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FLUORIEATIOBS VITH POTASSIUM TETRAFLUOROCOBALTATE I I I II, PART VIII 

FLUORIIATIOBS OF TOLUEEE AED OF PHEBYLACETIC ACID 

JOHB BAILEY, RAYHOED G. PLEVEY and JOHB COLIB TATLOV * 

Chemistry Department, The University, P.O.Box 363, Birmingham, B15 2TT (UK) 

SUNWiRY 

At 340 ‘C, toluene gave five l-trlfluoromthyl-substituted compounds:- 

-211,411,511 -tetrafluorocyclohexa-1,4-diene (IX); -2H-4H/5H -hexafluorocyclo- 

hex-1-ene (X) ; -2N -octafluorocyclohex-l-ene (IV); -nonafluorocyclohex-l- 

ene (III); also perfluoromethylcyclohexane (II): traces of perfluorocyclo- 

hexane (I) were found. The 1-difluoromethyl-substituted analogues of these 

five were also obtained:- compounds XII, XV, VIII, VI, and V, respectively. 

A further five l-difluoromethyl-substituted derivatives were found:- -nona- 

fluorocyclohex-3-ene (VII); an inseparable mixture of the -2If,48 - and -2H, 

5X -heptaf luorocyclohex-1-enes (XI) ; -211 -3Hf4H -hexafluorocyclohex-l-ene 

(probably) (XIV) ; and (difluoromthyl)benzene (XIII). 

Structures of the unknown products were established by analysis and by 

nmr and lr spectroscopy. Further, the key intermediate (XII) was oxidized 

to difluoromalonic acid, whilst compound XV was dehydrofluorinated, to give 

28 -(difluoroaethyl)tetrafluorobenzene (XXI), together with an inseparable 

mixture of 2H,4E - and 2H,5H -l-(difluoromethyl)pentafluorocyclohexa-1,4- 

dlene (XX). Dehydrofluorination of mixed heptafluoro-enes XI afforded 261 

-l-(difluoromthyl)hexafluorocyclohexa-1,4-diene (XVIII), and mixed 2H-l- 

and 18 -2- (dlfluorormthyl)hexafluorocyclohexa-1,3-dlene (XIX). 

Difluoromthylundecafluorocyclohexane (V) did not dehydrofluorinate. 

Phenylacetic acid was fluorinated likewise, and gave a similar range of 

products, but also one (originally an acid fluoride ?) which was converted 

to the methyl ester of tridecafluoro(cyclohexylacetic) acid (XVII). 

The probable pathway of the fluorination process could be worked out. 

*Present Address: 30 Grassmoor Road, Kings llorton, Birmingham, B36 6BP (UK). 
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IIiTRODUCTIOR 

The complex fluoride, potassium tetrafluorocobaltate[IIIIl is useful for 

the fluorination of some organic species Ill: It reacts with arenes to give 

high proportions of polyfluorocyclohex-enes and -dienes. This is In contrast 

to fluorinatlons by cobalt trifluoride itself, where polyfluorocyclohexanes 

are the major products. The closely related complex salt, caesium tetra- 

fluorocobaltateI 1111, also exhibits different reactiofties, giving rise to 

significant proportions of polyfluoroarenes. The potassium complex has 

been used previously In the fluorination6 of benzene and fluorobenzenes 121, 

hexafluoro-m-xylene I31 and polycyclic arenes 141. 

Pyridine I51 and 4-methylpyridine I5,61 were reacted similarly, but the 

types of products differed; they were mainly polyfluoro-azahexenes, arising 

by ring opening (comprising some 55 X of the total). Also found were poly- 

fluoropyridines (CA 10 Xl Including a little pentafluoropyridine, and poly- 

fluoro-B-methylpyrrolidines (CA 5 2) arising by ring rearrangement. 

The objective of the present work was to identify the major products of 

the reaction of toluene with potassium tetrafluorocobaltatelIII1, and hence 

to establish the fluorination pathway. It appeared likely that this rather 

mild fluorlnatlng agent might form useful amounts of polyfluorocyclohex-enes 

and -dienes bearing the difluoromathyl substituent, since complete fluorin- 

ation of the methyl group Is not easy. 

RESULTS 

A standard vapour-phase fluorination technique I71 was employed; 100 g 

portions of toluene were passed through a large reactor, kept at ~a 340 'C. 

