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Reactions involving Fluoride Ion. Part IV.lt2 Synthesis and Rearrange- 
ment of Perf luoroisopropylpyridines 
By R. D. Chambers,. R.  P. Corbally, and W. K. R.  Musgrave, Department of Chemistry, University Science 

Synthesis of perfluoropolyisopropylpyridines by fluoride-ion-initiated reactions of hexafiuoropropene with 
pentafluoropyridine a t  atmospheric pressure is  described. Trisubstitution gives a mixture of perfluoro-2.4.5- and 
2.4.6-tri-isopropylpyridines ; the ratio of these varies with reaction temperature but the 2.4.5-isomer can be obtained 
as the principal product. The 2.4.5-isomer is rearranged to the 2,4,6-isomer, together with other products, by 
heating with caesium or potassium fluoride. Cross-over experiments with heptafluoroquinoline have shown that 
the mechanism of this rearrangement is entirely intermolecular. The mechanism of the polyfluoroalkylation process 
is discussed. 

Laboratories, South Road, Durham City 

IN this series we are developing an analogy between the 
role of fluoride ion in initiating polyfluoroalkylation 
reactions between fluoro-olefins and activated fluoro- 
aromatic compounds, and the role of a proton in initiat- 
ing Friedel-Craf ts alkylation of aromatic compounds 
by olefins. The analogy is now further extended to  
include a fluoride-ion-induced rearrangement of a 
polyfluoroalkylaromatic system.2 We have already 
described the formation of perfluoroisopropyl deriva- 
tives of pyridine and pyridazine from hexafluoro- 
propene, but the olefin (I) is, itself, susceptible to 

F - 3  CF2=CF-CF3 === [ (CF3l2CF’1 

ArF 1 F 

nucleophilic attack and so self-condensation 3-5 to give 
dimers and trimers competes with the polyfluoroalkyl- 
ation process. 

In an earlier paper,3 the results were reported of 
reactions between hexafluoropropene (I) and penta- 
fluoropyridine (11), carried out using autoclaves under 

Part 111, R. D. Chambers, Yu. A. Cheburkov, J. A. H. 
MacBride, and W. K. R. Musgrave, J .  Chem. SOC. (C) ,  1971, 
532. 

Preliminary communication, R. D. Chambers, R. P. 
Corbally, J. A. Jackson, and W. K. R. Musgrave, Chem. Comm.. 
1969, 127. 

pressure; under these conditions it was difficult to 
produce reasonable amounts of trisubstituted compounds 
[i.e. (V) and (VI)] in competition with the self-condens- 
ation reaction. Since that time, however, we have 
discovered that the reactions may be carried out more 
conveniently using atmospheric pressure conditions, 
which reduces the concentration of olefin in solution and 
allows polyfluoroalkylation to compete more effectively. 
Fluorine-19 n.m.r. studies reported elsewhere estab- 
lished that a mixture of isomeric perfluoro-2,4,5- (V) and 
2,4,6- (VI) tri-isopropylpyridines is obtained. These 
isomers are difficult to separate; on the stationary phases 
available to us only partial resolution occurred on 
analytical scale g.l.c., and preparative-scale isolation of 
(V) and (VI), individually, was not feasible. 

Therefore, experiments were carried out, initially, to 
determine the optimum conditions for the preparation 
of the 2,4,5-isomer (V) ; the results are shown in Table 1. 
These experiments involved use of a flow system in 
which the olefin, alone or diluted with nitrogen, was 
recirculated through the reaction mixture, which was 
vigorously stirred. Starting with a 3 :  1 molar or 

3 R. D. Chambers, J. A. Jackson, W. K. R. Musgrave, and 

4 W. J. Brehn. K. G. Bremer, H. S. Eleuterio, and R. W. 

6 W. Brunskill, W. T. Flowers, R. Gregory, and R. N. 

6 R. D. Chambers, J. A. Jackson, W. K. R. Musgrave, L. H. 

R. A. Storey, J .  Chem. SOC. ( C ) .  1968, 2221. 

Meschke, U.S.P. 2,918,601/1969. 

Haszeldine, Chem. Comm.. 1970, 1444. 

