Probing the helical integrity of multivicinal all-syn-fluoro alkanes
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This study extends our interest in the synthesis and conformational
behaviour of all-syn multivicinal fluoro alkane motifs. Specifically
an all-syn 1,2,3,6,7,8-hexafluorooctane chain was assembled with a
run of three fluorines, of the same stereochemical sense (syn) to
the direction of the chain, on each side of an ethylene (-CH,CH,-)
spacer to explore if the helical sense of the chain crosses the
ethylene bridge. The solid state (X-ray) structure indicated a
continuous helix however in solution (NMR) and by DFT
computation, although the individual all-syn 1,2,3-trifluoro motifs
maintain good helical integrity, the molecule is much more dynamic
across the ethylene bridge. It was notable however that a low
energy, non-helical conformer has a high molecular dipole (x=
7.15D) indicating a role for this skipped motif in soft materials such
as liquid crystals or polar polymers.

Introduction

The consequences of replacing fluorine for hydrogen at sp3
carbon centres remains one of the least studied aspects of
structure property relationships in organic chemistry.! This can
be contrasted with the rich chemical literature associated with
placing fluorine on an aromatic ring, a modification common for
example in medicinal chemistry.2 Due to this limited attention
we34and others,>8 have been led to explore the physiochemical
properties of partially fluorinated alkyl motifs and this is
emerging as an important contemporary focus in organo-
fluorine chemistry. In this context our lab has investigated the
synthesis and properties of alkanes with multiple
fluoromethylene carbons (-CHF-) joined linearly3 and in rings* as
summarised in Figure 1 (a) and (b) respectively. Such
compounds have vicinally arranged C-F bonds and have up to 2"
stereoisomers (where n equals the number of -CHF-stereogenic
centres). What emerges is that partial aliphatic fluorination
increases molecular polarity due to polarisation of the geminal
and vicinal hydrogens® and we have highlighted that this is
particularly striking in conformationally constrained all-syn
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Fig 1. Examples of (a) multivicinal fluoroalkanes, (b) Janus faced
fluoro-cycloalkanes and (c) bioactives containing a linear tetrafluoro
alkyl motif.

These rings are highly polarised because they have fluorines on
one face of the ring and hydrogens on the other. The term
‘Janus rings’ has been coined?? to describe such systems due to
the different electrostatic profile of each face, illustrated by the
cones in Figure 1. For conformationally free alkane chains of this
class, then the polar effects are reduced as the chains can access
low polarity conformations. That said, Gilmour’s lab has
recently shown®a that different configurations of the fluorines
along the tetrafluoro alkane chain in drug analogues 4 and 5,
displayed different physiochemical properties including
significant solubility differences, demonstrating that even in
linear alkanes, isomers cannot be considered to have equivalent
properties.
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Fig 2. X-ray structures are shown for the helical structures for all-syn
isomers 638 and 7,3 and the anti zig-zag structure of 8.3 The helical
structures arise to avoid 1-3 F-F dipolar repulsion (shown by arrows)
which would occur if 6 and 7 were extended chains. This is not the
case for isomer 8 where there are no such 1-3, F-F repulsions in an
extended structure and thus the aliphatic chain adopts an anti-zig zag
conformation.

Our interest in exploring such systems emerged from studying
stereoisomers of alkane chains carrying three,3*h four3de five3c
and six®® vicinal fluorines. Some relevant structures are
exemplified by compounds 6-8. We have placed a particular
focus on all-syn vicinal fluoroalkanes such as 6 and 7 and find
that the all-syn chains tend towards a helical arrangement of
the C-F bonds, although it takes a minimum of three vicinal
fluorines to induce the helical turn. This arises largely due to
dipolar repulsion between the first and third fluorines if the

main chain adopts the classical anti zig-zag conformation
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associated with an alkane chain!! as illustrated for tetrafluoro
and hexafluoro alkanes 638 and 73 which possess four and six
fluorine atoms respectively. The X-ray structures shown in
Figure 2 indicate a preferred conformation where the vicinal C-
F bonds are all gauche to each other and this helical twist
propagates along the chain length. This structure is also the one
which dominates in solution as indicated by NMR experiments.
In the structures of 6 and 7 the dihedral angles between the
vicinal F-C-C-F bonds are always close to ~60°.

These conformations can be compared to
fluorodiastereoisomer 8 isomer which has the two central
fluorines ‘back’ and does not have any 1,3-C-F repulsive
interactions when the chain is extended, and thus the main
chain adopts an anti zig-zag conformation as shown in Figure 2.

the hexa-

In this paper we have prepared hexafluorooctane 9 with two all-
syn vicinal trifluoro sequences insulated from each other by a
central non-fluorinated ethylene (-CH,CH,-) insert. The
objective was to explore the propensity of this chain to continue
a helical conformation across the non-fluorinated carbons. The
molecule was prepared with terminal cyclohexane motifs,
anticipating that this would impart crystallinity, in order to
facilitate X-ray structure analysis for comparison of the solid and
solution state (by NMR) structures.

The synthesis of 9, as well as a discussion on the X-ray structure,
the solution conformation (by NMR) and a computational
analyses of preferred conformations are described below.

Results and discussion

The synthesis used to prepare hexafluoroalkane 9 is shown in
Scheme 1. The route commenced with the preparation of
propargyl alcohol 11 via in an enantioselective zinc-acetylide
addition reaction to generate cyclohexanecarboxaldehyde 10,
employing the method developed by Carreira.1?2 This generated
11 in 88% yield and a 96% ee. Red-Al mediated reduction of
alcohol 11 then afforded E-allylic alcohol 12 in good yield,!3 and
this was followed by a Sharpless epoxidation to generate the
diastereocisomerically pure anti-epoxyalcohol 13.14 A
stereochemical inversion of the alcohol moiety in 13 was
required in order to generate a precursor with all of the C-O
bonds syn to each other. Thus a configurational inversion, under
standard Mitsunobu conditions,5> gave the para-nitrobenzoate
ester 14, which was then hydrolysed to the free alcohol 15 by
careful alcoholysis with K,CO3 in methanol.16 A sequence of TBS
protection, benzyl ether hydrogenolysis,1? Dess-Martin
oxidation!® to aldehyde 18 and then treatment with the ylid
derived from methyl triphenylphosphonium bromide, gave
terminal alkene 19 in an overall yield of 61% for these four
steps.