The products from five such runs were fractionally distilled, the fractions 

collected being further separated by gas-liquid chromatography. Seventeen 

species In all were isolated; one (benzaldehyde XVI) arose via hydrolysis in 

the work-up Ccf 71; another (XI) was an inseparable mixture of two isomers. 

Since the products of exhaustive fluorlnatlons become Increasingly more 

volatile as hydrogen6 are replaced (beyond a 1:l ratio), the first compounds 

to be Isolated were the fluorocarbons, progressively followed by those with 

nure and more hydrogen substituents remaining. In the following list of 

products obtained, the figures given for each are; (a) the amount isolated 

(expressed as X of total product, the molar yield is stated later), (b) the 

compound number (see Scheme) and (c) the literature reference if the product 
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had been reported. Those isolated were:- dodecafluorocyclohexane, (<l), I, 

[21; perfluoromethylcyclohexane, (5), II, [81; l-trifluoromethylnonafluoro- 

cyclohex-l-ene, cl), III, [81; 2H -l-trifluoromethyloctafluorocyclohex-1-ene 

(4), IV, [Ql; difluoromethylundecafluorocyclohexane, (7), V, [71; difluoro- 

methylnonafluorocyclohex-1-ene, (5), VI, [lOI; l-(difluoromethyl)nonafluoro- 

cyclohex-3-ene, cl), VII; 28 -l-(difluoromethyl)octafluorocyclohex-1-ene 

(Q), VIII; 2H,4H,5H -l-(trifluoromethyl)tetrafluorocyclohexa-l,4-diene, 

Cl), IX; 2H -4H/5H -l-(trifluoromethyl)hexafluorocyclohex-1-ene, (31, X; 

2H,4H and 2H,5H -l-(difluoromethyl)heptafluorocyclohex-l-ene Cc_a 1:l mlxt- 

ure, (Q), XI; 2H,461,5H -l-~difluoromethyl~tetrafluorocyclohexa-l,4-diene, 

(81, XII; (difluoromethyl)benzene, (5; benzaldehyde XVI included), XIII, 

171; 2H -3H/4H -l-(difluoromethyl)hexafluorocyclohex-1-ene (probably), (3), 

XIV; 2H -4H/5H -l-(dlfluoromethyl)hexafluorocyclohex-1-ene, (14), XV. 

The fluorination of phenylacetic acid was undertaken, since in earlier 

work [ill, carbonyl groups had been retained in this type of fluorination. 

The results were rather disappointing; the mixture was an almost Identical 

range to that listed above, only compounds XIII and XIV not being detected, 

whilst the recoveries were relatively poor. One new compound was isolated; 

esteriflcation of a high-boiling sub-fraction using methanol/sulphurlc acid, 

gave a modest yield of the methyl ester of the fully fluorinated cyclohexyl- 

acetic acid (XVII). Presumably an acid fluoride was present originally. 

The compounds that had not been described previously were characterized 

by using elemental analysis and mass spectrometry to establish the molecular 

formulae, and then from ir, uv, and nmr spectroscopic evidence. Published 

data on related compounds CQ, 121 were used to define parameters. Details of 

measurements on compounds VII, VIII, IX, X, XI, XII, XIV and XV are recorded 

in the experimental section, and little further discussion is necessary. 

Compound VII was clearly identified; also, the Isomers with the double 

bond at Cl (VI), and at C2 C131, are both known. Diene XII was regarded as 

a key intermediate, and so the structure was confirmed by oxidatlve cleavage 

of the double bonds to give difluoromalonic acid. Spectroscopic parameters 

showed that XI was a mixture of 2H,4H- and 2H,5H-isomers, as was confirmed 

by dehydrofluorination. Treatment with aqueous potassium hydroxide afforded 

three hexafluorocyclohexadienes bearing difluoromethyl groups; the 2X -l-di- 

fluoromethyl-1,4-diene (XVIII), together with an inseparable mixture of two 

1,3-dienes (XIX), the 1H -2-dffluoromethyl- , and the 2X-1-difluoromethyl 

isomers. The 1,4-diene (XVIII) could arise from both isomers present in XI, 

but, without rearrangement, each of the latter could lose HP to give rise to 
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only one of the two isomers present in diene mixture XIX. The failure to 

separate these was unfortunate, but the conclusions were definite. 

