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Abstract

Treatment of (1R,38)-( + )-camphoric acid (1) with sulphur tetrafluoride at ambient temperature gives, in general, three products: 1,2,2-
trimethyl-3-triflucromethyl-1-cyclopentanoyl fluoride (2), 2,2,4,4-tetrafluoro-1,8,8-trimethyl-3-oxa-bicyclo[ 3.2.1] octane (3) and camphor-
oyl difluoride (4). The ratio of products strongly depends on the reaction time. Alkaline hydrolysis of (2) gives 1,2,2-trimethyl-
3-triftuoromethyl- 1-cyclopentanecarboxylic acid (5), quantitatively. All products exhibit optical activity.

Keywords: Camphoric acid; Fluorination; Sulphur tetraftuoride; 1,2,2-Trimethyl-3-trifluoromethyl-1-cyclopentanoyl fluoride; 2,2,4,4-Tetrafluoro-1,8,8-
trimethyl-3-oxa-bicyclo[3.2.1]octane; 1,2,2-Trimethyl-3-trifluoromethyl- 1-cyclopentanecarboxylic acid

1. Introduction

The introduction of fluorine or fluorinated substituents,
particularly trifluoromethyl groups, into biologically impor-
tant molecules has attracted much attention [ 1-3]. For this
reason, a search for synthetic methods leading to suitable
trifluoromethylated molecules is of considerable importance
[4]. Cyclopentane and cyclohexane rings are common struc-
tural fragments of numerous naturally occurring compounds
such as steroids, vitamins D, prostaglandins and terpenes.
The access to alicyclic compounds bearing a CF; group
remains a difficult synthetic problem but a number of such
compounds have already been synthesised. There are four
general routes to functionalised five and six membered tri-
fluoromethyl alicyclics: radical cyclisation of & or B-trifluo-
romethy-w-iodoalkanes [5,6], Lewis acid catalysed
cyclisation of w-ethylenic trifluoromethylketones and ketoes-
ters [7,8], functionalisation of readily available 2-trifluo-
rome-thyl-1,3-cyclopentanedione [9,10] and recently,
trifluoromethylation of cyclic ketones with trialkyl-(trifluo-
romethyl)silanes [11,12]. Trifluoromethylated cyclopen-
tane carboaldehydes, carbinols and esters, intended to serve
as ring D precursors of steroids, were obtained by the three
first methods and trifluoromethylated terpenoids by the

* Corresponding author.
! Dedicated to Professor Alois Haas on his 65th birthday.

0022-1139/97/$17.00 © 1997 Elsevier Science S.A. All rights reserved
PIIS0022-1139(97)00016-X

fourth. 1,2-Diphenyl-4-trifiuoromethylcyclopentenes, pre-
pared by a multistep synthesis were found to be effective
cycloxygenase inhibitors [13]. From among other routes to
CF; bearing alicyclics, it is worth mentioning electrochemical
trifluoromethylation of 1,4-diene-1,5-dicarboxylates leading
to 3,5-bis(trifluoromethyl)-cyclopentane-1,2-dicarboxylates
[14].

In the present paper we report a sulphur tetraflucride fluor-
ination of commercially available and inexpensive (1R,3S)-
(+)-camphoric acid (1) leading to optically active
fluorinated derivatives of 1,2,2-trimethyl-3-trifluoromethyl-
cyclopentane, 2-4. We believe that the fluoride 2 and a prod-
uct of its hydrolysis, acid §, could be applied as intermediates
to some trifluoromethylated terpenoids.

2. Results and discussion

The different steric environments of carboxylic groups in
positions 1 and 3 of camphoric acid (1) has been reflected
by their different reactivities towards sulphur tetrafluoride
(Scheme 1 and Table 1). In general, three compounds were
formed, (1R,3S)-(+)-1,2,2-trimethyl-3-trifluoromethyl-1-
cyclopentanoyl fluoride (2), (1R,58)-( +)-2,2,4,4-tetra-
fluoro-1,8,8-trimethyl-3-oxa-bicyclo[3.2.1Joctane 3 and
(1R,38)-( +)-camphoroy! diflucride 4, but the 1,3-
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Table 1
Reactions of camphoric acid (1) with SF,

