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The Preparation and Investigation of the Chloro
fluorocyclohexanes 

PART I Bromo-, Chloro-, Bromochloro-, and Other 
Derivatives of cyclohexane as Sources of 
Lightly Fluor:i:natea Cyclohexanes 

~tempts have been made to prepare lightly fluorinated 

cyclohexanes by the action of anhydrous hydrofluoric acid, 

alone and with catalysts, upon cyclohexane derivatives 

containing small numbers of halogen atoms. From 1..; chloro-

1j2-dibromoc;r,rcloheY.:~?.ne a brcmo-fluoro-compound was. produced. 

but its identity could not be established, while with 

1, 2-di bromocyclohexane rearr•angement occurred and no 

fluorine containing material was obtained. 

'!'he use of newer fluorinating agents·., potass.ium1 

fluoride in dimethylforrnamide,caesium fluoride, perchloryl 

fluoride, and sulphur tetrafluoride, upon suitable 

intermediates; did not yield signi:ficant amounts: of fluorine 

containing compounds. 

A gas chrom~tography unit able to operate, both 

analytically and preparatively, at column temperatures up· 

to 200° was devised and used in this work, while a method 

of bromine analysis was introduced which· enabled bromine,. 

chlorine, and fluorine to be estimated in one compound. 



PART II High Temperature Dehalogenation Reactions; 
of Perchlorofluorocyclohexanes and Chloro
fluorocyclohexanes 

Passage of perchlorofluorocyclohexanes of the 

general formula c6Fl2-nCln (n = 1 to 5) over iron gauze 

at 430° yielded mainly perfluorobenzene and some 

perfluorocyclohexene, negligible amounts of chlorine 

containing product being obtained. 

The product from a vapour phase reaction betwe.en 

benzene and a large excess: of chlorine trifluoride was·. 

examined and shown to contain compounds of the general 

formula c6F12_nCln (n = 1 to 4) together with large 

amounts of hydrogen containing chlorofluorocyclohexanes. 

Similar dehalogenation of this material at 500° 

yielded perfluorobenzene, pentafluorobenzene, e.nd 

material not easily sepai,able by gas chromatogria;Phy, 

which appeared to be tetrafluoro- and trifluoro-benzenes. 

At lower dehalogenation temperatures complex 

mixtures were obtained. which consisted largely of dienes. 

In some cases considerable yields. of a diene, c6F7Cl, 

almost certainly a li.:3-diene, were obtained. 
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The Prepa~ation and Investigation of the Chloro
i'luoroc;y:clohexanes 

PART I B:romo-, Chloro.:.;. ,. Bromochloro- and Other 
Derivatives of Qlclohexane as Sources of 
Lightl~ Fluorinated Cyclohexanes. 

Attempts have been made to prepare lightly fluorinated. 

cyclohexanes by the action of anhydrous hydrofluoric acid, 

alone and with catalysts, upon cyclohexane derivatives 

containing small numbers of halogen atoms. From 1-chloro-

1 1 2-dibromocyclohexane a bromo-fluoro-compound was 

produced but its identity could not be es;tablished, while· 

with 1,2-dibromocyclohexane rear1•angement occurred and no 

fluot .. ine uontain.ing matel"ial ir'Jas, obtained. 

•rhe use of newer· fluorinating agents., potas:siurn 

fluoride in dimethylformamide,caesium fluoride, perchloryl 

fluoride, and sulphur tetrafluoride, upon suitable 

intermediates did not yield significant amounts; of fluorine 

containing compounds. 

A gas chromatography unit able to operate, both 

analytically and preparatively, at column temperaturea 

up to 200° was devised and used in this work, while a 

method of bromine analysis was introduced which enabled 

bromine, chlorine, and fluorine to be estimated in one 

compound. 



iv. 

PART II High T~~perature Dehalogenation Reactions 
of Perchlorofluorocyclohexanes and 
Chlorof'luorocyclohexanes: 

Passage of perchlorofluorocyclohexanes:. of the general 

formula c6Fl2-nCln (n = 1 to 5) over iron gauze at 430° 

yielded mainly perf'luorobenzene and some perfluorocyclo-

hexene, negligible amounts of chlorine containing product 

being obtained. 

The product from a vapour phase reaction between 

benzene and a large exces.s of chlorine trifluoride was 

examined and shown to contain compounds of' the general 

formula c6F1~nCln (n = 1 to 4) together with large; 

amouhts of hydrogen containing chlorofluorocyclohexanes:. 

Similar· dehalogenation o-r tl1is\ ma.tel .. ial at 500° 

yielded perfluorobenzene, pentafluorobenzene, and 

material not easily separable by gas chromatography, 

which appeared to be tetrafluoro- and trifluoro-benzenes;. 

At lower dehalogenation temperatures complex.rnixtures 

were obtained which consisted largely of dienes.. In 

some cases considerable yields. of a diene, c6F7Cl, 

almost certainly a 1:3-diene, were obtained. 
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PART I BROMo- , CiiLORO- , BROMOCHLORO- , .AND 

OTHER DERIVATIVES OF C~CLOHEXJUiE AS 

1. 

SOURCES OF LIGH'.rLY FLUORINATED CYCLOHRJC..Al'TES .. 
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CHAPTER I 

JiNTRODUCTION 



3. 

INTRODUCTION 

Although many perhalo- and polyhalo-cyclohexane deriva

tives have been prepared only three are known in which a 

small number of hydrogen atoms have been replaced by fluorine 

alone, or by fluorine and other halogens. These are cyclo-
' 2o..,b 13 

hexyl fluoride, 1,1-difluorocyclohexane, and 1-chloro-1~ 
2.o.. b 

fluorocyclohexane. J 

Attempts have been made to prepare others, for example 

Henne et al~ reacted mercuric fluoride with trans-1,2-

dibromocyclohexane but in the working up of the product 

hydrofluoric acid was lost to give cyclohexa-1,3-diene. 

swarts 1treated cyclohexyl fluoride with bromine in 

acetic acid and isolated a. 1,2-dibromocyclohexane and claimed 

that a trace of a bromo-fluorocyclohexane was fo~ed, but 

gave very little detail. 

In general, interest has centred mainly on the perhalo

and polyhalo- cyclohexane derivatives because of their 

great stability and possible industrial importance. 

In the chlorofluorinations of benzene by chlorine 

trifluoride which have been carried out in this laboratory 
5"a.,b,6 

by other workers, a very complex mixture of chlorofluoro-

cyclohexanes and possibly -cyclohexadienes and -cyclohexenes 

resulted, and at the time it was thought interesting to 



attempt ·~he preparation of some of these compounds by 

unambiguous routes and to investigate their properties. 
2a.Jb 

To this end CUthbertson prepared 1,1-difluorocyclo-

hexane, and 1-chloro-1-fluoro-cyclohexane, but attempts; 

to prepare other derivatives met with no succ:ess:, one of 

4. 

the main reasons for this being the great ease with which 

hydrofluoric acid is lost from the molecule autocatalyti-

cally,leading to rapid decomposition and formation of 

polymeric material. Moreover it appears that the choice 

of reaction conditions is critical in many cas·es .• 

Although it became obvious that it would not be 

possible to introduce step-wise enough halogens to make 

molecules comparable to those, such as cyclic c6F9cl2H, 

produced in the ai'ore mentioned chlorofiuorination process·, 

in view of the small number of the less~er halogenated 

·compounds knO\m it was thought worthwhile to continue the 

attempts to make them. 

Also present in the benzene chlorofluorination product 

were small quantities of the aromatic derivatives chloro-

benzene, p-chlorofluorobenzene and just pos:sibly o - and 

m- chlorofluorobenzenes;. It was thought that these compounds·. 

might perhaps arise from the dehydrohalogenation, in the 

product bicarbonate washing stage, of an addition product 

If this compound could have 

been synthesised the idea could be tested. 



5. 

There is also the possibility that these aromatic 

compounds might arise from the 1,4 addition and elimination 
7 

sequence as suggested by Tatlow to explain the cobalt 

trifluoride-benzene reaction products. The fact that 

chlorobenzene and p-chlorofluorobenzene were isolated \Vhile 

o- and m- chlorofluorobenzenes were not suggests a 

similarity in the mechanism. 

Preparation of fluorine containing compounds 

The following methods are well established for the 

preparation of straight and branched chain compounds-. but 

few have been applied to cyclic compounds. 

(a) acid .to a 

In this way cyclohexyl fluoride has been made from 
s 

cyclohexene and 1-chloro-1-fluorocyclohexane from 1-chloro-
2-o..,b '1 10;11 

cyclohexene. very many other examples could be quoted. ' 

Zinc chloride, boron trifluoride, aluminium chloride 

titanium tetrachloride, stannic chloride, antimony penta

chloride and ferric chloride are among the various inorganic 
12. 

halides that have been used to catalyse this process .• 
13 

For example Grosse and Linn found that the addition of 

anhydrous hydrofluoric acid to ethylene, propylene and 

cyclohexene would give good yields of the corresponding 



fluorides. Metallic fluorides of zinc, aluminium, 

manganese, copper and iron as catalysts enable higher 

reaction temperatures to be used without polyrnerisation 
14 

occurring. 

(b) The replacement of a halogen by fluorine using 
anhydrous hydrofluoric acid 

6. 

This occurs in some cases when anhydrous hydrofluoric 

acid is used alone, but with catalytic amounts of various 

inorganic halides and certain other inert materials many 

more replacements can be effected. For example 1,~~di-

chloroethane with 2.5% w/w stannic chloride as: catalyst 
12. 

yielded 1-chloro-1-fluorethane and 1,1-difluoroethane. 

With inorganic halides as catalysts the general mode 

of action is thought to be:·.-

~ + HF 

RX +. MF 

--~~~ MF + HX 

The effective fluorinating agent is thus the metallic 

fluoride. 

Probably the most widely used halides in this process 

are those of antimony in its; tri- and pentavalent states:. 

(c) The reaction be:tween anhydrous hydrofluoric acid and 
various hydroxy compounds: 

15;16 
Klatt examined the solution of various hydroxy compounds. 



7. 

in anhydrous hydrofluoric acid and found that in many 

cases traces of the corresponding fluoro-derivatives were 

present. 

The reaction has: been of occasional preparative value, 

for example ethyl and propyl fluoride have been made from 
17)a.,b 

the corresponding alcohols in this way. 

(d) Replacement of halogens by fluorine using metallic 
fluorides a:Lone 

Met~lic fluorides in all groups from one to five 

of the periodic table have been used to replace halogens 

in alkyl and olefinic halides and in some cases certain 

other groups as well. For an extensive account of the 

literature on this subject 'Aliphatic Fluorine Compounds' 

by A.M. Lovelace, D,A. Rausch, and w. Postelnek (Reinhold 

Corp. N.Y. 1957) can be consulted, the more important 

aPPlications and some recent developments will however be 

discuss:ed here. 

In group Ia potassium fluoride in a solvent such as 

ethylene glycol or anhydrous glycerol has. long been used 
18 

to rep~a.ce chlorine and less~ often bromine. Hoffmann haa 

prepared w,w-difluoroalkanes containing three to six 

carbon atoms by this method in good yield. 
I 'I 

Pattison noted that best yields were obtained in the 

production of w-fluoroalcohols and w-fluoroacetates from 



B. 

w-chloroalcohols and w-chloroacetates \":hen the reagents~ 

were very pure and moisture was rigidly excluded. He 

also suggested that if the reaction products were unstable 

in polyhydroxylic solvents the reactions could be carried 

out without a solvent in an autoclave, vigorous stirring 

being required.. 
~0 

Vorozhts;ov· has recently prepared 2,~dinitrofluoro-

benzene from the corresponding chloro- compound using 

potassium fluoride without a solvent. 

The use of potass-ium fluoride in basic solvents; viz, 

acetamide, formamide, and dimethyl formamide has; been 
~· Cl,b 

introduced by Miller, the advantage of the process being 

partly due to the increased solubility of potassium fluoride 

in these solvents. 
2'2 

Caesium fluoride has recently been introduced for 

the fluorination of aromatic compounds and is found to be 

far more effective than potassium fluoride in same cases. 

No solvent is used, with a solvent the reaction does not 
23 

occ.ur. 
2.+ 

Pattison et al. have shovm that methane sulphonates: 

of primary alcohols react with potas·sium fluoride to yield 

the corresponding fluoride, diethylene glycol being used 
25" 

as a solvent, while Bergmann et al. showed recently that 

the use of the more eas;ily prepared toluene p- sulphonates; 
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led to better yields. 

In group Ib both argentous and argentic f'luorides 

have been used to replace halogens, usually in the absence 

of a solvent,the divalent compound will also replace 

hydrogen and is generally more reactive. 

Argentous fluoride has been used to replace fully the 
~6 

gem dibromo-group in 1,1-dibromomethyl phenyl ketone, this 

is usually not very easily ace:omplished. Argentic fluoride 

suffers from the disadvantage that it is difficult to pre-

pare it anhydrous, but it can be used in the nascent state,, 

hydrofluoric acid being added to silver carbonate in the 

presence of the organic halide. There still remains the 

further disadvantage that the double salt AgCl • .AgF is; 

formed, o~~Y half the fluorine being then available for the 
2.7 

replacement reaction. 

In group IIb mercurous fluoride has been used With 

some success with bromides; and iodides containing one 
~8 

halogen only and does not lead to coupling or olefine for-

mation as the silver fluorides often do. Far more import
l-9 

ant, however, is the divalent compound introduced by Henne. 

In many cases where argentous and mercurous fluorides give 

small yields in lengthy reactions, mercuric fluoride will 

react sWiftly to give good yields. Polychlorides seem to 

be little affected by this reagent, except when heated under 



10. 

pressure, and can be used as sol vents if' re;quired. 

Mercuric fluoride can be prepared by the action of 

elemental fluorine on mercuric chloride in 7f:lfo yield and is. 

a fluffy powder extremely sensitive to moisture. It is 

generally s,impler to generate the compound in situ by the 

action of anhydrous hydrofluoric acid on mercuric oxide, as 

in the preparation of 1,1-dif'luoroheptane from the corres:-
30 

pending dichloride. 

In group IV a lead tetrafluoride has been used, in 

effect to add fluorine across the double bond, the material 

being generated in situ by the addition of' anhydrous hydro-
31 

f'luoric acid to lead dioxide. 

In group Vb occur the most important fluorinating 

agents, the halides of' antimony which can be used separately, 

together in various combinations or in the presence of free. 

halogens. The following list details the principal ways 

in which they have been used. 

