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Fluorinations with Complex Metal Fluorides. Part 5.' Fluorination of 
Nitriles over Caesium Tetrafluorocobaltate(iii) 

By Gurjeet S. Phull, Raymond G. Plevey," Richard W. Rendell, and John Colin Tatlow, Department of 
Chemistry, University of Birmingham, P.O. Box 363, Birmingham B15 2TT 

Bentonitrile and the isomers of benzenedicarbonitrile (phthalo-, isophthalo-, and terephthalo-nitrile) have been 
fluorinated over caesium tetrafluorocobaltate(iii) at elevated temperatures to give mixtures containing un- 
decafluorocyclohexanecarbonitrile. In addition the dinitriles gave decreasing yields (1,4- > 1.3- 5 1,2-) of the 
corresponding cyclohexanedicarbonitriles. Some reactions (addition, defluorination, hydrolysis, and reduction) 
of undecaf luorocyclohexanecarbonitri le are described. 

EARLY work suggested that a disadvantage of the high- 
valency transition-metal fluoride method for the 
fluorination of organic compounds is that functional 
groups are usually destroyed. However, carbonyl 
groups were shown to  survive although the products 
were not the perfluoro-analogues of the organic re- 
a c t a n t ~ . ~  The acceptance of the involvement of cation 
radicals in these fluorinations suggested that certain 
groups with high ionisation potentials (e.g. nitrile) 
might be resistant to fluorination. Indeed, mixtures 
of partially fluorinated nitriles were obtained from 
fluorinations of aceto- and propiono-nitrile with cobalt 
t rifluoride and potassium t e trafluorocabalt a t  e (I I I ) .  
These results linked with the preparation of perfluoro- 
aromatic and heteroaromatic compounds 8 using 
caesium tetrafluorocobaltate(II1) prompted us to study 
the fluorination of benzenecarbonitriles. 

RESULTS AND DISCUSSION 

Caesium tetrafluorocobalt (111) reacted with benzo- 
nitrile to give dodecafluorocyclohexane and undeca- 
fluorocyclohexanecarbonitrile (1) together with small 
amounts of perfluoromethylcyclohexane, pentafluoro- 
benzonitrile, 2-fluorobenzonitrile, and minor unidentified 
compounds (Table 1). The undecafluorocyclohexane- 

TABLE 1 
Compounds isolated from fluorinations of benzene- 

carbonitriles ; amounts expressed as yo total products 
isolated 

C6Fl, C,F,,CN C,F1,(CN), Others 
C,H,CN 13.2 54.9 28.8 
o-C,H,(CN), 30 42.2 12.2 (1,2-) 15.6 
m-C,H4(CN)2 14.2 15.2 50.5 (1,3-) 20.1 b 

#-C6H4(CN) 2 16.1 74.8 (1,4-) 9.1 
a C,F,CN, 7.6; o-C,H,FCN, 2.2; C,H,CN, 19.0%. Mix- 

tures aromatic/fluoroaromatic not examined. Mainly o- 
C,H,( CN) and o-C,F,( CN) ,. 

carbonitrile (1) is separated easily by fractional distil- 
lation of the major and more dense phase of the two- 
phase liquid fluorination product. This synthesis 
therefore provides an alternative route to that involving 
the dehydration of undecafluorocyclohexanecarbox- 
amide (2) ,9,10 prepared from undecafluorocyclohexane- 
carbonyl fluoride. 

The isomeric benzenedicarbonitriles were fluorinated 
with difficulty because of their low volatility. Each 

fluorination product contained dodecafluorocyclohexane 
and/or undecafluorocyclohexane carbonitrile (1) and the 
corresponding decafluorocyclohexanedicarbonitriles. 
Small amounts of solids were produced in some of the 
fluorinations and that froin the fluorination of the 1,4- 
isomer was identified as a mixture of hydrocarbon 
starting material and the perfluoro-analogue. The 
compositions of typical fluorinations are recorded in 
Table 1. 

The dicarbonitriles were identified by spectroscopic 
methods. The presence of two geometric isomers in the 
1,3-isomer (ratio 1 : 2) and the 1,4-isomer (ratio 1 : 1.3) 
was indicated by 19F n.m.r. spectroscopy, although their 
respective identities were not assigned. The low yield 
of the 1,2-dicarbonitrile was disappointing since it was 
hoped t o  exploit the reactivity of the vicinal nitrile 
groups in the synthesis of N-heterocycles. 