This journal is © The Royal Society of Chemistry 20xx



Please do not adjust margins

Journal Name

OH
(0] i ii
WH X OBn
10 — oen 11 (96 ee)
OH OH )
A _~_oen i ~_OBn v,
— a
12 13
NO,
v QH
- W/;\/OB" S/
oo °
WOB" 15
14
oTBS . oTBS
B Vil < Vil
SO A~ 0B L X\ A~ _OH .
7
16 17
OTBS ix (:)TBS
W/\&o S o = —
) o)
18 19
O
OH F : o5 i
AN AN ——
o 0
20 21
F F xiii FF OH
oH cat My OH F F
22 23
XLV/
F F oTf
.
ot F F
24 \fv
F F F
WW
F F F
P aie <V *
cat My; RTu"CI l xvi
usedin ¢ |
step xiii PPhg F F F
F F F

Scheme 1: i) Zn(OTf),, (+) N-methylephedrine, EtsN, Tol., reflux, 16h,
88%; ii) Red-Al, THF, -40°C, 5h, 92%; iii) Ti(OPr-i)s, (-)
diisopropyltartrate, t-BuOOH (0.8), 44 MS, DCM, - 40 °C, 4 d, 72%; iv)
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p-nitrobenzoic acid, DEAD, PPhs, THF, 0 °C then rt 16h, 63%; v) K,COs,
MeOH, rt, 2 hrs, 97%; vi) TBSOTT, Pyr, rt, 16h, 95%; vii) Ha, 10% Pd/C,
MeOH, rt, 16h, 92%; viii) Dess-Martin periodinane, Pyr, DCM, rt, 16h,
80%; ix) MeP(Ph); Br, KHMDS, THF, -10 °C; 93%; x) 0 °C, EtsN.3HF, 120
°C, 16h, 82%; xi) SO,Cl,, EtsN, DCM, -78 °C then -10 °C, 85%; xii)
EtsN.3HF, 110 °C, 16h, 18%; xiii) Catalyst M23, DCM, rt, 5 day, 59%;
xiv) Tf,0, DCM, rt, 3d, 95%; xv) EtsN,3HF, EtsN, 50 °C, 4h; xvi) Hy, 10%
Pd/C, MeOH, rt, 16h; (80% steps over last two steps).

Nucleophilic deoxy-fluorination reactions were now explored to
introduce the fluorines with inversions of stereochemistry.1® In
the first instance nucleophilic ring-opening (EtsN.3HF at 140 °C)
of the epoxide ring in 19 led to 20, with the introduction of the
first fluorine atom at the allylic position.3220 We then used a
cyclic sulfate strategy originally developed by Sharpless,?! that
we had employed previously,32& for further fluorination.
Accordingly treatment with sulfuryl chloride provided cyclic
sulfate 21,212 which was ring opened using an excess of
EtsN.3HF, for the introduction of the second fluorine in 22. Ring
opening occurs exclusively to the C-O-sulfate bond furthest
from the first fluorine. This reaction was not so efficient and
occurred in a modest yield along with various elimination
products. The most straightforward strategy appeared to be to
introduce the third fluorine at this stage, however O-triflation
of difluoro alcohol 22, followed by treatment of the resultant
triflate with EtsN.3HF, failed to result in a successful fluorination
reaction. Therefore the direct approach was modified and
alcohol 22, through its terminal alkene moiety, was subjected
to a symmetrical cross-metathesis reaction employing the M3
catalyst, developed by Nolan.22 This gave tetrafluorodiol 23 in
52% vyield, and because alcohol 22 was enantiomerically
enriched, the coupled product is generated as a single
diastereoisomer. Any traces of minor diastereoisomers are
removed by chromatography, resulting in both a
diastereoisomerically and enantiomerically pure product.
Simultaneous triflate activation of each of the free hydroxyl
groups in diol 23 gave 24, and then subsequent substitution
with fluoride anion, furnished hexafluoro alkene 25, but
unfortunately the yield of this reaction was rather low (10%).
Finally, and happily, a Pd-catalysed hydrogenation of 25 gave
the target hexafluoro alkane 9 in almost quantitative yield.

*Jwe =15.7 Hz

(e

Yur =47.4 Hz

Fig 3. X-Ray structure of 9, with annotated hydrogen-fluorine NMR
coupling constants derived from 1°F-NMR. (Structure deposited as
CCDC 1971579).
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Solid state and NMR conformers

Hexafluoroalkane 9 was a crystalline solid (mp 120°C) and a suitable
crystal was subject to X-ray structure analysis. The resultant
structure is shown in Figure 4. The three vicinal C-F bonds within each
trifluoro motif, rotate ~60° to each other as they progress along the
chain. The first and third C-F bonds are approximately perpendicular,
relaxing any dipolar repulsion. The trifluoroalkane motifs in 9 have
an orientation which almost superimposes on the structures of the
first three fluoromethylene carbons of the tetrafluoro and
hexafluoro all-syn isomers 5 and 6 (Figure 2). Indeed the overall
conformation of the carbon chain of 9 is similar to that of the
hexafluoro isomer 6 across the insulating ethylene (-CH,CH,-) bridge.
The sense of the helix carries onto the second trifluoro motif, thus
the solid state structure indicates that helicity is maintained across
the ethylene bridge. Solution state NMR is less clear. What is clear
from 1°F-NMR is that the individual trifluoro- motifs adopt the
anticipated helical conformation in solution. This is indicated by the
hetero nuclear HF coupling constants, and the values for these are
illustrated in Figure 3 for the central ‘second’ fluorine atom of the
triad. The 3Jue coupling constants of 26.4 Hz and 15.4 Hz are
indicative3be 23 of one anti-peri-planar and one gauche relationship
respectively, to the neighboring 1 and 3 C-F bonds, consistent with
the solid state structure. It proved less easy however to deconvolute
the coupling constants between the fluorines and protons of the
trifluoro- motif and those of the ethylene bridge. This was due to
signal multiplicity arising from complex second order effects
between the ethylene protons (each hydrogen of the ethylene bridge
is formally chemically equivalent, but magnetically nonequivalent
with respect to the nuclei of the trifluoro motif), and further
complexity arises due to conformational flexibility across this
bridging region. There is a clear sense from NMR that there is greater
conformational stability within the trifluoro- motifs than across the
ethylene bridge, in solution. A computational study was carried out
to gain further insight into the conformational flexibility of 9.

DFT Computational study

Given that the NMR data for 9 suggested some conformational
dynamics in solution a computational analysis was carried out to
explore the relative energies on candidate conformers. The relative
enthalpies (AH) and free energies (AG) as well as the molecular
dipole moments (x) for various conformers were explored by DFT
(B3LYP-D3/6-311+G**//B3LYP/6-31G*).2¢ The resultant data is
summarised in Table 1. In the first instance a comparison was
explored between the all helical conformer 9a (which approximates
the X-ray structure) and the fully extended zig-zag conformer 9d.