Entry Reaction temperature (°C) Reaction time (h) Products distribution (GLC%) * Appearance of row mixture of products
2 3 4

1° 60 20 31 18 37 black viscous tar

2 25 24 12 3 73 yellow solid

3 25 5 7 1 85 yellow solid

4 25 0.5 0.8 trace 92 yellow solid

5 25 113 62 10 18 yellow oil

6° 25 90 61 15 3 brown oil

7 15 235 68 12 10 dark brown oil

8 15 300 52 12 <1 black oil

2 Determined in crude mixture of products. Not calibrated.
® Products distribution determined after steam distillation.
¢ HF was generated in situ by addition of equimolar amount of water.

o o ~ F o
- SF R s F .
;\KCOOH — 1. }COF + FVE o, ECOF
cool CF, 0 COF
l.‘
2 3 4

1
bis(trifluoromethyl) derivative was not found among the
reaction products.

The reaction, carried out at 60 °C, gave all three products
but the yield was low because of considerable tar formation.
At ambient temperature (15-18 °C) little or no tar was
formed and the total yields were generally good. The cam-
phoroyl difluoride (4) is formed almost immediately just by
allowing the reaction mixture to warm up from —76 °C to
ambient temperature (Entry 4). This compound is suffi-
ciently resistant to hydrolysis to be washed (in a CH,Cl,
solution) with aqueous K,CO; or steam distilled, however,
it slowly hydrolyses with evolution of hydrogen fluoride
when stored in a glass vial. Interestingly, hydrolysis of 4 by
atmospheric moisture or even, in organic solvents, by dilute
alkaline solutions does not give the acid 1 but camphoric
anhydride.

Further fluorination of 4 proceeds slowly but after pro-
longed reaction time (4-12 days) bicyclic tetrafluoroether
(3) and the trifluoromethyl acid fluoride (2) were formed as
the minor and major product, respectively. Formation of 3 is
a rare case when 1,3-dicarboxylic groups in an alicyclic ring
react with SF, with ring closure to give a cyclic tetrafluo-
roether. The only example reported prior to this work was the
reaction of trans,cis,trans-1,2,3,4-cyclopentanetetracarbox-
ylic acid in which 2-3 and 1-4 carboxylic groups cyclised to
give a 15% yield of tricyclic octafluoroether as a minor prod-
uct [15].

The major, and the most interesting compound 2, similarly
to 4, slowly hydrolyses when stored in a glass vial but in an
organic solvent it practically does not react with aqueous
bases. Quantitative conversion of 2into (1R,3S)-( +)-1,2,2-
trimethyl-3-trifluoromethyl-1-cyclopentanecarboxylic acid
(5) was achieved by agitating neat 2 with 10% aqueous KOH
at ambient temperature, overnight (Scheme 2).

Scheme 1.

- KOH aq. -
COF _— COOH
CF, 20°C. 16 h CF,

2 5 (100%)
Scheme 2.

Structures of compounds 2-5 were unambiguously deter-
mined by spectral methods (Table 2). The presence of CF;,
CF, and COF groups has been clearly demonstrated by the
multiplicity of the respective '*C NMR signals and by chem-
ical shift values of the '°’F NMR signals. The '°F NMR signals
of the CF, groups in 3 appear as AB spin systems with large
geminal coupling constants thus showing high magnetic non-
equivalence of endo and exo fluorine atoms. All compounds
2-5 are optically active though their optical rotations vary in
a wide range, depending on the polarity (Table 2).

Compounds 2, 3 and 4, due to their considerably different
polarities, are easily separable by column chromatography
on silica gel using n-hexane as eluent. However, their vola-
tility causes severe losses during evaporation of large vol-
umes of the solvent. A method for the preparation of acid 5
directly from the crude reaction mixture, avoiding separation
of acid fluoride 2, is under development and will soon be
published. Some chemical transformations of 2 and 5 and
their synthetic utilities are also being investigated.