These results provide further examples which 
einphasise the different reactivities of cobalt trifluoride 
and caesium tetrafluorocobaltate( 111) towards aromatic 
compounds. The absence of hydrogen-containing cyclo- 
hexane derivatives from the caesium tetrafluoro- 
cobaltate(Ir1) fluorinations suggested that a stepwise 
replacement of hydrogen by fluorine to form the perfluoro- 
arene becomes the dominant route.ll I t  is unfortunate 
that at the high temperatures of these reactions most 
perfluoroarenes are readily converted to  non-aromatic 
products. 3,3,6,6-Tetrafluorocyclohexa-l,4-diene was 
one of the major products of the fluorination of ben- 
zene with caesium tetrafluorocobaltate(II1) and was 
resistant to further fluorination under similar reaction 
conditions. This diene is thought to  play a major role 
in other transition-metal-fluoride reactions with ben- 
zene.ll An analogous diene was not found in the 
caesium tetrafluorocobaltate(rr1) fluorination of benzo- 
nitrile. Whether i t  was not formed or was very reactive 
is not known, and so the significance of dienes in caesium 
tetrafluorocobaltate(r1) fluorinations remains un- 
resolved. Similar dienes have been isolated recently 
from reactions of nitrobenzene and of phenylethanone 
with lead dioxide in liquid hydrogen fluoride.12 

Earlier fluorinations of perfluoroalkane nitriles with 
transition-metal fluorides afforded compounds contain- 
ing -N=N- or >C=N-F groups13 but similar products 
were not isolated from our fluorinations. 
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Several reactions of undecafluorocyclohexanecarboni- 

trile (1) have been reported.lOpl* Some other derivatives 
are now described (listed in Table 2). The nitrile is 
resistant to acidic hydrolysis but is readily converted to 
the amide (2) with dilute aqueous sodium hydroxide. 
Under more vigorous conditions ammonia and deca- 
fluorocyclohexane are produced, presumably via decom- 
position of the unstable carboxylate anion l5 produced by 
hydrolysis. 

Treatment of the nitrile with sodium dissolved in 
ethanol or methanol gave the expected imidates (3) 
and (4), showing characteristic i.r. absorptions in the 
region 1670-1 675 cm-l. However, prolonged heating 
of the former reaction mixture gave a multi-component 

R 
CN (1) 

CONH, (2) 

C(OEt)=NH (3) 

C(OMe)=NH (4) 

C(NH,)=NH (5) 

CH,NH, (6) 

CH,NHCOMe (7)  

CH,NHCOPh (8) 

l -F  
- 177.6 

- 178.1 

- 175.0 

- 175.0 

- 173.3 

- 191.8 

- 187.6 

- 187.0 

- 186.6 

ation of the nitrile was not so straightforward. Condi- 
tions were chosen to favour the formation of a secondary 
amine.17 The reaction stopped after the uptake of 
approximately three molar proportions of hydrogen 
and a fuming liquid (HF evolved) was isolated. The 
characterisation of this material was impossible but 
boiling i t  with water afforded a white solid which was 
tentatively identified by spectroscopy as the cyclohexa- 
1,3-dione (9). The 19F n.m.r. spectrum showed three 
AB systems and a complex signal characteristic of the 
undecafluorocyclohexyl group and in addition two 
multiple signals (intensity 1 : 2) consistent with the 
presence of three difluoromethylene groups in the planar 
cyclohexane-l,3-dione ring. Addition of deuterium oxide 

TABLE 2 

lSF N.m.r. of 

2-F, and 6-F, JABIHz 
-118.1 293 
- 130.1 
- 118.6 29 1 

- 118.6 293 
- 132.9 
-118.6 296 
- 133.0 
- 116.8 32 1 
- 133.1 
- 120.3 293 - 133.5 
- 118.8 299 
- 133.8 
-118.7 299 

- 131.6 

- 133.9 

3-E', and 5-F, 
- 125.8 
- 137.4 
- 122.3 
- 138.0 
- 123.5 
- 139.5 
- 123.5 
- 139.9 
- 121.9 
- 138.9 
- 124.0 
- 140.2 
- 122.7 
- 139.5 
- 122.5 
- 139.3 