Each of the ZH-1-(difluoromethyl)hexafluorocyclohex-1-enes (XIV, XV)had 

nmr spectra which suggested that the two non-vinylic H atoms were located on 

adjacent carbons and were arranged Crans to each other. The structure of 

XIV was ambiguous, since both the 3H/4H -, and the 5H/6H - arrangements 

could correspond to the data obtained; the chemical shift value for the H at 

C2 favoured the former structure, however. 

The 4H/5H - compound (XV) was subjected to dehydrofluorination, to con- 

firm the spectroscopic assignment. A cfs configuration of II and F at C4 and 

C5 would ensure that one or other of these F-substituents (from C4 and C5) 

was elfminated preferentially, giving isomeric 1,4-dienes as the major 

products: in contrast, the trans configuration would give rise to a higher 

yield of the aromatic product, the loss of an F from each of the >CP2 groups 

being more competftive Icf 141. When XV was heated wfth aqueous potassium 

hydroxide, 2H-(difluoromathyl)tetrafluorobenzene (XXI) was the principal 

product. Relatively small amounts of an inseparable mixture of 2H,4H- and 

2H,5H -l-(dlfluoromethyl)pentafluorocyclohexa-l,4-diene (XX) were generated, 

and, though only spectroscopic analysis of this mixture was possible, there 

was no doubt about the structure of XV. 

It was of interest to attempt to dehydrofluorinate the alkane (V), di- 

fluoromethylundecafluorocyclohexane. It is known I15,161 that straight-chain 

polyfluorides bearing terminal -CHF2 groups do not readily eliminate HF when 

treated with aqueous alkalies. Compound V could not be induced to form an 

alkene, even by reaction with molten KOH, though recoveries of V were very 

poor. Passage of V over heated sodium fluoride (an alternative approach, 

useful for the synthesis of fluoro-alkenes sensitive to aqueous base tcf 81) 

was unsuccessful likewise, though forcing conditions led once more to losses 

of starting Ipaterial. It seems probable that soma dehydrofluorinatfon of 

compound V did occur, though very sluggishly, and that the product, being an 

exocyclic alkene, was decomposed by the harsh conditions required. 

DISCUSSIOI 

The products from these fluorination6 that were isolated and identified 

are all in accord with a cation-radical reaction process. This is now well 

established as the principal machanlstlc pathway by which fluorlnations with 

high-valency metal fluorides proceed C171. It should be emphasised that many 
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of the sub-fractions that arose from the isolation technique6 used were mix- 

tures, which could not be separated into pure conponents. Some of the latter 

were the compounds obtained from other sub-fractions, but not all were. It 

seem6 certain that many extra SUbStanCeS were produced, additional to those 

listed above, but they were not major constituents. Few compounds containing 

small number6 of fluorine substituents were found: this is not surprising, 

since they are usually susceptible to further attack. Polyfluorides are i6ore 

resistant, and all member6 of the likely reaction sequence are present. A 

cautious approach is therefore necessary, when working out possible reaction 

pathways; important reactive species may be missing, whilst stable product6 

of no great significance may accumulate. 

Clearly, attack by KCoF4 on the toluene molecule, starting at the side 

chain, gives (difluoromethyl)benzene (XIII), as a major primary product. Bo 

nuclear fluorinated toluenes were found, but a multiplicity of possibilities 

can be invoked to reach the highly fluorinated end products. The key inter- 

mediate is 2H,4H,5X -1-(difluoromethyl)tetrafluorocyclohexa-l,4-diene (XII), 

the product of attack at the 2 and 5 positions of XIII, whatever the precise 

mechanistic details. XII 16 the exact analogue of the 1,4-diene isolated 

from among the products of fluorination of benzene t21. The formation of 

this type of diene is characteristic of these processes, and is central to 

the accepted fluorination sequence C171. All of the alicyclic products 

listed above, that possess difluoromethyl substituents (see Schema), can be 

derived readily from XII by standard reactions. 

The routes to the trifluoromethyl-containing products are less certain. 