SbF3 ; 

SbF5 ; 

SbF 3/SbF 5 ;; SbF 2c13 ;; 

SbF3/cl2 ; SbF3/~2; 

Some examples are given:.-

32 
(i) SbF3t 

@ 150 

SbF3c12 

SbF3/SbF3 012 • 

1) CClz= CCl. CF 3 43% 
2) CC12:CCl.CF2Cl 28% 
3) CC12:CCl.CC12F 13% 



33 

(ii) 

3i-

:0: 
Cl 

(iii) CH2Br. CBr2~Br 

F 

F QCl 2 40-60% 
F2 Cl 

2 

SbF~/Br~;. CH Br.CF CH-Br 45% 
@ 1500 2 2 ~ 

(e) Reactions between sulphur tetrafluoride and oxygen 
containing compounds 

1~. 

very recently a fluoride of' a group VI element,. 

sulphur, has become important as a :fluorinating agent for 

carbonyl groups. Sulphur tetrafluoride can be made by 

the action of' sodium fluoride on sulphur dichloride in 

ref'luxing acetonitrile, or by the action of' iodine penta-
35' 

fluoride upon sulphur. It is a yellow poisonous gas 
0 -o.p. -40.1 o 

In many cases this reagent will replace oxygen by 

two fluorine atoms in acids, esters, acid halides, arnides., 

quinones, aldehydes, ketones and acid anhydrides. 

to carbon double and triple bonds are not affected. 
'5 

Typical examples are:-

(1) 

Carbon 

(2) OCOOH 

COOH OCF3 
43% 

COF 



(3) 

(4) 

0 COCl 
(5) 

(6) 

( '7) 

(8) 

(9) 

0 
180 /18hr. SF 4 > 

Cl 

uti CHF 3 2 

OCOF 

COF 

13% 

F o-F 31% 

200°/4hr. 
30% 

F 

12. 

45% 

The reaction is catalysed by hydrogen rluoride but other 

rluorides viz. boron trirluoride, arsenic trirluoride, 

phosphorus pentafluoride, and titanium tetrarluoride are: 

even more potent catalysts. 



(f) Reactions of perchloryl fluoride with enamines, 
enol-ethers and sodio-derivatives: of active 

methylene groups 

Another new fluorinating agent for which a simple 

method of preparation has been discovered is perchloryl 

fluoride. 

13. 

This can easily be made by heating potas:sium perchlorate 
36 

in a large excess of fluosulphonic acid at 80°. Perchloryl 

fluoride is evolved as; a colourless stable gas, b.p. ~46.8° 

which can conveniently be stored in a cylinder. 

\~th the monosodio- derivatives of active methylene 

groups perchloryl fluoride will react to yield gem -difluoro 

' groups. In this way diethyl difluoromalonate, ethyl 

2,2-d.if'luoroacetate and 3 1 3-dif'luoro-2,4-pentanedione have 

been made from the corresponding monosodio-derivatives;
7 

This reagent has been more widely used in the field of' 

steroid chemistry, the pyrrolidyl enamines of keto-steroids 

reacting to yield, after hydrolysis, mono fluorosteroids 

the f'luorine substituting eX.- to the carbonyl group~8,4° 

1) Cl0l5F' 
2) H.Oti 

1) Cl03F 
2) H.OH 

F· 

0 

EtO 



Theenolic ether derivative of the steroid can also 

be used and reacts in the same manner.38 

14. 

one case of the reaction being applied to a simple 

cyclohexane derivative has been reported, 2-fluorocyclo-
39 hexanone has been made from ethoxy-cyclohexene. 

(g) Reaction between N-bromoacetamide and an olefine in 
anhydrous hydrofluoric acid 

This is another reaction which has been developed by 

workers in the steroid field. 
+l 5 

Bowers et al. converted /)a -pregnene-3f3,17<t-diol-20-

one 17=acetate into 5~bromo=6~fluor-opregnane-3p,1~-diol-

20-one 17-acetate,by treating the starting material in 

methylen\e. chloride or tetrahydrofuran, with a molar equiva

lent of N-bromoacetarnide, a 25-100 molar excess of anhydrous 

hydrofluoric acid being present. 

A \r.lde variety of unsaturated steroids have been 

treated in this way. 4-2. 

(h) to 

In this laboratory the effective addition of the ele

ments of bromine monofluoride across a double bond by means 

of equimolar mixtures of bromine and bromine trifluoride 

has been carried out for a number of simple fluorinated or 

chlorofluorinated olefines, good yields being obtained in 



some cases. 

For example monobramofluoroethane was obtained from 

tetrafluoroethylene in 80% yield and perfluorocyclohexyl 
43 

bromide from perfluorocyclohexene in 77% yield. 

Br2/BrF3 

0 

15. 

.A,pplication of the above process:.es to the present problem 

As suitable starting materials for methods(a), (b) 

(d), (g) and (h) various halogenated cyclohexanes,cyclohexenes 

and cyclohexadienes are available. 1-chlorocyclohexene 

c~~ be prepared from cyclohexanone and phosphorus penta= 
4-i: 

chloride, 3-bromo-1-clilorocyclohexene by the action of 
4-5' 

N-bromosuccinimide on 1-chlorocyclohexene and 2-bromocyclo-

hex-1-ene from the action of N-bromosuccinimide upon 

cyclohexene. 46 

Addition of chlorine to 1-chlorocyclohexene is reported 
4-7 

to yield 1,1,2-trichlorocyclohexane from which hydrogen 

chloride can be removed to give a mono- or di- olefine. 

Addition of bromine to 1-chlorocyclohexene yields 
48 

1-chloro-1,2~dibromocyclohexane, and elimination of 
-f-8 

hydrogen chloride is reported to yield 1,2-dibromocyclohexene. 
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+9 ~ 
1,2-dibramocyclohexane and 1,2-dichlorocyclohexane are 

readily obtainable or easily made. 

The action of quinoline hydrobromide dibromide 

upon cyclohexa-1,3-diene is supposed to yield 1,2,3F4-

tetrabromocyclohexane at 120°-145°, and dibromocyclohexene 
0 s-1 

at 0 • The latter compound would be useful but it 

appears from the details available that the reaction 

product is probably an isomeric mixture of dibrornocyclo-

hexenes. 

For method (c) 1-chloro-:a...;hydroxycyclohexane can be 
5"2 

made by the ad~ition of hypochlorous acid to cyclohexene. 

2-chlorocy.clohexanone can be prepared by chlorinating 
S"J 

cyclohexanone and this, together- with 1-chlor-o-2-hydroxy-

cyclohexane would be useful starting matel .. ials for 

method (e). 
S'4-,S'5 S"'1 S'1 

For method (f) enamines, and enolic ethers of cyclo-

hexanone and substituted cyclohexanones could be prepared 

by standard methods. 
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CHAPTER II 

DISCUSSION OF THE EXPERIME:r.."TAL WORK 

AND THE RESTJ"LTS 
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DISCUSSION OF EXP~IMENTAL WOR!{ 

At the beginning of this work it -was decided to 

investigate more thoroughly the possibility of addition of 

a.nhydrous hydrofluoric acid to 1,2-dichlorocyclohex-1-ene. 
S"fl 

Cuthbertson had attempted to fluorinate this compound with 

lead tetrafluoride, a reagent which is used to add fluorine 

across the double bond, but had obtained only a polymeric 

product. His starting material which he records. as 

having a wide boiling range, b35-10 (62°-96°), and which 

contained chlorocyclohexadienes and probably other un

saturated material also, was probably too impure for there 

to have been much chance of success· .• If appreciable 

amounts of cyclohexadienes were present unstable d.ifluoro-

compO\uW.s would be ~ormed a~d their decomposition would 

probably initiate the decomposition of the rest or the 

product. 

It was thought that if a chromatography unit were. 

developed capable of operating both analytically and 

preparatively up to 200° and that if these techniques~ were. 

combined with efficient fractionation then pure starting 

materials might be obtained. 

Considerable time, therefore, was spent in the 

construction of a gas chromatographic unit which fulfilled 



23. 

these conditions. This work is described in chapter :SZ: • 

At the same time apparatus was constructed for controlled 

reduced pressure fractionation. 
5S 

that of Banks. 

Preparation of 1-Chlorocyclohexene 

This was similar to 

This was carried out according to the method of Braude 
+f 

and Coles and pure 1-chlorocyclohexene and pure. 1,1~d1chloro-

cyclohexane obtained by fractionation at reduced pressure. 

Dehydrochlorination of 1,1-dichlorocyclohexane 

It was anticipated that large quantities of 1-chloro

cyclohexene would be required and it was considered worth

while to dehydrochlorinate the dichloride obtained in 

the 1-chlorocyclohexene pr~aration. Various methods;, 

some standard and some unpublished, were employed in an 

attempt to avoid using quinoline, which suffered from the 

drawback of the tedious recovery proces-s necessary. Event-

ually a continuous vapour phase process. was devised, the 

dichloride vapour being catalytically dehydrochlorinated 

by passage over kieselguhr at 250°. The product contained 

91-98% of the olefine representing an overall Jdeld of ca. 

91)%. 

Chlorine was then added to 1-chlorocyclohexene in the 
60 

manner described by Cuthbertson, but analytical V.P.c. 
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showed that the product was a complex mixture which 

repeated ~ractionation ~ailed to puri~y. From the acid 

nature o~ the crude product and distillates. it seemed 

that hydrogen chloride was splitting out o~ the molecule 

to give chloro-cyclohexenes\ and -cyclohexadienes;. The 

projected next stage was the dehydrochlorination o~ this 

material with quinoline and since this was known to give 
47 

rise to unwanted chlorocyclohexadienes as well, fUrther 

complicated mixtures:. would arise. For this reason no 

fUrther work was carried out on these lines and instead 

it was decided to add bromine since this waa known to 

give a solid product which could be puri~ied by recrystallisa-

tion i~ nec:es.sary. 

Preparation o~ 1-chloro-1,2-dibrornocyclohexane 

This followed essentially the method of Faworski and 
+8 

Boshowski although lower yields (35-48%) were obtained than 

by the authors. (ca. 60%). Some attempts; to improve the 

yield e.g. by using dioxan dibromide, increasing the reaction 

temperature and the use of different solvents., were not 

successful. 

Having obtained this material pure it was thought 

interesting to investigate the action o~ anhydrous hydro-

~luoric acid upon it. 
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The action of anhydrous hydrofluoric acid upon 1-chloro-1,2-
. dibrornocyclohexane 

(a) Estimation of reaction conditions 

The only comparable reaction in the cyclic. series. 

which could be found was the action of anhydrous hydrofluoric 

acid upon 1,1,2-trichlorocyclohexane carried out by 

Cuthbertson. With anhydrous hydrofluoric acid and 1,1,2-

trichlorocyclohexane at 100° only polymeric material was 

obtained while with anhydrous hydrofluoric acid and stannic 

chloride at -78° to 20° no reaction occurred •. Since bromine 

is quite often more easily replaced than chlorine it was 

thought advisable to start with mild conditions, and 

increase the temperature,reaction time, and use of catalysts 

as was nec.essary. 

(b) Results 

Without a catalyst and under a variety of conditions, 

temperature, from -78° to 80°, pressure, from atmospheric to 

autogenous at the temperature employed, and with varying 

excesses of anhydrous hydrofluoric acid only starting material 

was recovered, generally in good yield. 

With stannic chloride as catalyst a reaction at 

atmospheric pressure gave no product but autogenous press.ure 

at 100° gave a small quantity of fluorine containing material. 

~Vhen the reaction temperature was increased to 130° only 
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tar resulted. At B0° and autogenous pressurer. aluminium 

chloride as catalyst caused no reaction. 

At B0° and autogenous pressure,anhydrous hydrofluoric 

acid and antimony trifluoride dichloride yielded a fluorine 

containing product qualitatively similar to that produced 

with staru1ic chloride, but mercuric oxide under similar 

conditions yielded a more complex product, which was not 

fUrther investigated. 

Analytical V.P.C. showed that the products from the 

stannic chloride and antimony trifluoride dichloride 

catalysed reactions were qualitatively s-imilar, alld larger 

scale reactions to produce more of the material employed 

stannic chloride (for simplicity and ready accessibility) 

under slighter milder reaction conditions, final temperature 

B0°. 

The reaction products contained one component which 

predominated and this; was separated out by preparative gas 

chromatography, and in 98% purity (analysis by v.P.C~) 

by semi-micro fractionation using a specially constructed 

column. Unfortunately the identity of this. product has 

not yet been established, and has presented a perplexing 

problem. Elemental halogen analyses on this product 

separated by v.P.C., and distillation, from a number of 

reactions indicated a bromine/fluorine atom ratio of unity, 
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but the actual analytical figures were never correct for 

the only possible compound, a bromofluorocyclohexene contain-

ing one bromine and one fluorine, which could be produced 

from the starting material. It was thought that one way 

in which the material might arise was as follows,:-

Br Cl Br Br OBr AHF OBr AHF 

0 
F 

SnC14 SnC14 
') ~ 

~ Br F J 0 Br HBr. 
Both hydrogen chloride and/or hydrogen bromide could be 

lost from other positions to give the corresponding isomers 

of "bromofluorocyclohexene. 

The existence of the double bond could never be 

conclusively proven. Oxidations With permanganate gave: 

no isolatable products, neither was any starting material 

recovered. The material took up no hydrogen at atmospheric 

pressure using a palladised charcoal catalyst. 

An infra-red spectrum of the material gave a very weak 

absorption at 1681 cm-1 which is in the )c=c< stretching 
61 

range. However in non-conjugated compounds the absorption 

due to the stretching vibration is very weak and in certain 

symmetrical non-conjugated compounds does. not appear at all. 

More useful in detecting double bonds is the G-H stretching 
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,.,.H 
absorption in the structural element = C which appears 

in the region {3040 -3010 cm-1). In chlorocyclohexene 

the corresponding absorption appears at 3040 cm.-1 for 

example. In the compound studied bands in this region 

were not observed at all. 

All of this evidence could be interpreted as. indica

ting that bromine and fluorine occupy positions at the end 

of the double bond. 

If we consider that no double bond is present then it 

is impossible to explain the halogen analysis unless 

there is present a second component. This possibility 

was tested by running chromatograms of the material on all 

the column packings available i.e. ltieselgul''lr-silicone high 

vacuum grease, -tricresyl phosphate, -dinonyl phthalate, 

-Reoplex 400 plasticizer, - silicone trimer, -Apiezon L, 

-hydrocarbon high vacuum oil. At a vari-ety of temperatures 

no resolution of the peak due to this material was ever 

observed. 

Reduction of the material with lithium aluminium 

hydride in ether gave a small yield of a material which was, 

from fluorine analysis, qualitative unsaturation tests and 

infra-red evidence, a fluorocyclohexene. This would tend 

to support the bromofluorocyclohexene structure, although 

cases are known where hydrogen halide has been removed by 
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lithium aluminium hydride to give a double bond. 

29. 

A very strong absorption at 1698 cm.- 1 indicated that 

fluorine was bound to the double bonded carbon atom with 

a consequent increase in the )C=C( 
61 

stretching frequency. 

(In cyclohexene the corresponding value is 1646 cm.-1). A 

=C-H stretching frequency at 3035 cm.-1 was however weak. 

The remainder of the spec:trum bore remarkable similarities 

to that of 1,1-difluorocyclohexane. 