Sutcliffe, and G. J. T. Tiddy, Tetrahedron 1970, 26, 71. 
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TABLE 1 

Fluoride-ion induced reactions of hexafluoropropene 
with pentafluoropyridine 

Experiment: 1 2 3 4 6 6 b  7 
Reagent a (g) 

6.2 5.5 5.6 6.5 6.2 4.7 6.2 

KF 20.2 20-5 20.0 20.4 21.0 21.0 20.4 
37 33 28 24 18 14 50 

W S N  
CP, 

Conditions 
Time (h) 3.0 2.0 1.5 1.0 0.75 1.5 3.0 
Temp. ("C) 78 90 118 136 102 102 102 

Recovered Trace Trace Trace Trace Trace 3 Trace 
Yields (% based on C,F,N) 

W S N  

(111) 

(IV) 

Perfluoro-li-iso- 
prop ylp yridine 

prop ylp yridine 
Perfluorodi-iso- 

Perfluorotri-iso- 

38 42 23 19 53 24 9 

4 5 2 3 8 d 3 d 1  

35 37 50 32 19 36 79 

86.0 85.1 81.7 80.1 83.4 83.7 83.5 

. a .Tetrahydrothiophen dioxide (160 ml) used as solvent in 
each case. C Material balance is 
partly made up by dimers and trimers of hexafluoropropene. 
d Shown by 19F n.m.r. to  contain none of the 2,5-isomer 
(VII). 

* Olefin diluted with N,. 

Analysed by 19F n.m.r. spectroscopy. 

greater ratio of hexafluoropropene to  pentafluoropyrid- 
ine, 19-'79y0 of the theoretical yield of a mixture of 
trisubstituted derivatives (V) and (VI) can be obtained 
along with (111) and small amounts of (IV). This 

J.C.S. Perkin I 
analogy between fluoride-ion- and proton-induced re- 
actions, discussed previ~usly,~ may be extended to 
include aromatic rearrangements (Scheme 1). It is 
well known that proton-induced rearrangement of 
alkylbenzenes can occur by an inter- or an intra-mole- 
cular process, depending on the system,' and we have 
now established that this fluoride-ion-induced rearrange- 
ment proceeds by an intermolecular mechanism. This 
has been achieved by cross-over experiments with 
perfluoroquinoline which, we have already established,* 
is reactive towards the polyfluoroalkylation process. 
Perfluoro-2,4,5-tri-isopropylpyridine (V) is converted 
completely at  160" during 14 h, in the presence of 
caesium fluoride, into a mixture of perfluoro-2,4,6-tri- 
isopropylpyridine (VI) (ca. 50% yield), perfluorodi- 
isopropylpyridines (IV) and (VII) (2% yield), perfluoro- 
tetraisopropylpyridine (< 1% yield), and traces of 
condensation products of hexafluoropropene. Under 
the same conditions, but in the presence of perfluoro- 
quinoline, a perfluoroisopropyl group was almost 
completely removed from (V). The important point is 
that the product contained only a small amount of 
perfluoro-2,4,6-tri-isopropylpyridine (VI) (ca. 4% yield) 
with no unchanged (V); the mixture also contained 
perfluoro-2,5-di-isopropylpyridine (VII) (66% yield), 
perfluoro-2,4-di-isopropylpyridine (IV) (ca. 4% yield), 
and perfluoroisopropylquinolines, and the latter have 
been obtained by direct perfluoroalkylation of per- 
fluoroquinoline.8 In separate experiments, it was 

mixture was shown by n.m.r. analysis to contain none 
of the corresponding 2,5-isomer (VII). 

The ratio of isomers (V) and (VI) is variable; results 
over the range 78-136" indicate that the ratio falls 
linearly with increase in reaction temperature. A plot 
of In [(V)/(VI)] (molar ratio) against 1/T also gave a 
straight line and from this the difference in activation 
energies for direct formation of (V) and (VI) was cal- 
culated to be 2.3 kcal mol-l. Within experimental error, 
the ratio (V) : (VI) is independent of reaction time at  
102" but a t  130", in a separate experiment, approximately 
o*6y0 per hour of (V) was isomerised to (VI), loss of the 
4-CF(CFJ2 group to give (VII) occurring in preference 
to migration of the 5-CF(CF3), group to give (VI) (see 
later). 

Compound (V) was isolated from a mixture of (111), 
(IV), (V), and (VI); distillation gave a fraction contain- 
ing only (V) and (VI), from which crystallisation of (V) 
occurred. 

