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FLUOROCYCLOHEXANES—XII*

NOVEL ELIMINATION REACTIONS OF 1H,2-CHLORO/-DECA
FLUOROCYCLOHEXANE AND 1H,2-CHLORO/-1-CHLORONONA
FLUOROCYCLOHEXANE

S. F. CaMPBELL, F. LANCASHIRE, R. STEPHENS and J. C. TATLOW
Chemistry Department, The University, Edgbaston, Birmingham, 15

(Received 3 March 1967 accepted for publication 3 April 1967)

Abstract—The stereoisomeric 1H ,2-chlorodeca—and 1H ,1,2- dichloronona—fluorocyclohexanes have
been prepared and characterised. The dehydrohalogenations of 1H ,2-chloro/-decafluoro—and 11 ,2-
chloro/1-chloro-nonafluoro—cyclohexane with aqueous alkali are unusual in that there appears to be a
simultaneous operation of anti—and syn-elimination processes; some comments 'on possible mechanisms
have been made.

THE replacement of chlorine by hydrogen in a chlorofluorocarbon using lithium
aluminium hydride in diethyl ether is a well known reaction.?-3 1,2-Dichlorodeca-
fluorocyclohexane gives 1H/2H- and 1H.2H/-decafluorocyclohexane.* We have found
that use of a deficiency of lithium aluminium hydride with dichloro-compounds
will produce substantial amounts of chloro-hydro-products. Thus, 1,2-dichloro-
decafluorocyclohexane gave two chlorodecafluorocyclohexanes which were readily
separated by gas chromatography, and were characterized by analysis and mass
spectrometry. Further reduction with lithium aluminium hydride converted each
isomer into a mixture of 14/2H- and 1H,2H/-decafluorocyclohexane, showing that the
reaction is not stereospecific. Dehydrohalogenation with aqueous potassium
hydroxide at room temperature was used to allocate the stereochemistry of the two
isomers. Under comparable conditions, the less volatile monochloride gave deca-
fluorocyclohexene (II1; X = F) as the sole product with no unchanged starting
material, whereas only about 70% of the isomeric chloride was attacked to give
largely 1-chlorononafluorocyclohexene (86%; IV; X = F} together with deca-
fluorocyclohexene (14%; 1II; X = F). The first monochloride is therefore 1u/2-
chlorodecafluorocyclohexane (II) or (II*; X = F) which can undergo anti-periplanar
dehydrochlorination, and the second the 1H,2-chloro/-sterecisomer (I; X = F).
From the latter the major unsaturated product will arise from the expected anti-
periplanar dehydrofluorination but the formation of decafluorocyclohexene is
of considerable interest in that it arises from groups that are synclinal in a—chair
conformation.

The chlorination of 1H-nonafluorocyclohexene gave cis- and trans-1H-12-
dichlorononafluorocyclohexane which were separated by gas chromatography
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and characterized by analysis and mass spectrometry. The minor, more volatile,
component and aqueous potassium hydroxide gave 1-chlorononafluorocyclohexene
(IV; X = F) as the sole product, thus establishing its structure as 1H/2-chloro-
1-chlorononafluorocyclohexane (II; X = Cl). The stereoisonseric chloride under
identical conditions gave largely 1,2-dichloro-octafluorocyclohexene (829%; IV;
X = Cl) by an anti-peniplanar dehydrofluorination, but 1-chlorénonatluorocyclo-
hexene (18%; III; X = CI) was also formed and this seems to be another example
of a syn-clinal dehydrochlorination competing with an anti-periplanar dehydro-
fluorination.