9a 9b 9c 9d
(kcal/mol) | (kcal/mol) | (kcal/mol) | (kcal/mol)
AH 0.36 0.0 2.09 4.64
(cPCM)
AG 0.41 0.0 1.84 4.13
(cPCM)
7, 7.11D 1.01D 6.13D 9.79D
(CcPCM) b

aB3LYP-D3(CPCM)/6-311+G** |evel, in kcal/mol relative to b (solvent
model using the parameters for CH,Cl,).

Tablel: Relative enthalpies (AH2?8K) and free energies (AG2%%K) of
conformers 9a - 9d in a conductor-like polarisable continuum model
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(CPCM), italics:

molecular dipole moment u [in Debey (D)] in the continuum.

modelling dichloromethane.? (In computed

These experiments found that the optimised fully extended zig-
zag conformer 9d was over 4.0 kcal/mol higher in energy than
the helical conformer 9a. There are two 1,3-difluoro repulsions
in 9d which contribute significantly to raising the energy of this
conformer over 9a, where there are no such interactions. It is
interesting that helical conformer 9a retains a high molecular
dipole, only a little lower than that of 9d (9a; = 7.11D & 9d; i
=9.79 D), despite being significantly lower in energy. This arises
because all six fluorines are on one side of the molecule, in this
relaxed conformation, most clearly illustrated by viewing 9a
along its longitudinal axis as shown in Figure 4. There are no
fluorines on the central ethylene bridge; if there were, those

Side view (similar to X-ray)

longitudinal view of 9a

9b helical-anti-helical structure (lowest energy conformer)

{
£ 5
? 24 T2 #
@ 9 ?

9c helical-partial anti-zig-zag structure

1 J?{J
b

9d full anti-zig-zag structure (highest energy
structure)

Fig. 4 Computed (minimised) conformers for 9a-9d. Relative energies
are given in Table 1.

fluorines would locate on the opposite face and reduce the
overall molecular dipole. Eg consider the much lower calculated
molecular dipole for the all-helical conformation for the virtual
all-syn octafluoroalkane 26a (x = 2.51D) illustrated in Figure 6.
In order to probe the contributions of the 1,3-difluoro

This journal is © The Royal Society of Chemistry 20xx



repulsions due to C-F eclipsing interactions, conformations
were set such that either one (9c), or both (9b) of the flanking
trifluoro motifs of anti zig-zag 9d were relaxed into a helical
conformation. In each case the energy of these conformers
reduced sequentially (Table 1), and 9b with helical
trifluoromotifs and an antiperiplanar conformation across the
acetylene bridge became the lowest energy conformer of all.
This conformer also had a very low molecular dipole (9b; x =
1.01 D) and is more stable (AH = -0.36 kcal/mol) than the fully
helical structure 9a. Preliminary calculations in the gas phase
(data not shown) indicated that the energy difference between
the lowest energy conformer 9b and all of the higher energy
conformers reduced significantly in a conductor-like polar
continuum model (CPCM). Table 1 reports the energies at a
dielectric constant mimicking dichloromethane. The data
suggests that in solvents more polar than dichloromethane then
particularly, conformers 9a and 9b will interconvert in solution
as they become closer in energy (AH = 0.36 kcal mol1; AG =0.41
kcal mol?)

” 26a
Q
L
H . :4*,‘ o
r{ o 9 7)- o 9
9 J

* 9 26b
helical 26a helical-anti-helical 26b
(0.0 kcal/mol) (+4.1 kcal/mol)
(1=3.87D) (£=0.72 D)

Fig. 5. DFT computed conformers (B3LYP-D3(CPCM)/6-311+G**
level) of virtual all-syn octafluoroalkane 26. The fully helical structure
26a is significantly more stable (by AH = -4.1 kcal/mol) than the
helical-anti-helical structure 26b, indicating a preference for helicity
with a complete sequence of fluorines.

As a virtual experiment, the energy of two conformers of the all-
syn octafluoro alkane 26, with two vicinal fluorines now
positioned on the ethylene bridge were evaluated. The fully
helical structure 26a is significantly more stable (by AH = -4.1
kcal/mol) than 26b, the fully fluorinated equivalent to the
lowest energy conformer 9b. This data is summarised in Figure
6. Notably the molecular dipole of 26a (4 = 3.87 D) is very much

This journal is © The Royal Society of Chemistry 20xx

reduced relative to 9a (x = 7.11 D), indicating that populating
the full helix with fluorines introduces mid-chain C-F bonds
which oppose the dipoles of the flanking trifluoro motifs, and
reducing the overall molecular dipole. Thus a continuous chain
of syn-fluorines re-establishes the dominance of the helical
arrangement, but reduces its polarity. Although the removal of
the two central fluorines results in an increased conformational
ambivalence across the ethylene bridge, it may actually offer
advantages as a design feature to generate polar conformers in
solution for applications such as liquid crystal materials where
retaining polarity is an important performance property, or as a
motif for polar polymers.

In conclusion, we have synthesised 9 an all-syn hexafluorinated
alkane chain with an ethylene spacer. The solid state X-ray
structure of 9 demonstrated the integrity of a helical twist
across the ethylene bridge, however the solution conformation
and computational studies suggest that the removal of fluorines
introduces a flexible region which is conformationally
disordered. A feature to emerge from this study is that removal
of two fluorines from the continuous sequence of fluorines
results in low energy conformers in solution, which have high
molecular dipoles, and thus populations of such conformers will
contribute polarity in solution.

Experimental

Synthesis protocols are described below;
(R)-3-Benzyloxy-1-cyclohexylprop-2-yn-1-ol (11):

Toluene (20 mL) and dry triethylamine (3.14 mL, 27.8 mmol)
were sequentially added to a mixture of Zn(OTf), (9.3g, 25.3
mmol) and (+)-N-methylephedrine (5g, 27.8 mmol) under an
argon atmosphere. After stirring at 23 °C for 2h, the O-benzyl
proparglic alcohol (4.43 g, 30.4 mmol) was added in one
portion. After 15 min. stirring, cyclohexanecarboxaldehyde 10
(2.84 g, 25.32 mmol) was added in one portion to the reaction
mixture and was further stirred for 16h at ambient
temperature. Sat. ag NH4Cl (50 ml) was added to the reaction
and the organics were extracted into diethyl ether. The
combined organic extracts were washed with brine (100 mL),
dried over MgSQO,, filtered and concentrated under reduced
pressure. The residue was subjected to silica gel
chromatography (petroleum ether:EtOAc 9:1) to afford 11 (6.73
g, 88%) as a colourless oil [a]p = +21 (c = 1, CHCI3). H-NMR
(CDCls, 300 MHz): 6 7.30-7.36 (m, 5H), 4.60 (s, 2H), 4.22 (s, 2H),
4.20-4.23 (m, 1H), 4.20-4.23 (m, 1H), 1.77-1.93 (m, 5H), 1.66-
1.71 (m, 1H), 1.52-1.61 (m, 1H), 1.3-1.32 (m, 5H); 13C NMR
(CDCls, 75 MHz): 6 137.4, 128.4, 128.1, 127.9, 86.7, 81.5, 71.6,
67.2, 57.4, 44.0, 28.5, 28.1, 26.3, 25.80; MS (ESI, +ve) m/z 281
(M+Na*, 100%), HRMS calculated for Ci7H;0,Na [M+Na*]
281.1517, found 281.1512.