Our interest in this system intensified when we showed 
that isomer (V) can rearrange to (VI) on heating with 
fluoride; this fact suggests the possibility that the 

established that compounds (IV), (VI), and (VII) do 
not lose perfluoroisopropyl groups under comparable 
conditions in the presence of perfluoroquinoline ; this 
confirms that the perfluoroisopropyl group is transferred 

CF(CF3 1 
I 

cf. 

SCHEME 1 

directly from (V). On average, only 56% of quinoline 
products were recovered (see Table 3); this is due to 
the instability of the perfluoroquinoline system under 
the conditions for rearrangement of (V), giving tar. 
It is notable that the disubstituted pyridines recovered 
from the cross-over experiments contain much more of 

7 See, e.g., L. M. Stock, ' Aromatic Substitution Reactions,' * R. D. Chambers, R. P. Corbally, W. K. R. Musgrave, and 
Prentice-Hall, Englewood Cliffs, New Jersey, 1968, p. 114. (in part) J .  A. Jackson and R. S. Matthews, following paper. 
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(VII) than (IV) ; this indicates that fluoride-ion attack 
at  the 4-position in (V) occurs much more readily than 
at the 5-position, a t  the temperature used for the cross- 
over experiment, confirming observations made by 
other workerss 

Thus polyperfluoroalkylation of pentafluoropyridine 
by (CF,)&F is a complex process but can be represented 
as in Scheme 2, which shows only the steps 
involved after the formation of (IV). The order of 
reactivity of positions in pentafluoropyridine is 4 > 
2>3,1° and it might be anticipated that the third 
(CF,),CF group would enter at the 6-position in (IV), 
via intermediate (IX), to give (VI). It is clear, however, 
that the activating influence of the 2,4-perfluoroiso- 

li 

( I x l  

IF- 

trimers and dimers ( Y I )  

F F  

( C F ~ I ~ C F  + F \  'WE- perf[ uoroisopropytquinot ines 

SCHEME 2 

propyl groups makes the 5-position in (IV) kinetically 
preferred over the 6-position, giving (V) via inter- 
mediate (VIII), despite the fact that steric effects appear 
to be minimised in the 2,4,6-isomer (VI), as shown by 
n.m.r. studies.6 Therefore, isomers (V) and (VI) are the 
products of kinetic and thermodynamic control, respec- 
tively, and indeed, polyfluoroalkylation of pentafluoro- 

C. J .  Drayton, W. T. Flowers, and R. N. Haszeldine, Chem. 
Comm., 1970, 662. 

lo R. D. Chambers, J. Hutchinson, and W. K. R. Musgrave, 
1. Chem. SOC., 1964, 3736; R.  E. Banks, J. E. Burgess, W. M. 
cheng, and R. N. Haszeldine, J .  Chem.. SOC., 1965, 576. 

pyridine by a series of fluoroalkyl anions provides some 
of the best available illustrations of the operation of 
kinetic and thermodynamic control in aromatic sub- 
stitution reactions.ll 

It is noteworthy that considerable amounts of (VI) 
can be formed directly a t  temperatures where the 
fluoride-ion-induced rearrangement [ (V) ---t (VI)] is 
very slow; i .e. a t  130", with potassium fluoride as 
catalyst, ca. 20% of the trisubstituted pyridine isomer 
(VI) is formed. However, a t  160" with caesium fluoride, 
or a t  180" with potassium fluoride as catalyst, there is 
a ready displacement of (CF,),CF from the 5-position 
in (V) which re-enters at the 6-position of (IV) to give 
(VI). This occurs simultaneously with a more rapid 
equilibrium set up between (V) and (VII) plus the 
(CF,),CF anion, and only loss of the (CF,),CF group 
from the 5-position leads to rearrangement. A further 
complication arises in that the (CF,)&F anion is in 
equilibrium with the olefin, and therefore self condens- 
ation can occur during the rearrangement of (V), leading 
to a small amount of dimers and trimers. It has been 
claimed that the latter can break down to regenerate 
(CF3)&F anion5 and we have verified this by using a 
mixture of trimers of hexafluoropropene as the sole 
perfluoroalkylating agent for pentafluoropyridine, at 
102" with potassium fluoride as catalyst, and acquired 
the normal substitution products, though in lower yield 
than with hexafluoropropene as starting material 
under the same conditions. 

