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Part 18.! Derivatives of Perfluoro-

By Richard D. Chambers * and Graham Taylor, University Science Laboratories, South Road, Durham

DH1 3LE

Richard L. Powell, |.C.1. Ltd., Mond Division, P.O. Box No. 8, The Heath, Runcorn, Cheshire WA7 4DQ

Unlike perfluorocyciobutene, perfluorocyclo-pentene and -hexene do not form oligomers with pyridine. A range
of oligomers is obtained from mixtures of perfluorocycloalkenes in reactions initiated by caesium fiuoride. Products
are also obtained from perfluorocycloalkenes with perfluoropropene and between perfluorocyclobutene and
perfluorobut-2-ene. A variation is observed in the balance between exo- and endo-isomers of perfluorocyclo-
alkene oligomers. It is concluded that conformational interactions dominate the position of equilibrium, except
with four-membered rings, where angle strain is also important.

FLUORIDE-TON initiated reactions of cyclic fluoro-
olefins provide a route to some fascinating oligomers of
these systems.? We have previously 3 obtained the
dimers (1) and (2) of perfluorocyclo-pentene (3) and
-hexene (4) respectively, using caesium fluoride in
sulpholan, but the corresponding reaction with per-
fluorocyclobutene (5) gave mainly a trimer. Neverthe-
less, in the preceding paper, we have reported that the

(M (2)

Pyridine (3)
Fl] —= |F —= | F +]F

(5) (6) (M (8)

A fluorine symbol within a ring signifies that all unmarked
positions in that ring are bonds to fluorine

dimers (7) and (8) may be obtained in reasonable yield in
a process initiated by pyridine.l* Consequently, we
have now investigated corresponding reactions of
pyridine with perfluorocyclo-pentene (3) and -hexene
(4), and perfluoro-but-2-ene, -propene, and -ethylene
to determine whether pyridine provides advantages over
fluoride ion as an initiator for oligomerisation of these
systems. In all these cases, however, tar was produced,
although with significant recovery of the fluoro-olefin,
but no oligomers of the olefins could be detected. There-
fore, perfluorocyclobutene (5) is unusual amongst
fluoro-olefins in its reaction with pyridine but the reasons
for this special behaviour are not clear. The dimers (7)
and (8) are formed by reaction of the cycloalkene (5)
with the derived ylide (6) and it is possible that with
other fluoro-olefins, e.g. perfluorocyclopentene (3), the
initial reaction product (9) undergoes pyridine ring-
opening with fluoride ion, rather than further reaction
through an ylide analogous to (6). Furthermore, only
in one case have we been able to trap the ylide (6) with
a fluoro-olefin other than (5). In the presence of excess
of perfluorocyclopentene (3), perfluorocyclobutene (5)

reacted with pyridine and gave a substantial amount of
(10), in addition to oligomers of (5). A small amount of
an isomer of (10) (ca. 5%) was detected but we have not
isolated this compound. The structure of (10) follows
very simply from the symmetry, as revealed by the °F
n.m.r. spectrum.

In contrast to the failure of pyridine to promote
reactions between different perfluorocycloalkenes, or
between these systems and other fluoro-olefins, a wide
range of products may be obtained in corresponding
reactions promoted by fluoride ion. All these
reactions were carried out using dimethylformamide
(DMF) as solvent and were initiated by anhydrous

©

(3)
leridine
(3}
/Ylide formation &= oligomers

+ \ P P . . ( .
o r\b yridine ring-opening (tar formation)
NS L/F

(9

(5) + excess (3)

lerfdine
E>=<F> (71°%) + otigomers of (5)

(10)

caesium fluoride. Perfluorocyclo-butene (5) and -pen-
tene (3) gave a complex mixture of products from which
(10) could be isolated. In contrast, a corresponding
reaction of (5) with perfluorocyclohexene (4) gave,
largely, oligomers of (3), together with a small fraction
containing isomers of C,;F,. The major isomer (11)
was prepared by an analogous reaction of the dimer
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mixture (7),(8) with (4). Reaction of perfluorocyclo-
pentene (3) with excess of perfluorocyclohexene (4)
required a higher temperature but, in this case, the main
product was (12), together with the dimers (1) and