(R)-3-Benzyloxy-1-cyclohexylprop-2-en-1-ol (12):

A solution of sodium bis(2-methoxyethoxy)aluminumhydride
(Red-Al®, 65% in toluene, 31.1 mL, 100.0 mmol) was slowly
added to a solution of 11 (12.9 g, 50.0 mmol) in dry THF (282
mL) at -40°C under an argon atmosphere. The reaction mixture

J. Name., 2013, 00, 1-3 | 5



was allowed to stir while warming from -40 °C to 0 °C over 4 h,
and was then carefully quenched by the slow addition of a sat.
ag. NH4Cl (50 mL) and diluted with EtOAc (100 mL). The aqueous
phase was extracted into EtOAc and the combined organic
extracts were dried over MgSQ,, filtered and solvents were
removed under reduced pressure. The product was purified
over silica gel (petroleum ether:Et,0 8:2), providing 12 (11.95 g,
92%) as pale yellow oil [@]p = +19.3 (c =1, CHCI3). H-NMR (CDCl3,
300 MHz): § 7.29-7.38 (m, 5H), 5.78-5.80 (m, 2H), 4.55 (s, 2H),
4.06 (d, 2H, J = 3.9 Hz), 3.88 (br s, 1H), 1.67-1.91 (m, 6H), 1.36-
1.49 (m, 1H), 0.94-1.32 (m, 4H); 13C NMR (CDCls, 75 MHz): &
138.2, 134.7, 128.4, 128.0, 127.7, 127.6, 76.8, 72.2, 70.2, 43.5,
28.8, 28.4, 26.4, 26.1, 26.1; HRMS (ES, +ve) m/z calcd for
C17H2402Na [M+Na+] 283.1674, found 283.1672.

Sharpless epoxidation: (1R, 2R, 3S)-4-Benzyloxy-1-cyclohexyl-
2,3-epoxybutanol (13);

A flask containing 4A powdered and activated molecular sieves
(3 g) in dichloromethane (200 mL) was cooled to -20 °C under
an nitrogen. Titanium tetra isopropoxide (2.52 mL, 8.63 mmol)
and (+)-diisopropyl tartrate (2.37 mL, 11.25 mmol) were added
sequentially with stirring, and then tert-butylhydroperoxide
(3.55mL, 5.5 M in decane, 19.50 mmol) was slowly added. After
30 min stirring at -20 °C, a solution of E-alkene 12 (2.24 g, 8.63
mmol) in dichloromethane was added dropwise. The mixture
was stirred for an additional 3.5 hrs at -20°C. Sodium sulfate (5
mL, saturated aqueous) was added and the mixture was diluted
with dichloromethane (100 mL). The resulting mixture was then
stirred vigorously for 16h at rt. The resulting slurry was filtered
and the organic layer was dried over MgSO4. The mixture was
purified by flash chromatography (CH,Cl2/AcOEt
100/0->80/20), providing derivative 13 as a white solid (1.71 g,
72%) [a]p = +7.1 (c = 1, CHCI3); m.p. = 49-50 °C; 1H NMR (CDCl;s,
300 MHz): 6 7.27-7.35 (m, 5H), 4.61 (d, Jas = 12.1 Hz, 1H), 4.52
(d, Jas = 12.1 Hz, 1H), 3.80 (dd, J = 11.6, 2.8 Hz, 1H), 3.63 (m, 1H),
3.50 (dd, J=11.6, 5.7 Hz, 1H), 3.27-3.30 (m, 1H), ), 1.96 (brs, 1H),
1.66-1.82 (m, 6H), 1.48-1.57 (m, 1H), 1.11-1.30 (m, 4H); 13C NMR
(CDCls, 75 MHz): 6 137.8 (C), 128.5 (CH), 127.9 (CH), 127.7, 73.3,
72.3, 69.7, 56.8, 53.5, 41.5, 28.9, 28.1, 26.4, 26.2, 26.1; HRMS
(ES, +ve) m/z calcd for Ci7H2403Na [M+Na+*] 299.1623, found
299.1646.

Mitsunobu Reaction: (IR, 2R, 3S)-4-Benzyloxy-1-cyclohexyl-
2,3-epoxybutyl 4-nitrobenzoate (14);

Diisopropyl azodicarboxylate (15.72 mL, 86.3 mmol) was slowly
added to a stirred solution of 13 (15 g, 54 mmol), PPh3 (22.5 g,
86.3 mmol) and p-nitrobenzoic acid (19.2 g,, 80.9 mmol) in THF
(200 mL) at -30 °C. The mixture was stirred at -30°C for 2 h and
was then allowed to warm to rt and left stirring for 16h. The
reaction mixture was concentrated and purified over silica gel
(petrol ether /AcOEt 100/0->80/20) to obtain 14 (17.9 g, 78%)
as a white solid [a]p = +11.6 (c = 1, CHCI3): Mp =118-119 °C; 1H
NMR (CDCls, 300 MHz): 6 8.30 (d, Jas = 9.0 Hz, 2H), 8.23 (d, Jas =
9.0 Hz, 2H), 7.28-7.37 (m, 5H), 4.83 (t, ) = 6.7 Hz, 1H), 4.59 (d,
Jag = 12.0 Hz, 1H), 4.55 (d, Jas = 12.0 Hz, 1H), 3.77 (dd, J = 11.7,
3.1 Hz, 1H), 3.54 (dd, J = 11.6, 5.1 Hz, 1H), 3.20 (dd, J = 6.7, 2.1
Hz, 1H), 3.13-3.16 (m, 1H), 1.65-1.92 (m, 6H), 0.83-1.32 (m, 5H);
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13C NMR (CDCls, 75 MHz): 6 164.0, 150.5, 137.6, 135.6, 130.8,
128.4, 127.8, 127.6, 123.5, 79.0, 73.3, 69.1, 55.7, 55.1, 40.2,
28.8, 28.7, 26.1, 25.8, 25.7; HRMS (ESI, +ve) m/z calculated for
C4H27NOgNa [M+Na+] 448.1736, found 448.1728.

