted using  X-ray
crystallography,za’24 NMR spectroscopyzs_28 and electron

diffraction,”*° mostly during the 70s and 80s. These
techniques provide very valuable structural information, but
they have limitations to characterise multi-conformational
systems. An alternative is the use of microwave spectroscopy,
which due to its high resolution has the advantage of being
able to distinguish without ambiguity between different
conformations simultaneously present in the sample.

In this work we report the investigation of the eight-
membered ketone cyclooctanone using broadband rotational
spectroscopy29 in combination with quantum-chemistry
calculations. Cyclooctanone is used as a precursor in the
synthesis of more complex cyclic compounds, such as amber-*
and violet-smelling odorants31, and 14-membered cyclic
Iactonesaz, and it is a structural motif present in natural
compounds belonging to the terpenoid and lignin classes. ¥
The conformational landscape of cyclooctanone has been the
subject of some computational studies®* %, which predict
several conformers within 10 kJ/mol. Previous experimental
NMR data and vibrational and rotational spectroscopic
studies® with the presence of one
conformation of cyclooctanone in a boat-chair configuration.
However, the rotational study was conducted at low
resolution, and the rotational constants were estimated to
large uncertainties, of up to 100 MHz.

were consistent
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Figure 1. Conformers of cyclooctanone predicted at MP2/6-

311++G(d,p)+ZPC level of theory.

Our conformational analysis of cyclooctanone aimed to
establish whether one or more conformations coexist, and to
get an insight on the intramolecular forces dictating
conformational preferences. Are they different from those
playing a key role in smaller rings? We have identified three
conformers of cyclooctanone showing boat-chair and twisted
boat-chair configurations. The structure of the lowest-energy
boat-chair conformation has been determined and compared
with those reported for cyclooctane and smaller
cycloalkanones. The driving force for the preferred
conformations of cyclooctanone is to minimise non-bonded
repulsive interactions across the ring; the conformational
energy ordering is inversely proportional to the extent of these
interactions.

Results and Discussion

Conformational landscape of cyclooctanone

Our investigation of the conformational landscape of
cyclooctanone, carried out at different levels of theory and
using a larger basis set than previous investigations (see details
in the Experimental Section), yielded 10 distinct conformers
within 50 kJ/mol, which are grouped in four classes according
to the configuration of the ring (see Fig. 1): boat-chair (BC),
twisted boat-chair (TBC), crown (CR), and boat-boat (BB). This
set of conformers and their energy ordering are different from
those reported in earlier theoretical studies. The global
is predicted to be the same, the boat chair
conformation BC1 in our nomenclature (Fig. 1). However, the
second conformer in energy is predicted as a twisted boat
chair conformer (TBC1), followed by a boat chair conformer
(BC2) and a distorted crown conformer (CR1). At all the levels
of theory used in this work the boat-chair conformers
previously labelled 2% or cB-2* converged to the twisted
boat-chair conformer TBC1, and the formerly reported crown
conformation converged to the distorted crown CR1. Our
computational results vyielded an additional boat-boat
conformation BB2, which is the highest in energy. Rotational
constants, dipole moments and relative energies of all
predicted conformers are collected in Table 1 and Tables S1-
S2, and their Cartesian coordinates from MP2/3-611++G(d,p)
are included in Tables S3-512.

minimum

Rotational Spectrum

The broadband rotational spectrum of cyclooctanone was
collected in the 2-8 GHz region (Fig. 2). It is very intense and on
first inspection it does not seem to contain a lot of transitions.
The most intense lines were quickly identified as a- and c-type
J+1 & J transitions corresponding to the BC1 conformation of
cyclooctanone (Fig. 1), predicted to be the global minimum,
and observed in a previous microwave study.39 A total of 69
transitions (collected in Table S13) were fit to the Watson
Hamiltonian in the A reduction and III' representation40 using
Pickett’s SPFIT/SPCAT programs“. They yielded the rotational
and centrifugal distortion constants of Table 2, which improve
the former estimated values by several orders of magnitude.

Table 1. Ab initio™ spectroscopic parameters for conformers of cyclooctanone.