Each is present in a smaller proportion than its CIIF2 analogue; some conver- 

sion of CHF2 to CF3 could occur (e.g. VIII 3 IV Ccf 131). The failure to 

detect any benzotrifluorides among the compounds isolated, may indicate that 

their generation, from XIII, is not significant. However, diene IX seems 

more likely to arise via 2,5-addition of fluorine to 2,5-difluorobenzotri- 

fluoride than via substitution on diene XII (CHF2 to CF3). 

Cyclohexenes with vinylic P (III, VI, VII) are less likely to arise via 

direct substitution of vinylic H C181, than by attack on the double bond and 

thence dehydrofluorination stages promoted by the potassium cobaltifluorides 

(cf the use of sodium fluoride I83): even defluorination is possible Ccf 71. 

The product6 listed above differ markedly from those resulting from the 

fluorination of toluene by caesium tetrafluorocobaltateI 1111 I71. Only 

compounds II, III, VI, and XIII are common to both processes, affording soxm 

support for the proposal 17,171 that different mechanism6 apply to them. 
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The general techniques and apparatus used have been described before [?'I. 

Fluorination of Toluene by Potassium TetrafluorocobaltateCIIIl 

Toluene (100 g) was fluorinated during cz. 2 hours, using Reactor 4 at 

330-340 'C, the nitrogen carrier gas flow being 20 1 h-l. The combined 

products from five such runs were washed and drfed as usual, and fraction- 

ally distilled (940 g) through a glass vacuum-jacketted column (122 cm x 2.5 

cm int. diam.: packing; nickel Dixon gauzes, 16 x 16 mm, 100 mesh). Based 

on glc control throughout (A, 100 ', 5.0; B, 70 ', 4.8), eighteen fractions 

were taken, leaving a still residue. Further separation by preparative 

glc gave compounds as follows:- 

TABLE 

Fraction Boiling Details of glc Sub-fraction Compound 
BO. bit(g) range('C) separation BO. Ilumber W(g) 

1 23.4 52- 6'7 D, 50', 42 (i) I 1.0 

1 (22.0 used) g (II) II 3.8 

1 (iii) mixture 9.9 

1 (Iv) mixture 0.5 

liil 9.9 c4, 50', 4.0 (lifa) II 0.65 

lidi ( 2.0 g used) (ifib) III 0.70 

2 20.0 68- 69 D, 47', 30 (i) II 9.6 

2 (if) III 2.3 

2 (iii) IV 1.4 

3 23.8 70- 76 D, 50', 40 (1) II 6.7 

3 (ii) III 0.9 

3 (iii) IV 10.8 

4 19.3 '77- 80 D, 70', 50 (1) II 0.6 

4 (ii) III 0.5 

4 (Iii) mixture 10.2 

4 (Iv) VI 2.0 

4111 10.2 Cl, loo', 4.0 cilia) IV 0.91 

4iii ( 2.0 used) 5 (ifib) V 0.55 

5 23.4 80- 82 D, '78', 46 (i) mixture 0.2 

5 (ii) mixture 13.2 

5 (iii) VI 5.3 

511 13.2 Cl, loo', 4.0 Hia) IV 0.79 

5ii ( 2.2 K used) (ilb) V 0.90 

(qontinued) 
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TABLE (cont.) 

Fraction Boiling Details of glc Sub-fraction Compound 
BO. Wt(g) range ('C) separation NO. lumber Wt(g) 