2)-

(i}, i)
() + @ ALY oligomers of (5)+ Cy,F,; (isomers)
(4)

(i (i)

(7.8 + (4) —= | F | (29°%)

(m

(3) + excess of (4) i ®_® (62%) + (1) + (2)

(12)
i, DMF, CsF; ii, room temperature; iii, 80 °C

We have now prepared a range of fluorinated cyclo-
alkene derivatives containing two rings and these
systems exhibit an interesting variation in the position of
the double-bond between exo- and endo-positions, under
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time of writing we are not aware of any report on
equilibrium studies.

Factors which are most likely to affect the position of
equilibrium in a fluorinated system corresponding to
(13a and b) are (i) the presence, or otherwise, of a vinylic
fluorine atom; (ii) the relative angle-strain energy for
exo- (13a) versus endo- (13b) isomers; and (iii) the relative
importance of conformational interactions of fluorine
atoms in the two structures. Various observations
indicate that vinylic fluorine atoms raise the energy of
an olefinic system and this has been attributed to re-
pulsive interaction of the non-bonding electrons of
fluorine with those of the m-system.® In accord with
this is the fact that, in acyclic fluoro-olefins, the most
stable isomer is invariably one which has the least
number of fluorine atoms attached to the double bond.
For example, olefin (14) exists almost exclusively in the
form (14a) in the presence of fluoride ion.1%11 [t is
difficult to anticipate the relative importance of angle
strain for (13a) and (13b), although Doering and his co-
workers 12 have concluded that there is little difference
in fotal strain energy between methylenecyclobutane
(15a) and methylcyclobutene (15b), z.e. that the presence
of two unsaturated sites is no more disadvantageous
than one, in a four-membered ring. However, whether
this is a balancing effect of lower angle strain in (15a)
versus relief of conformational interactions in (15b) is
not clear. The chemical effects of conformational inter-
actions in five- and six-membered rings have been dis-

CF, cF
(13a) (13b)
CF C.F - CF. C,Fg CF3 CF3
2§c_ - 2’5 —‘F-:'- 3>C—C/ —— F-EC"C\\
CFs’  CFy CaFs F CaFs CFCFy
(14¢) (14a) (14b)
CHZ CH3

(150a)

equilibrium control, ¢.e. in the presence of fluoride ion.
Comparing the compounds (1), (2), (7), (8), (10), and (12),
we see that compounds (2) and (12) are exclusively in
the endo-form, whereas compound (1) is exclusively, and
(10) at least 959,, in the corresponding exo-form. In
contrast, the exo- and endo-isomers (7) and (8) occur in
ca. equal amounts. A comparison with the position of
equilibrium of the hydrocarbon systems analogous to
(1), (2), (7), and (8) would be interesting but, although
some of these systems have been synthesised,58 at the

(15b)

cussed extensively 1314 and the following general points
should be borne in mind. (i) Introduction of an un-
saturated site into a five-membered ring will decrease
eclipsing interactions while (ii) introduction of a single
unsaturated carbon into a six-membered ring will move
the interactions towards the eclipsing conformation.
This being the case, then introduction of fwo unsaturated
carbon atoms should be more favourable than introduc-
tion of one because the number of nearly-eclipsing
interactions is diminished. On the basis of these effects
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a rationale of the structures (1), (2), (7), (8), (10), and
(12) may be advanced.