JABW 
292 

282 

282 

279 

313 

285 

285 

288 

-118.1 294 - 122.5 287 
- 131.7 - 139.1 

4-F, 
- 126.1 
- 140.7 
- 123.2 
- 140.4 
- 123.4 
- 148.1 
- 122.9 
- 142.3 
- 121.4 
- 141.6 
- 125.1 
- 142.3 
- 123.9 
- 141.9 
- 123.9 
- 141.9 

JAB/HZ 
287 

282 

288 

279 

290 

284 

291 

289 

- 123.8 281 
- 141.6 

a In [2H,]DMSO. In [2H,]acetone. Also 18F n.m.r. signals at - 124.0, - 124.7, and - 135.2 (ratio 2 : 2 : 2). 

product comprising the imidate (3) and 1- and 3- 
ethoxynonafluorocyclohexene as major products. 
Obviously some of the imidate decomposed to deca- 
fluorocyclohexene which reacted with sodium ethoxide 
in the usual way.16 The acidic hydrolysis of the imidates 
gave the amide. 

The amidine (5) formed easily when the nitrile was 
treated with anhydrous or aqueous ammonia. Slow 
decomposition to  the amide (2) occurred which could 
be accelerated by boiling with dilute hydrochloric acid. 

The reduction of the nitrile with lithium aluminium 
hydride gave a stable primary amine (6) which was 
characterised by conversion into the acetamido- (7) and 
benzamido- (8) derivatives. The i.r. spectra of these 
derivatives suggested a greater degree of hydrogen 
bonding in the acetamido-compound. Small amounts 
of neutral product from the reduction could not be posi- 
tively identified as the aldehyde derived from the 
hydrolysis of an intermediate imine. The hydrogen- 

to a perdeuterioacetone solution of the compound 
simplified the lH n.m.r. spectrum and this was consistent 
with the presence of a -CH,-NH-CH= group. 

There are many useful examples of the preparation 
of perfluoroarenes by defluorination of the corresponding 
perfluoroalicycle over iron or nickel gauze or iron( 111) 

oxide at elevated temperatures.18 However, there 
does not appear to be an example of this reaction involv- 
ing substituent groups other than perfluoroalkyl. The 
defluorination of undecafluorocyclohexanecarbonitrile (1) 
with iron gauze gave a 4 : 1 mixture of pentafluoro- 
benzonitrile and nonafluorocyclohexenecarbonitrile. 
The latter compound became the major product when the 
defluorination was carried out over iron(II1) oxide. The 
U.V. spectrum of this vinylic compound indicated con- 
jugation and the i.r. spectrum showed the presence of the 
C=C double bond but contained no absorption character- 
istic of the nitrile group. The presence of the nitrile 
group was confirmed by mild fluorination over cobalt 
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trifluoride which gave undecafluorocyclohexanecarbo- 
nitrile (1) as the major product. The isolation of the 
alkene from these defluorination processes is unusual 
and some reactions of the aP-unsaturated nitrile are 
being studied. These results demonstrate that in certain 
cases complex transition-metal fluorides can be used 
effectively for the synthesis of functionalised perfluoro- 
carbons. 

EXPERIMENTAL 

Fluorinations were carried out as previously described in 
reactors of conventional design.3 

G.1.c. separations were performed using Yye series 104 
or 105 chromatographs with five columns (8 mm x 9.1 
m) : Unit A, Ucon oil (50-HB-2000)-Chroniosorb P (1 : 4) ; 
Unit B, Ucon oil (LB550-X)-Chromosorb P (1 : 4) ; Unit C, 
dinonyl phthalate-Celite (1 : 2) ; Unit D, silicone SE30- 
Universal B (1 : 9) ; Unit E, polyethylene glycol adipate- 
Chromosorb Y 30-60 (1 : 6). 1.r. spectra were measured 
with a Perkin-Elmer 257 grating spectrometer. lH (60 
MHz) and 19F (56.4 MHz) n.m.r. spectra were measured with 
Perkin-Elmer R 10 or R12B spectrometers. Samples were 
dissolved in tetrachloromethane, unless stated otherwise, 
with tetramethylsilane (lH) and trichlorofluoromethane 
(19F) as internal standards. 