6 83.6 82- 86 D, 85', 50 (i) V 36.8 

6 (in 3 batches) (ii) VI 27.2 

6 (iii) mixture 3.9 

7 26.0 87- 92 D, 07', 70 (i) V 4.2 

7 (ii) mixture 6.4 

7 (ill) mixture 5.3 

7 (iv) VIII 5.2 

711 6.4 Cl, loo', 4.0 (ila) VI 1.05 

711 ( 3.0 used) g (iib) VII 1.30 

8 65.0 93- 97 Cl, 110', 4.0 (i) mixture 0.09 

8 ( 1.0 used) g (ii) VIII 0.62 

9 31.6 98-104 D, SO', 75 (1) VIII 5.4 

9 (ii) mixture 11.0 

9 (ill) mixture 9.5 

9li 11.0 Cl, QO', 3.5 (lia) mixture 1.35 

9ii ( 2.2 g used) (iib) IX 0.20 

10 29.6 105-109 Cl, llO', 4.0 mixture - 

11 23.1 109-113 Cl, llO', 4.5 (1) X 1.25 

11 ( 2.4 used) g (ii) mixture 0.15 

11 (Iif) XI 0.30 

11 (iv) XII 0.30 

12 96.3 113-116 Cl, 115', 4.5 (i) X 0.18 

12 ( 3.0 used) g (ii) mixture 0.09 

12 (Iii) XI 1.00 

12 (Iv) XII 0.75 

13 42.7 116-119 Cl, 115', 4.5 (1) mixture 0.10 

13 ( 4.0 used) g (Ii) XI 1.48 

13 (iii) XII 1.23 

13 (iv) mixture 0.08 

14 38.2 119-123 D, 95', 60 (1) mixture 10.9 

14 ( 20 used) g (ii) mixture 3.1 

14 (iii) XIII 2.6 

15 37.3 123-129 Cl, 120', 4.0 (1) XIV 1.45 

15 ( 3.0 used) g (ii) mixture 0.80 

15 (iii) XIII 0.25 

(continued) 
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TABLE (cont. > 

Fraction Boiling 
UO. m(g) range (‘C) 

16 45.3 129-134 

Details of glc Sub-fraction Compound 
separation UO. Bumber Vt (g) 

B, loo’, 70 (1) mixture 2.3 

16 ( 27 used) g (ii) mixture 4.4 

16 (iii) xv 14.4 

17 92.7 134-138 Cl, 140’, 4.5 (i) xv 1.35 

17 ( 1.8 used 1 g (ii) mixture 0.10 

18 35.3 138-148 Cl, 140’, 5.0 mixture - 

19 130.0 residue ( 7.0 distilled g in vacua) 

19 6.3 C5, lQO’, 4.5 (i) mixture 0.55 

19 ( 1.8 used) g (ii) mixture 0.45 

19 (iii) XVI 0.25 

The following fractions and sub-fractions were mixtures, and were not 

separated further (minimum numbers of components in brackets):- 

liv (3); 51 (3); 6iii (3); 7111 (4; by glc, the major one <CA 40 Xl 

was VIII); 8i (5); Qiia (3; by glc, the major one Cc2 55 Xl was VIII); 

Qiii (7); 10 (9); llii (3); 1211 (3); 131 (3); 13iv (4); 141 (7; 

by glc {Cl, loo’, 4.01, the major ones were XI ‘~2 20 X1 and XII<% 25 Xl); 

14ii (2); 15ii (3); 161. (3); 16ii (3); 1711 (3); 18 (complex; glc 

{Cl, 140’, 5.01 indicated the presence of cn 12 % of XV); 191 and 19ii 

(both multicomponent). 

Characterization of compounds. Compound I was dodecafluorocyclohexane, 

and II was perfluoromethylcyclohexane; III was l-trifluoromethylnonafluoro- 

cyclohex-l-ene C 81; V was difluoromethylundecafluorocyclohexane C71; 

VI was difluoromethylnonafluorocyclohex-1-ene t10, 71; XIII was (difluoro- 

methyl)benzene and XVI was benzaldehyde (cf C71). 

Bew compounds (nc) were characterized as follows:- 

IV (sub-fractions 2111, 3111, 4iiia, Siia) was 2tl -l-(trifluoromethyl)- 

octafluorocyclohex-1-ene; b.p. 81 ‘C; We, 294 W ; (Pound: C, 28.3; II, 

0.5; P, 71.6. Calc. for C7HF11: C, 28.8; II, 0.3; F, 71.1 X); nmr as IQ]. 

VII (7iib) was l-(difluoromethyl)nonafluorocyclohex-3-ene; b.p. 94-95 

‘C; We, 294 (W) ; (Found; C, 28.3; Ii, 0.6; P, 71.0 !4); ir 1750(m) (-FC=CF-1. 

VIII (7iv, 8ii, 91) was 28 -l-(dlfluoromethyl)octafluorocyclohex-1-ene; 

b.p. 100 ‘C; We, 276 (1); (Found: C, 30.6; H, 1.0; F, 68.9. 
C7H2F10 

requires C, 30.4; H, 0.7; P, 68.8 X); ir cl 17OO(vw) (RC=CF), CA 3080 (VW). 