Parameter BC1 TBC1 BC2 CR1 BC3 TBC2 BB1 TBC3 BC4 BB2
A" (MHz) 1912 1991 2032 1919 1915 2114 1946 2007 2264 2175
B (MHz) 1692 1641 1648 1731 1679 1538 1627 1695 1450 1515
C (MHz) 1175 1100 1124 1128 1233 1118 1243 1118 1017 1126
Ha (D) 2.0 2.4 2.4 0.6 1.2 2.0 2.2 1.9 3.1 2.9
s (D) 0.1 0.2 0.5 -0.6 0.0 -0.5 -0.3 -1.0 0.0 -0.8
Le (D) 2.1 1.7 -1.6 2.1 2.5 2.1 2.1 -1.7 -0.8 -0.9
AEyp,? (cm™) 0 737 724 878 1196 1198 1261 1286 1684 2151
AEpp2+ZPC™ (cm™) 0 673 789 830 1212 1198 1248 1357 1716 2205
AG*E (em™) 0 494 753 716 1074 1115 1101 1341 1606 2132

[a] MP2/6-311++G(d,p); [b]

A, B, C are the rotational constants; W, M, and p. are the electric dipole moment components with signs

corresponding to the structures provided in the ESI; [c] Relative electronic energies; [d] Relative electronic energies including the zero-point

correction; [e] Gibbs free energies at 347 K.
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Since the rotational transitions of BC1 were very intense,
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Figure 2. 2-8 GHz spectrum of cyclooctanone in neon. The red stars
indicate the rotational transitions of conformer BC1. The enlarged region
2720-2760 MHz shows the 1¢;€-0y rotational transition of TBC1 (green
circle) and BC2 (blue square).

Table 2. Experimental spectroscopic parameters of the three
observed conformers of cyclooctanone.

Parameter Bc1lf TBC1 BC2

APl (MHz)  1909.57246(33)  1984.4524(10) 2026.75087(52)
B (MHz) 1683.01292(32) 1632.66619(89)  1638.36289(48)
C (MHz) 1162.36489(30) 1092.10687(92)  1115.46660(42)
K 0.4 0.2 0.1

A, (kHz) 0.3269(95) 1.246(61) 0.110(28)
Ax (kHz) -0.6958(45) -3.820(38) -

A (kHz) 0.5212(51) 2.908(28) -

8, (kHz) 0.01984(77) -0.0563(76)

8k (kHz) 0.7584(57) 3.926(50) -

a/b/c yIvly y/nly y/n/y

o' (kHz) 4.0 5.7 2.0

(e 69 37 13

[a] A, B and C are the rotational constants. A, Ay, A, 8, and &g are

the

centrifugal

distortion

constants; [b]

Ray’s

asymmetry

parameter; [c] a, b and care the type of transitions observed; [d] o
is the rms deviation of the fit; [e] N is the number of the fitted
transitions; [f] Rotational constants of BC1 from ref. [39] are A =
1910(5) MHz, B = 1680(30) MHz, and C = 1100(100) MHz [g]
Standard error in parentheses in units of the last digit.

This journal is © The Royal Society of Chemistry 20xx

transitions arising from its 3¢ and 0 isotopologues in natural
abundance (ca. 1.1% and 0.2%, respectively), were searched
for and observed at the expected frequency shifts from the
parent species. The measured transitions (Tables S$S14-S22)
were fit to the same Hamiltonian®® as the parent species and
the determined rotational constants are shown in Table S23.

Once transitions from BC1 cyclooctanone were removed
from the spectrum, further inspection led to the assignment of
two other conformers of cyclooctanone, and determination of
their rotational constants following the same procedure as
outlined above (see Table 2, and Tables S24 and S25 for the fits
of measured transitions). From the comparison between
and theoretical rotational constants, these
conformers were identified as TBC1 and BC2. The transitions
corresponding to the next conformer in the energy ordering,
CR1, could not be observed in the spectrum, probably because
it is not sufficiently populated in our supersonic expansion.

All three methods, MP2, B3LYP-D3BJ and M062X with the
6-311++G(d,p) basis set, predict the rotational constants of the
three observed conformers reasonably well. MP2 is the best
performing method with an average percentage difference of
0.54%, followed by B3LYP-D3BJ with 0.62% and M062X with
0.74% (the percentage difference is calculated as A
Acxp)/Aexp X 100%). MP2 consistently overestimates the B and C
constants, while B3LYP-D3BJ underestimates them. The
theoretical A rotational constant of conformer TBC1 shows the
largest deviation from the experimental value, 1.7% using
MO062X.