Fluorinations of Benzonitrile, and Benzene-1,2-, -1,3-, 
and - 1,4-dicarbonitriles with Caesium Tetrafluorocobalt- 
nte(m) .-Benzonitrile (4.5 g portions) was fluorinated over 
caesium tetrafluorocobaltate(II1) (ca. 250 g) at 300 "C in a 
stream of nitrogen (2 1 h-l) during 30 min. The nitrogen 
flow was increased (10 1 h-l) and maintained for a further 
1 h. The products (4.8-6.0 g) ,  which comprised two 
phases (A and B), were collected in glass traps cooled in 
liquid air, washed with water, and dried (MgSO,). 

In a similar manner to that described above, portions 
(5 g) of benzene- 1,2-dicarbonitrile were fluorinated with 
difficulty at 375-385 "C to give products (2.1-2.4 g) which 
were filtered and washed with water. Similarly the 1,3- 
and 1,4-isomers ( 5  g) fluorinated at 380-390 "C gave liquid 
products (2.9-3.9 and 3.1-4.4 g, respectively). In  the 
latter fluorination a solid product (ca. 0.5 g) was also isolated 
by filtration of the crude product before washing. 

Separation and Identi3cation of the Products.-(Unless 
stated otherwise compounds were identified by comparison 
of i.r. spectra with those of authentic samples.) 

The product separated into two 
phases, phase A (67% by weight) and a less dense phase B 
(33% by weight). A portion (2.03 g) of phase B was separ- 
ated (Unit A, 167 "C, N, 4 1 h-l) to give (i) undecafluoro- 
cyclohexanecarbonitrile (1) (0.11 g), b.p. 73.5 "C (C, 27.6; F, 
67.8; N, 4.8%. Calc. for C,F,,N: C, 27.4; F, 68.1; N, 
4.5%); v(CZN) 2 260 cm-l; m/e 307 (C,Fll.N+); 19F 
n.m.r., see Table 2; (ii) a mixture (0.04 g); (zzz) penta- 
fluorobenzonitrile (0.28 g); (iv) a mixture (0.08 g ) ;  (v) 
benzonitrile (0.38 g);  and (vi) a mixture (0.5 g), a portion 
(0.28 g) of which was separated further (Unit A as above) 
to give benzonitrile (0.14 g) and 2-fluorobenzonitrile (0.03 

A portion (1.61 g) of phase A was separated (Unit A, 
49 "C, N, 7.5 1 h-l) to give dodecafluorocyclohexane (0.22 g) 
and undecafluorocyclohexanecarbonitrile ( 1) (0.88 g, purity 

A large-scale fluorination [Reactor, ca. 6 kg CsCoTIIF,] of 
benzonitrile (4 x 80 g) gave products (523 g; phase A, 

(a) From benzonitrile. 

&19 

>95%). 

90%, and phase B, 10%). Distillation of phase A gave 
dodecafluorocyclohexane (271 g, > 90% pure) and undeca- 
fluorocyclohexanecarbonitrile (1) (109 g), b.p. 66.5-74 
"C. 

A portion (3.72 g) 
of the product was separated (Unit €3, 25 OC, N, 4.5 1 h-1) to 
give (i) mainly dodecafluorocyclohexane (0.68 g) ; (ii) a 
multi-component mixture (0.20 g) ; (iii) undecafluoro- 
cyclohexanecarbonitrile (1) (0.56 g)  ; (iv) a multi-component 
mixture (0.64 g); and (v) a mixture (0.22 g) which was 
tentatively identified as cis- and trans-decafluorocyclo- 
hexane- 1,2-dicarbonitriles, v(C=N) 2 263 cm-1. 

