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Abstract—Reactivity and stability of trifluoromethylcyclohexane (TFMC) has been investigated towards various reagents, in order to
evaluate its possible use as solvent. TEMC is stable in most oxidizing conditions, indicating the protective effect of a fluoroalkyl substituent
towards oxidation, and surprisingly, it is also very stable towards strong bases. TFMC has also been assessed as a chlorinated solvent
substitute in some reactions. It is clearly adapted as a CCl, substitute in allylic bromination reaction. © 2002 Published by Elsevier Science

Ltd.

1. Introduction

Despite their disastrous implication in the depletion of the
ozone layer, chlorinated solvents are still extensively used
to perform common reactions in organic chemistry such as
oxidation and halogenation. In view to replace them, fluori-
nated solvents could appear to be good substitutes, because
of their excellent thermic and chemical stability.1 However,
due to the low solubility of most compounds in the fluorous
phase, hybrid organic/fluorous solvents are possibly more
convenient. In this line, trifluorotoluene has been proved to
be a useful solvent.” Although it can undergo oxidation,” it is
generally robust and suitable for various classical reactions.
Trifluoromethylcyclohexane* (TFMC, bp: 106—-107°C)
(Scheme 1), which is now industrially developed,’ could
also appear as another good candidate. Herein we report
some preliminary experiments performed in order to
evaluate the potential use of TFMC as a solvent in organic
synthesis. In a first step, we had to assess its chemical
stability. Considering its structure, some evident limitations
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Scheme 1. Trifluoromethylcyclohexane (TFMC): reactivity and expected
effects of CF;.
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were expected (Scheme 1). First, like trifluorotoluene,
TFMC can react with aluminium chloride (AICIl;) by
halogen exchange.® Second, the high electronwithdrawing
character of the CF; is expected to enhance the acidity of the
hydrogen at C-1," thus favoring a deprotonation at this site
under basic conditions. The resulting carbanion could
undergo dehydrofluorination or trap an electrophile. At
last, strong oxidative systems can allow the oxidation of
the cyclohexyl carbons. However, a protection by the CF;
substituent is expected.” In these experiments TEMC was
used as substrate. In a second part, we have illustrated its use
as replacement of chlorocarbon solvents in two typical
organic reactions, oxidation of alcohol and allylic
bromination.

2. Results and discussion
2.1. Reactivity of trifluoromethylcyclohexane

As expected TFMC could react with AICl;. In an experi-
ment performed with TFMC and AICl; (in an equimolar
amount) in benzene, GC/MS analysis showed a 95%
conversion of the substrate into a mixture of chloro and
fluoro compounds.

We then investigated the reaction of TFMC with bases.
With aq. NaOH (2N) (2 equiv.) at reflux of benzene, no
reaction occurred. By using ~-BuOK or n-BuLi in Et,0O,
from —78°C to room temperature, no dehydrofluorination
product could be detected, and Mel, when added at —78°C,
could not be trapped. With the stronger base, #-BuLi in
presence of tetramethylethylenediamine (TMEDA),
TFMC remained unchanged, even at reflux of pentane. In
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all experiments, TFMC was recovered quantitatively. Those
experiments show the high stability of TFMC towards
bases, higher than that of trifluorotoluene. This latter has
been described to undergo lithiation® when reacting with
n-BuLi, and electrophilic substitution reactions.” The use
of TFMC in carbanionic chemistry, for instance as a substi-
tute of hexanes, can thus be envisaged, and this study is now
under investigation.

We next checked TFMC stability towards harsh oxidative
systems. Oxidation of cyclohexane derivatives has been of
importance during the last decades because of its consider-
able industrial applications'® and some strong oxidative
systems have been described to be efficient for non-
activated carbon oxidation. First, we have investigated the
oxidation of TFMC using [Ru] and [Rh] catalyzed
processes,''? in particular Carlsen’s method involving the
powerful oxidizing agent RuO,." This catalyst is generated
in situ from RuCl;-3H,0 and NalQO, in a mixture of CCly/
MeCN/H,O and has been shown to oxidize methylcyclo-
hexane and #-butylcyclohexane with, respectively, 100 and
73% conversion rates after a 3—7 h reflux, with no particular
regioselectivity.”> Under the same conditions, TEMC was
recovered unchanged, even after two days.

Next, we evaluated the stability of TFMC under the H,O,/
trifluoroacetic acid system'* (Table 1, entry 1). Cyclohexane
has been shown to be oxidized with 1.2 equiv. of aq. H,O,
30%, after 24 h at 25°C, with 82% conversion rate. A
mixture of cyclohexyl trifluoroacetate derivatives were
obtained as major products. Under the same conditions,
oxidation of TFMC occurred in 1 h, but with a low con-
version rate (around 10%), which could not be improved
even after a longer reaction time, and with 3 equiv. of
H,0,. The reaction afforded a mixture of regioisomers
of trifluoromethylcyclohexyl trifluoroacetates and traces of
trifluoromethylcyclohexanols. Saponification of the crude
mixture with a NaOH solution followed by oxidation with
pyridinium chlorochromate (PCC) afforded a 1:1 mixture of
ketones at C-3 and C-4 as only products (5% isolated yield).