The relative abundances of the observed conformers have
been calculated considering that conformational abundance is
directly proportional to the intensity of its transitions and
inversely proportional to the square of the corresponding
dipole moment component. Since all of the assigned
conformers a-type  spectrum, estimated
conformational relative abundances by comparing common a-

experimental

have we
type transitions. The results (carrying estimated uncertainties
of 20%) show that BC1 is significantly more abundant than
TBC1 and BC2. Using Ne as a carrier gas, relative
conformational abundances are BC1:TBC1:BC2 = 525:12:1. In
addition to Ne, we have collected the spectrum of
cyclooctanone seeded in He and in Ar, which produce different
degrees of conformational relaxation. He is the least effective
relaxant among the three noble gases, whilst Ar is the most
effective and sometimes leads to the observation of just the
lowest-energy He, the relative
conformational abundances change to BC1:TBC1:BC2 =
210:6:1. In Ar, BC2 could not be detected as the S/N ratio was
lower than in the spectra with He and Ne, and the relative
abundances of the other two conformers are BC1:TBC1 = 40:1.

In all carrier gases conformer BC1 is about 40 times more

. 42
conformation. In

abundant than conformer TBC1, the second most abundant
conformer. This shows that conformer BC1 is the global
minimum and that there is a very strong preference of
cyclooctanone to adopt this boat-chair configuration. The
change in the relative conformational abundances of BC2:BC1
when changing carrier gas indicates that BC2 relaxes in our
jet. The paths for

supersonic interconversion are very

J. Name., 2013, 00, 1-3 | 3



Table 3. Experimental bond lengths (A), angles and dihedral angles
(degrees) of BC1 cyclooctanone (rs and ro structures), theoretical

MP2 structural parameters, and structural parameters of
cyclooctane.
Cyclooctanone Cyclooctane
e b VP2 Electron
Diffraction'
r(Cy-Cy) 1.527(5) 1.539(6) 1.536
r(Cs-Cy) 1.538(13) 1.544(6) 1.545
r(Ca-Cs) 1.519(6) 1.540(6) 1.535
r(Cs-Ca) 1.557(4) 1.541(6) 1.540
r(Cg-Cs) 1.515(16) 1.520(9) 1.522
r(07-Ce) 1.206(19) 1.215(9) 1.223
r(Co-Cs) 1.535(7) 1.520(9) 1.519
r(Co-Cg) 1.523(4) 1.535(6) 1.533
r(Cg-Cy) 1.526(4) 1.533(6) 1.531 -
Avg. r(C-C) 1.530(7) 1.534(7) - 1.540(1)
Z(C3-C,-Cy) 115.5(6) 115.2(3) 114.8 117.0(20)
Z(C4-C5-Cy) 115.5(6) 114.8(2) 114.5 116.1(18)
Z(C5-C4-Cs) 116.1(3) 115.7(2) 115.7 120.2(10)
£(Cg-Cs-Cy) 111.0(6) 111.8(4)9 111.7 116.1(18)
£(07-C6-Cs) 121.0(4) 120.4(5)"9 120.1 -
Z(Cy-C-Cs) 117.8(13) 118.8(6)" 118.3 117.0(20)
/(Co-Ce-07) 121.1(10) 120.7(8) 121.6 -
/(Cg-Co-Cg) 115.7(3) 115.6(3) 115.2 116.0(15)
/(Co-Cg-Cy) 114.8(3) 114.5(4) 114.1 116.1
/(Cg-C4-Cy) 116.1(1) 116.0(2) 115.7 116.0(15)
T(C4C3C,Cy) 104.7(9) 105.1(2) 105.8 98.4(35)
T(CoCsC1Cy) -56.7(3) -57.4(5) -58.6 -68.3
7(CgC1C,Cs) -54.4(3) -53.6(5) -53.0 -42.0
1(CgCoCs07) -140.3(7) -139.7(4) -138.2 -
7(CeCoCsC) 66.8(10) 67.4(10) 67.6 68.3

[a] The substitution structure has been determined from the
atomic coordinates including Costain’s error, and with signs taken
from from ab initio calculations; [b] Effective structure; non fitted
parameters were fixed to the MP2/6-311++G(d,p) value; [c]
De;;ved from the determined r, structure, not fitted directly; [d]
ED™.