A portion (2.95 g) of 
the product was separated (Unit B, 25 O C ,  N,, 4.5 1 h-1) to 
give (i) mainly dodecafluorocyclohexane (0.24 g) ; (ii) a 
mixture (0.32 g) containing dodecafluorocyclohexane ; 
(iii) undecafluorocyclohexanecarbonitrile ( 1) (0.26 g)  ; 
(iv) a mixture (0.29 g) containing (1); (v) a mixture (0.63 g) 
of mainly two non-resolvable compounds which were further 
purified (Unit B, as above) to give cis- and trans-deca- 
jluorocyclohexane- 1,3-dicarbonitrile (0.22 g), b.p. 97-99 "C 
(Found: C, 30.4; F, 60.2. C8Fl,N, requires C, 30.6; F, 
60.5%); m/e 314 (M') and 295 (M+ - F); v(C=N) 2 270 
cm-l; BF - 108.6 to -135.7 (m), - 174.6 (m), and - 179.8 
(m) (4 : 0.3 : 0.7, respectively); and (vi) a mixture (0.24 g) 
of mainly (v) . 

A portion (4.54 g) 
of the liquid product was separated (Unit B, 31 "C, N, 
8 1 h--1) to give (i) a multi-component mixture (0.24 g ) ;  
(zi) impure undecafluorocyclohexanecarbonitrile (1) (0.42 
g )  ; (iii) a mixture (0.34 g) of (ii) and (iv) ; and (iv) a mixture 
(2.10 g) of mainly two non-resolvable compounds, an 
aIiquot (1.16 g) of which was further purified (Unit C, 
34 "C, N, 6 1 h-l) to give cis- and trans-decajluorocyclo- 
hexane-1,4-dicarbonitrile (0.86 g), b.p. 96.5-98.5 "C (Found: 
C, 30.4; F, 61.0. C8Fl,N, requires C, 30.6; F, 60.5%); 
v(C-N) 2 269 cm-l; 8~ -114.3, -127.1 (Jas 294 Hz), 
-118.1, -126 .0(Ja~ ,  285Hz), -175.0(m),and -183.2(m) 
(AB : m, 4 : 1). 

Reactions of Undecafluorocyclo~exanecarbonitrile ( 1) .--(a) 
With sodium hydroxide. Undecafluorocyclohexanecarbo- 
nitrile (1) (1.65 g) and aqueous sodium hydroxide (25 cm3) 
were shaken together a t  25 "C for 40 min, and the mixture 
was then extracted with ether. The dried (MgSO,) extract 
was evaporated and the residue recrystallised (tetrachloro- 
methane) and sublimed (80 "C at 25 mmHg) to give undeca- 
fluorocyclohexanecarboxamide (2) (0.7 g), m.p. 103- 
105 "C (lit.,g 105-106 "C) (Found: C, 25.7; H, 0.6; F, 
64.1. Calc. for C,H,FllNO: C, 25.9; H, 0.6; F, 64.3%); 
v(N-H) 3450; v(C=O) 1711, and v(N-H) 1610 cm-l; 
T 1.21 (NH,); 1 g F  n.m.r., see Table 2. 

In  a similar experiment the nitrile (5  g) and aqueous 4111 
sodium hydroxide (50 cm3) were heated under reflux for 
20 h. Ammonia was evolved. The organic phase was 
separated from the reaction mixture, washed, and distilled 
to give decafluorocyclohexene (2.5 g) . 

(b) With sodium ethoxide. A mixture of undecafluoro- 
cyclohexanecarbonitrile (1) ( 5  g), sodium (0.5 g), and 
ethanol (50 cm3) was kept a t  25 "C for 30 min; water was 
then added and the organic phase separated, washed with 
water, and dried. Purification by g.1.c. (Unit D, 110 "C, 
N, 6.5 1 h-1) gave ethyl uqdecafluorocyclohexanecarboximidate 
(3) (3.8 g), b.p. 144 "C (Found: C, 30.3; H, 1.5; F, 59.5; 
N, 4.2. C,H,F,,NO requires C, 30.6; H, 1.7; F, 59.2; 
N, 4.0%); v((N-H) 3 330 and 3 300, v(C=N-) 1670 cm-l; 

(b) From benzene-1,2-dicarbonitrile. 

(c) From benzene- 1,3-dicarbonitrile. 

(d) From benzene-l,4-dicarbonitriZe. 
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T 1.75 (1 H, s, NH), 5.65 (2 H, q, CH,, JHH 7 Hz), and 8.7 
(3 H, t, Me, JH= 7 Hz); lSF n.m.r., see Table 2. 