(1R, 2R, 3S)-4-Benzyloxy-1-cyclohexyl-2,3-epoxybutanol (15);
K,COs (7 g, 50.5 mmol) was added to a solution of 14 (12.5 g,
29.4 mmol) in MeOH (70 mL) at room temperature. After 1h
stirring, the reaction mixture was diluted with dichloromethane
(300mL), washed with water (300 mL), dried over MgSO,4 and
concentrated under reduced pressure. The residue was purified
over silica gel (petrol ether/ether 10:0->8:2), providing
derivative 15 as a white solid solid (7.1 g, 87.4% ), [a]p = +15.4
(c =1, CHCI3); m.p.= 45-46 °C. IR (neat) vmax (cm-1) 3390, 2854,
1452, 1200, 1145, 1097, 737, 698; 1H NMR (CDCls, 300 MHz): 6
7.30-7.38 (m, 5H), 4.60 (d, Jas = 12 Hz, 1H), 4.55 (d, Jas = 12 Hz,
1H), 3.77 (dd, J= 11.7, 3.1 Hz, 1H), 3.50 (dd, J = 11.6, 5.6 Hz, 1H),
3.14-3.24 (m, 2H), 2.97 (dd, J = 2.3, 5.1 Hz, 1H), 1.65-2.00 (m,
5H), 1.48-1.59 (m, 1H), 0.83-1.32 (m, 5H); 13C NMR (CDCls, 75
MHz): & 137.8 (C), 128.4 (CH), 127.8 (CH), 127.7, 75.0, 73.3,
69.6, 57.4, 55.4, 42.2, 28.7, 28.6, 26.3, 26.0, 25.9; HRMS (ESI,
+ve) m/z calcd for Ci;H40s3Na [M+Na*] 299.1623, found
299.1615.

(1R, 2R, 3S)-1-tert-Butyldimethylsiloxy-4-benzyloxy-1-
cyclohexyl-2,3-epoxybutane (16);

TBSOTf (5.36 ml, 23.38 mmol) was slowly added to a solution of
the epoxy alcohol 15 (5 g, 18.1 mmol) in dry pyridine (30 mL) at
0 °C under an argon atmosphere. The reaction mixture was
allowed to warm gradually to room temperature and stirring
was continued for 16h. The mixture was diluted with diethyl
ether (100 mL) and was washed with 10% ag CuSO,4 (50 mL). The
aqueous layer was extracted into diethyl ether (50 mL x 2), and
the combined organic extracts were washed with brine (100 mL)
and dried over MgS0,. After filtration, the solvent was removed
under reduced pressure and the resulting product was purified
over silica gel (petroleum ether/EtOAc 9:1) to give 16 as a
colourless oil (6.7 g, 95%); *H NMR (300 MHz, CDCl3) § 7.28-7.37
(m, 5H), 4.60 (d, Jag = 11.9 Hz, 1H), 4.55 (d, Jas = 11.9 Hz, 1H),
3.75 (dd, J = 11.4, 3.1 Hz, 1H), 3.47 (dd, J = 11.4, 5.9 Hz, 1H),
3.00-3.04 (m, 2H), 2.86 (dd, J = 7.4, 2.3 Hz, 1H), 1.64-1.85 (m,
5H), 1.45-1.52 (m, 1H), 1.01-1.271 (m, 5H), 0.92 (s, 9H), 0.13 (s,
3H), 0.05 (s, 3H); 3C NMR (CDCls, 75 MHz): & 138.0, 128.4,
127.8, 127.7, 78.5, 73.3, 70.3, 58.6, 55.6, 43.0, 29.2, 28.8, 26.5,
26.3, 26.2, 26.0, 18.3, -4.2, -5.1; HRMS (ESI, +ve) m/z calcd for
C23H3305SiNa [M+Na+] 413.2488, found 413.2483.

(IR, 2R, 3S)-4-tert-Butyldimethylsiloxy-4-cyclohexyl-2,3-
epoxybutanol (17);

Palladium (10%) on activated carbon (0.5 g) was added to a
solution of 16 (8 g, 20.5 mmol) in EtOAc (50 mL). After 5 h
stirring at room temperature under a hydrogen atmosphere,
the mixture was filtered through a pad of celite and
concentrated under reduced pressure. The residue was purified
over silica gel (petroleum ether: Et,0 9:1 to 8:2) to give 17 as a
colourless o0il (5.7 g, 91%); 1H NMR (300 MHz, CDCls) § 3.94 (dd,
J=12.7, 2.2 Hz, 1H), 3.62 (dd, J = 12.7, 4.0 Hz, 1H), 2.95-3.05
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(m, 3H), 1.64-1.85 (m, 5H), 1.45-1.51 (m, 1H), 0.99-1.27 (m, 5H),
0.91 (s, 9H), 0.10 (s, 3H), 0.04 (s, 3H); 13C NMR (75 MHz, CDCls)
6 78.4,61.3,58.3,57.0, 42.9, 29.1, 28.8, 26.4, 26.2, 26.1, 25.9,
18.2,-4.2,-5.1; HRMS (ESI, +ve) m/z calculated for C16H3,05SiNa
[M+Na*] 323.2018, found 323.2011.

(IR, 2R, 3S)-4-tert-Butyldimethylsiloxy-4-cyclohexyl-2,3-
epoxybutanal (18);

Pyridine (5.69 mL, 68.69 mmol) was added to a solution of the
epoxyalcohol 17 (5.5 g, 18.32 mmol) in dichloromethane (50
mL) at 0 °C under an argon atmosphere. After 15 min stirring at
0°C, a solution of DMP (11.7 g, 27.5 mmol) in dichloromethane
(50 mL) was added and the mixture was stirred at 0°C
temperature, before it was allowed to warm to room
temperature. The resultant mixture was stirred for 16h before
dilution with diethyl ether and partial concentration using a
rotary evaporator. The residue was diluted with diethyl ether
(100 mL), and the precipitate removed by extraction with sat.
ag. NaHCO; (100 mL x 2). The organic layer was washed with
water (100 mL) and then brine (100 mL). The combined aqueous
washings were back-extracted with diethyl ether (50 mL) and
the organic extracts were dried over MgSO,, filtered and
concentrated. Flash chromatography (petroleum ether:ether
9:1) provided 18 as a colourless oil (4.4 g, 80%); 'H NMR (300
MHz, CDCls): 6 9.01 (d, J = 6.4 Hz, 1H), 3.26 (dd, J = 7.1, 2.1 Hz,
1H), 3.21 (dd, J = 6.4, 2.1 Hz, 1H), 3.08 (dd, J = 6.9, 5.9 Hz, 1H),
1.42-1.81 (m, 6H), 0.91-1.29 (m, 5H), 0.93 (s, 9H), 0.12 (s, 3H),
0.05 (s, 3H); 13C NMR (75 MHz, CDCls,): 6 198.0, 77.7, 58.8, 58.1,
43.0, 29.2, 28.8, 26.5, 26.3, 26.2, 26.0, 18.6, -4.0, -4.6; HRMS
(ESI, +ve) m/z calculated for Ci6H3003SiNa [M+Na+] 321.1862,
found 321.1860.