First, the structures (1) and (10), containing no vinylic
fluorine atoms, may be seen as those which also minimise
conformational interactions. The systems (2) or (12),
containing a perfluorocyclohexyl group, clearly demon-
strate that it is more favourable to avoid unsaturated
sites in a six-membered ring [¢.e. (12)] but that, where it
is unavoidable, then it is better to have both sites in the

CF(CF3), CF(CF,),
. CF(CF3),
(3) + CF,=CFCF; —= +

(16) (17X(75%) (18)(10°%)
-+ oligomers of (16)

(4) + (16) = @/ + oligomers of (16)

(19)

F
CFy
J\CF __C(CF,),
3+ |F

(21) (» 30%)

(5) + (16) —= | F
(20) (6%)

CF(CFy);

C(CFy),

+ |F +|F
(22)0 20%) (23)

C(CF,), [CF,1,CF,
-+ oligomers of (16)

i, CsF, DMF, room temperature

" 120)

s+ F== [F| 2% (2
(24)

6)+ F === (CFy),CF D (22)
(25)

(25) + (16) —= (CF;),C=CFCF,CF,

L

(CF;),CCF,CF,CFy; —= (23)
(26)

SCHEME

same ring [s.e. (2)]. Formally, conformational effects
should be very similar in (1) and (7) but the fact that
(8) is of comparable energy to (7) can only be attributed
to angle strain being a significant factor in raising the
energy of (7) relative to (8). It seems clear, therefore,
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that having the carbon atoms of the double bond incor-
porated into separate four-membered rings [t.e. (7)]
involves higher angle-strain than the alternate [z.e. (8)].
This is borne out by the much greater reactivity of (7)
over analogous systems like (1) or (14a) and the novel
chemistry of (7) will be described later.1s

We have also investigated fluoride-ion induced re-
actions of perfluorocycloalkenes with perfluoropropene.
Reactions with perfluorocyclo-pentene (3) and -hexene
(4) are relatively straightforward and the products may
be understood as involving attack by the perfluoroiso-
propyl anion on (3), giving both mono- (17) and di- (18)
substitution (N.B. some perfluorodialkyl-cyclopentenes
have also been made by other workers %), and on the
less reactive perfluorocyclohexene (4), giving only
mono-substitution (19). As explained earlier, the pre-
ferred endo-structures for (17)—(19) are consistent with
minimising conformational interactions.

Perfluoro-propene and -cyclobutene are of comparable
reactivity towards nucleophiles and, therefore, a more
complicated reaction product is obtained than with
(3) or (4); 1" nevertheless, compounds (20)—(23) have
been isolated and characterised (see Experimental
section). These compounds, (20)—(23), arise from pro-
cesses involving several intermediate anions, (24), (25),
and (26), as indicated in the Scheme. Compounds (17),
(18), and (19) have the endo-structure, which minimises
conformational interactions in these systems, but
compound (20) by contrast has the exo-structure. This
difference is most likely due to the fact that isomer (20) is
able to flex more freely (27),(28) to relieve eclipsing

L= = >

(27) (28)

interactions while the endo-isomer of (20) would, of
course, be rigidly planar and eclipsing interactions would
be at a maximum.

Reaction of perfluorocyclobutene (5) with the much
less reactive perfluorobut-2-ene gave (29) as the main
product and, here again, this exists exclusively as the
exo0-isomer.

CF3

(5) + CFyCF=CFCF; —= |F
(29) (30°%)

CF,CF,

On examination of the various structures described
in this paper, where exo- and endo-isomers are possible
it is clear that conformational aspects are the features
dominating the position of equilibrium, rather than the
presence, or otherwise, of a vinylic fluorine atom. This
is wholly understandable because the importance of
conformational interactions, even in hydrocarbon
systems is well known,3 but, the larger size of fluorine,
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together with the effects of considerable numbers of
non-bonding electron-pairs, will make these effects even
more dominant.