It is unlikely that the sterically unfavourable dehydrochlorination which occurs
in 1H,2-chloro/decafluorocyclohexane (I; X = F) and 1H,2-chloro/1-chloronona-
fluorocyclohexane (I; X = Cl)is an E2 process in a chair conformation I. A syn-clinal
E2 process in a boat conformation VIII is a possibility,®:since the general stereo-
chemical situation is then similar to that in a cyclopentane from which such elimina-
tions occur.® An alternative is an elimination via a carbanion V. Deuteriation
experiments were therefore carried out and both 1H,2-chloro/-stereoisomers (I;
X = F and Cl) were deuteriated by potassium hydroxide in deuterium oxide, as
were undeca- and 1H/2H-deca-fluorocyclohexane.t 1H/2-Chlorodecafluorocyclo-
hexane (II; X = F) was not detectably deuteriated under comparable conditions,
like 1H.2H/-decafluorocyclohexane. The precise role of the carbanion (V; X = F or
Cl) is not clear, however. Thus, as depicted in the figure, it could undergo a non-
coplanar elimination of chloride ion (it is known’ that non-coplanar eliminations
from highly fluorinated carbanions can occut) to give (I1I; X = F or Cl), as well as
the more likely coplanar elimination of fluoride ion to give IV. It could invert its
configuration to give VII and equilibrate with the conformer VI, which could either
lose chloride ion in a coplanar elimination to give III or reprotonate to II* (the
mirror image of II) which gives III in an E2 process. Unfortunately, little is known at
present about the configurational stability of polyfluoro-carbanions in systems of

this type.

EXPERIMENTAL

Gas chromatography. Analytical work was carried out using a glass column 2 m x 4 mm diam packed
with dinonyl phthalate-celite (1:2; unit A). Preparative scale separations were made using columns
488 cm x 75 mm (col. A), 488 cm x 35 mm (col. B). 200 cm x 30 mm (col. C) all with the same packing
as unit A. :

1#-2-Chlorodecafluorocyclohexanes. 1.2-Dichlorodecafluorocyclohexane (1000 g) in ether (10 ml) was
added during 4 hr to a well stirred suspension of LAH (70 g) in ether (400 ml) at room temp. The mixture
was stirred at room temp for 2 hr and water (200 ml) was added followed by 2:5N HNO, (250 ml). The
ether soln so obtained was separated, washed with water, dried (MgSO,), filtered, evaporated through a
Vigreaux column (1) and the residue (900 g) separated by gas chromatography (col. A. 91°. N, 44 l/hr)
to give: (i) 1H/2H-decafluorocyclohexane* (82 g) with a correct IR spectrum; (ii) 11.2-chloro/decafluoro-
cyclohexane (301 g) b.p. 91° (Found: C, 239; H. 0-3. C¢HCIF,, requires: C. 24-1; H. 0-3 %). mass spectras
metry gave a top mass peak of 298 (CsHCIF o). (iii) 1H/2-chloro-decafluorocyclohexane (154 g), m.p. 19°

t In earlier work® no evidence for base-catalysed deuterium exhange was obtained using IR spectro-
scopy to analyse the reaction products; this technique was clearly too insensitive.
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b.p. 100°. (Found: C, 24-4; H, (-4%), mass spectrometry gave a top mass peak of 298 (C,HCIF o); (iv)
11, 25/-decafluorocyclohexane® (250 g), with a correct IR spectrum.

1H-1.2-Dichlorononafluorocyclohexanes. 1a-Nonafluorocyclohexene (81 gyand Cl, (25 gl were keptina
sealed **Pyrex” tube irradiated with UV light for 24 hr at room temp and the product was washed with
sodium metabisulphite soln, dried (MgSQ,). filtered and separated by gas chromatography (col. A, 100°,
N, 54 1/hr) to give: (i) 1s-nonafluorocyclohexene (04 g); 1H/2-chioro-1-chlorononafluorocyclohexane
{05 g) b.p. 109° (Found - C.227; H, 0:3. CgHCIL,F, requires: C, 229 H, 0:3%), mass spectrometry gave
a top mass peak of 314,(C,HCLF,); (iii) 18,2-chlore/1-chloro-nonafluorocyclohexane (92 g) bup. 115°
{Found: C, 23-0; H, 0:3%). mass spectrometry gave a top mass peak of 314. Two other components were
detécted by analytical gas chromatography but could not be isolated on a preparative scale.