complicated involving a large number of coordinate changes,
and including pseudorotation and inversion motions. However,
their calculation is out of the scope of this paper. Previously
reported barriers for pseudorotation and ring inversion of
cyclooctanone were calculated from vibrational and structural
data as having upper bounds of 33 kJ/mol and 36 kJ/mol,
respectively,39 and from NMR measurements as 26 kJ/mol and
31 kJ/mol, respectively.43 These barriers are too high to allow
for conformational relaxation in a supersonic jet considering
the typical limit of 13 kJ/mol ascribed to multipath molecular
systems.“’44 However, a complete exploration of the potential
energy surface may reveal other lower-energy paths for
conformational interconversion.

Structural Determination of Cyclooctanone BC1

The observation of the >C and "0 monosubstituted isotopic
species of conformer BC1l permitted to calculate the

4| J. Name., 2012, 00, 1-3

coordinates of these heavy atoms in the principal inertial axes
system using Kraitchman’s equations“s’46 (Table S26), and to
determine the substitution structure r,. The effective structure
ro was determined from a least-square fit of all the
experimental moments of inertia,47 where the structural
parameters of the hydrogen atoms were fixed to the MP2/6-
311++G(d,p) theoretical values. The bond lengths, bond angles
and dihedral angles of the BC1 conformer for both ry and ry
structures are collected in Table 3 (see Fig. 3 for atom
numbering).

Figure 3. Comparison of the r, structure of conformer BC1 (purple
spheres) with ab initio MP2 structure (grey framework).

The resulting structural parameters from both calculations
agree well with each other. There is a relatively large
discrepancy in the r(C,—C;5) bond length that is likely due to the
large uncertainty of the c substitution coordinate of Cj, very
close to zero. The internuclear distances r(C¢—Cs) and r(Cqo—Cg)
involving the carbonyl carbon Cg are quite different from each
other, which can be ascribed to the uncertainty in the c¢
coordinate of Cs;. Bond angles and dihedral angles from
substitution and effective structures are within 1°. The £(C-C—
C) angles, not including the Z(C—CO-C) angle, have all very
similar values of ca. 115°, except for £(Cs—Cs—C,) which is
about 4° more acute. The lower value of Z(Cs—Cs—C,) is
consistent across ry and rq structures and it is also predicted by
quantum mechanical calculations. Both rg and r structures are
in very good agreement with the theoretical ones. An overlay
of the experimental substitution ry and ab initio MP2
coordinates (Fig. 3) shows their excellent match.

We have compared the structure of cyclooctanone with
that of cyclooctane, previously studied by electron
diffraction48, to determine the effect of inserting a carbonyl
group in the ring. Structural studies of cyclooctane in the liquid
and gas phases indicate that it exists predominantly in a boat-
chair conformation.””*® Cyclooctanone maintains a strong
preference for being in a boat-chair conformation, thus
indicating that the overall conformational preference of an
eight-membered ring is not affected by substituting a
methylene by a carbonyl group. The electron diffraction study
of cyclooctane only provided an average sp3—5p3 C—C bond
length of 1.540(1) A. Bond lengths for cyclooctanone are
slightly shorter, with average values of 1.530(7) A and 1.534(7)
A for the r, and ry structures, respectively. The values of the
bond angles of cyclooctane and cyclooctanone are the same
within experimental uncertainties, except for the angles £(C¢—
Cs—C,) and Z(Cs—C,4—C3), which are about 4° more acute in

This journal is © The Royal Society of Chemistry 20xx
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Figure 4. Intramolecular distances for the observed boat-chair and twisted boat-chair conformers BC1, TBC1 and BC2, and the higher-energy boat-chair

conformers BC3 and BC4 at MP2/6-311++G(d,p) level.

cyclooctanone, probably to accommodate the carbonyl group
in the ring. The largest changes occur on the dihedral angles,
where there are differences of up to 10°, which collectively
result in the boat part of the ring being less “puckered” in
cyclooctanone than in cyclooctane. This
including a carbonyl group in the ring has been observed for
smaller cycles »