Structure Derivation.—Structures of the compounds
described earlier generally follow simply from the °F
n.m.r. spectra (see Experimental section). In all
structures containing fluorine attached to unsaturated
carbon, the F—-C= resonance occurs to lower field than
—CF,- signals in the spectrum. Furthermore, each of
these structures contains a ‘tertiary’ fluorine atom

—\—CF, which is associated with a signal at character-

istically high field. Assignments are also supported by
the infrared spectra where, in general, for a system
(Ry)o,C=C(Ry), (Ry = perfluoroalkyl), the intensity and
frequency of v(C=C str.) is lower than for (Rg),C=CFRy.1®

EXPERIMENTAL

BF N.m.r. spectra were recorded on a Varian A56/60D
spectrometer with CFCl; as external standard; wupfield
shifts (p.p.m.) are quoted as positive. Molecular weights of
pure compounds were determined using an AEI MS9
instrument. ILaser-Raman spectra were recorded using a
Carey 82 laser. G.l.c. was carried out using a Varian-
aerograph 920 (gas density balance) and g.l.c.—m.s. using a
Pye 104, linked to a V.G. micromass, mass spectrometer.
Three columns were used: column A, 209, di-isodecyl-
phthalate on Chromosorb P; Column O, 309 silicone SE30
on Chromosorb G60—80; and Column Z, 2-cyanoethyl-
methylsilicone on Chromosorb P. A Fischer-Spaltrohr
HMS 500 column was used for distillation.

Reaction of Perfluovocyclobutene (5) and Pevfluovocyclopen-
tene (3) with Pyvidine.—A mixture of pyridine (3.0 g, 38.0
mmol), perfluorocyclopentene (3) (33.3 g, 157.1 mmol),
and perfluorocyclobutene (5) (25.2 g, 157.4 mmol) was
stirred at room temperature for 30 h in a sealed tube which
was then opened and the volatiles transferred, under high
vacuum, to a cold-trap. Distillation using a small Vigreux
column gave (3) (18.9 g) and the residue was washed with
water, dried (P,0;), and transferred under vacuum to a
cold-trap. The resultant liquid (27.9 g) was shown by
g.lc. (column O, 80 °C) to be a mixture of (3) (19%), per-
fluorobicyclobutylidene ' (7) (159%), perfluorocyclobutyl-
cyclobutene ! (8) (13%), and perfluoro-1,2-dicyclobutyl-
cyclobutene ! (129,); one additional peak was subsequently
shown to be a mixture of C;F,, isomers (419%,).

The liquid was distilled and the fraction boiling at 103—
104 °C shown to be a mixture of two isomers (ca. 20 : 1 ratio)
[g.l.c.-m.s. (column Z)]. A sample of the major isomer was
separated by preparative g.l.c. and identified as perfluoro-
cyclobutylidenecyclopentene (10) [719%, yield based on (3)
consumed]. Compound (10) (Found: C, 28.7; F, 70.6%,;
M+, 374 (very weak). CgF,, requires C, 28.88; F, 71.129%,;
M, 374) showed i.r. (gas) A, 7.77, 8.19, 8.48, 9.49, and
10.57 ym; Raman, C=C at 5.72 ym; &y 136.9 (4 F, cyclo-
pentyl ring), 132.1 (2 F, cyclobutyl ring), 117.1 (4 ¥, cyclo-
butyl ring), and 114.2 (4 F, cyclopentyl ring).

It was concluded from the results of several reactions that
the yield of compound (10) increased with an increasing
initial concentration of (3).

Reactions of Perfluovocyclobutene (5) and Other Pevfluoro-
alkenes with Pyridine.—Reactions were carried out with
mixtures containing pyridine, perfluorocyclobutene (5),
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and the following olefins: perfluoro-propene, -but-2-ene
and -cyclohexene. In no case could co-oligomers be
detected and in each case the expected oligomer mixture
from reaction of (5) with pyridine was obtained, together
with a good recovery of the other perfluoroalkene.

Reactions of Other Pevfluoroalkenes with Pyridine.—
Reactions were carried out between pyridine and the follow-
ing perfluoroalkenes under the conditions stated: perfluoro-
ethylene (100 °C, 2 h), -propene (room temperature, 48 h),
-but-2-ene (room temperature, 48 h), -cyclopentene (80 °C,
24 h), and -cyclohexene (95 °C, 24 h). No oligomers were
detected and, in each case, there was a good recovery of
the perfluoroalkene, although accompanied by some form-
ation of tar.