11.2- Chloro/1-chlorononaflucrocyclohexane (13 g) was refluxed with Zn dust {23 g) in dioxan (4 m})

for 4 hr. After cooling, the inorganic material was removed by filtration and {H-nonaflucrocyclohexene
(05 g). with a correct IR spectrum, separated by gas chromatography (col. B, 90°, N, 10 L/hr).
LAH reduction of 1H/2-chlorodecafluorocyclohexane. This compound (3-3 g) in ether {10 ml} was added
during 40 min to a well stirred suspension of LAH (1'1 g) in ether (25 ml) at 0° and the stirring was con-
tinued for 3 hr. Water (20 ml) was then added to the mixture followed by 4N H,50, (50 ml) and the
ether layer washed with water, dried (MgSO,), filtered and distilled through a vacuum jacket¥d column
(6" x 4"} packed with glass helices. The residue (1'6 g) so obtained was shown by gas chromatc;graphy to
contain, in addition to ether, two components with retention times identical to those of 18/24- and 18,24/
decafluorocyclohexane in the approx. ratio of 12:88, respectively, and a sample {80 pi,, in two equal purtions)
was separated by semi-preparative scale gas chromatography {col. C, 78° N, 50 L/hr} to give: (i) ether;
(it} 1n/2n-decaflluorocyclohexane; (ili) 11,21/-decafluorocyclohexane; all with correct IR spectra.

'LAH reduction of 1W.2-chloro/decafluorocyclohexane. In the previously described manner, this compound
(20 g)in ether (3 mN and LAH (04 g} in ether (25 ml) at 0° gave a liquid product (1-5 g) which was shown by
gas chromatography to contain ether and two other components with retention times identical to those
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of 11/2H- and 11.21/-decafluorocyclohexane in the approx. ratio of 17:83, respectively. A sample (80 pul.
in two equal portions) was separated by semi-preparative scale gas chromatography {col. C. 76'. N,
60 1L/hr) to give: (i) ether; (ii) 1H2u-decafluorocyclohexane: (iii) 16.24/-decaflluorocyclohexane; all with
correct IR spectra.

Dehydrohalogenations

1H/2-Chlorodecafluorocyclohexane (4-1 g) was shaken with 18N KOH (15 ml) in a sealed ““Pyrex”
tube at room temp for 14 hr and the organic layer separated. washed with water. dried (MgSO,). filtered
and distilled to give decafluorocyclohexene (32 gj with a correct IR spectrum; a very minor component
was detected by analytical gas chromatography.

1H.2-Chioro/decalluorocyclohexane (40 g) was treated in precisely the same way as the trans-isomer
and the product separated by gas chromatography (col. B.90". N, 101./hr) to give: (i) decafluorocyclohexene
(0-2 g) with a correct IR spectrum: (ii) 1-chloronanafluorocyclohexene (1-3 g) b.p. 80° (Found: C. 260;
H.01.C(CIF, requires: C.259 %). vmax 1695 cm ™! (—CF=CCl—}witha consistent ' °F NMR spectrum ;®
this olefin {2:3 g). KMnO, {4-3 g} and acetone {60 ml) at 18" for 1 hr gave octafluoroadipic acid which was
isolated as its dianilinium salt {1-6 g} m.p. 214° {cited® 214°); (iii) starting material {1-4 g) with a correct
IR spectrum.

1H/2-Chloro-1-chlorononafluorocyclohexane (08 g) under the standard conditions gave only I-
chlorononafluorocyclohexene (04 g) with a correct IR spectrum.

11.2-Chloro/t-chiorononafluorocyclohexane, (111 g) under the standard conditions. gave a liquid
product which was separated by gas chromatography (col. A. 99°. N, 60 L/hr) to give: (i) 1-chloro-
nonafluorocyclohexene (1-8 g} with a correct IR spectrum; (ii) 1.2-dichloro-octaflucrocyclohexene (81 g}
b.p. 112° (cited'® 113°). (Found: C. 24:3; H. 00 Calc. for C,Cl,F,: C. 244°;). v max 1645 cm™!
{—CCi=CCl-}; this olefin (3-0 gl. KMnO, (51 g} and acetone (65 ml) at 18~ for | hr gave octafluoroadipic
acid which was isolated as its dianilinium salt (1-7 g) m.p. 215" (cited® 214"),

Partial deuteriations

General procedure. The fluoro-compound was shaken with soln of KOH in D,0 and when analytical
gas chromatography indicated ca. 50°; dehydrohalogenation the orgamic layer was separated by prepara-
tive scale gas chromatography (col. B) and the recovered starting material examined by mass spectro-
metry; the results are set out in the table.
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