Dr. L.H. Sutcliffe at Liverpool University carried out 

a nuclear magnetic resonance study on the material and from 

the 19F spectrum concluded that a gem difluoro-grouping was 

definitely present, and that the main fluorine containing 

component was 2-bromo-1,1-difluorocyclohexane. Other 

compounds containing fluorine could only be present to the 

extent of 5-10% •. He found no evidence for unsaturation. 

The 1H spectrum was difficult to determine unequivocally 

but it was thought that cyclohexyl bromide was present also. 

Analytical V.P.C. showed that authentic cyclohexyl 

bromide had a smaller retention time on kieselguhr-tricresyl 

phosphate at 163° than the bromofluoro compound, and that 

it separated from it when mixed. Also the infra-red spectrum1 

showed the absence of cyclohexyl bromide in the material. 

There is also the difficulty of explaining how this compound 

could arise from the starting material. 
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Molecular weight determinations by the Victor Meyer 

method gave Ms198 (M for c6H9BrF2 = 199.1 and for c6H8BrF = 
179.1). There is some doubt about the value obtained 

because of possible decomposition of the material. 

It is considered that the material is a mixture, the 

N.M.R. evidence seems indisputably to indicate that a 

bromo-difluoro-compound is present, as would be expected 

from a simple replacement reaction. Fluorocyclohexene 

which was only is:olated in small quantity from the lithium 

aluminium hydride reduction product, could have arisen 

by bromine reduction and removal of hydrogen fluoride. 

The nature of the other component or componen·ts is. not 

lr" ... \"1 0 Vlt"!l • 

Lack of time prevented any further investigation 

of this subject, however later work on the action of anhydrous 

hydrofluoric acid upon trans-1,2-dibromocyclohexane showed 

that with stannic chloride as catalyst,replacement of 

bromine by chlorine and rearrangement, both of the starting 

material and rearranged product, can occur. .AJ.though 

this does. not make clearer the course of the reaction 

di scuss.ed. above it does; show that as a method of producing 

fluorinated cyclohexanes of known structure the method is 

limited, because of the uncertainty in position of the 

replaced halogen atoms. 



The reaction between 8nhydrous hydrofluoric acid and 
trans-1,2-dibrornocyclohexane using stannic chloride 

and stanii!c bl .. omide as catalyst 

31. 

Since the action of anhydrous: hydrofluoric acid upon 

1-chloro-1,2-dibromocyclohexane had produced isolatable 

fluorine containing product attention was turned to the 

possibility of reaction with trans-1,2-dibromocyclohexane. 
63 

Cuthbertson had tried one reaction with anhydrous hydro-

fluoric acid alone at 100° and autogenous pressure, and 

obtained only a solid polymer, other reactions with mercuric 

fluoride and argentic fluoride had yielded polymeric products 

and small amounts: of unsaturated liquids containing small 

amounts of fluorine only. However with the experience 

gained in previous reaetions with 1-chlorGa,2-dibr~aocyclo-

hexa~e it was thought that there might be a good chance 

of isolating a bromofluoro- cornpo~~d when st~~ic chloride 

was employed as: a catalyst under mild conditions:. Talting 

into consideration the reaction conditions used by 

Cuthbertson also, it was decided to keep the temperature 

below 100° and in the absence of other data to retain a 

similar molar ratio o~ A.H.F/compound/catalyst as was used 

with the chlorodibromo-compound. To minimise poss•ible 

loss. of hydrogen fluoride from the reaction product it was 

decided to neutralise the ethereal solution of the product 

with solid anhydrous sodium carbonate. In later reactions 

sodium fluoride was used .. 
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In two reactions carried out under these conditions 

a tar-free reaction product was obtained which contained 

no starting material but which also contained negligible 

amounts of fluorinated material. Some further work was 

done on the product to find out What had happened since it 

might have throvm s.orne light on the previous problem. 

It was found that a simple replacement reaction had 

occurred between the catalyst and dibromo-compound to give 

dichlorocyclohexanes and bromochlorocyclohexanes. Under 

the influence of the catalyst rearrangement had also 

occurred, no 1, 2-dichloro- compounds being present as; 

indicated by infra-red spectroscopy. Probably some 

1,2-bromochloro- compounds were present but the full inves:ti

gation of' these products was not pursued. A crystalline 

solid was isolated which was believed to be a 1:1 molecular 

compound of a dichlorocyclohexane and a bromochlorocyclo

hexane. Elemental analysis, molecular weight determina

tions and analytical v.P.c. data were consistent with this .• 

To avoid the complicating factor of a third halogen, 

chlorine, a reaction was, carried out using stanDic bromide 

as catalyst under slightly more vigorous conditions. 

Again a rearrangement was observed trans~1,4-dibromocyclo

hexane being isolated from the reaction product. A small 

quantity of a fluorine containing compound was produced 

but not in significant yield and it was not isolated. 
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starting material was also present and analytical v.P.C~ 

showed that two other components were present. This 

conflicted with the infra-red data which suggested that, 

in the particular fraction being considered, mainly trans.-

1,2-dibromo-, and trans-1,4-dibromocyclohexane were 

present, although there was s.ome indication of unsaturation. 

Qualitatively, unsaturation was detected and it is thought 

tnat the other materials pres~ent were dehydrobromination 

products such as bromocyclohexene, and cyclohexadienes. 

A similar rearrangement to the above has been observed 
64-

by Goering and Sims who found that the ionic addition of 

hydrogen bromide to 1-chlorocyclohexene proceeded rapidly 

when the olefin and catalytic amounts·. of ferric chloride 

were added. to liquid hydrobromic acid at low temperature= 

Replacement of the chlorine by bromine followed and, by 

varying the amounts of ferric chloride present,1,2-, 1,3-

and 1,4- dibromocyclohexanes were formed by rearrangment 

in the following sequence. 

0 
Br 

o- Br O
Br 

> 
Br Br 

The configuration of the 1,..3~isomer was not established 

and it is of interest to note that the trans-1,2-dibromo-
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cyclohexane was never detected, whereas it i a the ste.rting 

material in the reaction described previously. 

Analysis of compounds contain!ng bromine, chlorine and 
fluorine 

To analyse compounds containing bromine, chlorine 

and fluorine, the method of determining bromine by hypo

chlorite oxidation to bromate was applied on a semi-micro 

scale. In conjunction with previous methods used for 

determining total halogens, and total halogens minus 
67 

fluorine, it enabled bromine, chlorine and fluorine to be 

determined in one compound if required. The method was 

also used for the estimation of bromine in bromochlora-

and bromofluoro- compounds. 

This work is fully described in Chapter lSC. 

The action of potassium fluoride upon trans-1,2-dichloro
cyclohexane in N,N-dimethylformamide 

Potass-ium fluoride has usually been employed as a 

fluorinating agent for alkyl halides, in an aliphatic di- or 

poly- hydroxylic solvent. A series of w,w- difluoroalkanes. 
18 

has been prepared in this way in good yield. 

Recently 2,4- dinitrofluorobenzene has been prepared 

from the corresponding chloro- compound without the use of 
2.0 

a solvent. 
65" 

Cuthbertson unsuccess·fully attempted to replace the 



the chlorine atoms in 1,1,2-trichlorocyclohexane using 

potassium fluoride alone and in glycerol. 

It has recently been found that anhydrous potassium 

fluoride in basic solvents such as acetamide, formamide, 

35. 

and dimethyl for.mamide sometimes will replace vinyl chlorine 
2.1 a.,b 

in good yield. For example 1,2-dichlorotetrafluoropropene 

gave a 55% yield of 2-chloro-1,1,1,3,3,3 hexafluoropropane 

when heated with potassium fluoride in formamide at 60° 

for twenty-seven hours:. The reaction is supposed to occur 

in two steps, the first involving replacement of vinylic 

chlorine. 

CClF = CC1CF3 + F- -_...>- CF 2 = CClCF 3 
H+ 

-..:.;;.--.~J>=- CF 3 = CHCl .. CF 3 

The success·. of reactions of this sort is partly 

1. 

2. 

due to the relatively large solubility of potassium fluoride 

in the carboxyamide solvents, and hence it was thought 

worthwhile to attempt to fluorinate 1,2-dichlorocyclohexane 

with potassium fluoride in N,N~dimethylformamide, the latter 

material being readily available at the time. 

Heating the materials at 160°-70° for eight hours with 

vigorous stirring caused no significant reaction and more 

vigorous conditions, 190°-200° for four hours. gave a small 
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quantity of fluorine containing product which was not 

isolated as the yield was not significant. Not surprisingly 

at these temperatures some loss of hydrogen chloride 

occurred. 

The action of caesium fluoride on trans-1,2-dichlorocyclo
hexane in the absence of a solvent 

Recently caesium fluoride has been introduced as a 

fluorinating agent and has been found more effective than 

potassium 
20,2.2. 

fluoride in some cases. Thus o- and p-chloro-

nitrobenzenes gave o- and p-fluoronitrobenzenes when heatea 

with caesium fluoride whereas potas.sium fluoride would not 

bring about this reaction. 

When caesium fluo~ide and trans-1,2-dichlorocyclohexane 

were heated together f'or sixteen hours at 190°-220° the 

product was largely unreacted starting material containing 

some unsaturated material arising by dehydrochlorination. 

The action of perchloryl fluoride upon the piperidyl and 
pyrrolidyl enamines· of cyclohexanone 

Perchloryl fluoride is of very recent development as 

a fluorinating agent, the first practical laboratory pre-
36 

paration was described by G. Barth Wehrenhalp in 1956. 
37 

In 1958 Inman reported the replacement of active hydrogen 

by fluorine in compounds such as sodio malonic ester, to 

give the corresponding difluoro compound. Steroid chemists· 
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then carried out numerous reactions with the reagent and 

steroid enaminea. replacing hydrogen alpha to the original 

keto-group. 
38 

Nakanishi showed that similar results· could be obtained 

by using enol ether derivatives of steroidal ketones, the 

fluorine atom of perchloryl fluoride in the absence of 

acids, was supposed to be electrophilic, and the reaction 

sequence to be as follows. 

;Ct)
l I 

~ / 

~ 
I 

(). ~-

I s- 6T Fro' ) 
I 

CI03 F 

~ CIO 3 . 
I 

€tO I 

0 

4 

2-Fluorocyclohexane was reported to have been made 

from 1-ethoxycyclohexene by reaction with perchloryl 
39 

fluoride in this way. 

)· 

It seemed that the enamine derivatives. of cyclohexanone 
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could be prepared more easily and quickly than the alkoxy 

ethe-rs and as piperidine was available cyclohexyl piperidyl 
.$"if 

enamine was made by the method of Mannich and Davidsen. 

A reaction between the enamine and perchloryl 

fluoride was carried out using conditions similar to those 

used in the fluorination of cholestan-3-one to give 2 
40 

fl uoro- chol es;t an-3-one. 

Reaction between cyclohexanone piperidyl enamine and perchloryl 
fluoride 

Cyclohexanone piperidyl enamine in benzene was. treated 

with perchloryl fluoride under mild conditions and the 

hydrolysed product, after benzene removal, examined by 

V.P.C. Only cyclohexanone and some unchanged enamine 

appeai~ed to be pr·esent. Qualitative analysis showed the 

presence of' chlorine, nitrogen and fluorine while quantita

tive analysis (on a fraction after distillation) gave total 

acid 32.7% (calculated as fluoride ion). An inf'ra- red 

spectrum showed that material other than cyclohexanone and 

unchanged enamine was present. 

The method of fluorine analysis employed in this 
67 

laboratory can be applied to determine fluorine uniquely 

only when other groups are absent which can form acida on 

pass-age through a cation exchange column. Here the possible 

presence of the -c1o3 group could give rise to NaClo3 (or 
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NaCl) in the decomposition process, both of which give 

the corresponding acid qu~~titatively on passage through 

a cation exchange column. 

However even if we suppose the whole fraction under 

consideration to be the unhydrolysed intermediate, 

0 ,---- N~, then (0103 +F) calculated as F
Cl03 J 

F 

is still only 14.~ so further reaction must have occurred. 

The absence of peaks, other than cyclohexanone and 

enamine peaks in the V.P.C. Chromatogram can only mean 

that the other material has been retained on the column 

under the conditions used. 

The reaction between cyclohexanone pyrrolidyl enamine and 
and perchloryl fluoride. 

Since the reaction with the piperidyl enamine was not 

straightforward, attention was turned to the use of the: 

pyrroiidyl enamine, pyrollidine now being available. 

The preparation of cyclohexanone pyrrolidyl enamine had 
SS" 

not been described; the method of Heyl and Herr, previously 

applied to solid steroidal ketone enamine preparation, 

was therefore adapted to this purpose and the enamine 

obtained in 70% yield. FJ..emental analysis and infra red. 

analysis were consistent with the expected structure. 

Treatment of this material in pyridine solution (re-
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ported to promote the reaction) with a 35% excess of 

perchloryl fluoride and subsequent hydrochloric acid 

hydrolysis yielded product again apparently containing 

mainly cyclohexanone, a little unchanged enamine, and small 

quantitiea of two unidentified materials. 

In case 2-fluorocyclohexanone had a similar retention 

time to cyclohexanone (cf benzene and fluorobenzene) the 

cyclohexanone was isolated by preparative vapour phase 

chromatography but elemental analysis and an infra-red 

spectrum showed it to be pure. 

From the amount of cyclohexa~one present it seemed 

that ca.20% of the original enamine had not reacted. 

A second reaction using 150% excess of perchloryl 

fluoride gave a product which largely decomposed on 

distillation to give a fluorine containing tar. A small 

semi-solid fraction contained some cyclohexanone. From 

this fraction sharply melting silky white crystals were 

obtained by recrystallisations. After fUrther purification 

by sublimation these were analysed and shown to contain Cl, 

5.7%; F, 23.6%. Unfortunately these figures do not 

fit any likely compound which could arise. The material 

was water soluble and did not contain ionically bound 

chlorine. 

It is thought that in both these reactions the addition 
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product was formed and either was not hydrolysed 

sufficiently, or else underwent further reactions of an 

unknown nature. Presumably the intermediate was retained 

on the V.P.C. colunm under the conditions used. The: 

fact that the crystalline. product formed when 15~ exces:s of 

perchloryl fluoride was used was water soluble probably 

accounts· f'or the poor recovery observed in both reactions. 

Reactions with sulphur tetrafluoride. 

Sulphur tetrafluoride was prepared as des·.cribed by 
3S" 

Tullock et al. but several attempts; to fluorinate cyclo-

hexanone gave only tarry products and the idea of rea.cting 

it with ~chlorocyclohexal'lone, which had been prepared by 
53 

the action of chlorine upon cyclohexanone,was abandoned. 