In  a similar experiment the mixture was heated under 
reAux for 2 h, filtered to remove sodium fluoride (1.15 g), 
and poured into water. G.1.c. separation (Unit A, 100 "C, 
N, 6.5 1 h-l) of an aliquot of the multi-component organic 
phase (2.7 g) gave 1- and 3-ethoxynonafluorocyclohexene l6 

and the imidate (3) (2 : 1 : 4, respectively) as the major 
products, identified by i.r. spectroscopy. 

(c) W i t h  sodium methoxide. In  a similar experiment 
undecafluorocyclohexane carbonitrile (5 g) , sodium (0.5 g), 
and dry methanol (50 cm3) gave methyl undecafluorocyclo- 
hexanecarboximidate (4) (4.1 g), b.p. 129-130 "C (Found: 
C, 28.2; H, 1.2; F, 61.3; N, 3.8. C,H,F,,NO requires C, 
28.3; H, 1.2; F, 61.6; N, 4.1%); v(N-H) 3 335 and 3 300, 
v(C=N-) 1675 cm-1; T 1.4 (1 H, s, NH) and 6.1 (3 H, s, 
Me) : l9F n.m.r., see Table 2. 

The ethyl imidate (3) (1.1 g) and 4111 hydrochloric acid 
were refluxed for 12 h. The white solid was filtered off 
to give undecafluorocyclohexanecarboxamide (2) (0.76 g), 
m.p. 105 OC, identified by comparison of its i.r. spectrum 
with that of an authentic sample. 

(d) W i t h  ammonia .  Undecafluorocyclohexanecarboni- 
trile (1) (5 g) and ammonia solution (specific gravity 0.88, 
20 cm3) were shaken in a sealed glass tube for 48 h a t  25 "C. 
The white solid was filtered off and washed to give un- 
decapuorocyclohexanecarboxamidine (5) (3.5 g), m.p. 97-99 
"C (Found: C, 26.5; H, 0.5; F, 64.7. C,H,F,,N, requires 
C, 25.9; H, 0.9; F, 64.5%); v(NH) 3 500 and 3 350 cm-l; 
T 3.5 (NH,); 19F n.m.r., see Table 2. The amidine (5) (1 g) 
and 4~ hydrochloric acid (15 cm3) were heated under reflux 
for 12 h. The solid was filtered off to give undecafluoro- 
cyclohexanecarboxamide (2) (0.81 g), m.p. 105 OC, identified 
by i.r. spectroscopy. 

(e) With. Zithium aluminium hydride. Undecafluoro- 
cyclohexanecarbonitrile (1) (10 g) in dry ether ( 100 cm3) was 
added dropwise to a stirred suspension of lithium aluminium 
hydride (3.8 g) in ether (100 cm3) at 25 "C. After 4 h 
water (8 cm3) followed by 4~ hydrochloric acid (150 cm3) 
were added carefully. The ether layer was separated and 
the aqueous layer extracted with ether. The combined 
ethereal solutions were dried (MgSO,) and evaporated to 
leave a brown oil (0.6 g), which was discarded. The 
aqueous layer was made alkaline with aqueous sodium 
hydroxide solution and extracted continuously with ether. 
The dried extract was evaporated and the residue (5.3 g) 
was distilled to  give (undecafluorocyclohexyl) methyl- 
amine (6) (2.1 g), b.p. 124-126 "C (lit.,, 127-128 "C). 
(Found: C ,  26.7; H, 1.3; F, 67.3. Calc. for C,H,F,,N: 
C, 27.0; H,  1.3; F, 67.2%); v(N-H) 3 438, 3 350, and 
1633, v(C-H) 2 960 cm-l; T 8.82 (2 H, s, NH,) and 6.53 
(2 H, d, CH,, JHH 17.7 Hz); lSF n.m.r., see Table 2. 

Using normal procedures acetylation of the amine (6) 
(0.8 g) gave the amide (7) (0.42 g), m.p. 135.5-136.5 "C 
(Found: C, 30.6; H, 2.0; F, 58.7; N, 3.8. C,H,F,,NO 
requires C, 30.6; H, 1.7; F, 59.2; N, 4.0%); v(N-H) 
3 272 and v(C=O) 1663 cm-l; T 8.02 (3 H, s, Me), 5.60 
(2 H, dd, CH,, J a p  19.8 and J H H  6.3 Hz), and 2.36 (1 H, 
br s, NH) ; leF n.m.r. , see Table 2. 