The structure of cyclooctanone can be compared with

behaviour on

those of related cyclic ketones previously reported by
microwave spectroscopy and electron diffraction.”*”*° The
average value of 1.534(7) A for the spa'-sp3 C—C internuclear
distance of cyclooctanone is similar to those reported for
cycloheptanone, cyclohexanone and cyclopentanone (Table 4).
The spz—sp3 C—C internuclear distance shows a greater
variation, with cyclooctanone

cycloheptanone, a shorter distance in cyclohexanone and a

similar values for and
longer one in cyclopentanone. The spz-sp3 C—C internuclear
distances for cyclooctanone and cycloheptanone are closer to
that determined for acetone, 1.517(3) A,SO probably a

reflection of the reduced ring strain in the larger cyclic

Table 4. Comparison of bond lengths (A) and bond angles (°) of
[al [b] ]

cyclopentanone, cyclohexanone, cycloheptanone and
cyclooctanone.ld]
parameter Cyclo- Cyclo- Cyclo- Cyclo-
pentanone hexanone heptanone octanone
r(C—C) sp>-sp> 1.531(4) 1.503(4) 1.517 1.520(9)
r(c-C) sp*sp® 1.542(3) 1.542(2) 1.536(2) 1.534(7)
r(C=0) 1.213(4) 1.229(3) 1.219(12) 1.215(9)
£(C—CO—-C) 108.6(2) 115.3(3) 117.3(18) 118.8(6)
Avg £(C—C—C) - 110.8(2) - 114.8

[a] ED+MW™; [b] ED+MW?"; [c] ED?; [d] This work, ro.

This journal is © The Royal Society of Chemistry 20xx

ketones. The C-O internuclear distances are very similar for all
so far, with the exception of
cyclohexanone, that exhibits a slightly larger distance. They are
also similar to the value determined for acetone 1.210(4) A.
The bond angles show clear trends as the size of the ring
increases. In going from cyclopentanone to cyclooctanone, the
Z(C—CO—C) angle becomes more obtuse and closer to the
typical spz-hybridized angle of 120°. The £(C—CO-C) angle of
the six-, seven- and eight-membered cyclic ketones are, within
uncertainties, essentially the same as that of acetone, of
116.0(15)°. Cyclopentanone presents a considerably more
acute angle of 108.6(2)°, reflecting its larger ring strain.
Changes in the Z(C—C-C) angles are dictated by structural
requirements due to ring size. The average £(C—C—C) angle in
cyclooctanone, calculated without including £(Cs—Cs—C,) (see
above) and Z(C-CO-C), is 115.3(3)°, very similar to the
average value of 115.5(5)° for cycloheptanone. Cyclohexanone
has an average angle of 111.1(2)°, closer to the tetrahedral
angle of 109.5°, and cyclopentanone of 103.8(2)°. Dihedral
angles cannot be directly compared.

cyclic ketones studied

Intramolecular Interactions

There is a huge difference in abundance between conformer
BC1 and the other observed conformations of cyclooctanone,
which of the various
intramolecular interactions at play (see Fig. 4). All observed
conformers show attractive C—H---O interactions between the
oxygen in the carbonyl group and neighbouring hydrogen
atoms, eclipsed configurations of hydrogen atoms that
produce steric strain, and repulsive interactions CH---HC across
the ring. BC1, TBC1 and BC2 display very similar C—H---O
interactions (green). The HCCH eclipsed conformations (blue)
are also essentially the same for all three conformers. The
main difference lies on the CH---HC repulsive interactions

can be rationalised in terms

J. Name., 2013, 00, 1-3 | 5
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(red), which are stronger in TBC1 and BC2 than in BC1 because
the H atoms are located at shorter distances. The differences
in these interactions are larger between TBC1 and BC2 than
between BC1 and TBC1, which can be taken as an indication
that, for the same position of the carbonyl group in the ring,
boat-chair configurations are more energetically favoured than
twisted boat chain configurations.

If we compare the theoretical structures for all boat-chair
conformations (Fig. 4) it can be seen that BC3 and BC4,
although benefiting from having two C—H-:-O interactions, also
have two HCCH eclipsed interactions, and a higher number of
short CH---HC interactions across the ring than BC1 and BC2
and therefore they lie at higher energies. The shorter CH---HC
interactions for BC4 explain its higher relative energy with
respect to BC3.