Implicit in the foregoing discussion is the activating 
influence of a substituent perfluoroisopropyl group, in 
comparison with a fluorine atom, in nucleophilic aromatic 
substitution. It has been established that a fluorine 
atom adjacent to a planar carbanionic centre is actually 
less stabilising than a hydrogen atom.12 This arises 
from I x  repulsion between electron pairs off setting 
inductive electron withdrawal by a fluorine atom. 
Electron-pair repulsions fall off rapidly with separation 
and so are unimportant for perfluoroalkyl groups, 
which are consequently strongly carbanion-~tabi1ising.l~ 

>C---tF 56 __t CF(CI;,), 
destabilising strongly stabilising 

On this basis it can be appreciated that a transition 
state approximating l4 to (VIII) is of lower energy than 
one approximating to (IX). 

Formation of a tetrasubstituted compound (X) is 
difficult, most probably owing to severe repulsive forces 
which arise between three adjacent (CF,),CF groups. 
However, a small sample of perfluorotetraisopropyl- 
pyridine has been isolated from the product of pro- 
longed perfluoroalkylation of a mixture of (V) and (VI) 

l1 R. D. Chambers, R. P. Corbally, M. Y .  Gribble, and W. K. R. 
Musgrave, Chem. Comm., 1971, 1346. 

l2 A. Streitwieser and J. F. Mares, J .  Anaev. Claem. SOC., 1968, 
90, 2444. 

13 S. Andreades, J .  Amer. Chem. SOC., 1964, 86, 2003. 
l4 See R. D. Chambers, J. A. H. MacBride, and W. K. R .  

Musgrave, J .  Chem. SOC. ( C ) ,  1968, 2116, and references therein. 

..+-----+.. 
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at 190°, with potassium fluoride as catalyst, and small 
amounts of the same compound were obtained by 
heating (V) with caesium fluoride a t  160". The structure 

is most likely to be (X) but this could not be confirmed 
from the 19F n.m.r. spectrum as no ring fluorine signal 
could be detected; the 3-F signal would be expected to 
be broad and weak. 

EXPERIMENTAL 

19F N.m.r. data confirming the structures of compounds 
described here have been presented in detail elsewhere.6 

General Technique for Polyperjluoroalkylation of Penta- 
JEuoropyridine in a Flow System at Near Atmospheric 
Pressure.-The apparatus (Figure) consisted of a 250 ml 

vacuum 

Q F  

X flow-system for polyfluoroalkylation : A ,  by-pass tap ; 
B,  glass sinter; C, serum cap 

flask, fitted with a gas-tight stirrer, with one arm connected 
to reflux condensers leading to a trap cooled in ice-water. 
An outlet from the trap passed to a small electric pump 
which circulated gases in the system via a second arm of 
the reaction flask through a sintered glass disc B im- 
mersed in the solvent. A by-pass tap A was provided for 
the sinter, t o  prevent suck-back, and connections were 
available for attachment to a vacuum-line and also to a 
reservoir for the olefin. A football bladder was con- 
venient for this purpose and ensured a constant near- 
atmospheric pressure in the circuit. The flask was im- 
mersed in a thermostatted oil-bath. 