Also treatment of the amine (0.5 g )  with benzoyl chloride 
gave the benzamide (8) (0.51 g), m.p. 130.5-132.5 "C 
(Found: C, 40.7; H, 1.9; F, 50.9; N, 3.4. C,,H,F,,NO 
requires C, 40.5; H,  1.9; F, 50.4; N, 3.4%); v(N-H) 
3 333 and v(C=O) 1656 cm-l; T 5.53 (2 H, d, CH,, JHF 
19.5 Hz) and 2.56, 2.15 (5 H, m, Ph) ; 19F n.m.r., see Table 2. 

( f )  W i t h  hydrogen. Undecafluorocyclohexanecarbo- 
nitrile (1) (5 g) in dry ether (75 cm3) was hydrogenated 
(H,, 730 cm3) for 3 h in the presence of 10% palladium- 
charcoal (0.3 8). The catalyst was removed by filtration 
and the solvent evaporated to leave a fuming (HF  evolved) 
viscous liquid (3.1 g) which was boiled with water (20 
cm3) for 80 min. A pale yellow sdid formed which was 
recrystallised (ethanol) and sublimed (170 "C, 25 mmHg) to 
give the cyclolzexane-l,3-dione (9) (0.99 g), n1.p. 217-219 "C 
(Found: C, 31.0; H, 0.7; I;, 59.8; N, 2.5. Cl,H,F1,NO, 
requires C, 31.0; H ,  0.8; F, 59.6; N, 2.6%); m/e 541.000 
(M+ requires 540.997); v(C=C) 1709, v(C=O) 1 652 and 
1 621 cm-l; Anlax. 307 (e 8 OOO), 282 (c 1 1  OOO), and 264 nm 
(c 14 600); T 4.89 (2 H,  dd, CH,, JBy 18.6 and JRH 6.3 Hz), 
1.14 (1 H, d, =CH-, J r r ~  14.4 Hz), and -1.58 (1 H, br s, 
NH); after D,O addition, T 4.87 (2 H, d, CH,, J ~ F  18.5 Hz) 
and 1.10 (1 H, s, =CH-); 19F n.m.r., see Table 2. 

(g) With i r o n ( m )  oxide. Aliquots (3.1 g) of undeca- 
fluorocyclohexanecarbonitrile (containing < 5% per- 
fluoromethylcyclohexane impurity) were dripped into a 
vertical nickel tube (60 x 3.5 cm) packed with iron(m) 
oxide [pre-treated with perfluoromethylcyclohexane (25- 
50 g) a t  400 "C] at 400-435 "C. The products (1.3-1.8 g) 
were collected in traps cooled in liquid air. G.1.c. separ- 
ation (Unit C, 90 "C, N, 6.5 1 h-l) of a typical product (1.3 g) 
gave (i) perfluoromethylcyclohexane (0.03 g) ; (ii) undeca- 
fluorocyclohexanecarbonitrile (0.2 1 g) ; (iii) nonafluoro- 
cyclohexenecavbonitrile (0.68 g), b.p. 100-102 "C (Found: 
C, 31.0; F, 63.5; N, 5.5. C,F,N requires C, 31.2; F, 
63.6; N, 5.2%); v(C=C) 1690 cm-l; m / e  269 (C,F,N+) 
and 250 (C,F,N+); A,,,. 238 (c 54 550) and 276 nm (E 26 
150); SF -103.1 (1 F, m, =CF-), -108.3 (2 F, d, -CF,-), 
-120.6 (4  F, d, -CF,-), and -134.4 (4 F, s, -CF,-); and 
(iv) pentafluorobenzonitrile (0.04 g). 

(h) With iron  gauze. Aliquots (0.5 g) of undecafluoro- 
cyclohexanecarbonitrile were dripped into a stream of 
nitrogen flowing through a vertical nickel tube (63 x 2 
cm) packed with iron gauze a t  260-280 "C. The products 
(ca. 0.35 g) were flushed from the reactor and collected in a 
trap cooled in liquid air. G.1.c. separation (Unit C, 90 "C, 
N, 6.5 1 h-l) of the mixture (0.95 g)  gave (i) a mixture 
(0.04 g) of perfluoromethylcyclohexane and undecafluoro- 
cyclohexanecarbonitrile ; (ii) nonafluorocyclohexanecar- 
bonitrile (0.12 g) ; and (iii) pentafluorobenzonitrile (0.51 g ) ;  
all compounds were identified by i.r. spectroscopy. 