Conclusions

Three conformers of cyclooctanone, two boat chair and one
twisted boat chair configurations, have been identified from
the analysis of its high resolution rotational spectrum in a
supersonic jet, and their spectroscopic parameters have been
determined to high accuracy. The experimental data obtained
using different carrier gases demonstrates the strong
preference of cyclooctanone to adopt the boat chair BC1l
conformation, which is about 40 times more abundant than
the next conformation in the energy ordering, the twisted boat
TBC1 conformation. The least abundant conformer is a second
boat-chair conformation. Our experimental results validate the
conformations and energy ordering predicted by our
computational calculations, and are consistent with theoretical
Gibbs free energies.
The experimental abundant
conformation of cyclooctanone has been determined, which,
to our knowledge, is the first structure of an eight-membered
ring determined by rotational spectroscopy. The insertion of a

structure of the most

carbonyl group in place of a methylene group does not change
the conformational preferences with respect to the eight-
membered cycloalkane, but it introduces changes in the bond
and dihedral angles that make cyclooctanone a “flatter”
molecule than cyclooctane.

Three main types of non-bonded interactions are at play in
eclipsed configurations of hydrogen atoms that cause steric

cyclooctanone, namely attractive interactions,
strain, and repulsive CH---HC interactions across the ring. Our
data shows that the strong preference of cyclooctanone to be
in the boat chair configuration BC1 is due to a reduction of the
repulsive interactions for this configuration of the cycle. The
energy ordering of cyclooctanone conformers is determined by
the strength of the repulsive interactions and the number of
eclipsed configurations around the ring.

The conformational and structural analysis presented in
this work reveals the intramolecular forces responsible for
conformational preferences, and shows the importance of
repulsive interactions, which are likely to play a relevant role in
other medium-sized cycles. Our results highlight the unique

application of rotational spectroscopy in combination with

6 | J. Name., 2012, 00, 1-3

quantum-chemistry  calculations to  obtain  accurate
information on the behaviour of complex multiconformational
systems. Further studies on the pseudorotation and inversion
pathways  of help  understand

conformational internal

cyclooctanone  will

interconversion and dynamics.
Structural investigations of larger cyclic ketones will yield
information on the balance of intramolecular forces in more
flexible and complex rings and help elucidate possible trends
as the size of the ring increases. These results can be
compared with those from recent rotational studies of large
ring crown ethers® ™3, where attractive C—H---O and repulsive
0O--O interactions dictate conformational preferences, to
understand the changes induced by replacing —CH, groups by
oxygen atoms. Accurate information on the interactions of
larger cyclic ketones is of use for the design and control of

. . . . . 54,55
reactions involving medium-sized cycles.

Experimental Section

The rotational spectrum of cyclooctanone was recorded using
the CP-FTMW spectrometer at King’s College London, which
operates in the 2-8 GHz frequency range.ss’57 Optimal signals
were obtained by placing cyclooctanone (98%, m.p. 313 K) in a
bespoke heated nozzle at 347 K. Gas-phase cyclooctanone was
seeded in neon at stagnation pressures of 5 bar and conducted
to the vacuum chamber, where it was polarised with 4 chirped
microwave pulses of 4 us length. After each excitation pulse,
molecular relaxation signals (free inductions decays, FIDs)
were collected for 20 us by our digital oscilloscope. The time
domain spectrum was converted to the frequency domain
using a fast Fourier-transform algorithm with a Kaiser-Bessel
window. 1.4 million FIDs were coherently added to produce
the spectrum of Fig. 2. The spectra of cyclooctanone seeded in
helium and argon as carrier gases were collected with the
same set up. Molecular pulses of 1000 ps duration were used
when neon was used as carrier gas, and of 600 ps duration
when helium and argon were used.

The conformational landscape of cyclooctanone was first
sampled using molecular mechanics (MM+), with an energy
limit of 84 kJ/mol, which yielded eleven conformations. The
geometry of the conformational minima was then optimized at
the M062X, B3LYP-D3BJ and MP2 levels of theory with the 6-
311++G(d,p) basis set using Gaussian09.”® The DFT and ab
initio calculations returned ten distinct conformations (Fig. 1),
as one of the initial crown conformers converged to distorted
crown. Harmonic vibrational calculations at the three levels of
theory were also carried out to determine whether all the
minima are local minima in the potential energy surface, and
obtain zero-point corrections and Gibbs free energies of the
conformers. Rotational constants, dipole moments and
relative energies of all predicted conformers are collected in
Table 1 and Tables S1-S2.
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