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The all-syn isomer of 1,2,4,5-tetrafluorocyclohexane is prepared
and characterised by NMR and X-ray crystallography. It
emerges to be a particularly polar cyclohexane analogue with
differentially polarised faces.

Recently we reported the synthesis of the all-syn isomer of
1,2,3,4-tetrafluorocyclohexane 1.! This was the first example
of a tetrafluorocyclohexane to be prepared and unexpectedly it
was a solid material at room temperature. X-ray crystallography
revealed a chair conformation for cyclohexane 1 in the solid
state with two C-F bonds orientated 1,3-diaxial (Fig. 1).
Although formally non-chiral, cyclohexane 1 crystallised as a
set of enantiomeric dimers. The two polar axial C—F bonds
running parallel to each other contribute to a large molecular
dipole (4.91 Dy).

As part of a general programme aimed at preparing aliphatic
organic molecules containing vicinal C-F bonds of defined
relative stereochemistry,” we now report a second example of
an all-syn-tetrafluorocyclohexane, with the synthesis of isomer 2.
Diethylsulfur trifluoride (DAST) has been shown to react with
epoxides at high temperature (50-70 °C) to yield syn-difluorides.’
Therefore we decided to attempt this reaction with a diepoxide.
Thus syn-1,2,4,5,-tetrafluorocyclohexane 2 was prepared directly
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Fig. 1 Ring interconversion of 1 generates conformational enantio-
mers, with the fluorine atoms on one face of the molecule.
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Scheme 1 Synthesis of 2; (i) mCPBA, CH,Cl,, —15 - —10 °C, 52%.
(ii) DAST, 70 °C, 24%.

by treatment of diepoxide 4 with DAST, at 70 °C as illustrated
in Scheme 1.* The tetrafluorocyclohexane was isolated after
repeated chromatography in 24% yield. Although a modest
recovery the stereospecific incorporation of four C—F bonds
makes this a useful reaction.

The F{'H}-NMR spectrum of 2 was recorded at ambient
temperature, however this was featureless and broad (Fig. 2A).
When the ""F{'H}-NMR spectrum of 2 was recorded at a low
temperature (193 K in [*Hg]-toluene) two signals resolved
corresponding to an equivalent set of axial and equatorial
C-F bonds (Fig. 2B). The signals show an expected second
order AA’XX' pattern. The "H-NMR spectrum recorded at
193 K in both [*Hg]-toluene (Fig. 3A) or [*Hy]-dichloromethane
(Fig. 3B) resolved into six individual proton signals due
to relatively slow ring interconversion. On examination the
signals for the three axial (red) protons 1H, and 3H, on the
lower face of 2 are significantly shielded (4 + 1.69 and 4 +
1.31 ppm), and the axial proton on the top face 4H, is
deshielded, (4 — 0.15 ppm) in [*Hg]-toluene relative to the
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Fig. 2 (A) ""F-NMR (282 MHz) of 2 at 298 K, in [?Hg]-toluene.
(B) F-NMR (282 MHz) of 2 at 193 K, in [*Hs]-toluene. The peak in
the upper spectrum is over 3000 Hz wide, which resolves to an
axial (—188.7 ppm) and an equatorial (—201.0 ppm) signal at low
temperature.
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Fig.3 (A) Low temp 'H-NMR (300 MHz) of 2 at 193 K, in
[*H,]-dichloromethane. (B) Low temp 'H-NMR (300 MHz) of 2 at
193 K, in [*Hg]-toluene. The upfield shifted peaks at 3.22 ppm (3H,)
and —0.06 ppm (1H,) correspond to the lower face axial hydrogens
which are shielded by C—H/r electrostatic interactions with toluene at
low temperature.

spectrum recorded in [*H,]-dichloromethane (Fig. 3A). Most
striking is the unusually high field signal at —0.06 ppm (dt),
assigned to the axial 1H, proton, on the lower face of 2 lying
antiperiplanar to the two axial C-F bonds. The observed shifts
in toluene are indicative of a C—H/r electrostatic interaction
between the lower face axial protons and the © system of the
aromatic ring.’ This suggests that the two faces of the molecule
are differently polarised. To explore this further an electrostatic
surface potential map of 2 was calculated. This confirms that
the two faces of the molecule are differentially polarised as
illustrated in Fig. 4 with the upper ‘fluorine’ face electronegative
and the lower ‘hydrogen’ face electropositive.