Preparation of 3-bromo-1-chlorocyclohexene 

This material was prepared f'rom 1-chlorocyclohex..ene 
4-S 

and N-bromosuce'inimide but the 30% yield claimed by Mousseron 

was not obtained, and the addition of ~~ydrous hydrof'luoric 

acid was not proceeded with, production of enough starting 

material being too lengthy a process .• It was hoped· .. that 

the addition of' ~!hydrous hydrofluoric acid would give, 

3-bromo-1-chlor~1-f'luorocyclohexane, ~bromo-1,1~dif'luoro

cyclohexane and possibly in the presence of' catalysts, 

1,~-trif'luorohexane. 



CHAPTER III 

EXPERIMENTAL WORK 

42. 
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Preparation of 1-chlorocyclohexene 

In this laboratory it has been found that the most 

convenient and satisfactory method of preparing 1-chloro
+f cyclohexene is that of Braude and Coles, and accordingly 

this method was used. 

The preparation has been carried out many times. with 

yields of c~50-60% and the ~ollowing is an account of a 

typical preparation. 

Reagents;: Qyclohexanone - Towers, redistilled b.r. 151.;.. 
1520. 

Phosphorus pentachloride - Albright and Wilson 
Ltd. 

Cyclohexanone (250 ~a., 238 g., 2.43 moles) was. added 

drop-wise through an air condenser to phosphorus pentachloride 
' ( 500 g., 2.43 moles.) contained in a 1 litre flask cooled 

in an ice bath, the flask being vigorously swirled after 

each addition. 

The red brovm product was then added drop-wise to 

water ( 2 li tres .. ) which was mechanically stirred. The· 

yellow oil which was at the bottom after the addition was 

run off. 

Solid anhydrous sodium carbonate was adde~ to neutra-

lise partially the aqueous solution remaining, which was·. 

extracted three· times with ether (3 x 350 mls.). The 
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extracts were added to the separated organic layer and 

after drying {calcium chloride) the ether was distilled 

off. 

The product was either distilled through a Claisen 

flask with a Vigreux side ar.m, or fractionated through a 

glass:. helices column { 62 x 1. 9 ems.) at 160 mrn. Hg. In 

the for.mer cas& the distillate obtained {b.r. 150 90°-100°) 

contained ca. 25% 1,1-dichlorocyclohexane, while in the 

latter negligible amounts of the dichloride were present. 

In both cases analysis was by vapour phase chromatography, 
0 kieselguhr-silicone high vacuum grease at 160 , p.d. 69 ems. 

Hg, nitrogen flow rate 25 mls./mdnute. 

The distillation col~~ and ancillary apparatus used 

are s..'lo'lrm in diagrams I to IV. Diagram II shows an internal 

still pot heater used to prevent 'bumping' and diagram III 

a Cartesian-diver type manostat {see R.E. Banks, Ph.D. 

Thesis DUrham 1956 p. 83 et seq. for further details). 

Dehydrochlorination of 1,1-dichlorocyclohexane 

A series of exploratory experiments were carried out 

to find the best method of dehydrochlorinating the 1,1-di

chlorocyclohexane obtained in the preparation of the 

1-chlorocyclohexene. 
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Vapour phase chromatography was used to estimate the 

amount of olefine produced, correction being made for 

46. 

the different response of the two materials, by carrying out 

a calibration run with a mixture of known composition. 

The conditions used were, column, kieselguh~silicone 

high vacuum grease at 190°, p.d. 70 ems~ Hg, nitrogen flow 

rate 20 rnls./minute. 

(i) Catalytic action of Amberlite IRA 400 (OH) resin 

(a) At 1800 

1,1-dichlorocyclohexane (22.4 g.) containing 11% 

1-chlorocyclohexene was heated with dry Amberlite IRA 

400 ( OH) resin ( 1 g.) for 2~ hrs. at 180° w1 th occas·ional 

shaking. Some hydrogen chloride was evolved and the product 

(15.5 g.) was filtered~om the resin. 

~ conversion of the dichloride to the olefine had 

oce:urred. 

(b) At 210° 

1,1-dichlorocyclohexane (11.2 g.) containing 11% of the 

olefine was refluxed at 210° for 11 hrs. with resin as before 

(0.5 g.), the material being occasionally shaken. The 

product (7.5 g.) was filtered from the resin. 

39% conversion of the dichloride to the olefine had 

occurred. 

(ii) Action of sodium hydroxide 
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1,1-dichlorocyclohexane (28 g.) containing l1% 

1-clllorocyclohexene was heated at refluxing temperature 

w1 th 2~ aqueous sodium hydroxide ( 40 mls.) for 1 hour. 

The organic layer was run off, the aqueous. layer extracted 

with ether, and the combined materiaJsdried (calcitUn chloride). 

The ether was distilled off to give product (26.5 g.). 

No conversion to the olefine had occurred. 

(iii) Alcoholic potass-ium hydroxide 

1,1-dichlorocyclohexane (25 g.) containing 11% 

1-chlorocyclohexene was heated at refluxing temperature. 

with ethanolic potassium hydroxide ( 5%) for one hour. 

The product was p·oured into water, separated off and dried 

(calcium chloride) weight 24 g. 

No conversion to the ole~ine had.occurred. 

(ivj Action of quinoline. 

1,1-dichlorocyclohexane (105 g.) containing 11% of 

1-chlorocyclohexene was added to quinoline_(250 g.) contained 

in a 500 mls. two-necked flask fitted with two double surface 

condensers in series the remaining neck carrying a thermowell. 

The temperature was raised quickly to 180° when a 

very vigorous reaction set in, the temperature rapidly 

rising to 200°. This phase lasted ca. ten minutes, the 

mixture was then kept at 180° for another hour. Af'ter the 

material had cooled it was poured into 5N hydrochloric acid, 
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the organic layer run off and the acid layer ether extracted. 

The extracts were combined with the separated organic layer, 

washed with water until neutral and dried (calcium chloride). 

The ether was distilled off on a water bath and the 

crude product distilled at 160 mm. Hg through a helices 

0 0 ( ) column distillate being collected, b.r. 160 , 88 -94 46 g •• 

This material contained 9~ 1-chlorocyclohexene 

representing a yield of 48% from the available 1,1-dichloro-

cyclohexane. 

(v) Catalytic action of heated inert materials 

It had been noted that 1,1,2-trichlorocyclohexane 

lost hydrogen chloride on passage through a preparative 

scale gas chromatogr~phy column when kieselguhr was used 

as an inert support (p.5!) and experiments were carried 

out to develop this as a preparative method for dehydro-

chlorinating 1,1-dichlorocyclohexane. 

A pyrex U-tube column was containetil. in an asbest.os· 

pipe wound with a resistance Wire heater controlled by a 

v~riac auto-transformer. A pressure drop of about one' 

atmosphere was maintained across the column by means of 

an oil pump and nitrogen was passed in through the inlet 

(see diagram V). The organic material was added drop-

wise from a calibratetil. tube and passed through a vaporizer 

before going onto the column packing. 
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The product was trapped out at the outlet in two 

traps, the first which collected the bulk of the product, 

cooled with ice, and the second cooled in an acetone-dry 

ice bath. 

Initial experiments with a kies.elguhr packed tube: 

did not give sufficient conversion to the olefine and the 

effect of passing the material through an unpacked tube, 

50. 

and a tube packed with graded sodium chloride, was tried, 

since here a longer tube in each case would enable a greater 

flow rate to be maintained than in one packed with 

kieselguhr. No conversion to the olefine, however, 

occurred and eventually it was found that a longer tube 

packed with kieselguhr allowed a reasonable flow rate e~d 

gave a good conversion. 

The results of these experiments are summarised in 

the table below.: 
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TABLE .I 

Dirnen- Tempera- !Ill.et OUtlet % ~ 
siona ture Flow press- press- chloro-
of tube Packing of pack- cyclo hex-
Length ing rate' ure ure 1-ene in 
x diam. c c ./mi:lri. mm.BJg product 

a a• x1916" kiesel- 220° 50 Atmos- 2 39 
guhr ph eric 

b .. " n 245° 150 II + " 65 
10cm.Hg 

c " .. none 245° 50 Atmos- "' 11 
ph eric 

d " " graded 245° 70 n 

NaCl 2cm.Hg. " 11 

e 16'x1916"kiesel- 250 25 " + It 91 
guhr 5cm.Hg. 

The conditions of 'e' above were adopted for all 

subsequent work and it was found that about 40 mls./day 

of 1,1-dichlorocyclohexane could be dehydrochlorinated, the 

product containing 90-98% of the olefin. 

The product was obtained as an acid red liquid which 

changed to pale yellow on neutralisation in the cold, 

with sodium bicarbonate. The combined material from 

several runs was then distilled at reduced pressure to give 

practically pure 1~chlorocyclohexene. 

The advantages of the method over that involving 

quinoline were that working up stages and the tedious 

recovery of the quinoli:·ne were absent, and that once set 
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up the apparatus required only occasional attention while 

running. 

Addition of Chlorine to 1-chlorocyclohexene 

A modification of a method previously used in this 

laboratory was employed, in which chlorine was bubbled 

through 1-chlorocyclohexene until the theoretical increase 
60 

in weight was observed. 

1-chlorocyclohexene (101 g. 0.86 mole) was contained 

in a cylindrical vessel fitted with a gas. inlet tube reach

ing to the bottom and ending in a sintered disc. The 

vessel was kept cool in a Dewar filled \nth cruShed ice, 

and light was excluded as far aa possoible while chlorine 

was pass:ed in until appi"oxima.tely the theoretical wnount 

had been ad~ed (61 g., 0.86 mole). 

The product (158 g.), a yellow oil, was poured onto 

CI"UShed ice and stirred vigorously. Sodium hydroxide 

and sodium sulphite were added to take up the hydrochloric 

acid and dissolved chlorine. The heavy yellow oil which 

sank to the bottom was separated off and the aqueous. 

layer ether extracted, the extracts being added to the main 

bulk, which was then dried (calcium chloride). 

This preparation, using similar quanti ties of olefine 

was repeated several times and after distilling off the 
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ether the combined products were fractionated. However, 

repeated distillations at reduced pressure would not yield 

chromatographically pure l,l,~trichlorocyclohexane. 

When separation of the material by vapour phas:e 

chromatography was attempted extensive loss of hydrogen 

chloride occurred, apparently catalytic dehydrochlorination 

was oceurring on the column. The acid fumes affected the 

thermistor detector causing it to behave erratically and 

leading· to its early failure. It seems that it is possible 

to obtain results analytically because of the muCh shorter 

contact time which is involved. 

Addition of bromine to l~chlorocyclohexene 
4-S 

This has been reported by Faworski and Boshowski and 

initial brominations were carried out ace:ording to their 

procedure. 

1-chlorocyclohexene (50 g., 0.43 mole) together 

with redistilled dr,y chloroform (50 mls.) were placed in a 

500 mls. three necked flask fitted with dropping fUnnel, 

stirrer and thermowell, the flask being cooled in an ice

salt bath. 

From the dropping funnel was added, over a period of 

seven hours, bromine (70 g.- 0.44 mole) in chloroform (25 

mls.), a red colour becoming apparent in the reaction vessel 
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after little more than half the bromine solution had 

been added. 

At the end of the addition the dark red-brown solu-

tion which fUmed to air was washed with alkaline sodium 

bisulphite solution, the colour fading almost completely, 

then water washed until neutral, and dried (calcium chloride). 

Chloroform was removea at reduced pressure to minimise 

heating of the crude product, and the dark brown product 

obtained (129 g.) was distilled at a pressure of 12 mm. Hg 

through a simple Claisen head, the following fractions 

being taken. 

Fraction (1) b.r. 20°-80°' 32.7 g., colourless l:lquid. 

Fraction (2) b.r. 80° ..... ;::-O 36 .-. -.1..1.0 1 e V g., violet semi- sol:ld. 

Fraction (3) b.r. 0 n 115 -130-,51.0 g., violet semi- solido 

Residue: 4.3 g., black tar. 

The solid material from fractions (2) and (3) was 

filtered off at the pump yielding pale violet cry~tals~ 

(47.5 g.). A portion of this material was recrystallised 

from aqueous ethanol to yield white crystals, m.p. 43°-44° 
+B 

(quoted for 1-chl.oro-1, 2-di bromocyclohexane, 43. 5°). 

As it was suspected that more of the. 1-chloro-1,.2-

dibromocyclohexane was present in the filtrate from the 
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fractions (2) and (3) these were combined and cooled in 

acetone/dry-ice mixture and the pasty mas:s. then filtered 

through a dry-ice jacketed funnel. After two such 

operations a further 6 g. o~ crystals were recovered. 

Vapour phase chromatography of products 

Using a kieselguhr-silicone high vacuum grease column 

at 192~, p.d. 69 ems. Hg, nitrogen ~low-rate 24 mls./min., 

the fractions were chromatogr~ed With the folloWing 

results:- fraction (L), mainly chloroform~ filtrate from 

fractions (2) and (3) about 70% 1-chloro-1,2-dibromocyclo

hexane With unreacted 1~chlorocyclohexene and other materials; 

crystalline product, pure 1-chloro-1,~dibromocyclohexane. 

Yield Since fractiom (1) is chloroform real crude yield 

is (129-32.7) g. = 96.3 g. which is 81.5%. 

The total amount of crystalline material is 53.5 g. 

representing a yield of 46%. 

In view of the amount of product present in the liquid 

distillate same means was sought to remove it. 

Although the material has a large retention time and 

could therefore probably be separated in large amounts by 

grossly overloading the vapour phase chromatography column, 

it would almost certainly decompose on the preparative scale 

column at the temperature required,and so this idea was 
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dis:carded. 

Low temperature crystallisation ~rom 40°-60° petro

leum ether was attempted, this solvent proving to be the 

mos:t sui table o~ several tried but the process was conrs:-1-

dere~ too lengthy and was not continued with. 

Eventually the described method o~ ~iltering several 

times through a dry-ice jacketed fUnnel was adopted as 

being a reasonable compromise between recovery and sp~ed 

o~ operation. 

Brorninations carried out in this way afforded yields 

of between 35 - 45%. 

Modified brominations of l~chlorocyclohexene 

In an attempt to improve the yield,brominations 
60,69 

with dioxan dibromide were carried out but poor yields 

were obtained. 

Also s:everal brominations were carried out using 

methylene chloride as solvent the idea being that the easier 

and more complete removal of this s.olvent, due to its 

lower boiling point, would facilitate the sharp separation 

into liquid and solid ~ractions. Very similar or sl~ghtly 

smaller yields to those found with chloroform as solvent 

were obtained. 