3. Experimental details

Melting points were determined in capillaries and boiling
points were measured during distillation; both are uncor-
rected. 'H, '°F and '*C NMR spectra were recorded in CDCl,
with a Varian Gemini 200 spectrometer at 200, 188 and
50 MHz, respectively. Chemical shifts are quoted in p.p.m.
from internal TMS for 'H and carbon ’C (positive down-
field) and from internal CFCl, for '°F (positive upfield).
Crude mixture of products were analysed with a Shimadzu
GC-14A Chromatograph using a5 m X 2 mm column packed
with 5% silicone oil SE-52 on Chromosorb G. GC-MS anal-
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yses were performed with a Hewlett-Packard 5890 apparatus
(70 V) using a 30 m capillary column coated with a HP5
oil. High resolution mass spectra of pure compounds were
obtained with an AMD-604 spectrometer and IR spectra with
a Perkin-Elmer 1640 instrument. Optical rotations were
measured at ambient temperature (ca. 22 °C) as 10% solu-
tions with a JASCO DIP-360 digital polarimeter using a
100 mm cell.

(1R,3S)-( +)-Camphoric acid (Fluka, [a]Z +48.9,
c¢=10, C,HsOH]J; lit. [a]® +46.5+2 [16]) and sulphur
tetrafluoride (Air Products) were commercial reagent grade
products.

3.1. Reactions of camphoric acid (1) with SF, and isolation
of compounds 2—4

Acid 1 (2 g, 0.01 mmol or 6 g, 0.03 mol) was placed in a
30 ml capacity stainless steel autoclave fitted with a needle
valve, the autoclave was cooled in an acetone—dry ice bath,
evacuated, then sulphur tetrafluoride (7 g, 0.065 mol or 21 g,
0.2 mol, respectively to the amount of 1) was condensed in.
The autoclave was agitated in a rocking furnace under con-
ditions given in Table 1. After completion of the reaction,
gaseous products were let off ( SF,, SOF,, HF) and the resi-
due was dissolved in CH,Cl, (50 ml), washed with 5% aque-
ous K,CO; and dried over MgSO,. Removal of the solvent
gave a crude mixture of products (2.1-24 g or ca. 6.5 g,
depending on the amount of 1 used) which was subjected to
GC-MS and/or GLC investigations; the results are given in
Table 1. A mixture obtained from Entry 1, prior to GLC
analysis, was steam distilled to give colourless oil (0.9 g from
2gofl.

Compound 2 and 3 were isolated from a crude mixture of
products obtained in Entry 7 (6.5 g) by column chromatog-
raphy on silica gel (50 g) using n-hexane as eluent. Evapo-
ration of the eluent under atmospheric pressure (both
compound are volatile) gave 2 as an almost colourless oil
(yield 2.85 g, 42%, GLC purity >99%) and 3 as yellowish
crystals (0.9 g, 13%, GLC purity >99%). Analytical, col-
ourless samples were obtained by vacuum distillation or sub-
limation, respectively.

Pure compound 4 (isolated yield 1.8 g, 88%, GLC purity
98%) was obtained as a white amorphous solid by vacuum
sublimation of crude product formed in Entry 4 (2.1 g).

Compounds 2, 3 and 4 possess a weak characteristic smell
resembling that of camphor; HRMS, NMR data and physical
properties are given in Table 2.

3.2. (IR 3S5)-( +)-1,2,2-trimethyl-3-triflucromethyl-1-
cyclopentanecarboxylic acid (5)

A suspension of acid fluoride 2 (1.37 g, 6 mmol) ina 10%
aqueous KOH (20 ml) was vigorously agitated overnight at

ambient temperature. A clear homogenous solution was
formed. A white solid obtained after acidification with con-
centrated hydrochloric acid was filtered off, washed with cold
water and dried over P,O,. This product, containing consid-
erable amount of non-melting inorganic material, was dis-
solved in n-pentane (ca. 10 ml) and inorganic salts were
removed by filtration. Evaporation of the solvent gave pure
5 as a white odourless crystalline solid (1.37 g, 100%).
HRMS, NMR data and physical properties are given in
Table 2.

3.3. Atmospheric hydrolysis of difluoride 4

A sample of 4 stored in a closed glass vial slowly elimi-
nated hydrogen fluoride. After ten days the sample was found
by comparative GLC to contain 95% of camphoric anhydride:
m.p. ca. 220 °C (lit. 223.5 °C [17]; IR (CCl,) (em~1'): 1762
(vs, CO) and 1810 (vs, CO) (lit. 1770 and 1820 cm™*
(17p.
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