(IR, 2R, 3S)-5-tert-Butyldimethylsiloxy-5-cyclohexyl-3,4-
epoxypentene (19);

A solution of KHMDS (20.0 mL, 20.0 mmol, 1 M in THF) was
added dropwise to a suspension of dried
methyltriphenylphosphonium bromide (8.15 g, 22.82 mmol) in
THF (100 mL) at -10 °C and under argon atmosphere. The
resulting mixture was stirred at room temperature for 30 min
and was then re-cooled to -10 °C. A solution of aldehyde 18 (3.4
g, 11.4 mmol) in THF (50 mL) was added via cannula, and the
resulting mixture was stirred at -10 °C for 1 hr and was then
warmed to ambient temperature. After 18 h stirring, the
suspension was filtered through celite (THF wash), and the
yellow filtrate was concentrated under reduced pressure. The
residue was purified by silica gel chromatography (petroleum
ether: ether 98:2) to afford 19 as light yellow oil (3.1 g, 92%); 6
5.43-5.60 (m, 2H), 5.27 (dd, J = 9.8, 2.0, 0.5 Hz, 1H), 3.15 (dd, J
=7.5,2.2 Hz, 1H), 3.00 (dd, J = 7.4, 6.4 Hz, 1H), 2.86 (dd, J = 7.4,
2.2 Hz, 1H), 1.82-1.87 (d brs, 1H), 1.58-1.76 (m, 4H), 1.43-1.52
(m, 1H), 0.96-1.24 (m, 5H), 0.91 (s, 9H), 0.12 (s, 3H), 0.04 (s, 3H);
13C NMR (75 MHz, CDCls): 6 135.2, 119.5, 78.7, 62.7, 57.5, 42.9,
29.0, 28.9, 26.5, 26.3, 26.2, 26.0, 18.3, -4.2, -5.0; HRMS (ESI,
+ve) m/z calcd for Ci7H3,0,SiNa [M+Na*] 319.2069, found
319.2074.
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(IR, 2R, 3S)-5-Cyclohexyl-4,5-dihydroxy-3-fluoropent-1-ene
(20);

Vinyloxirane 19 (2.1 g, 7.1 mmol) and a magnetic bar were
placed in a teflon flask equipped with condenser and the flask
was evacuated and kept wunder argon atmosphere.
Triethylamine trihydrofluoride (3 mL, 18.4 mmol) was added,
and the reaction mixture was stirred at 110 °C for 16h, and was
then cooled to 0 °C. The reaction mixture was diluted with
EtOAc (100 mL), washed with ice-cold ag. NaHCO3 (100 mL), and
the aqueous phase was back-extracted with EtOAc (50 mL x 2).
The combined organic extracts were dried over MgSQy,, filtered
and concentrated. The residue was purified over silica gel
(hexane/EtOAc 85:15) to afford fluorohydrin 20 as a white solid
(1.1 g, 82%); m.p. = 86-87 °C, 1H NMR (300 MHz, CDCl3): & 5.92-
6.02 (m, 1H), 5.45 (dm, J = 17.4 Hz, 1H), 5.39 (ddd, J = 10.8, 1.3,
1.4 Hz, 1H), 4.96 (ddd, J = 47.8, 6.0, 1.3 Hz, 1H), 3.70 (dd, J =
13.6, 5.5 Hz, 1H), 3.53 (d brs, J = 7.4 Hz, 1H), 2.39 (bs, OH), 1.90-
1.97 (m, 1H), 1.64-1.81 (m, 4H), 1.49-1.58 (m, 1H), 0.99-1.30 (m,
5H); 13C NMR (75 MHz, CDCls): & 133.4 (d, J = 19.6 Hz), 119.5 (d,
J=12.5Hz),93.9 (d, J = 171.6 Hz), 73.5 (d, J = 3.1 Hz), 71.3 (d, J
= 23.9 Hz), 40.3, 29.2, 28.7, 26.3, 26.02, 25.95; 1°F NMR (282
MHz, CDCl3) 6 -189.7 (1F, dt, J = 47.7, 15.8 Hz, CHF), 1°F{*H} NMR
(282 MHz, CDCl3) 6 —189.7 (s, 1F); HRMS (El) calculated for
C11H1902FNa (M+Na*) 225.1267; found 225.1259.

Cyclic Sulfate: (1R, 2R, 3S)-5-Cyclohexyl-4,5-dihydroxy-3-
fluoropent-1-ene (21);

EtsN (4.3 mL, 38.6 mmol) was slowly added to a solution of
fluorodiol 20 (1.35 g, 6.8 mmol) and DMAP (0.08 g, 0.64 mmol)
in dry dichloromethane (50 mL) at -78 °C under an argon
atmosphere. After 10 min stirring, a solution of sulfuryl chloride
(0.78 mL, 9.65 mmol) in dry dichloromethane (50 mL) was
added. The resulting mixture was stirred for an additional 4 h
and was then quenched with 10% aq NaHCOs3 (20 mL). The
aqueous phase was extracted into dichloromethane (20 mL x 3)
and the combined organic extracts were dried over MgSQ,,
filtered and concentrated. The resultant orange oil was purified
over silica gel (hexane/Et,0 9:1 to 8:2) to afford cyclic sulfate
21 (1.52 g, 85%) as a pale yellow solid; m.p. = 74-75 °C; 1H NMR
(300 MHz, CDCls) & 5.82-5.98 (m, 1H), 5.59 (dm, J = 17.2 Hz, 1H),
5.54 (td, J=10.8, 1.0 Hz, 1H), 5.14 (ttd, J = 46.6, 5.9, 1.3 Hz, 1H),
4.59-4.72 (m, 2H), 1.60-1.97 (m, 6H), 1.03-1.36 (m, 5H); 13C NMR
(75 MHz, CDCl3) 6 129.6 (d, J = 19.0 Hz), 122.1 (d, J = 12.0 Hz),
90.4 (d, J = 177.1 Hz), 87.0 (d, J = 3.3 Hz), 81.6 (d, J = 29.0 Hz),
40.2, 28.4, 27.2, 25.7, 25.4, 25.1; 19F NMR (282 MHz, CDCl3): 6
-191.7 (1F, dddd, J = 46.6, 14.9, 11.9, 2.8 Hz, CHEF), 1°F{1H} NMR
(282 MHz, CDCl3): 6 -191.7 (s, 1F); HRMS (ESI, +ve) m/z calcd for
C11H1704FSNa [M+Na+] 287.0729, found 287.0736.