The results o~ these attempts are summarised in the 

following table, 



TABLE II 

Wt. of Wt. solid % yield 

Solvent 1-chloro- Crude dibromo on 
cyclohex- Yield compound weight 
1-ene obtained increas:e, 

Dioxan 10 g. 15 •. 7 g. 2 •. 8 g. 67.6 

Dioxan 5 g. 10.6 g. 0.6 g. 89 

Dioxan 5 g. 8.5 g. 2.5 g. 71.3 

Chloro-
form 5 g. 9.0 g. 3.9 g. 75.5 

Chloro-
form 50 g. 87.0 g. 53.5 g. 73.3 

Chloro-
form 50 g. 87.5 g. 41.5 g. 73.4 

Methylene 
Chloride 5 g. 10.7 g. 4.0 g. 90 

Methylene 
Chloride 100 g. 170 g. 76.0 g. 76.5 

Methylene 
Chloride 100 g. 194 g. 73.5 g. 81.7 

a reaction carried out at 0 10 c., remainder 

The action of ~rous hydrofluoric acid upon 
1-chlora-1, dibromocyclohexane 

I. Without Catalysts; 
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Actual. 
yield 

% 

1ll.7 

5.0 

21.1 

33 

45 

35 

33 .. 6 a 

31.8 

30 .. 8 

at 0°C 

( i) Atmospheric Pres:sure. 

1-Chloro-1,2-dibromocyclohexane {20 g., 0.07 mole} 
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was contained in a brass vessel, fitted with a calcium 

chloride packed drying tube and cooled in a dry-ice/acetone 

bath (see diagram VII). Anhydrous hydrofluoric acid 

(3.0 g., 0.15 mole) was added, the lid sealed on, and the 

vess~el allowed to reach room temperature in eighteen 

hours:. 

The contents, a small quantity of fuming red-vioiet 

liquid and much dark solid were dissolved in ether and the 

solution poured into water ( 200 mlsi.). The ethereal 

s.olution was separated, washed with dilute sodium bicarbon

ate solution and water until neutral, and then driea 

(calcium chloride). 

The ether was removed at reduced pressure to leave 

a solid mass of violet crystals (19 g.) a portion of which 

were recrystallised to give white crystals, m.p. 43-4°, 

mixed m.p. with authentic 1-chloro-1,2-dibromocyclohexane 

43.:.:.5°. 

Analytical V.P.c., kieselguhr-silicone high vacu~ 

grease a~ 190°, p.d. 43 em. Hg, nitrogen flow-rate 17 mls./ 

min., confirmed that the compound was starting material. 

(i~) Autogenous Pressure 

(a) With moderate excess of !nhydrous hydrogen fluoride 

1-chloro-1,2-dibramocyclohexane (20 g. 0.07 mole) 
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was contained in a stainless steel autoclave, capacity 

500 mls., which was cooled in a dry-ice/acetone bath (see 

diagram VI). 

Anhydrous hydrofluoric acid {8.9 g., 0.44 mole) was~ 

added, the top sealed on, the whole heated to 70° in 30 

minutes and kept at this temperature for a further 30 

minutes. After quenching in ice-water the vessel was 

vented and the contents, violet lLquid and solid, taken 

up in ether. The ethereal solution waa treated as in 

{i) above and again yielded a. solid mas:s of crystals (17 g.). 

These were shown by the previously described methods 

to be starting material. 

(b) With large excess of a~h~~rous hydrogen fluoride 

1=chloro-1,2-dibromocyclohexane {20 g., o.o7 mole) 

and anhydrous hydrofluoric acid {17.4 g.~ 0.87 mole} were 

contained in the previously described autoclave (see 

diagram VI) which was rotated and heated for 5~ hours; until. 

the temperature had reached 80°. 

on working up as before 19.0 g. crude starting material 

were obtained. 

II. W1th Catalysts 

(a) At Atmospheric Pressure: 

1-chloro-1,2-dibromocyclohexane (20 g., 0.07 mole). 



was dissolved in diethyl ether (20 mls.) and p1aced in 

the brass reaction vessel cooled in a dry-ice/acetone 

61. 

bath. stannic chloride (11.2 g., 0.04 mole) and anhydrous 

hydrofluoric acid (8.9 g., 0.44 mole) were added, the 

vessel sealed and a1lowed to warm up to room temperature 

in 18 hours:. 

The violet coloured contenta were washed with ether 

into 2N hydrochloric acid (200 mls.) and the ether layer 

was s:eparated, washed with water, dilute sodium bicarbonate 

solution, and water until neutral, and then dried (caledum 

chloride). 

On working up as before 19 g. crude starting material 

were obtained. 

(b) Autogenous Pressure· 

(i) Stannic chloride as catalyst 

1.:.;chloro-:.;1,.&-dibromocyclohexane (20 g. • 0.07 mole) 

together with stannic chloride (11.2 g., 0.04 mole) and 

anhydrous hydrofluoric acid (8.9 g., 0.44 mole) were contain

ed in the 600 mls. autoclave heated to 100° in an hour and 

kept at this temperature for a further 1~ hours. 

After quenching in ice water the autoclave was vented 

and the dark liquid and solid present washed with ether 

into 2N hydrochloric acid (200 mls.) The ether layer was; 
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washed aa before and dried (calcium chloride). 

The ether was distilled off at reduced pressure, the 

crude product rapidly distilled at 8 mm. Hg, material being 

collec:ted b.r. 50°-120° (3.5 g.). Much decomposition 

and tar formation occurred. 

AnalYtical v.p.c~ This was carried out on kieselguhr

Reoplex 400 at 162°, p.d. 40 ems. Hg, nitrogen flow.:.;rate, 

17 mls./min., see diagram 2. ( p.66 ). 

The material was quite complex but one component 

predominated (A run carried out at 190° established that 

no starting material was present). 

Qualitative Analysis 

Br', Cl' and F' present. 

Quantitative F! Analysis 

4·.8% F! present. 

Preparative V.P.c. 

Using the semi-micro column ( s:ee chapter 1L p.t2S) 

kieselguhr-silicone high vacuum grease at 160°, p.d. 43 ems. 

Hg, nitrogen flo~rate 25 rnls./min., 0.60 g. was: separated 

in four runs to give 0.24 g. of the main peak material. 

Analytical V .P. c. indicated that this was pure and qual.i ta-
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tive analysis showed that bromine and fluorine were pre-

sent. 

Quantitative analysis, after distilling the material 

from phosphOruapentoxide to ensure complete dryness 

gave:- Br, 41.Q%; F, 9.~ (calculated for a bramo~uoro

cyclohexene Br, 44.6%, F, 10.6%). 

(ii) stannic chloride as catalyst - larger excess of 
anhydrous hydrofluoric acid 

1-chloro-1,2-dibromocyclohexane (35 g., 0.13 mole) 

stannic chloride (17.9 g., 0.07 mole) and anhydrous hydro~ 

fluoric acid (31 •. 7 g., 1.58 mole) were contained in the 

500 mls. autoclave and heated with rotation to 80° in the 

course of 5! ho'ql's;. 

After quenching in ice water the autoclave was vented, 

opened and the contents treated as in (i) •. Rapid distilla-

tion of the crude product at 2 mm:. Hg. gave tar (4.5 g.) 

and liquid b.r. 40°-95° (12.5 g.). Same decomposition 

occurred. 

Using a semi-micro fractionating column based on a 
91 

design by Cooper and Fasce (see diagram VIII) the liquid 

distillate was fractionated at 17 rnm. Hg to give fractions 

as follows;:- Fraction (1) b.r .. 25°-50°, (0.58 g.), 

(2) b.r. 50°.;.;60° (2.36 g.); ( 3) b.r. 60°-65° (1 • .09 g.); 

(4) b.r. 65°-70° ( 1.67 g.); (5) b.r. 70°-80° {1.38 g.) j 
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(6) b.r. 80°-95° (3.29 g.); black residue, (0.50 g.). 

Analytical v.P.C., on kiesel~silicone high vacuum 

grease. at 153°, p.d. 40 ems. Hg. nitrogen flow-rate 28 

rnls./min. 

The crude product, diagram (I) has a s;imilar qual.i ta

tive composition to that produced in (i) above, one 

main component being present. 

Fractions ( 2) , ( 3), and ( 4) contain only small amounts· 

of material other than the main component and were ther~ 

fore combined (5.1 g.). 

Preparative V.P.C. 

Using the semi-micro preparative column kieselguhr

apiezon L at 140°, p.d. 22 ems ... Hg, ni t:rogen flow-rate 27 

mls./min. 0.30 g. of the combined fractions (2), (3) and 

(4), was separated in three runs to give 0.25 g. material 

giving a single peak by analytical. v.P.C. and analystng, 

after distillation from phosphorus pentoxide to, Br, 41.8%; 

F, 8.9%. A bromofluorocyclohexene requires Br, 44.6%; 

F, 10.(3%. 

{iii) Stannic chloride as catalyst - larger excess of 
anhydrous hydrofluoric acid at a higher t~ 

perature: 

1-chlor~1p2-dibromocyclohexane (35 g., 0.13 mole) 
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stannic chloride (17.9 g., 0.07 mole) and anhy~rous 

hydrofluoric acid (31.7 g., 1.58 mole) were contained in 

the autoclave as before and heated to 130° in 5i hours. 

On venting and opening only black tar was obtained. 

( i v) A!!hydrous aluminium chloride as catalyst 

1-chloro-1,2-dibromocyclohexane (20 g., 0.07 mole) 

anhydrous aluminium chloride (4.9 g., 0.04 mole) and 

anhydrous hydrofluoric acid (17.4 g., 0.87 mole) were 

reacted together as in (ii) above. 

Some tar and 16.0 g. crude liquid product were 

obtained which deposited crystals (12.5 g.) on cooling. 

Thes:e proved to be starting material. The mother liquor 

was shown to be mainly ether by analytical vapour phase 

chromatography. 

(v) Mercuric oxide as catalyst 

1-chloro-1,2-dibromocyclohexane (20 g., 0.07 mole) 

and anhydrous hydrofluoric acid (17.4 g., 0.87 mole) were 

contained in the autoclave as before, cooled in dry-ice/ 

acetone mixture, and red mercuric oxide (31 g., 0.14 mole) 

previously dried for 1 hour at 110°, added portion wise 

w1 th stirring. Atter sealing the autoclave it was heated 

and rotated as in (ii). 

The product was· worked up to yield crude material (5 g.). 
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Analytical V.P.C., semi-micro column, kieselguhr

Reoplex 400 at 162°, p.d. 40 ems. Hg, nitrogen flow-rate 

17 mls./min. showed that the product had a different 

qualitative composition to that produced in (ii.) and (iii) 

above (see diagram 3), and no one component appeared to 

predominate. 

material. 

No further work was therefore done on this 

(vi) Antimony trifluoride dichloride as catalyst 

Preparation of SbF3c12 
The trifluoride dichloride was prepared from the 

trifluoride, itself made from the oxide as follows;. 

Antimony trioxide was dissolved in 40% aqueous hydro-

fluoric acid and evaporated down to dryness .• The pale 

brown material was ground to a fine powder and continuously 

extracted With anhydrous methanol. on cooling, the 

methanol deposited white crystals of the trifluoride. 

Chlorine was bubbled into the molten trifluoride until 

the theoretical increase in weight had been obtained, the 

product, a greyish pasty mass, was: not purified further. 

Use as a catalyst 

1-chloro-1,2-dibromocyclohexane (20 g., 0.07 mole) 

antimony trifluoride dichloride (20 g., 0.08 mole) and 

anhydrous hydrofluoric acid (17.4 g., 0.87 mole), were heated 
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in the rotating autoclave from room temperature to 80° 

in 2 hours. After quenching the contents were worked 

up as before to yield 7.5 g. crude product. 

Fractionation through the semi-micro column at 

15 rnm. Hg yielded fractions as follows:- (1) b.r. 40°-54° 

(1.1 g.); (2) b.r. 54°-59° (1.6 g.); (3) b.r.6 25°-30° 

(0.3 g.); residual tar 0.7 g. 

to residual ether pumped away. 

The poor recovery is due 

Analytical V.P.C. kieselgtthr-Reoplex 400 at 162°, 

p.d. 40 ems. Hg, nitrogen flow-rate 17 mls./min., showed 

the crude product to have a very similar qualitative com

position to that produced in the stannic chloride catalysed 

reaction (see diagram 4). Fraction (1) consisted of two 

components while fraction (2) contained only the main 

component. Qualitative analysis on this fraction showed 

the presence of bromine and fluorine and a quantitative 

analysis gave:- Br, 41.9%; F, B.~. 

Calculated for a bromofluorocyclohexene Br, 44.6%; 

F, 10.6%. 

Attempted oXidations of the suspected bromofluoro
cycl ohexene 701 n 72. 

Reagents A.R. acetone refluxed with, and distilled 
from, potass'ium permanganate and dried with 
magnesium sulphate. 
AR potass:ium permanganate. 



( i) Oxidation at room temperature 

The supposed olefine (0.93 g.) and a solution of 

potassium permanganate (0.93 g.) in acetone (185 mls·.) were 

placed in a 500 mls. flask. The flask was shaken vigorously 

for twenty hours, at the end of which time a brown preci

pitate was present the purple colour remaining. Water 

(200 mls.) was added the flask heated to 40° and the 

acetone removed under reduced pressure. 

The solution was acidified with concentrated sulphuric 

acid (5 mls.) and sulphur dioxide passed in until the 

solution was decolourised. 

Continuous ether extraction for 48 hours. yielded a 

pale yellow ether extract which was distilled to small 

volume and cooled. No crystals appeared, and evaporation 

to dryness yielded a few viscous brovm drops with an acetic 

acid type odour. 

The remaining aqueous acid solution was made just 

alkaline with sodium bicarbonate and evaporated to dryness. 

The brownish crystals obtained (mainly potassium and 

manganese sulphates ) were continuously extracted With 

ethanol for 6 hours. Evaporation of this extract yielded 

some pale brown crystals which only showed slight charring 

when heated on a Pt foil. 

therefore present. 

Negligible organic material was 
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(ii) At elevated temperatures with large excess of 
permanganate 

The suspected olefine (1.09 g.), was dissolved in 

acetone (10 mls.) in a 250 mls. two-necked flask fitted 

with a condenserterminating in a calcium chloride tube, 

and a dropping fUnnel. 

The flask was heated to 70° on a water bath and from 

the dropping :f'wmel was added slowly a solution of potas.sium 

permanganate (1.24 g.) in acetone (200 mls.). The colour 

faded rapidly until 10 mls. had been added but then 

persisted. Addition was then stopped until the colour 

faded again. In this way the whole of the permanganate 

was added in 24 hours. 

The material was then worked up as in (i} ~nd again 

no organic product was isolated, 

Attempted lli£drogenations of the suspected olefin 

Using the Tower's 'General Purpose Hydrogenator' and 

a ~ palladised charcoal catalyst (prepared according to 

Vogel, 'A Textbook of Practical organic Chemistry', Longmanns 

Green and Co., London, 1948, p. 989) hydrogenations of 

standard materials, cyclohexene and 1-chlorohexene were 

carried out as described lb!y Banks (Ph.D. Thesis Durham 1956 

p. 145 et. seq.) with similar results. 

The suspected olefine, when subjected to the same 



procedure did not take up any hydrogen. 