IX (Qiib) was 2H,4&5H -l-(trifluoromethyl)tetrafluorocyclohexa-1,4- 

dlene; b.p. 104 ‘C; identified concurrently with Dr. I. W.Parsons, of this 



32 

Department, who isolated IX (Found: C, 38.5; H, 1.7; F, 60.9. 
C?H3F7 

require6 C, 38.2; H, 1.4; F, 60.4 X), in higher proportion, from the mixture 

obtained by the fluorination of benzotrifluoride over KCoF4. 

X (lli, 121) was 2H -4X/58 -I-(trifluoromethyl)hexafluorocyclohex-l-ene 

; b.p. 118 'C; W/e, 258 (!I); (Found: C, 32.7; II, 1.4; F, 66.1. C7H3FQ 
require6 C, 32.6; H, 1.2; F, 66.3 2). 

XI (lliii, 12111, 1311) wa6 an approximately 1:l mixture of 2H,4H- and 

2H,5H - l-(difluoromethyl)heptafluorocyclohex-l-ene; b.p. 120 'C; We, 258 

(II); (Found: C, 32.2; A, 1.6; F, 65.9 2); ir 171O(vw), 2980(w), 3080(w). 

XII (lliv, 12iv, 13111) was 2H,4H,5H -l-(difluoromethyl)tetrafluoro- 

cyclohexa-1,4-diene; b.p. 121 'C; W/e 202 CM); (Found: C, 41.5; H, 2.1; 

F, 56.9; C7H4F6 requires C, 41.6; H, 2.0; F, 56.4 X); ir 1710(w), 1760 

(VW), 298O(vw), 3080(w); no strong uv absorption in the range 220-300 nm. 

Aqueous alkaline permanganate [cf 81 afforded difluoromalonlc acid (isolated 

as the dianilinium salt, yield 70 2). 

XIV (151) was a 28 -I-(difluoromethyl)hexafluorocyclohex-l-ene (3H/4H, 

probably); b.p. 132 'C; We, 240 (W); (Found: C, 34.9; H, 1.9; F, 63.6. 

C7H4F8 requires C, 35.0; H, 1.7; F, 63.3 X). 

XV (16ii1, 171) was 28 -4HBH -l-(difluoromethyl)hexafluorocyclohex-l- 

ene; b.p. 142 'C; W/e, 240 (1); (Found: C, 34.6; H, 1.8; F, 63.4 X); 

ir 2980(w), 308OWw). 

Yields of Compounds 

Compound number 1 I II III IV V VI VII VIII 

X of Isolated product <l 5 1 4 7 5 1 9 
molar yield (%) <1 3 1 3 4 3 1 6 

Compound number IX X XI XII x111+xv1 XIV XV 

% of isolated product 1 3 9 8 5 3 14 
mlar yield (X1 1 2 7 7 7 2 11 

Fluorination of Phenylacetic Acid by Potassium TetrafluorocobaltateCIIIl 

The acid wa6 introduced, a6 a fine powder, into Reactor 3 in a nitrogen 
-1 stream ( 15 1 h ). Fluorinations were carried out at 360 'C, on CA 40 g 

portions of substrate, each passed through the reactor during 1 hour. The 

combined products (200 g) from five runs ( total input, 220 g) were washed 

rapidly with a little water and dried. To the clear liquid ( 185 g) was 

added acetone ( 75 cm3), and the solution wa6 then distilled axeotropically 

(column as above). Acetone wao removed from the appropriate fraction6 by 

washing with water. Residue (b.p. >56 'C) was fractionally distflled (column 

of above type, 61x2.5 cm), and that with b.p. >94 'C wae distilled at 15 mm 
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Hg pressure (glass Vigreux column, 100 x 8 mm). Separations of fractions by 

glc , similar to the above, afforded the following compounds (the bracketted 

figures are respectively the %ages in the isolated product, and the molar 

yields:- I (1,trace); II (11,4); III (6,3), IV (l,trace), V (10,4); VI (8, 

3); VII (1,l); VIII (2,l); IX (trace,trace); X (2,l); XI, (4,2); XII (5,4); 

XV (8,4). Compounds XIII and XIV were not detected. 