In a typical experiment the flask, containing potassium 

fluoride (20 g) and tetrahydrothiophen dioxide (1 50 ml) , 
was evacuated to ( low2 mmHg) and the system was charged 
with hexafluoropropene until the bladder was inflated. 
Pentafluoropyridine (6 g) was injected into the flask through 
a serum cap C and the mixture was stirred vigorously 
with the circulating pump in operation. In an experiment 
a t  102" the stirring was continued for 45 min, after which 
volatile material was transferred from the flask, under 
high vacuum, to a trap immersed in liquid air. Product 
mixtures were analysed by g.1.c. (gas density balance 
detector) and 19F n.m.r. spectroscopy; the results for 
various experiments are shown in Table 1. The products 
from several of these reactions (140 g), i.e. containing 
more than 80% of (V) in (V) and (VI), were combined 
and distilled (spinning-band column) , and a fraction of 
b.p. 179-5-181' a t  761 mmHg (69 g), consisting of a 
mixture of perfluorotri-isopropylpyridines (V) (85%) and 
(VI) (15%), when seeded and set aside overnight, deposited 
crystals. After decanting, the product was further purified 
by melting, followed by fractional freezing and decanting 
twice more at  room temperature to give large crystals, 
m.p. 31-31-5", b.p. 182" a t  763 mmHg (Siwoloboff), of 
~erfluoro-2,4,5-tri-isopropyl~yridine (V) (31 g, 20% based 
on pyridine) (Found: C, 27.5; F, 70.3; N, 2.3%; M ,  619. 
C,,F2,N requires C, 27-15; F, 70-6; N, 2.25%; M ,  619), 
A,,,. (cyclohexane) 211 and 285 nm (log E 3-73 and 4-02), 
Amax. (film) 6-25w, 6.4w, 7.0s, 7 . 4 ~ ~  7-75-8.1s, 8.48, 8-6, 
8 * 8 ~ ,  9.17, 9.58, 9*88~, 10.16, 10-34~, ll*15w, 12*2~,  1 2 * 7 5 ~ ,  
1 2 * 8 7 ~ ,  13-3~,  1 3 . 4 7 ~ ~  13.82, 1 4 * 0 3 ~ ,  14.3, 14-9, 1 5 . 8 ~ ,  
16-65w, 17.7w, 18.15, 18.43, and 19.2 pin. 

Per@orotetraisoprofiylpyridine (X) .-A mixture of per- 
fluoroisopropylpyridines (ca. 50 g) containing a large 
proportion of (VI) was heated with an excess of hexa- 
fluoropropene a t  190" in the manner already described. 
A small amount of PerJEuorotetraisopropylpyridine (0.6 g) , 
m.p. 111.5", slowly crystallised from the product a t  room 
temperature (Found: C, 26.35; F, 71.2; N, 2.15y0; 
M ,  769. C17F29N requires C, 26.55; F, 71-65; N, 1.8%; 
AT, 769), A,, (solid) 6.25w, 6.58w, 7 . 1 3 ~ ~  7-48, 7.75- 
8 . 1 5 ~ ~  8*42w, 8-54~, 8.82, 9 * 1 8 ~ ,  9 . 3 ~ ,  10*10~, 10*20~, 
10.75, l l * 4 5 ~ ,  1 2 - 5 ~ ,  13*lw, 13*3~ ,  13*5~,  13-76, 13 .95~ .  
14.25, 1 5 . 3 8 ~ ~  15.8w, 18-35w, and 1 8 . 6 ~  pm. 

Isolation of Per~uoro-2,4-di-iso~ropyl~yridine (IV) .- 
Perfluoro-2,4-di-isopropylpyridine (IV) was isolated, from 
the products of polyperfluoroalkylation of pentafluoro- 
pyridine a t  102" shown in Table 1, by preparative-scale 
g.1.c. on a column of di-n-decyl phthalate a t  110", and was 
obtained as an oil, b.p. 158" a t  763 mmHg (Siwoloboff) 
(Found: C, 28-2; F, 68.6; N, 3.3%; M ,  469. Calc. for 
C11F17N: C, 28.15; F, 68.85; N, 3.0%; M ,  469), A,,, 
(cyclohexane) 208 and 274 nm (log E 3.40 and 3-70), A,,, 
6 . 1 5 ~ ,  6 . 2 3 ~ ,  6 . 7 3 ~ ~  6.88, 7*6-8.1~, 8*4-8*5~, 8.7, 8.86, 
9.3, 9 * 4 5 ~ ,  9 . 9 2 ~ ~  1 0 . 0 ~ ~  10*17~, 11.33, 11.58, l l . 8 ~ ,  
12*85w, 1 2 . 9 3 ~ ~  13.3, 13.5, 13-75, 13-83~, 1 4 * 0 8 ~ ,  14.88, 
15.35, 15.55, 16*25w, 16.8w, 1 8 . 0 ~ ~  and 18.6 pm. 
The liquid was shown, by 19F n.m.r. analysis, to contain 
none of the 2,5-isomer (VII). 