T h e  Fluorination of Nonafluorocyc2ohexenecarbonitrde.- 
The nitrile ( 1.7 g) was fluorinated in nitrogen (2 1 h-l) over 
cobalt trifluoride (150 g) at 97 "C. The product (0.5 g) 
was washed with iced water and saturated sodium hydrogen- 
carbonate solution, distilled in vacuo from phosphorus 
pentaoxide, and separated by g.1.c. (Unit C, 60 "C, N, 6.5 1 
11-l) to give (i) mainly perfluoromethylcyclohexane (0.05 
g)  ; (ii) undecafluorocyclohexanecarbonitrile (0.31 g) ; and 
(iii) a mixture (0.02 g) of two unidentified compounds. 

[9/1249 Received, 8th August ,  19791 

REFERENCES 

1 Part  4, R. G. Plevey, I. J. Sallomi, D. F. Thomas, and J .  C. 
Tatlow, J.C.S.  Pevkin I ,  1976, 2270. 

2 R. G. Plevey, R. W. Rendell, and J.  C. Tatlow, Abstracts, 
5th European Symposium in Fluorine Chemistry, Aviemore, 1974. 

a M. Stacey and J. C. Tatlow, A d v .  Fluorine Chem., 1960, 1, 
178. 

4 R. n. Bagnall, P.  L. Coe, and J .  C .  Tatlow, J.C.S. Perkin I ,  
1972, 2277; R. D. Bagnall, P. L. Coe, and J. C. Tatlow, J .  
Fluorine Chem., 197314, 3, 329. 



1980 1511 
J.  Burdon, I. W. Parsons, and J. C. Tatlow, Tetrahedron, 

1972, 28, 43. 
6 J. Burdon, J. R. Knights, I. W. Parsons, and J. C. Tatlow, 

J.C.S.  Perkin I ,  1976, 1930. 
A. J.  Edwards, R. G. Plevey, I. J. Sallomi, and J .  C. Tatlow, 

J.C.S. Chem. Comm., 1972, 1028. 
8 A. J. Edwards, R. G. Plevey, and J. C. Tatlow, B.P. 

1,392,57111975. 
9 G. Gambaretto, M. Napoli, G. Troilo, and R. Trevisan, 

Atti Ist Veneto Sci., Lett. Arti, Classe Sci. mat. nut., 1973, 132, 
289. 

l o  T. S. Croft and C. E. Snyder, J .  Heterocyclic Chem., 1973, 10, 
943. 

11 J. Burdon and I .  W. Parsons, Tetrahedron, 1975, 31, 2401. 
12 A. E. Feiring, J .  Org. Chem., 1979, 44, 1252. 
13 G. E. Coates, J .  Harris, and T. Sutcliffe, J .  Chern. SOC., 1951, 

2762; J. A. Young, W. S. Durell, and R. S. Dresdner, J .  Amer. 
Chem. SOC., 1960, 82, 4553. 

l4 G. Gambaretto and G. Troilo, Ann. Chim. (Italy), 1969, 59, 
690. 

15 T. J. Brice and J. H. Simons, J .  Amer. Chem. SOC., 1951, 73, 
4016. 

16 A. B. Clayton, J. Roylance, D. R. Sayers, R. Stephens, and 
J. C. Tatlow, J .  Chem. SOC., 1965, 7358.  

l7 H. Adkins and C. F. Winas, J .  Amer. Chem. SOL, 1932, 54, 
306. 

l8 A. K .  Barbour and P. Thomas, Ind. Eng. Chem., 1966,58,48; 
B. Gething, C. R. Patrick, M. Stacey, and J. C. Tatlow, Nature, 
1959, 183, 588; D. Harrison, M. Stacey, R. Stephens, and J. C. 
Tatlow, Tetrahedron, 1963, 19, 1893. 

l9 P. D. Singh, Indian J .  Pure Appl.  Phys., 1969,7, 430. 