Reduction o~ the suspected bromofluorocyclohexene 
lithium aluminium :hydride 73, 7+ 

(i) Using tetrahydrofuran as solvent 

Reagents 

72. 

Tetrahydro:ruran, distilled from potas:sium and stored 
over sodium,the approximate quantity required for 
immediate use was left over lithium aluminium hydride 
and then distilled. 

Lithium aluminium hydride B.D.H. 

Li thiurn aluminium hydride ( o. 50 g.) was put in a 

three necked flask, fitted with a stirrer, dropping funnel, 

and a double surface condenser terminating in a dry-ice/ 

acetone reflux condenser. nry tetrahydrofuran ( 5 mls.) 

was added and stirring commenced, the suspected olefine 

(0.95 g.) in tetrahydrofuran (6 mls.) was added over one 

hour, no reaction being observed. The reaction mixture 

was stirred at 80°-85° for 22 hours. After cooling 

50/50 v.v. tetrahydrofuran/water mixture (10 mls.) was 

added ~ollowed by water (10 mls.), and the mixture poured 

onto crushed ice. The solid material was dissolved by 

the addition of concentrated sulphuric acid and the clear 

solution extracted with ether (3 x 30 mls.). 

extracts were water washed and dried (MgS04 ). 

The combined 



Using the semi-micro column the bulk of the ether 

was distilled off leaving ca. 4 mls. residue·. 

73. 

Analytical V.P.C. of product, kieselguhr-silicone high 
0 vacuum grease at 90 , p.d. 40 ems. Hg, nitrogen flow-rate. 

25 mls./min. showed complete removal of starting material 

and a small peak, retention time just greater than that of 

tetrahydrofuran, was present w1 th the tetrahydrofuran peak. 

It was clear that the product material was mainly tetrahydro-

turan and fUrther distillation of the material resulted in 

rapid decomposition, as the remaining tetrahydrofuran was 

removed, to give a gummy residue. 

(ii) Dieth¥1 ether as solvent 

Reagents 

Dietbyl ether; distilled over phenyl magnesium 
bromide and stored over sodium wire. 

Lithium aluminium hydride as before. 

The apparatus was as in (i) but modified to enable an 

oxygen free nitrogen atmosphere to be used. 

The suspected olefine (4'0 g.) was diss.olved. in ether 

(20 mls;.) and added over 5 minutes to lithium aJ.uminium 

hydride (2 g.) in ether (10 mls.) some heat being genera-

ted. 
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Vigorous stirring was then continued for 16 hours 

After cooling,moist ether. followed by 

water was used to destroy the excess lithium aluminium 

hydride and the solution was filtered, the solid on the 

filter ether washed, and the ethereal solution dried (MgS04 ). 

The material was distilled through the semi~micro column 

until only ca. 1 ml. of residual material remained. 

Analytical v.p.c. on kieselguhr-silicone high vacuum 

grase at 135°, p.d. 35 ems. Hg, nitrogen flow-rate 25 mls./ 

min. showed complete removal of starting material and the 

appearance of a new peak just after the ether peak. 

Preparative V.P.C. on the semi-micro preparative column, 
0 kieselguhr-silicone high vacut~ grease at 60 , p.d. 35 ems 

Hg, nitrogen flo~rate 42~ mls./min. 

The residual material was separated in two runs yield-

ing 0.22 g. of the reduction product, pure by analytical 

V.P.C. 

Quantitative analysis gave Br, nil; F, 18.3~. 

cyclic c6H9F requires F, 18.96%. 

Qualitative unsaturation test 

5 mg. of reduction product were dissolved in 0.5 ml. 

methanol free acetone and one drop 0.5% aqueous potassium 

permanganate added. In 2t mins. the colour had faded 



to pale pink, a brown precipitate being fo~ed. over-

night the colour faded completely and the solution was 

acid to litmus. 

75. 

In a blank run carried out at the same time no fading 

at all was observed. 

Infra-red spectroscopy 

A strong absorbtion at 1698 cm.-1 and a we~ 
-1 61 

absorbtion at 3035 ern. were evidence for unsaturation. 

The action of anhydrous hydrofluoric acid on trans-
1,2-dibromocyclohexane 

Reagents 

Trans-1,2-dibrornoc~clohexane Lights redistille~, 
0 0 b.r. 5 79 -81 • 

AAbydrous hydrogen fluoride Imperial Smelting 

Corporation Ltd., 

stannic chloride 

114°. 

Stannic bromide 

B.D.H. redistilled b.r. 112°-

B.D. H. 

I(a) Using stannic chloride as catalyst 

Trans.;.;1,2-dibromocyclohexane (24.2 g., 0.10 mole) was, 
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placed in a dry-ice cooled 500 mls. stainless; steel 

autoclave, together \tlth anhydrous hydrofluoric acid 

(24.0 g., 1.2 moles), and stannic chloride (13.0 g., 0.05 

mole). 

The vessel was sealed and allowed to rotate while .. 

reaching room temperature ( 2 hours;) and then heated with 

rotation for a rurther 2 hours, a final temperature of 70° 

being reached. After quenching in ice-water the ves:sel 

was vented. The contents, a tar-free purple liquid, were 

washed with ether into a dry-ice cooled polythene beaker 

and neutralised with solid anhydrous' sodium carbonate, 

the colour changing through yellow to pale green. 

The resultant slurry was filtered (Super-eel) to 

yield clear yellow liquid which was dried (MgS04 ). 

The ether was distilled off to give crude dark brown 

product (17.5 g.) which was fractionated through the 

semi-micro column at 17 mm. Hg to yield fractions as follows:

(!) b.r. 20°-48°; (2) b.1~. 48°-55°; (3) b.r. 55°-80°; 

(4) b.r. 80°-86°; tar residue 1.6 g. 

The weights of the distillates were not recorded since 

a manostat failure caused losses by 'bumping' , and the 

later fractions solidified on the condenser walla preventing 

complete recovery. 

Analytical vapour phase chromatography was carried out 
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on the semi-micro preparative column,kieselguhr-Apiezon L 

at 158°, p.d. 28 ems Hg, nitrogen flow-rate 28 mls.jrnin. 

Diagram (5) shows the chromatogram of the crude product 

before fractionation, no starting material is present and 

four new materials, giving peaks A,B,C and D, have appeared. 

The chromatograms for the various fractions. (2) to (4) are 

not shown since they consist merely of the same four peaks; 

in different proportions, a partial separation having been 

effected. Fraction (1) is ether. 

Quantitative analysis 

Fraction (2) Fraction (3) Fraction (4) 

foBr 7.9 11 ... 1. 17.9 

%Cl 42·.0 38,.4 27.9 

foF 2.3 2.7 0 .. 5 

These analyses were carried out by the method described 

in Chapter N . 

Further fractionation 

1.56 g. of fraction (3) was refractionated through 

the semi-micro column at 16 mm. Hg to give fractions:~ 

(1) b.r. (60°-70°), 0.16 g.; (2.) b.r. (70°-74°), 0.27 g.; 

(3) b.r. (74°-78°), 0.16 g.; (4) b.r. (78°-100°), 0.44 g. 

(solid~ still pot residue 0.25 g. 



A 

0 10 

DIAG@ 

10 f\ 
l)lf'l& (j) 
I'N. (j) ON 
S.H.\1. Gflf.rtM-

J l \.. 
I I 

10 ~0 ,..,,.,, 
OHIO@ A 

FN.@ ON 

S.H.V GREASI~ 

MIN'S. 

HF /S..,CI-t. / C6 lfro &-1. 
R E#IC'I'IOI'I I <\. J]qoOIJCT" 

ON APIE'l.ON 1.... 

PR"''r.<: r AS •N DIAG fi 
6uT" ON Srur.oNE 
JIIGr< VI'CUU... GrO( EASE. 

'30 MrNS. 

DIAG ® 
r-1'1.@ oN 
5.11.\1. GRIU"'SI~ 

l 10 

OIAG \0) 
,:-oc.@ ON 

S.~I·V G!:!.t:.I\SE 

l. ! 
10 

78. 

AUrNIIl'I'(TIC 
T"llAHS 1 1 ~- ('~N10 8,.1.. 

I \ 

A 

8 

A 

I 
I , 

. 
I 
I 

I 
I 

I 

!iO l\llrNS. 

' 

' .. .... 

""'"'5 



79. 

Analytical v.P.C. on kieselguhr-silicone high vacuum 

grease at 158°, p.d. 24 ems. Hg, nitrogen flow-rate 

24 mls./min., gave the results shown in diagrams {7), {8), 

(9), and (1~; diagrrun {6) is the crude product under 

the same conditions. It is clear that fractions (1) and 

(2) consist mainly of the first two combined peaks. 

Quantitative an~lys·is gave results as follows;:-

·%Br 

%Cl 

%F 

Fraction (1) 

45.4 

Fraction (2) 

2.4 

47.0 

Infra-red spectroscopy on fraction (1) 

Fraction (3) 

2.9 

47.0 

The material does~ not correspond to cis- or trans-

1,2-dichlorocyclohexane and is probably a mixture of the 

1,~ and 1,4- dichloro- isomers a rearrangement having 

occurred. 

No further work was done on any of this; material since 

it seemed quite obvious; that a simple exchange reaction 

between catalyst and dibromo- compound had occurred together 

with rearrangement. 

(b) Stannic chloride as catalyst under more vigoroua 
condi tiona: 

Trans-1,2-dibromocyclohexane {69 g. 0.29 mole) with 
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anhydrous hydrofluoric acid ( 69. 2. g., 3.46 moles:) and 

stannic chloride (35.8 g., 0.14 mole) were charged into 

the autoclave as before which was rotated until it rea.ched 

room temperature ( 2 hours), and was then rotated with 

heating for four hours. more, a final temperature of 75° 

being reached. 

The autoclave was vented and the contents treated 

as in (a) above, the crude product being distilled rapidly 

at 5-2 rmn. Hg to give distillate ( 38 g. ) b. r. ( 50°~70°) 

and tar (6.5 g.). Occasional blocking of the condenser 

occurred and the distillate consisted of a blue liquid 

overlying a white crystalline solid. 

The solid was filtered from the distillate (6.0 g.) 

and the remaining material distilled at 18 mm. Hg through a 

611 Vigreux: colmnn to give fractions::- (1) b.r. (84-86°), 

4.5 g.; (2) b.r. (89-91°), 11.5 g.; (3) b.r. (91°-100°), 

10.5 g. residue, 2.5 g. 

The solid (6.0 g.) was recrystallised from (40°-60°) 

petroleum ether twice, and afforded brilliant wh~te 

crystals vdth a faint odour (3.5 g.) m.p. 99.5°~100°. 

Elemental analysis showed the presence of bromine and 

chlorine and the absence of fluorine and tin, no residue 

being obtained '~en the material was burnt on a Pt foil. 

Quantitative anallses were carried out, bromine and 
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chlorine were determined by the described method (see 

Chapter IY.. ) and carbon and hydrogen as usual. Found: 

C, 40.4; H, 5.6; Br, 22.6; Cl, 30.71%. 

requires;, c, 41.3; H, 5.2.;: Br, 22 .• 9; Cl,. 30.5%. M by 

Analytical V.P.C. of liquid fractions and crystalline solid 

Column, kieselguhr-silicone high vacuum grease at 

186°, p.d. 10.6 ems. Hg, nitrogen flow rate 12 mls./min. 

The crude product had the same qualitative composition 

as that obtained in reaction (a),peaks A and B (see diagrams 

(11) to (13)) are thus isomeric dichlorocyclohexanes. while 

C and D are almost certainly isomeric monobromomonochloro-

cyclohexanes. since their retention time is: less than that 

of tl"'ans-1,2-dibromocyclohexane and the 1,3~ and 1,.4- dibromo-

isomers probably have higher boiling points than the trans-
7S" 

m.p. 1~3°; ct~>-13-

has·. 

The crystalline solid gave a chromatogram, diag. (14), 

with two peaks having identical retention times to A and 

c. Since the melting point of the material is; sharp we· 

probably have a 1::1 molecular compound of a dichlorocyclo..; 



10 

10 

AUrii~I'ITIC . 

nti\N~ ~11 _! 

A 

c 

c. 

c 

c 

Ou-)G.@ 

Fll~l'ION I. 

·~;J NI"W::i. 

OIAG. @ 
F~ACl'ION 2... 

DIAG.@ 

FRACTION 3.. 

DI~G. ([;). 

501..10 

82. 



83. 

hexane and a bromochlorocyclohexane, which is consistent 

with the analytical results;. 

Found:. c, 40.4; H, 5.6;; Br, 22.6; Cl, 30.71% 

C6H10cl2:C6H10BrCl requ:ii.res: C, 41.1; H, 5.7; Br, 22 .• 8; 

Cl, 30.4%. Found M, 205 + 2.0; average Ivl for molecular 

compound when diss:ociated is 175.2;. (m.p. tranS.:.:1,4-C6H10cl2, 
78 79 

102°;m.p. tran~1,4-C6H10clBr, 102?). 

II(a) Using stannic bromide as catalyst 

Trans-1,2-dibromocyclohexane (24.2 g., 0.1 mole) 

together with anhydrous hydrofluoric acid ( 24.0 g., 1 •. 2 

moles) and stannic bromide (22.0 g, 0.05 mole) were sealed 

inside the 500 mls .• autoclave as before. 

ThP. ves:sel \"las rotated until l"'Ootil ternperatUl"e was 
,... 

reached (2 hrs.) and then heated with rotation to aov in 

3! hours. The contents, a dark brown liquid were worked up 

as in I(a) and (b) above, except that sodium fluoride was 

used to remove the excess; of anhydrous hydrofluoric acid. 

Rapid distillation of the crude product at 1 mm. Hg 

gave fractions:- (1) b.r. (20°-35°), 30 g. yellow fuming 

liquid; (2.) b.r. (35°-75°), 25 g., brown fuming liquid 

plus: solid; residue, tar (8.0 g.). 

In the later stages of the distillation the distillate. 

solidified in the condenser, and this material waa washed 

out with ether and subsequently evaporated to give 
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violet crystals (4.1 g.). 

(a) Treatment o~ sol~d 

This appeared to be differentially soluble in methylated 

spirits and was separated into three portions by means o~ 

this property. 

( i) Very soluble portion was recrystalli.sed to give. 

white crystals (0.4 g.), m.p. 112.5-113°, containing no 

fluorine. Found~ c, 30.1; H, 4.4; Br, 69.3%. 

( ii) A less. soluble portion was dissolved in excess 

methylated spirit and recrystallised twice from (40°-60°) 

petroleum ether affording white crystals (0.5 g.) m.p • 
., .,.,.,.0 ., ., ,. r::O , ~ \ 
.L.IW -.L.Lve i.l \ C.J• PoUJ.J.d~ C, :30.5; H, 5.:3:; Br, 68.3% • 

(iii) A much less soluble portion recrystallised from 

(40°-60°) petroleum ether/chloroform afforded white crystals; 

(1.4 g.) m.p. 112°-113°. Found: c, 30.8; H, 4.3; Br, 66.6%. 