Fluovide-ion Induced Co-oligomerisations.—Perfluorocyclo-
butene (5) with perfluovocyclopentene (3). A mixture of
compounds (5) (8.4 g, 51.9 mmol) and (3) (10.5 g, 49.5
mmol), caesium fluoride (4.5 g, 29.6 mmol), and DMF
(20 ml) was stirred at atmospheric pressure and room
temperature for 150 h. Volatile material was transferred,
under high vacuum, to a cold-trap, and the lower fluoro-
carbon layer was removed, washed with water, dried (P,0;),
and transferred under vacuum to a cold-trap. Theresultant
liquid (15.8 g) was shown [analytical g.l.c. (column O))]
to be a highly complex mixture: a CyF,; fraction was
separated by a combination of fractional distillation and
preparative g.l.c. (column O) and shown [F n.m.r. and
g.lc. (column Z)] to be almost identical with the CyFy,
fraction [959% compound (10)] from the corresponding co-
oligomerisation with pyridine. G.l.c.—m.s. indicated the
major product of the reaction mixture to be a mixture of
Cy3F,, isomers.

Perfluovocyclobutene (5) with pevfluovocyclohexene (4). A
mixture of compounds (5) (19.4 g, 119.8 mmol) and (4)
(25.8 g, 98.5 mmol), caesium fluoride (6.3 g, 41.5 mmol),
and DMF (20 ml) was stirred at room temperature and
atmospheric pressure for 48 h. Volatile material was
transferred, under vacuum, to a cold-trap; the lower
fluorocarbon layer was removed, washed with water, dried
(P,Os), and transferred under vacuum to a cold-trap. The
resultant liquid (40.2 g) was shown [g.l.c. (column O,
90 °C)] to be a mixture containing compound (4) and oligo-
mers from compound (5); one other major peak was sub-
sequently identified (g.l.c.—m.s.) as a C,F,, fraction. This
fraction was purified by a combination of fractional distil-
lation and preparative g.l.c. and the resultant liquid (1.1 g)
was shown to be a mixture of isomers (Found: C, 28.9; F,
71.89%,; C,,F,, requires C, 28.67; F, 71.339%,).

Perfluovocyclobutylcyclobutene (7),(8) with pevfluovocyclo-
hexene (4). A mixture of compounds (7),(8) (1.41 g, 4.35
mmol) and (4) (3.68 g, 14.04 mmol), caesium fluoride (2.72 g,
17.9 mmol), and DMF (10 ml) was stirred for 120 h at room
temperature. Volatile material was transferred, under
vacuum, to a cold-trap; the lower fluorocarbon layer was
removed, washed with water, dried (P,0;), and transferred
under vacuum to a cold-trap. The resultant liquid (4.17 g)
was shown [g.l.c. (column O)] to be a mixture of compounds
(7), (8), and (4) together with one other major component
and several trace components, which were unidentified.
The major new component was separated by preparative
g.l.c. and the resultant low-melting solid (0.74 g) shown to be
a single C,,Fy, isomer, perfluoro-l-cyclobutyl-1-cyclohex-
l-en-1-ylcyclobutane (11) (299% vyield). Compound (11)
(Found: F, 70.9%; M?* 586. C.F,, requires F, 71.33%,;
M 586) showed ir. A, 5.87 7.04, 7.18, 7.58, 7.63, 7.78,
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7.91, 8.03, 8.14, 8.40, 8.55, 8.87, 9.78, 10.00, 12.67, and 13.04
wm; 8y 181.0 (1 F, ;CF), 86.8 (1 F, =C-F), and signals
between 110 and 142 (20 F, unassigned).

Compound (11) was identified as the major isomer present
in the C,,F,, fraction from the reaction of (4) and (5) with
caesium fluoride, by comparison of n.m.r. spectra.