(1R, 2R, 3S)-1-Cyclohexyl-1,3-difluoro-4-penten-2-ol (22);

Cyclosulfate 21 (0.49 g, 1.84 mmol) was charged into a teflon
flask and EtsN.3HF (1.5 mL, 9.2 mmol) and EtsN (2 mL) were
subsequently added under an argon atmosphere. After stirring
for 16h at 120 °C, the reaction mixture was cooled to 0 °C,
guenched with ice-cold 10% aq. NaHCOs3 (5 mL) and then water
(10 mL) and the product extracted into dichloromethane (20 mL
x 3). The combined organic extracts were dried over MgSOQ,,
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filtered and the solvent was removed under reduced pressure.
Purification over silica gel (hexane/Et,O 10:0 to 9:1) afforded
difluoride 22 as a white solid (0.067g, 18%); m.p.= 74-75°C, 1H
NMR (300 MHz CDCls,): 6 6.02 (ddddd, J = 25.2, 17.3, 10.7, 6.7,
1.1, 1H), 5.43-5.52 (m, 2H), 5.10 (dm, J = 46.6 Hz, 1H), 4.07-4.23
(m, 2H), 2.04-2.09 (m, 1H), 1.62-1.1.86 (m, 5H), 1.13-1.32 (m,
5H); 13C NMR (75 MHz, CDCls): § 133.0 (dd, J = 19.6 Hz), 119.5
(dd, J = 12.5 Hz), 90.4 (d, J = 177.3 Hz), 87.0 (d, J = 3.3 Hz), 81.6
(d, J=23.9 Hz), 40.2, 28.4, 27.2, 25.7, 25.4, 25.1; 1°F NMR (282
MHz, CDCl3) 6 -189.0 (1F, dtd, J = 46.6, 12.3, 3.1 Hz, 1F), -204.7-
(m), 1°F{2H} NMR (282 MHz, CDCls) -189.0 (s, 1F), -204.6 (s, 1F);
HRMS (ESI, +ve) m/z calculated for Ci;iH1s0OF;Na [M+Na*]
227.1223, found 227.1216.

Difluoride 20 (7 mg, 1.9%) was also recovered as white solid,
m.p.=61-62 °C, 1H NMR (CDCls, 400 MHz): 6 6.04 (dddd, J = 24.0,
13.9, 6.6, 0.49 Hz, 1H), 5.47 (dm, J = 17.3 Hz, 2H), 5.39 (dt, J =
10.8, 1.2 Hz, 1H), 5.24 (dddq, J=46.3, 26.7, 3.2, 1.4 Hz, 1H), 4.37
(dddd, J = 45.5, 25.8, 8.8, 1.9 Hz, 1H), 3.89 (brs, 1H), 1.60-1.90
(m, 5H), 1.11-1.34 (m, 5H), 0.80-0.94 (m, 1H); 13C NMR (CDCls,
100 MHz): 6 132.0 (dd, J = 20.6, 5.8 Hz), 119.6 (dd, J = 11.9 Hz),
92.3 (dd, J = 181.8, 19.9 Hz), 90.5 (dd, J = 175.4, 18.8 Hz), 72.1
(dd, 4 = 26.1, 4.2 Hz), 39.1, 29.8, 26.43, 26.38, 26.0, 25.0; 19F
NMR (282 MHz, CDCls) § -198.5-(-198.2) (m, 1F), -207-(-207.6)
(m, 1F), 15F{1H} NMR (282 MHz, CDCls) -198.35 (d, J = 10.5 Hz,
1F), -207.7 (d, J = 10.5 Hz, 1F); HRMS (El) calculated for
C11H180F;Na 227.1223, found 227.1213.

1,8-Dicyclohexyl-2,7-dihydroxy-1,3,6,8-tetrafluorooct-4E-ene
(23);

A solution of difluoroalcohol 22 (0.43 g, 2.11 mmol) in
dichloromethane (3 mL) was added via syringe at room
temperature and under an argon atmosphere, to a flask
containing catalyst M3 (0,1 g, 0.105 mmol). The reaction
mixture was stirred at room temperature for 28 h, before it was
subject directly to purification by flash chromatography
(petroleum ether:EtOAc 9:1 to 1:1). After solvent removal from
active fractions, this gave tetrafluorodiol 23 as a white solid
(0.235 g, 59%); m.p.= 98-99 °C; IH NMR (400 MHz, CDCl3): &
6.02-6.13 (m, AB system, 2H), 5.22 (d brs, J = 47.7 Hz, 2H), 4.07-
4.23 (m, 4H), 2.17 (brs, 2H), 1.59-1.84 (m, 12H), 1.10-1.34 (m,
10H); 13C NMR (CDCls, 75 MHz): & 128.4 (m, 2C), 96.0 (d, J =
172.3 Hz), 92.3 (dd, J = 170.0, 3.6 Hz), 70.7 (t, J = 24.9 Hz), 38.3
(d, /=19.1 Hz), 29.2 (d, J = 3.7 Hz), 26.2, 25.9, 25.83, 25.78; 19F
NMR (376 MHz, CDCls) 6 -190.3-(-190.1) (m, 2F), -203.9-(-203.6)
(m, 2F); 15F{1H} NMR (376 MHz, CDCls) & -190.2(s, 2F), -203.7 (s,
2F); HRMS (ESI, +ve) m/z calculated for CyoH3,0,FsNa [M+Na*]
403.2236, found 403.2230.