Rearrangement of Perfluoro-2,4,5-tri-isoPropylpyridine (V) 
to  PerfEuoro-2,4,6-tri-isopropylpyridine (VI) .-The results 
of two experiments are shown in Table 2. In each case 
the mixture of (V), caesiuni fluoride, and tetrahydrothio- 
phen dioxide, contained in a stainless steel tube (100 ml 
capacity), was heated, with rotational agitation, in an oil- 
bath a t  160" for 14 h. The product was transferred to a 
100 in1 flask and volatile material was distilled, a t  90" 
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and 10-2 mmHg, into a trap immersed in liquid air. Then 
the condensate was analysed by 19F n.m.r. spectroscopy 
and (quantitatively) g.1.c. The residue in the flask was 
poured into water and extracted with ether and the ether 
layer was dried (Na,SO,) and analysed by g.1.c. 

TABLE 2 
Rearrangement of yerfluoro-2,4,5-tri-isopropylpyricline 

(V) a t  160" during 14 h 
Reagents 

(V) (€9 
CsF (g) 

Sields of products (?A) 

6.1 6.2 
6.3 6.3 

2 3 

Trace Trace 

\ . - 1  

Perfluorodi-isopropylpyridines (IV) and 

Perfluoro-4-isopropylpyridine (111) 
(VII) 

Perfluorotetraisopropylpyridine (X) d cn. 1 cn. 1 

'Iota1 % recovery of perfluoropyridines 50 56 
* Tetrahydrothiophen dioxide (40 ml) used. 
Contains no trace of (V). 

M.p. 30-31". 
Identified by mixed m.p. with 

an authentic sample. 

Isolation of Pure PerJluoro-2,4,6-tri-isopropylpyridine 
(VI).-A sample (44 g) of (VI) containing ca. 10% of (I-) 
was heated in a stirred mixture with caesium fluoride (20 g) 
in tetrahydrothiophen dioxide (150 ml) for 15 h a t  180". 
The volatile products were fractionated a t  atmospheric 
pressure through a spinning-band column. A fraction 
o f  b.p. 176-178" a t  758 mmHg was obtained which 
s l o ~ l y  deposited crystals of perfluoro-2,4,6-tri-isop~opyl- 
pyridine (VI), m.p. 25-25.5", b.p. 176' at 763 mmHg 
(Siwoloboff) (Found: C ,  26.9; F, 70.5; N, 2.5%; M ,  619. 
C,,F,,N requires C, 27-15; F,  70.6; N, 2.25%; M ,  619), 
Amx. (cyclohexane) 208 and 273 nm (log E 3-56 and 3*85), 
kmX. (film) 6 . 3 ~ ~  6.88, 7-6-8.1~~ 8 . 5 ~ ~  8-75, 8.93w, 9-3s, 
9.95, 10.2~, 1 0 . 6 ~ ~  1 2 * 6 3 ~ ,  1 2 . 8 ~ ,  1 2 . 9 8 ~ ~  13 .23~ ,  13.58, 
1 3 * 7 2 ~ ,  13.9, 14.6, 1 5 . 1 5 ~ ~  15-7, 16 .05~ ,  1 6 . 7 ~ ,  1 8 . 0 ~ ,  
18.55, and 18.80 pm. 19F N.m.r. analysis confirmed the 
sample to  be free of the 2,4,5-isomer (V). 

Cross-ovey Experiments between Perfluoro-2,4,5-tri-iso- 
$voPylpyridine (V) and PevJluoroquino1ine.-Results of a 
series of experiments are shown in Table 3. The reactions 
were carried out under the same conditions as those des- 
cribed for the rearrangement (V) -+ (VI) (Table 2) 
except for the addition of perfluoroquinoline. The sub- 
stituted quinoline products were separated by column 
chromatography on a column of Mallinkrodt Silicar CC7 
(100-200 mesh) with light petroleum (b.p. 60-80") as 
eluant followed by preparative g.1.c. on a column of poly- 
ethylene glycol o-phthalate (20% on AW-Celite 80-100) 
a t  150". The products were identified by comparison of 
g.1.c. retention times and i r . ,  19F n.m.r., and mass spectra 
with those of samples prepared independently.* 