Part (3.2 g) of one fraction (b.p. 78-110 'C /15 mm Hg; 19 g); methanol 

(16.0 cm3) and sulphurfc acid (1.0 cm3) were refluxed for 24 hours. Work-up 

as usual afforded a liquid (2.45 g): glc (C3, 150', 4.5) on part (2.05 g) 

gave :- (i) (trace), mixture: (ii) (0.83 g), the methyl ester of trideca- 

fluoro(cyclohexylacetic) acid (XVII) I191; W/e, 371 (M-19); (Found: C, 

27.4; II, 1.0; F, 63.1. Calc. for CQH3F1302 C, 27.7; H, 0.8; F, 63.3 2); 

ir 1790(s), 2980(w): (iii) (0.50 g) mixture. 

Dehydrofl uori na ti ens of Compounds 

2H,4lf - and 2H,5H -1-(Difluoromethyl)heptafluorocyclohex-l-en8 (XI). XI 

(3.0 g) was added to a solution of potassium hydroxide (3.0 g) in water (7.0 

CIL131, the system then being stirred magnetically at 70 'C for 45 min. After 

being washed and dried, the product (1.9 g) was separated by glc (Cl, 140', 

4.5) to glve:- (i) ( 0.60 g), 2H -l-(difluoromethyl)hexafluorocyclohexa-1,4 

-diene (XVIII) (nc); b.p. 103 'C; W/e, 238 (II); (Found; C,34.9; H, 1.0; 

F, 64.0. C7H2F8 requires C, 35.3; H, 0.8; F, 63.8 2); ir lTlO(vw), 1770(m), 

2980(w); no strong uv absorption6 in the range 220-300 nm: (ii) (0.45 g), 

1:l mixture of 2R -l-(difluoromethyl)- and 1H -2-(difluoromethyl)- -hexa- 

fluorocyclohexa-1,3-dlene (XIX) (nc); b.p. 114 'C; M/e, 238 00; (Found: C, 

35.0; H, 0.9; F, 64.2 X); fr 1660(m), 1735(m), 2980(w); 

3.7 x 103): 

uv, xmax 262nm 

(EIKSX 
(0.40 

-4N5H -l-(Difluoromethyl)hexafluorocyclohex-1-ene (XV). The reaction 

hour. Glc 130', 4.5) 

(0.10 g), tentatively identified as a 1:l mixture 

2H,5R (XX): 

(0.25 -(difluoromethyl)tetrafluorobenzene (XXI) (nc); b-p. 

M/e, 200 (Found: 41.7; H, F, 57.4. 

42.0; H, F, 2); lr 1500(s), 1530(s), 1640(m), 

(iii) (0.08 g ), an inseparable mixture of at least four components: (Iv) 

(0.62 g 1 recovered XV. 

Difluoro~thylundecafluorocyclohexane (V).When compound V, in a stream 

of nitrogen, was passed through molten KOH Icf 201, only V itself (14 2) was 

recovered. Passage over heated sodium fluoride C81 at 440, at 500, and at 



34 

560 'C, left V unchanged (recoveries 83-90 2): at 650 'C, unidentifiable 

products (3 X) were formed, but recovered V (59 X) still predominated. 

TABLE 

KHR SPECTRA OF COHPOWDS VII, VIII, IX, X, XI. 

b = broad, c = complex, d = doublet, m = multiplet, s = singlet, t = triplet 

Compound Chemical Relative Position Type of Signal 
Bumber Shifts Intensity in Formula and Couplings 

VII H 6.35 -CHF2 t of d;J = 52.0,g.O 

F 109.1;119.0 4 2,5 AB; J = 293 

129.8;133.8 2 6 AB; J = 282 

132.9 2 -CF2H d of m; J = 52.0 

152.8 1 3 or 4 bs 

153.8 1 3 or 4 bs 

194.1 1 +CF S 

VIII H 6.45 1 -CHF2 t; J = 53.1 

6.69 1 2 s 

F 109.9 2 6 6 

113.5 2 3 6 

120.7 2 -CF2H d; J = 53.1 

135.9 4 4,5 bs 

IX H 6.35 2 485 bs 

6.78 1 2 bs 

F 64.0 3 -CF3 s 

96.0 2 6 bs 

99.0 2 3 bs 

X H 4.97 2 4,5 d of m; J = 48.0 

6.72 1 2 bs 

F 65.6 3 -CF3 6 

103.4;107.4 2 6 AB; J = 304 

107.9;110.7 2 3 AB; J = 299 

219.4 2 4,5 m 

XI H 5.00 1 4 and 5 d of J = 47.9 m; 

6.42 1 -CHF2 t; J = 53.6 

6.63 1 2 6 

P 94.3-137.5 6 3,4,6 8 3,5,6 series of cm 

121.5 2 -CF2H dofm; J=53.6 

218.6 0.5 4 or 5 d of J = 47.9 m; 

220.6 0.5 4 or 5 d of m; J = 47.9 
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TABLE 

N.HR SPECTRA OF WHPOUBDS XII, XIV, XV, XVII, XVIII. 