A suitable crystal (mp = 107-109 °C) of 2 was submitted
for X-ray structure analysis and the resultant structure is
shown in Fig. 5.

The structure of 2 posesses a set of axial and a set of
equatorial C—F bonds each located 1,3 to each other. Ring
interconversion generates an identical structure, unlike 1
which is enantiomeric. The intramolecular F---F distance
between the two diaxial fluorines in 2 is 2.80 A, and the C-F
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Fig. 4 Calculated electrostatic surface potential maps of 2 (geometry
optimization: B3LYP/6-311+G(2d,p) level of theory; red corresponds
to a partial charge of —0.043 e, blue to +0.097 ¢).® (A) A view of the
lower ‘hydrogen’ face of 2 showing three axial and two equatorial
(blue) hydrogens. (B) A side view of 2 showing the upper —ve (red)
face and a lower +ve (blue) face. (C) A view of the upper ‘fluorine’
face of 2 with two axial (central) and two equatorial fluorine (red)
atoms. The axial hydrogen is neutral (green).
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Fig. 5 Top: X-Ray structure and drawing of 2 showing a pair of
1,3-diaxial and 1,3-diequatorial C—F bonds. Bottom: Packing of three
molecules of 2 in the X-ray structure showing intermolecular contacts
between the positive and negative faces of the molecules. The distances
are the shorter intermolecular CF---HC contacts.

bonds are splayed 5.6° from perpendicular, presumably to
minimise dipolar repulsion. The crystal packing arrangements
between molecules of 2 reinforces the electrostatic analysis
illustrated in Fig. 4 where the upper ‘fluorine’ faces contact the
lower ‘hydrogen’ faces in the solid state (Fig. 5). Consistent
with this are some relatively short CF- - -HC contacts (~2.49 A)
indicating weak electrostatic hydrogen to fluorine contacts.”
In order to explore how close the experimental structure
was to a theory determined (MP2/6-311+G(2d,p)//B3LYP/
6-311+G(2d,p) + ZPE level of theory)® minimum gas phase
structure, the X-ray coordinates were used as the starting
point and the F---F distance was varied around 2.80 A. The
changes in energy (blue) and dipole moment (red) relative to
the F- - -F distance are presented in a graphical form in Fig. 6.
The lowest energy structure which emerged from this study
had the intramolecular F- - -F distance at 2.81 A similar to the
experimental observation (2.80 A). The calculated molecular
dipole moment for 2 is 5.24 Dy, a higher value than that
determined for isomer 1 (4.91 Dy).

The high polarity is consistent with the electrostatic surface
potential map illustrated in Fig. 4. Increased splaying of
the diaxial C-F bonds reduces the overall molecular dipole
moment (Fig. 6), however the relative energy begins to
increase due to emerging eclipsing interactions including those
between vicinal C—F bonds. Thus the equilibrium structure is
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Fig. 6 Calculated structures of 2 (MP2/6-311+G(2d,p)//B3LYP/
6-311+G(2d,p) + ZPE level of theory) varying the F---F distance.®
The relative energy change (blue) in kcal mol™!, generates a minimum
structure at 2.81 A and a dipole moment of 5.24 Dy.

tensioned between C—F/C-F eclipsing and C-F/C-F diaxial
interactions.

In summary all-syn 1,2,4,5-tetrafluorocyclohexane 2 has
been prepared and analysed both by solution and X-ray
structure analysis. It is calculated to have a large dipole
moment (5.18 Dy) for an aliphatic organic compound arising
largely due to the 1,3-diaxial C—F bonds in the equilibrium
structure. This leads to a polarisation with an electropositive
and an electronegative face of the molecule. The structural
motifs of 1 and 2 suggest design features for the incorporation
of these moieties into liquid crystalline materials which demand
molecular species with low viscosity but high polarity.
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