All-syn-(4E)-1,8-Dicyclohexyl-1,7-ditriflate-1,3,6,8-
tetrafluorooct-4-ene (24);

Triflic anhydride (0.212 mL, 1.263 mmol) and pyridine (0.097
mL, 0.842 mmol) were added sequentially to a solution of
tetrafluorodiol 23 (0.16 g, 0.421 mmol) in dichloromethane (10
mL) at -10 °C under an argon atmosphere. After stirring for 7h
at room temperature, pentane (100 mL) was added, and the
mixture was cooled to 0 °C. The mixture was filtered, washed
with pentane and the filtrate was concentrated under reduced
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pressure. The residue was triturated in ice-cold pentane (50
mL), filtered, and the filtrate was concentrated in vacuo to give
di-triflate 24 (0.269 g, 99%) as a yellow oil which was used for
the next step without further purification; 1H NMR (400 MHz,
CDCls): & 6.00-6.16 (m, 2H), 5.39 (d brs, J = 47.0 Hz, 2H), 5.24
(ddt,/=12.9,6.0,2.9 Hz, 2H), 4.42 (td, J=47.0, 5.6 Hz, 2H), 1.62-
1.91 (m, 6H), 1.12-1.35 (m, 5H); 1F NMR (376 MHz, CDCl3) &
-75.0 (d, J = 6.3 Hz, 6F), -188.7 (dm, J = 47.0, 2F), -202.3 (ddd, J
=47.0,23.4, 13.4 Hz, 2F); 1°F{tH} NMR (376 MHz, CDCl3) 6 -75.0
(d, J = 6.3 Hz, 6F), -188.7 (d, J = 6.3, 2F), -202.3 (s, 2F).

All-syn-(4E)-1,8-Dicyclohexyl-1,2,3,6,7,8-hexafluorooct-4-ene
25;

The triflate 24 preparation was then dissolved in THF (2 mL)
followed by the addition of EtsN.3HF (0.617 mL, 3.79 mmol) and
EtsN (1.17 mL, 11.38 mmol) at room temperature under an
argon atmosphere. The resulting mixture was heated to 50 °C
for 8 h, and the cooled to ambient before being diluted with
dichloromethane (20 mL) and water (10 mL). The equeous layer
was extracted into dichloromethane (10 x 2 mL) at the
combined organic extracts was dried over MgSQ,, filtered and
concentrated. The residue was purified over silica gel (pentane:
ether 1:0 to 8:2) to furnish olefin 25 (13 mg, 8%) as a white solid;
m.p. = 107-108 °C, H NMR (300 MHz, CDCls): 6 5.94-6.13 (m,
2H), 5.27 (dm, J = 47.2 Hz, 2H), 4.59 (ddddd, J = 47.5, 29.3, 15.5,
7.1, 1.9 Hz, 2H), 4.14 (tddd, /= 47.0, 27.5, 8.7, 1.4 Hz, 2H), 1.65-
2.04 (m, 12H), 0.80-1.39 (m, 10H); 13C NMR (CDCls, 75 MHz): &
128.4 (m, 2C), 94.7 (ddd, J = 178.2, 19.3, 7.1 Hz), 91.5 (ddd, J =
188.6, 23.3, 19.6 Hz), 90.8 (ddd, J = 176.6, 23.3, 7.1 Hz), 37.6
(dd,J=19.4, 4.3 Hz), 28.5(d, J = 4.5 Hz), 27.9 (d, J = 7.6 Hz), 26.0,
25.5, 25.3; 19F NMR (282 MHz, CDCl3) & -191.6-(-191.3) (m, 2F),
-204.0-(-203.7) (m, 2F); -207.6-(-207.1) (m, 2F); 1°F{IH} NMR
(282 MHz, CDCls) -191.5 (d, J = 14.8 Hz, 2F), -203.8 (d, J = 10.1
Hz, 2F), -207.4 (dd, J = 14.8, 10.1 Hz, 2F); MS (ESI, +ev) m/z 407
(M+Na*), HRMS (ESI, +ve) calcd for CyoH3oF4sNa calculated
407.2149, found 407.2136.

All-syn-1,8-Dicyclohexyl-1,2,3,6,7,8-hexafluorooctane 9;

Palladium-on-charcoal (10%, 10 mg, 0.038 mmol) was added to
a solution of olefin 25 (13 mg, 0.034 mmol) in ethyl acetate (10
mL) and the mixture was deoxygenated by evacuation and
flushed three times with hydrogen. After stirring under
hydrogen for 2h, the mixture was filtered through celite,
washed with ethyl acetate and the solution was concentrated
at reduced pressure to give hexafluoroalkane 9 as a white
crystalline solid (11 mg, 98%); m.p. = 119-120 °C, [a]p +12.3 (c
0.52, CHCl3) ; 'H NMR (CDCls, 300 MHz): 6 4.41-4.93 (m, 4H),
4.29 (dddd, J = 47.1, 25.1, 7.1, 3.1 Hz, 2H), 1.65-2.04 (m, 16H),
1.05-1.39 (m, 10H); 13C NMR (CDCls, 75 MHz): 94.9 (ddd, J =
172.2, 19.3, 7.1 Hz), 91.6 (ddd, J = 188.6, 23.3, 19.6 Hz), 90.8
(ddd, J = 176.6, 23.3, 7.1 Hz), 37.8 (dd, J = 19.4, 4.3 Hz), 28.2 (d,
J =45 Hz),27.8 (d, J = 7.6 Hz), 26.0, 25.7, 25.6 (dt, J = 7.7, 3.8
Hz), 25.3; 19F NMR (282 MHz, CDCls) & -197.6-(-197.2) (m, 2F),
-204.9 (dddd, J = 47.4, 26.4, 15.7, 11.5 Hz, 2F); -209.1-(-208.7)
(m, 2F); 19F{*H} NMR (282 MHz, CDCl5) -197.5 (d, J = 13.1 Hz, 2F),
-204.9 (d, J = 11.1 Hz, 2F), -208.9 (dd, J = 13.1, 11.1 Hz, 2F); MS

This journal is © The Royal Society of Chemistry 20xx



(ESI, +ev) m/z 409 (M+Na*, 100%), HRMS (ESI, +ve) calculated
for CyoH32FgNa 409.2306, found 409.2311.

DFT Computations

A partial conformational analysis was performed for CgFgH10Cy2
(9, Cy = cyclohexyl) and a CsFgHsCy, model (26). Structures were
fully optimised in the gas phase at the B3LYP24/6-31G* level of
density functional theory. The minimum character of the
stationary points were verified through calculation of the
harmonic vibrational frequencies at that level, which were all
real, and which were used to evaluate standard thermodynamic
corrections to enthalpies and free energies (at standard
pressure and temperature). Energies were refined through full
optimisation at the B3LYP-D3/6-311+G** level (including
Grimme's three-body dispersion correction?> with Becke-
Johnson damping?2®) in a solvent model, the latter employing the
polarizable conductor variant of the polarizable continuum
model (CPCM),%7 using the parameters of dichloromethane and
the default options in Gaussian 09,28 which was used for all
calculations.
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