Perfluorocyclopentene (3) with pevfluovocyclohexene (4). A
mixture containing compounds (3) (8.1 g, 38.2 mmol) and
(4) (13.6 g, 51.9 mmol), caesium fluoride (5.8 g, 38.2 mmol),
and DMF (20 ml) was stirred in a sealed tube at ca. 80 °C
for 120 h. The tube was opened and the volatile material
transferred, under vacuum, to a cold-trap. The lower
fluorocarbon layer was removed, washed with water, dried
(P,0;), and transferred under vacuum to a cold-trap. The
resultant liquid (19.2 g) was shown [g.l.c. (column Z)] to be
a mixture of compounds (3) (36%), (1) (17%). (2) (8%),
and one other component (399,) subsequently identified as
perfluovocyclohexylcyclopentene (12).

Compounds (1) and (3) were removed from the mixture
by fractional distillation and the residue separated by pre-
parative g.l.c. to give compound (12) (Found: C, 27.6; F,
72.6%: MT, 474. C,,F, requires C, 27.85; F, 72.15%,;
M, 474); ir. A, 585, 7.15, 7.49, 7.57, 7.62, 7.71, 7.87,
8.00, 8.19, 8.47, 9.35, 9.71, 10.10, 10.31, and 13.51 pm;
3y, 187.4 (1 F, 5CF), 108.3 (1 F, very broad, =C-F), 107.3
(2 F, cyclopentenyl ring), and signals between 115 and 148
(14 F, unassigned).

Perfluorocyclopentene (3) with perfluovopropene. A mix-
ture of compounds (3) (9.6 g, 45.3 mmol) and (16) (9.4 g,
62.7 mmol), caesium fluoride (5.6 g, 36.9 mmol), and DMF
(80 ml) was stirred for 3 h at atmospheric pressure and room
temperature. Volatile material was transferred under
vacuum to a cold-trap. The lower fluorocarbon layer was
removed, washed with water, dried (P,0;), and transferred
under vacuum to a cold-trap. The resultant liquid (17.9 g)
was shown [g.l.c. (column O)] to be a mixture of several
components, Fractional distillation gave compound (3)
(2.1 g) containing traces of compound (16) and its dimer;
a fraction (9.8 g, b.p. 83—84 °C, identified as perfluoroiso-
propyleyclopentene (17); and a residue (4.3 g) shown (g.l.c.)
to be a mixture of compound (17), trimers of compound
(16), and one other compound subsequently identified as
perfluoro-1,2-di-isopropylcyclopentene (18); this was separ-
ated by preparative g.l.c. to give the pure compound (1.9 g).
Yields of compounds (17) and (18) were ca. 74 and ca. 10%,
respectively, based on compound (3) consumed. Compound
(17) (Found: F, 73.8%; M"*, 372. CiF;, requires F,
73.48%; M, 372) showed ir. (gas) X, . 7.12, 7.63, 7.69,
7.88, 7.96, 8.17, 8.35, 8.42, 8.54, and 10.15 um; 3y 77.1
(6 F, two overlapping d of q), 107.5 (2 F, br m, C-5-F),
111.4 (1 F, br, =CF-), 122.1 (2 F, 4, J 15 Hz, C-3-F), 132.4
(2 F, C-4-F), and 189.2 (1 F, septet, / 9 Hz —CF). Com-
pound (18) (Found: C, 25.9; F, 74.79,; M™*, 512. C,F,,
requires C, 25.78; F, 74.22%;; M, 512); ir. (gas) A, 7.69,
7.87, 7.97, and 8.47 ym; the YF n.m.r. spectrum showed
this compound to be a mixture of rotamers at room temper-

ature, 8y (rotamer A) 169.0 (2 F, s, —}CF), 137.2 (2 F, C-4-F),
and 110.6 (4 F, C-3- and C-5-F), the CF; resonance(s) over-
lapping with those from rotamer B; 8y (rotamer B) 175.8
(1 F,s, J 47 Hze, ;CF), 170.5 (1 F, t, J 47 Hz, -;CF), 136.7
(2 F, C-4-F), 111.4 (2 F, br s, C-5-F), 109.6 (2 F, d, J 47
Hz, C-3-F), 72.7 (6 F, 4, J 47 Hz, CF,; groups on isopropyl
C-2), and ca. 73.7 (signal contains CF, groups for rotamer
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A). Integration indicates that the rotamer ratio A: B is
ca. 2:5.