These materials appeared to be mixtures of the two sol:li.d 

dibromo -isomers. c6H10Br2 requi.res c, 29.8; H, 4.1.7; 
76 

Br, 66.1%. Cis-1,~dibromocyclohexane has m.p. 112°, and 
7$ 

trans-1,4-dibromocyclohexane has. m.p. 113°. 

An infra-red ~ectrum of the material from portion 

(iii) con~irmed that it was mainly trans~1,4-dibromocyclohexane, 
•+ 

with some cis-1,3.:..dibrornocyclohexane also pres.ent. 
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(b) Treatment of the liquid material 

(i) (20°-35°) fraction 

Analytical v.P.C. indicated that this fraction was 

ether, but it was possible that a small quantity of a 

low boiling fluoro- compound was present, Which would be 

masked by the ether peak when the colpmn was overloaded 

sufficiently to show it up. Freezing in methylene chloride/ 

dry-ice mixture afforded a white solid portion (5.0 g.) 

which was added to the (35°-75°) fraction, while the 

remaining ether was distilled through a 6" helices packed 

column to leave liquid residue (ca. 60 mg.). Fow.1d:-

Br, 36.0; F, 5.8%. This material gave a strongly 

positive unsaturation teat, and it is suggested that it 

consists of bromocyclohexenes· and a fluoro-compound, possibly 

also containing bromine. 

This material (with the 5.0 g. from fraction (i)) was: 

distilled through a 6" Vigreux column at 5 rmn. Hg to give 
' 
the following fractions:- (1) b.r. (20°-50°),. 6.5 g •. ;. 

(2) b.r. (50°-74°), 4.1 g.; (3) b.r. (78°.;..84°), 14.5 g.; 

Residue, 4.5 g. 

Analytical V.P.C. 

Column, kieselguhr-silicone high vacuum grease at 

184°, p.d. 10 ems Hg, nitrogen flow~rate 13 mls./min. 
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Diagram (15) is the chromatogram of the 60 mg. residue 

referred to in b(i) above, diagrams (16) to (18) are 

chromatogr~1s of the fractions obtained in b(ii) above 

while diagrams ( 19) and ( 20) are chromatograms·. of 

authentic trans-1,2-dibromocyclohexane, and the solid 

tran~1,~dibromide in (a)(iii) above. 

Quantitative analyses., and unsaturation tests 

Material %Br foF Unsaturation, 
KMn04 in acetone 

60 mg. residue 36.0 5 •. 8 strongly positive 

fraction (1) (obviously ether not analysed). 

fraction (2) 59.4 o.e positive 

fraction (3) 69.9 positiva 

Infra-red spectra 

An infra-red spectrum of fraction. (3) W::5 (78°-84°) 

gave absorptions due to tran~1,2-dibromocyclohex.ane 

~1 * and trans~1,4-dibromocyclohexane, an absorption at 1603 ern , 

together with the positive unsaturation tes;t suggests that 

probably bromocyclohexenes and perhaps cyclohexadienes are 

present. These materials presumably give rise to peak B· 

(see diagram (18)). 

61 
* -O=o- stretching absorption occura in the region 1680~ 

1620 crn-1. 
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The analysis on the 60 mg. residue and on the 

~raction b.r. 5 (50°-74°) together with their analytical 

chromatograms (diagrams (15) and (17) respectively) 

88. 

suggest that a small quantity o~ a ~luorine containing 

compound is present, presumably giving rise to peak .!A'. 

This material has not, however, been produced in 

signi~icant amounts and was not isolated. 

The action of potas·siurn ~luoride on ti .. ans-1,~dichloro
cyclohexane using N ,N-dimethyl~onnamide as· sOlvent 2.14Jb 

Reagents 

Potasaium ~luoride B.D.H., dried at 350° in a 
mu~~le. 

N.N-dimethYlfo~amide, Lights' redistilled b.re 
152.~530. 

Trans-1,2-dichlorocyclohexane, prepared ac~ording 
50 to the method o~ Kharasch and Brown, 

b.r. 20 80°-84°, pure by analytical V.P.C. 

( i) At 170° vii th excess potass-ium ~luoride 

Anhydrous potassium ~luoride ( 16.5 g., o. 28 mole) with 

20 mls. o~ N,N-dimethyl~ormamide were contained in a 50 mls. 

three-necked ~lask fitted with a dry-ice/acetone cold 

~inger and P205 drying tube, dropping funnel,and a nichrome 

Hershberg mercury-seal stirrer. 
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The mixture was heated to 170° and trans-1,2-dichloro

cyclohexane (6.5 g., 0.04 mole) added dropwise with 

stirring over 15 minutes. No vigorous reaction was 

observed. The mixture was kept at 160°-170° ror 8 hours 

with stirr ing and then cooled and riltere4 at the pump, 

yielding s·olid ( 15.5 g. ) • 

Water (400 mls.) was added to the riltrate to take 

up the N,N-dimethylrormamide and the organic material 

was separated and dried (Mgso4 ), weight 15.8 g. 

Analytical v.P.c. on kieselguhr-silicone high vacuum 

grease at 180°, p.d. 32 ems Hg, nitrogen rlowrate 18mls./ 

min. showed product was starting material plus trace or 

solvent. 

Cl, 46. 3%. 

No signiricant reaction had occurred, the recovered 

potassium rluoride gave a positive chloride test, this 

could however be due to exchange between the potass;ium 

rluoride and the hydrogen chloride liberated by some 

decomposition or the starting material. 

(ii) At (190°-200°) with smaller excess or potassium 
rluoride 

Reagents, 

As berore, except potassium rluoride dried at 

600° in a murrle. 
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Potass~ium fluoride ( 15 g., o. 26 mole) with N ,N-dimethyl

formamide {30 mls.) were placed in a flask equipped as in (i) 

above and heated to 170°. 1,2-dichlorocyclohexane {15 g., 

0.09 mole) was ad~ed drop-wise over 30 minutes. No heat 

was evolved, the flask was then kept at ca. 20Gl0 for 4 

hours. 

The product was worked up as before, solid (16.8 g.) 

and liquid (12.9 g.) being recovered. 

Analytical V.P.C., kieselguhr-silicone high vacu~ 

grease at 150°, p.d. 29 ems. Hg., nitrogen flo\~ate 21 mls./ 

min. showed that product was mainly starting material 

although a small earlier peak was present. Found: Cl, 

38.1%, F, 3.6%. 

The potassium fluoride recovered gave a positive 

chloride test probably due to exchange as before, since the 

liquid product was unsaturated to some extent. 

The action of caesium fluoride on trans-1,2-dichloro
cyclohex:ane .. 

(a) Preparation of caesium fluoride 82 

Caesium carbonate (100 g.) was dissolvea in excess 

60% aqueous hydrofluoric acid and the solution evaporated 

to drynes~s, a solid glass. of the CsF.HF salt being produced. 

In a nickel basin this was heated to red heat and acid 
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fUrnea were evolved, small quantities of ammonium fluoride 

being added occasionally to catalyse this process.. The 

melt began to solidify indicating that caesium fluoride 

had been formed (m.p. CsF, 684°; m.p. CsF.HF., 160°). 

The vessel was transferred to a muf'fle and kept at 

800° for 20 minutes. On cooling a hygroscopic pale 

yellow solid was obtained, which was continuously extracted 

with dry methanol to give, on evaporating off the solvent, 

white crystals {84 g.). Found: F, 12.4%, CsF requires 

F, 12.5%. The material was stored in a dessicator. 

b) Reaction with trans-1,2-dichlorocyclohexane 

Trans-1,2-dichlorocyclohexane {15 g., 0.09 mole) and 

anhydrous caesiwu fluoride (30 g. 0.20 mole) were contained 

in a 25 mls. two necked flask fitted with a nichrome wire 

mercury-seal Hershberg s;tirrer, and a short air condenser 

leading to an acetone/dry-ice cooled trap, terminating in 

a phosphorus pentoxide drying tube. 

The flask was maintained at {190°-210°) for six hours 

and then raised to 200-220° for a further ten hours, 6.2 g. 

of material having by then distilled into the cold trap. 

-~ter allowing to cool the solid was filtered off· 

and ether washed, the washings· being added to the filtrate. 

The ether was distilled from the filtrate to give 

liquid product {8.0 g.). 
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Analytical V.P.C., kieselguhr•-silicone high vacuum 
0 grease at 150 , p.d. 29 ems Hg., nitrogen flowrate 

21 mls./min. showed that the distillate in the trap and 

the material remaining in the flask were both mainly 

starting material, with traces: of other materials giving 

earlier peaks. The materials were combined and analysed. 

Found Cl 38.2%, F, 2.6% c6H 10c12 requires Cl, 46.3% •. 

It is considered that some reaction has occurred 

but again no significant yield of product has; been obtained. 

Preparation of perchloryl f'luoride: 

36 
The method of Barth Wehrenhalp was used. 

Reagents 

Potass.ium perchlorate, 

Fluorosulphonic aci.d, 
technical grade 

Imperial smelting 
Corporation, technical grade. 

An apparatus was·. constructed so that 50 g. batches; of 

material could be made in one run (see diag. IX). All 

joints were greas;ed with f'luorocarbon greas.e, since there 

is a possibility of' explosion with hydrocarbon or silicone 
83 

greases:, and Teflon sleeves were used on each joint of 

the three-necked flask. A typical preparation is described. 

Crude potassium perchlorate (120 g., 0.87 mole) and 

f'luorsulphonic acid (1200 g., 12 .. 0 moles;) were placed in 
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the three litre flask and stirred slowly, the perchlorate 

diss:olving completely to give a colourless solution. The 

flask was slowly heated in an oil bath, and gas was 

evolved, the evolution becoming rapid at 75°-80°. The 

gas was passed over a solution 10% in sodium hydroxide 

and ~ in sodium thiosulphate and bubbled through such a 

solution. The scrubbed gases were then passed over solid 

potass.ium hydroxide pellets, and condensed in a Florentine 

flask cooled in liquid air. Heating was continued for 

six hours, the product being finally swept out of the system 

by nitrogen. 

The flask containing the product was transferred to a 

small vacuum line and the perchloryl fluoride condensed 

into a steel :rn .... esoure vess:el, fitted \JV'i·t~h a. greaseles:s 

bellows type valve, and cooled in a dry ice-acetone bath. 

The product was contaminated with liquid oxygen 

also produced in the reaction, and it was necessary to pump 

for some time before a sticking vacuum could 'be achievec!J: 

and the condensation begun. Unfortunately a stainless steel 

pressure vess.el was not available and so a dry-ice acetone 

coolant had to be used. At this temperature (ca. ~78°) 
83 

perchloryl fluoride had a vapour pressure of 147 mm. Hg and 

so condensation was not very rapid. 

The yield of available material was 47 g., an infra~red 

spectrum in a gas cell at 20 mm. Hg showed that the material 
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was practically pure. 
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The colour changes in the reactant mixture during 

the course of the reaction, described by Barth Wehrenhalp, 

did not oceur when pure recrystallised potassium perchlorate 

was used. This indicates; that it may not be the coloured 

(Cl02 )2s3o10 which is formed in the reaction as suggested 

by Barth Wehrenhalp. 

Preparation of cyclohexanone piperidyl enamine 

S"4-
This wa8 prepared by the method of Mannich and Davidsen. 

Reagents 

Piperidine Lights, dried over solid KOH and 
redistilled b.p. 105°. 

CYclohexanone Towers. dried (MgS04 ) and redistilled 
b.r. 151-0 -153°. 

Calcium oxide B.D.H. technical grade, dried 
at 110°. 

Piperidine (75 g., 0.88 mole), cyclohexanone (45 g., 

0.46 mole) and calcium oxide (90 g.) were heated and 

stirred together for fifty hours at 90°-100°, moisture 

being excluded from the flask. 

After cooling and filtering off the solid, the pale 

yellow liquid was distilled at 100 mm. Hg through a 6" 

helices packed column. Up to 45° exces·.s piperidine 
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distilled, the pressure was lowered to 6 mm, the column 

replaced by a 6 11 Vigreux and a repulsive smelling fraction, 

Residue remained, (2 g.). 

Analytical V.P.C. on kieselguhr- APie~on L at 150° 

p.d. 35 ems. Hg, nitrogen flowrate 30 mls.fmin., gave a 

small peak coincident with authentic cyclohexanone and a 

large later peak. 

95% pure. 

An infra-red 

absorption at 1637 

ab·sorpti on at 3049 

Assuming equal response material is; 

~ectrum gave the 'C=c( stretching 

-1 /H 
em. , and the =C"' stretching 

' -1 61 
em. • 

The reaction between perchloryl fluoride and cyclo
h.exft.none piperidy1 enarnine 

Reagents 

perchloryl fluoride prepared as. described. 
cyclohexanone piperidyl enamine prepared as, 

described. 
benzene AR, dried over sodium wire .• 

The enamine (8 g., 0.05 mole) in benzene (100 mls.) 

was contained in a long trap (see diag. X) and perchloryl 

fluoride was bubbled into the solution, at ambient tempera

ture, (a previous exploratory experiment had sh0\2D that 

little absorption occurred at 0°). After 50 minutes, 

during which time little absorption appeared to occ.ur, the 
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temperature was raised to 35° and very quickly the 

solution darkened,long transparent crystals being precipitated. 

At this point the reaction was stopped 4.5 g. (0.04 mole) 

having been added. Theory requires 5 g. (0.05 mole). 

The dark brown a.olution was washed with saturated 

bicarbonate solution and water until neutral, then dried 

( CaC12 ). 

The bulk of the benzene was removed at 10 ems. Hg leav-

ing 6.0 g. dark brown liquid, which was distilled at 2 mm. 

Hg to give fractions as, follows:- (1) b.r. (18°-30°), 

1. 9 g.; ( 2) b. r. ( 30°-65°), 2.6 g.; r·esidue black tar, 

1.1 g. 

Analytical v~~~, kieselguhr-silicone high vacuu.rn 

t 177°, , -o r-r · t fl t 15 , /, i grease a p.a~ 0 ems. ~g n1 -regen ov~a e m.s.1 m n. 

Peaks for benzene and cyclohexanone only were obtained when 

the crude product was analysed. The column temperature 

was reduced to 155° and fns ( 1) and (2) analysed, and shoV'm 

to be benzene, cyclohexanone and a trace of enamine res-

pectively. 

An infra-red spectrum of fill!action ( 2) gave absorptions; 

additional to those of cyclohexanone and its piperidyl 

enarnine at, 1183 ( s) *, 1086 ( s.), 943( s:), 800(w) and 680 (m) 

cm.-1 

* These letters refer to relative intens,i ties, and this wiJ.l 
be assumed in future. 
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Qualitative fluorine analyses were negative £or £n. (1), 

faintly positive £or £n. (2) and strongly positive for 

the residue. 