We also investigated the GoAgg" oxidation system,'> which
is generally considered as a radical process'® (Table 1, entry
2). In the presence of FeNO;-9H,O/picolinic acid and ¢-
butyl hydroperoxyde (TBHP) in pyridine/acetic acid
(25°C, 16h), t-butylcyclohexane is described to be

Table 1. Oxidation of TEMC with H,0,/TFA and GoAgg" systems

converted with a 21% rate into ketones (67% at C-3 and
25% at C-4) and alcohols (5% at C-3 and 1% at C-4).'
Traces of ketone at C-2 were also observed (1%). The
parallel reaction performed with TFMC afforded, after
16 h, a mixture of ketones and alcohols with a 15% conver-
sion rate. After oxidation with PCC, ketones at C-3 and C-4
were obtained in a 2:1 ratio (11% isolated yields).

These experiments with oxidizing systems show that the
presence of the CF; highly modifies the reactivity of the
substrate. With all systems, oxidation of TFMC was much
more difficult than that of cyclohexane derivatives, and
when the reaction occurred, oxidation took place only at
C-3 and C-4. Regioselectivity can be attributed to electronic
or steric effect of the CF; group. The electron-withdrawing
character of CF; substituent entails a great difficulty in
developing a positive charge in « and B.'” Furthermore,
CF; is a bulky substituent, its steric hindrance is close to
that of an isopropyl group.'® The mechanism of the H,O,/
TFA couple system (involving the trifluoroperoxyacetic
acid, generated in situ), can be considered as electrophilic,
and it is likely that the absence of oxidation at C-1 and C-2 is
due to an electronic effect of CF;. This also explains that
C-3/C-4 oxidation ratio is 1:1, thus in favor of the C-4 site.
Electronic effect of CF; can also explain, to a certain extent,
the lack of oxidation with [Ru] catalyst. However, the
complete protection of C-3 and C-4 is very striking.
Concerning the GoAgg" system, no oxidation occurred at
C-1 and C-2. Ketone ratio (C-3/C-4, 2:1) shows that oxida-
tion occurred as statistically expected. These results are very
similar to those described for #-butylcyclohexane. The
influence of the CF; on regioselectivity in this system can
thus be assumed to be of steric nature.

All these experiments show that TFMC exhibits a high
stability, despite of a possible conversion in some extreme
oxidative systems.

2.2. TFMC as substitute of chlorocarbon solvents

In order to evaluate the potential of TFMC as a solvent, we
selected two representative reactions of organic chemistry
involving dichloromethane or carbon tetrachloride. We
first examined the classical oxidation reaction of alcohol
into ketone with PCC. The reaction was performed with

CF,
1Y'=Y2=H, (TFMC)
2Y'=0;Y2=H,
3Y'=H, Y2=0 v
y?2
Entry Oxidation system Products® Ketones” Yield (%)°
2 3
1 H,0,/TFA Trifluoroacetates and alcohols (traces) 1 1 5
2 GoAgg" Alcohols and ketones 2 1 11

* Products were identified by GC/MS analysis.
" Position of the carbonyl group was determined by '*C NMR.
¢ Isolated yield.
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Scheme 2.

4-t-butylcyclohexanol as a substrate and 2 equiv. of PCC
(Scheme 2).

The reaction occurred within 1h in CH,Cl, and within 3
days in TFMC at room temperature. Nevertheless, a total
conversion could be obtained in 15 h in TFMC by heating
the reaction mixture at 70°C. Yields were, respectively, 93
and 89% in CH,Cl, and TFMC. Despite of this high yield,
TFEMC clearly shows less aptitude than CH,Cl, for this
reaction since a long reaction time is required. However,
the ketone could be easily purified with a single filtration
of the reaction mixture over a celite pad. Distillation of
TFMC afforded pure 4-t-butylcyclohexanone. Conversely,
when the reaction is performed in CH,Cl,, the addition of a
large amount of another solvent (generally diethyl ether) is
required in order to precipitate the resulting chromium salts,
and the product is recovered with good purity only after a
filtration over Florisil® or silica gel.l("‘l Thus, it is worth
noting that in TFMC, purification of the product is cheap
and simple.

As a second example, we chose the allylic bromination
reaction. The reaction was performed on cyclohexene with
NBS and benzoyl peroxide using TFMC as solvent (at
70°C), instead of CCl, (reflux)'* (Scheme 3).

NBS, (PhCO,),

Br
@ A, 1.5h \©

TFMC 46%
ccl, 45%

Scheme 3.