Peyfiuovocyclohexene (4) with Perfluovopropene. A mix-
ture of compounds (4) (12.7 g, 48.5 mmol) and (16) (12.3 g,
82.0 mmol), caesium fluoride (7.1 g, 46.7 mmol), and DMF
(30 ml) was stirred at room temperature for 6 h at atmo-
spheric pressure. Volatile material was transferred to a
cold-trap under vacuum. The lower fluorocarbon layer was
removed, washed with water, dried (P,0;), and transferred
under vacuum to a cold-trap. The resultant liquid (23.7 g)
was shown [g.l.c. (columns A and O)] to be a mixture of
compound (4), oligomers of compound (16), and one other
component, subsequently identified as perfluoroisopropyl-
cyclohexene (19). F N.m.r. of the mixture indicated that
compound (19) was the major component. Compound (19),
purified by a combination of fractional distillation and
preparative g.l.c. (column A) (Found: F, 74.0%; MT,
412. CyF,4 requires F, 73.79%,; M, 412) had b.p. 108—
109 °C; ir. (gas) A, 7.63, 7.89, 8.00, 8.33, 8.69, 9.26,

9.71, 10.12, and 10.29 pm; 8y 186.4 (1 F, J 37 Hz, -CF),

138.6 and 137.1 (each 2 F, C-4- and C-5-H), 123.5 (2 F,
C-3-F), 110.3 (2 F, d, J 37 Hz, C-6-F), 107.2 (1 F, br, =CF-),
and 78.3 p.p.m. (6 F, d of q, Jp 25, Jq 4 Hz, CFy).

Peyfluorocyclobutene (5) with perfluoropropene. A mixture
of compounds (5) (18.3 g, 113.0 mmol) and (16) (17.2 g,
114.7 mmol), caesium fluoride (8.7 g, 57 mmol), and DMF
(20 ml) was stirred for 3 h at room temperature and atmos-
pheric pressure. Volatile material was transferred out,
under vacuum, to a cold-trap. The lower fluorocarbon
layer was removed, washed with water, dried (P,O;), and
transferred under vacuum to a cold-trap. The resultant
liquid (33.2 g) was shown by g.l.c.-m.s. (column O) to be a
highly complex mixture containing compound (21), C,,F,
(>309%), compound (22), C,yF;4 (>209%,), compound (23},
C1oF,s, compound (20), C,Fy,, oligomers of compound (186},
and trace amounts of material with mol. wt. > 500, which
were not identified.

Fractional distillation gave compound (20) (2.1 g),
b.p. 68—69 °C; a small intermediate fraction, b.p. 69—
113 °C; and various intermediate fractions, b.p. 113—
141 °C, shown (g.1.c.) to be mixtures of compounds (21), (22),
and (23), and trimers of compound (16) in varying pro-
portions. Samples of compounds (21), (22), and (23) were
obtained by preparative g.l.c. from enriched distillation
fractions.

Compound (20), perfluoroisopropylidenecyclobutane
(Found: F, 72.5%,; M, 312. C,F,, requires F, 73.08%;
M, 312), showed i.r. (gas) A,  7.79, 7.89, 8.20, and 9.48
pm; 8p 65.3 (6 F, two overlapping q, J 7 Hz), 116.9 (4 F,
m), and 132.4 (2F). Compound (23), perfluoro-2-cyclobut-1-
en-1-yl-2-methylpentane, b.p. 112 °C (Found: F, 73.49%;
M, 462. C, F,; requires F, 74.03%,; M, 462), showed i.r.
A 7.04, 7.81, 8.00, 8.16, 8.26, 8.36, 8.62, and 10.40 pm;

max.