Compound Chemical Relative Position Type of Signal 
Rumber Shifts Intensity in Formula and Couplings 

XII Ii 6.34 2 495 S 

6.41 1 -CIiF2 t; J = 54.0 

6.65 1 2 bs 

F 96.5 2 6 S 

99.8 2 3 S 

XIV 

121.2 2 -CF H d; J = 54.0 

II 4.60-5.80 2 3,4 or 5,6 Cm 

6.32 1 -CHF2 t of d;J = 54.1,4.2 

6.32 1 2 S 

F 101.2;122.5 2 3 or 6 AB; J = 305 

120.4;130.4 2 -CF2H AB;JAB= 305,JRP.= 54.1 

134.4 4 or 5 Cm 

197.8 1 3 or 6 d; J = 45.7 

216.1 1 4 or 5 d of J = 47.0 m; 

xv H 4.92 2 4,5 d of J = 46.5 m; 

6.37 1 -CHF2 t; J = 54.0 

6.56 1 2 S 

F 103.7;106.6 2 6 AB; J = 299 

107.6;lll.l 2 3 AB; J = 293 

119.9;122.5 2 -CF2H AB;JAB= 303,JHF= 54.0 

216.9 2 495 Cm 

XVII H 4.18 -CH3 S 

F 110.9 2 a-CF 
2 

m 

116.2;128.0 4 2,6 AB; J = 307 

122.3;140.2 4 3,5 AB; J = 296 

124.2;142.4 2 4 AB; J = 289 

187.3 1 +CF bs 

XVIII H 6.45 1 -CHF2 t; J = 53.9 

6.62 1 2 bs 

F 105.4 2 6 S 

108.1 2 3 S 

121.3 2 -CF2H d; J = 53.9 

156.2 2 4,5 bs 

(continued) 
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TABLE 

iV!R SPECTRA OF WHl=OUm XIX, XX, XXI. 

Compound Chemical Relative Position Type of Signal 
lhlUbSr Shifts Intensity in Formula and Couplings 

XI :x H 6.40 

6.30 

6.70 

F 120.6;121.7 

120.1 

123.4 

127.5 

137.3;147.8 

156.7;157.7 

1 -CHF2 (both) 

0.5 S(isomer a) 

0.5 l(isomer b) 

2 -CF2H (both) 

1 6(lsomer b) 

1 B(isomer a) 

2 5 (both) 

1 3 (both) 

1 4 (both) 

t; J = 54.9 

bm 

bm 

d; J = 54.9 

collapsed AB 

S 

2xt 

2x6 

2xm 

xx Ii 6.00 

6.44 

6.67 

6.97 

F 92.6 

95.5 

108.4 

111.5 

121.1 

126.2 

1 4(s); 5(b) 

1 -CHF2(both) 

0.5 2(isomar a) 

0.5 2(isomer b) 

1 B(isomer b) 

1 S(isomer a) 

1 B(isomer a) 

1 S(lsomer b) 

2 -CF2H (both) 

1 5(a); 4(b) 

bs 

t; J = 54.1 

bs 

bs 

6 

S 

d of m; J = 16.4 

d of m; J = 16.4 

2 x d; J = 54.1 

m 

XXI H 6.85 1 -CHF2 t; J = 55.5 

7.26 1 2 m 

F 116.9 2 -CF2H d; J = 55.5 

139.3 1 3 1 

147.7 1 6 m 

153.5 1 4 m 

156.5 1 5 t: J = 17.0 

Proton chemical shift values are in 6 units (p.p.m. to low field of the 

internal standard, tetramethylsilane) and fluorine values in # units (p.p.m. 

to high field of the internal standard, trichlorofluoromethane). 

Tetrachloromethane was used as solvent throughout. 
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