Results in both solvents are very similar. The reaction
occurred within 1.5 h in each case and afforded 3-bromo-
cyclohexene with, respectively, 46 and 45% in TFMC and
in CCly. Purification of bromocyclohexene by fractionned
distillation allowed the recovering of TFMC. In this
reaction, TFMC could advantageously replace CCly.

3. Conclusion

Exploring experiments performed on TFMC, in order to
check its stability, showed that this compound is quite
unreactive under basic conditions, and exhibits only low
reactivity towards harsh oxidative systems, with a maxi-
mum conversion of 15%. Results of oxidation experiments
clearly show the protective effect of a fluoroalkyl substituent

towards those reactions. Furthermore, two typical reactions
(oxidation of alcohol with PCC, and allylic bromination)
have been proved to be efficient when TFMC was used as
solvent instead of chlorocarbons. These preliminary results,
although insufficient to draw conclusions about the global
scope of TFMC, are very encouraging for a possible
replacement of these solvents. To evaluate in an appropriate
way the potential of TFMC, more experiments must be
performed. Moreover, investigations concerning its toxicity,
and the environmental impact are necessary. Nevertheless,
environment requirements should promote such design of
new hybrid fluorous/organic compounds as chlorinated
solvents alternative.

4. Experimental

19F, '"H and "*C NMR were recorded on a Bruker AC-
200 MHz multinuclear spectrometer. Chemical shifts (&)
are given in ppm relative to CFCI; for "’F NMR, and relative
to TMS for 'H and '*C NMR. In all measurements, CDCl;
was used as a solvent. IR spectra were recorded on a Bruker
Vector 22 spectrometer. GC analysis were performed on HP
4890 apparatus equipped with a SE 30 capillary column
(1=30 m). In all experiments, TFMC was used as provided,
without any purification procedure.

4.1. Oxidation of TFMC by H,0,/TFA system

To a solution of TFMC (1 g, 6.6 mmol) in TFA (40 mL),
H,0, 30% in water (2.04 mL, 19.8 mmol) was added in
three portions. After 1 h (reaction was monitored by GC),
Et;,O (40 mL) was added and the reaction mixture was
cooled to 0°C. The mixture was then treated with an aq.
NaOH 10N solution until a pH 12 was obtained, extracted
twice with Et;0O (30 mL each), washed with brine, dried
over MgSQO,, and solvents were evaporated. This experi-
ment was performed twice. Combined crude products
were diluted in CH,Cl,, and PCC (347 mg, 1.6 mmol) was
added. After 1.5h stirring, pentane was added, and the
product was filtered on celite. Solvents were evaporated
and products were purified by chromatography on silica
gel (pentane/Et,O, 70:30) to afford ketones 2 and 3
(55 mg, 5%).

4.2. Oxidation of TFMC by GoAgg" system

To a solution of TFMC (5g, 32.9 mmol) in pyridine
(22mL) and acetic acid (2.2mL) under stirring,
FeNO;9H,0 (1.3 g, 3.3 mmol), picolinic acid (1.2 g,
9.9 mmol) and 70% TBHP in water (9 mL, 65.8 mmol)
were added. After 16 h at 25°C (reaction was monitored
by GC), the mixture was acidified to pH 1 with a 25%
H,SO, solution and extracted three times with Et,O
(30 mL each). The combined organic phases were neutra-
lized with an aqueous saturated NaHCO; solution, washed
with brine, dried over MgSO, and solvents were evaporated.
The crude mixture was diluted in CH,Cl,, and PCC
(555 mg, 2.6 mmol) was added. After 1.5h stirring,
pentane was added, and the product was filtered on
celite. The solvents were evaporated and products were
purified by chromatography on silica gel (pentane/Et,0,
70:30) to afford ketones 2 and 3 (608 mg, 11%). A further



4070

chromatography (pentane/Et,0O, 90:10 then 70:30) allowed
the isolation of a sample of each pure ketone.

4.2.1. 3-Trifluoromethylcyclohexan-1-one (2).*° Colorless
liquid: IR » (cm™ ') 1717; "F NMR & -74.1 (d,
Ju_r=8.0 Hz), "H NMR & 1.6-2.7 (m); *C NMR & 207.2,
126.5 (q, 'Je_p=278 Hz, CFy), 42.1 (q, *Jc_r=28 Hz,
CF;CH), 40.5, 39.7 (q, *Jc_r=2.0 Hz, CF;CHCH,CO),
23.5 (q, *Jo_p=2.5 Hz, CF;CHCH,), 23 .4.

4.2.2. 4-Trifluoromethylcyclohexan-1-one (3).” Colorless
liquid: IR » (ecm™') 1719; "F NMR & -732 (d,
Ju_r=8.0 Hz), 'H NMR & 1.6-2.7 (m); >C NMR & 208.9,
1272 (q, 'Jc_p=278 Hz, CF3), 40.1 (q, *Jc_r=28 Hz,
CF;CH), 40.0, 24.7 (q, *Jc_p=2.5 Hz, CFzCHCH,).
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