Raman spectrum, C=C absorption at 5.84 um; 3y 64.8
(6 F,2 x —C(CF,)], 83.0 (3 F, CFy of C;F,), 95.7 (1 F, =CF-),
and 109.2, 115.3, 123.9, and 125.4 (each 2 F, unassigned).
Compound (22), perfluoro-2-cyclobut-1-en-1-yl-2,3-dimethyl-
butane, b.p. 120 °C (Found: F, 74.4%,; M™, 462. C,Fy,
requires F, 74.03%,; M, 462), showed ir. A, 7.01, 7.63,
7.75, 7.91, 8.08, 8.23, and 8.56 ym; Raman spectrum.
C=C absorption at 5.84 um; 3p 63.4 [6 F, 2 X —C~(CF)],
72.0 [6 F, 2 x (CF)CF(], 95.5 (1 F, =CF-), 171.2 (1 F,
;CF), and 115.1 and 124.5 (each 2 F, unassigned). Com-
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pound (21), perfluovo-2-cyclobut-1-en-1-yi-2-cyclobutylpro-
pane, b.p. 140 °C (Found: F, 71.9%; M, 474. C,Fy,
requires F, 72.1569,; M, 474), showed i.r. 2, 7.00, 7.55,
7.63, 7.69, 7.75, 8.00, 8.08, 8.12, 8.24, and 8.57 um; Raman
spectrum, C-C absorption at 5.84 um; 3y 654 (6 F, 2
overlapping q of d, Jp 5 Hz, Jo 13 Hz), 91.2 (1 F, =CF-),
1799 (1 F, -;CF), 114.1 and 124.0 (each 2 F in cyclobutenyl

ring), 130.3 and 134.2 (4 F, AB, J 223 Hz), and 130.5 (2 F in
cyclobutyl ring).

A similar reaction using acetonitrile as solvent gave a
mixture of compounds (22) (>50%,) and (21) (>409%,) with
minor amounts of other co-oligomers.

Perfluovocyclobutene (5) and perfluorobut-2-eme. A mix-
ture containing compounds (5) (18.9 g, 116.7 mmol) and
(27) (21.0 g, 105 mmol), caesium fluoride (6.0 g, 39.5 mmol),
and DMF (30 ml) was stirred at room temperature and
atmospheric pressure for 10 days. Gaseous material (8.1 g)
was removed and shown (i.r.) to be a mixture of compounds
(8) and (27). Volatile material was then transferred,
under vacuum, to a cold-trap. The lower fluorocarbon
layer was removed, washed with water, dried (P,0O;), and
transferred under vacuum to a cold-trap. Distillation
gave a fraction (12.1 g), b.p. 75—85 °C, shown by *F n.m.r.
to be mainly (ca. 809%) perfluovo-(1-methylpropylidene)-
cyclobutane (29), containing small amounts of compounds
(7), (8), and traces of the dimer of compound (27). The
residue (3.7 g) was shown by g.l.c.—m.s. to consist mainly
of two C,F,, isomers. A pure sample of compound (29)
was obtained by a combination of repeated fractional
distillation and preparative gl.c. (columns O and Z)
(Found: C, 26.3; F, 73.29%,; M?', 362. CiF,, requires
C 26.52; F, 73.489%,; M, 362), b.p. 85—86 °C, i.r. (gas)

7.81, 7.93, 8.06, 8.19, and 9.18 um, Raman spectrum,

C—C absorption at 5.87 um; 3y 63.0 (3 F,=C~CF,), 84.7 (3 F,

CF,CF;), 116.8 (2 F, q of m, Jo 13 Hz, CF,CIy), 114.8
(4 F, cyclobutyl ring), and 132.6 (2 F, cyclobutyl ring).

A similar reaction at ca. 70 °C gave a much greater
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proportion of higher molecular-weight material and little
of (28).

We thank the S.R.C. for a C.A.S.E. grant (to G. T.) and
I.C.I. Ltd., Mond Division, for participating in the scheme.
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