Isolation of PerfEuoro-2,5-di-isopropylpyridine (VII) .- 
Compound (VII) was isolated from the products of the cross- 
over experiments of Table 3 by double preparative-scale 
g.1.c. on a column of di-n-decyl phthalate at 110", after 
which it was free of the 2,4-isomer (IV), and was obtained 

as an oil, b.p. 159" at 761 mmHg (Siwoloboff) (Found: 
C, 28.5; F, 69.0; N, 3.35%; M ,  469. CllFl,N requires 
C, 28-15; F, 68.85; N, 3-0y0; M ,  469), Amx. (cyclohexane) 
214 and 266 nm (log E 3.27 and 3.60). The 19F n.m.r. 
spectrum (neat liquid at 40"; p.p.m. upfield of external 
CFC1,) showed pealis a t  56-31 (overlapping heptets, J ca 
13 and 25 Hz, 6-F), 76.86 [dd, J 5 and 6 Hz, 2-CF(CF3),], 
77.61 [ddd, J 5.5,  11.5, and 14 Hz, 5-CF(CF3),], 108.6 
(overlapping heptets, J ca. 12 Hz, 4-F), 1447br (3-F), 
180.7 [d hept + hept, restricted rotation, J 5.5 and 84 H z ,  
5-CF(CF3),], and 186.5 [d hept, J 51 and 6 Hz, 2-CF(CF3)J, 

TABLE 3 
Cross-over experiments with perfluoro-2,4,5-tri-iso- 

propylpyridine (V) and perfluoroquinoline (160"; 14 h) 

6.2 6.2 5.9 
2.0 2 . 0  2.0 

CsF (g) 6.0 6.0 5.7 

Reagents a 

(V) (g) 
Perfluoroquinoline (g) 

Yields of products (yo) 
Trace Tracc Trace 

67 7 6  69 

(C,F,), ($2  = 1-3) 4 4 
3 (VI) 

Perfluoro-4-isopylpropyridine (111) 0 Trace 0 

Perfluoro-Z,4-di-isopropylquinoline 8 7 11 

Perfluoroisopropylquinolines 21 2s 20 
Perfluoroquinoline 8 15 23 

Total yo recovery of perfluoro- 70 80 73 

Perfluorodi-isopropylp yridines 
Approx. ratio of (VII) to (IV) 16:l 1 6 :  1 1G:l 

Perfluorotri-isopropylquinoline Trace Trace Trace 

Perfluoro-2,6-di-isopropylquinoline 12 10 8 

pyridines 

quinolines 
Total % recovery of perfluoro- 49 57 62 

a Tetrahydrothiophen dioxide (40 ml) used. n1.p. 30- 
31". c Contains no trace of (V). 

vmZ (film) 6-1w, 6*25w, 6.7,  6.9, 7 . 1 3 ~ ~  7.6--8.1s, 8.45, 

l l . 3 5 ~ ,  l l . 4 5 ~ ,  1 1 . 5 5 ~ ~  l l * 6 7 ~ ,  12.35, 1 2 * 8 5 ~ ,  13.25, 
8.68, 8 . 9 3 ~ ,  9 * 1 5 ~ ,  9.25, 9 . 4 5 ~ ~  9.7, 10.0, 10.15-10*25~, 

13.35, 13.48, 1 3 . 6 3 ~ ~  1 3 . 8 5 ~ ~  14-8w, 1 5 . 7 5 ~ ~  and 18-54 pm. 
Stability of Other Perfl~oroisopro~ylpyridines in Reaction 

with Caesium Fluoride.-Isomer (VI) . In separate experi- 
ments, the tri-substituted pyridine (VI) (6.4 g) was heated 
with a mixture of perfluoroquinoline (2.0 g), caesium fluoride 
(6-2 g), and tetrahydrothiophen dioxide (40 ml) a t  160" 
for 14 h. Only traces of perfluoroisopropylquinolines 
were detected by g.1.c. and 880/, of (VI) was recovered 
together with 74% of unchanged perfluoroquinoline. 

Di-isopropyl~yridines (IV) and (VII). In  a similar 
experiment, an  approximately 50 : 50 mixture of (IV) and 
(VII) (5.3 g) was heated with a mixture of caesium fluoride 
(6.0 g), perfluoroquinoline (2.0 g), and tetrahydrothiophen 
dioxide (40 ml) at 160" for 14 h. Only a slight trace of a 
perfluoroisopropylquinoline was detected by g.1.c. and 77 "/b 
of (IV) and (VII) was recovered, the ratio of isomers being 
unchanged, together with 89% of unchanged perfluoro- 
quinoline . 
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