A£ter the usual sodium fusion fn. (2) was shown to 

contain nitrogen and chlorine. 

Quantitative analysis 

[c1o3- (or Cl-) + 1?-] = 32. 7%. (calculated as F-). 

Further working up of fraction (2) 

On standing for one week this pale yellow fraction 

became deep red and deposited colourless crystals., soluble 

in water and containing ionic chlorine. Thes.e were filtered 

of'f ( 150 mg .. ) and recrystallised ~.;wice from alcohol/ether. 

m.p. 249-50°, admixed with authentic piperidine hydrochloride, 

249-50°. 

Preparation of Cyclohexanone pyrrolidyl enamine 

Reagents 

Pyrrolidine Lights, dried KOH and redistilled 

b.r. 88-89° 
Cyclohexanone Tow~rs, redistilled b.r. 15~~153°. 
Benzene AR stored over sodium wire. 

The preparation of this; material could not be found in 
6'S" 

the literature, however Heyl and Herr describe the prepara-

tion of steroidal ketone pyrrolidylenarnines by heating the 
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reactants in re~luxing benzene, the latter azeotroping 

out the water which is collected in a moisture trap •. 

The same method was simply applied to cyclohexanone·. 

cyclohexanone (24.5 g.,. 0.25 mole), pyrrolidine (21.3 g. 

0.30 mole) and benzene (50 mls.) were contained in a f'lask 

~itted with a Bidwell Stirling moisture trap surmounted by 

a ref'lux condenser • 

The mixture was refluxed ~or 1~ hrs. the theoretical 

amount of water, (4.4 g., 0.25 mole) based on the cyclo

hexanone used, being collee;ted. 

Excess. pyrollidine was distilled f'rom the product 

at 10 ems. Hg pressure and the residual yellow oil distilled 

througll a 4" Vigreu.x column at 10 mm. Hg to give fractions:

(1) b.r. (20°-40°), 1.8 g.; (2) b.r. (40°-100°), 8.5 g.; 

( 3) b.r. ( 100°-105°), 28.0 g.; residue 1. 5 g. 

Fraction (3) was redistilled at 3 mm. Hg to give 

distillate b.r. 3 (93°-94°), 26.5 g. (70% yield). This 

material was initially colourless but became pale yellow 

after~- hour although stored under nitrogen. 

Analytical v.p.c. on kieselguhr-silicone high vacuum 

grease at 150°, p.d. 30 ems. Hg. nitrogen flowrate 15 mls·./ 

min. gave for this; material a single peak, retention time greateJ 

than either cyclohexanone or pyrrolidine. 
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Quantitative analysis Fo~~d: C, ?8o~; H, 12o1%. 

c10H17N requires c, 79.4%; H, 11.3~. 

An infra-red spectrum gave absorptions at 1639 cm~ 1(s) 

due to;c=c~stretching, and at 3050 crn-1 (m) due to the 
,H 61 

= c, stretching mode. 

The reaction between perchloryl fluoride and cyclohexanone 
pyrrolidyl enamine 

Reagents; 

Perchloryl fluoride:- as. described. 
cyclohexanone pyrrolidy~ enamine:- as described. 
Pyridine::- dried over solid potas;si urn hydroxide 

and distilled b.r. 113°-14°. 

(a) At 0° and with 35% of perchloryl f'luoride 

Cyclohexanone pyrrolidyl enamine (15 g., 0.1. mole) 

and pyridine (200 mls.) were placed in a long trap, 

surrounded by an ice-filled Dewar. ( see di agrarn X) • 

Passage of perchloryl fluoride was: commenced and after 

15 minutes the solution had become orange red deepening 

in colour on further passage of the gas, which was continued 

for 13/4 hours, a 35% excess (14 g., 0.14 mole) having 

been added. 

The solution was hydrolysed by gradual addition of 7N 

hydrochloric acid (300 mls.) at 40°-50°, and al~owed 

to stand,excess acid being present. Ether extraction 



(5 x 100 rnls.) was carried out and the extracts water 

washed and dried (CaC12 ). 
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Removal of the ether gave crude product (7.5 g.) 

which was distilled at 15 nun. Hg through a 3" Vigreux 

column fractions being collec.ted as; follows:- ( 1.) b. r. 

(40°-75°), 3.25 g.; (2) b.r. (75°-80°), 0.50 g.; residue 

red-brown tar, 1.30 g. 

Fraction (2) partially solidified in the still head 

and on the condenser walls • 

.Analytical v.P.C. on kies:elguhr-sili.cone high vacuum 

grease at 150°, p.d. 30 ems. Hg, nitrogen flowrate 15 rnls./ 

min. showed that fraction (1) was pyridine, cyclohexanone, 

and a little unchanged enamine while fraction (2) was 

pyridine, cyclohexanone and two later peak materials (see. 

diagrams ( 21) and ( 22.)). 

To confirm that any 2-fluorocyclohexanone formed was 

not coming over with the cyclohexanone a preparative 

separation of part of fraction (1) was carried out, kieselguhr
a silicone high vacuum grease at 145 , p.d. 46 ems. Hg, nitrogen 

flowrate 25 mls./min. o. 75 g. in two runs gave-; cut :h. 

Found: F, nil, an infra-red was identical with one of 

authentic pyridine; cut 2, found F, 1.0%, an infra-red 

spectrum was identical to one of authentic cyclohexanone. 

, . 
~ ..... / .. 
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(b) At o 0
, with 15Q% excess. perchloryl fluoride 

Cyclohexanone pyrrolidyl enamine (6 g., 0.04 mole) 

and pyridine (50 mls.) were treated with a 150% exces.s of 

perchloryl fluoride (10.5 g., 0.1 mole) for six hours as 

before. To the resultant dark red-brown solution were. 

added water (50 mls.) and 10N hydrochloric acid (100 mls.) 

in portions. Pieces: of brown tar were observed but nCi>. 

separate organic layer appeared. The solution was ether 

extracted (5 x 50 mls.) the extracts washed twice and 

dried (Mgso4 ). Removal of ether by distillation left 

brown liquid (3.8 g.) which was distilled at 10 rrnn. Hg 

in a simple still to give material b.r. (50°-60°), 0.7 g. 

and tarry residue (1 g.). 

Analytical v.P.C. on kieselguhr-silicone high vacuum 

grease at 140°, p.d. 27 ems. Hg, nitrogen flowrate 2:5 mls./ 

min. gave for crude product peaks for ether, pyridine, 

unknown material 'C' (as shoulder on pyridine peak), 

cyclohexanone, and unlcnown material 'D' (see diagram (23)). 

The coltunn temperature was. lowered to 135°, p.d. 27 ems. Hg, 

nitrogen flowrate 20 mls./rnin. and the semi-solid fraction, 

b. r. ( 50° -60°) analysed (see diagram ( 24)). The amounts: 

of 'C' and 'D' have been reduced relative to the pyridine 

and cyclohexanone peaks. 
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Qualitative fluoride tests gave a strongly positive 

result for both the (50°-60°) fraction and the tar. 

Further treatment of b.r. (50°-60°) fraction 

The pasty mass (0.7 g.) was filtered at the pump 

to give crude crystalline product (0.41 g.) recrystallised 

from (40°-60°) petrolewn ether/ether to give silky white 

crystals, (0.24 g.) m.p. 11.0°..;112° (sub.). A quantity 

of insoluble red crystals remained (0.1 g.). 

This material was soluble in water, but did not 

contain ionically bound chlorine, a test for chlorate waa 

inconclusive while that for fluorine was positive. 

The material was further purified by sublimation and 

the sublimate analysed, Found:: F, 23.6%; Cl, 5.7%. 
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CHAPTER IV 

ANALYSIS OF COAIIPOUNDS CONTAINING 

BROMINE, CHLORINE AND FLUORINE 

107. 
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ANALYSIS OF COMPOUNDS CONTAINING CHLORINE BROMINE 
AND FLUORINE 

In this laboratory chlorine and fluorine in organic 

compounds are determined by a method involving deeomposi

tion to the sodium salts, determination of total haloge.m 

acids. by alkalimetry, after passage through a cation 

exchange column, and determination of the chloride by the 

method of Vieb6ck. 
66,67 

difference. 

Fluoride is then obtained by 

The method can be used when the halogen other than 

fluorine is bromine or iodine, but the Ul~avourable equiva-

lents of these halogens can lead to errors. 

If the compound contains two other halogens and 

fluorine then of course only the ~luorine can be determined 

uniquely in this way. 

Since it was possible that compounds containing bromine, 

chlorine,and fluorine could be produced by the action 

of anhydrous hydrofluoric acid upon bromochloro- compounds 

it was desirable to have a separate method of determining 

bromine and then, by the usual procedure, combined 

bromine plus chlorine, and fluorine. Chlorine could then 

be found by difference. 

or the available methods for determining bromine the 

hypochlorite oxidation method first suggested by van der 
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S+ 
Meulen seemed to be the best. on a macro-scale the 

95:,96}17 
method has been used in modified forms by various authors 

while Belcher et al. have successfully applied it on a 
89 

micro-scale. It was thought that for semi-micro work 

a suitable scaling up of this latter method would be 

applicable. 

In this method a solution of the bromide buffered by 

sodium dihydrogen phosphate is oxidised to bromate by an 

excess of sodium hypochlorite solution at 95°-100° •. The 

exces.s of hypochlorite is des.troyed by sodium formate 

solution. The bromate formed liberates iodine £ram 

potass:ium iodide added: in the presence of acid. The iodine 

is then determined by thiosulphate. 

The reactions involved are:-

,. 

Br- +. 30Cl- Br03- + 3Cl-

-~>-- Br- + 3H20 + 3!2• 

A very favourable factor here is the liberation of 

3I2 for every bromide ion, giving a six~fold amplified titre, 

in comparison with the direct alkalimetric method via the 

cation exchange column. 

A survey of the literature showed that different 

opinions were held as to the amounts·. of reagents~ required, 

and the conditions necessary at each stage, to ensure the 
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quantitative nature of the whole process .• 

In practice some difficulty was experienced in obtain-

ing acceptable results:, and it is interesting to compare 

the quanti ties·. of reagents. used at each stage of the 

process by various workers, with the quantities finally 

decided upon by the present worker (see. TABLE I). 
IS 

Acc·ording to Haslam and Moses for quantitative 

hypochlorite oxidation the pH of the buffere~ bromide 

solution must be in the range 4.12-7.35 and the bromide 

concentration must be less than 0.421 g./litre unless. chloride 
8+ 

ion is present, when it can be rather higher (van der Meulen 

in fact advocated the ad~ition of chloride ion to a 

bromide solution for this re ason). The concentration 

was thus arranged to lie below the limit. 

The amount of sodium hypochlorite requ~red was found 
96 

after some trial, Kolthoff and Yutzy state that 5 mls. 

of 7.~ (i.e. N w.r.t. OCl-) is sufficient to oxidise 10 

mls:. of neutral o. 01 M Br- (i.e. 7. 99 mg. Br-). It will 
98 

be seen that Belcher prefers a much greater excess but 

the present worker found 4 mls. 7.~ to be sufficient for 

a sample containing 3 mg. bromide ion. 

The amount of sodium formate used is important since 

too great an excess iru1ibits the liberation of iodine 
99 

upon acidification in the final stages, of the analysis. 
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Again, after some investigation 5 mls. of a 50% solution 

was found suitable. 

The phosphate buffer concentration did not ~pear to 

be critical. 

The inhibiting effect of the sodium formate solution 

has caused some workers to suggest that after acidification 

the solution should be allowed to stand until the full 
91 

amount of iodine is liberated. However, this is objection-

able since ariel oxidation can give rise to more iodine 

by the following reaction, 

and some loss of iodine can occur by volatilization •. 

A more ·usual pl-·actice is to add a catalytic quantity 
85",96,98 

of ammonium molybdate which speeds up the liberation of 
99 iodine by an unknown process. It was found that a sample 

of technical grade ~1monium molybdate was far more effective 

than AnalaR material for this purpose. 

~fuen the procedure had been worked out for standard 

bromide solutions attempts were made to determine bl'omide. 

produced by the decomposition or organic bromides by the 

sodium biphenyl method. 

Low and inconsistent results were obtained. It 

was found that traces of di-isopropyl alcohol, present in 



TABLE I 

Aliquot Mg. Bl .. - I wt. of' ~ol. of 
Vol. on Wt. of Vol. on wt. of Acid N. in 

Author Heating sodium Acidifying ~mls) 
(mls. ) 111 in Aliquot NaH~04 NaOCl (mls.) formate (g) (Approx. KI (g) Final Soln. 

(g) (mls) 

Belcher 20 1 1.2 KH:aP04 5(~) 30 2.5 40 0.5 
10 0.5 0.6 2.5 15 1.3 20 0.25 N 

Haslam 100 85 4 20(7 -5%} 120 10 620 4 6/7N 
1.0 8.5 0.4 3.2 2 62 0.4 

Kolthoff 25 2.0 1.0 5(7 .5%) 30 2.5 150 1.0 6/7N. 
and Yutzy lLO o.s 0.4 

12 1.0 60 0.4 

D' ans and 35 I 4 r7 10(2.3% 45 1 47 0:3 u I 2/3N 
. Ho.fer 10 1~1 o.a. 13 0.3' 13 0.1 

I I I I 

Mobbs w_j ___ 3 
1.4 

-

4(7.5%, 30 2.5 35 0.5 

I 
N 

~ 
Figures in the lower halves are calculated for 

a 10 mls. aliquot for comparison purposes. 
' 
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the aliquot from the extraction process. were the cause. 
V6 9S 

Haslam and other workers have noted that traces of 

organic material affect the amount of iodine liberated. 

The problem was overcome by simply evaporating 

the 10 mls. aliquot down almost to drynes,s before commencing 

the oxidation. 

The main advantage of' the method liea in the increased 

accuracy of determining bromine:, and to a greater extent 
90 

iodine because of the increased ti. tre. White and Kilpatrick 

confirm that iodide is converted quantitatively to iodate 

by the hypochlorite oxidation. 

When as well as chlorine and fluorine, bromine or 

iodine are present an aliquot of the halide solution allows 

bi"'Ondne, or iodine to be determined and then (bromide +. 

chloride) or (iodine + chloride) by the Vieb6ck method 
98 

modified as described by Belcher et al • . , 
Belcher has shown that the reaction, 

is stoichemetric for X= Br-, Cl- and I-. 

However the aceuracy of the process. could be improved 

by taking a neutralised aliquot from the ion exchange column 

containing only sodium halide salts, evaporating down to a 

suitable concentration and determining fluoride uniquely 



by one of the standard methods;, interfering ions having 

been removed. 
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At the time, however, it was. decided to retain as 

muc:h of the standard procedure aa possible and no further 

work was done on this; point. 

Used in conjunction with the cation exchange column 

this method enables analysis of compounds: containing chlorine 

and either bromine or iodine, and the method was in fact 

used for this also. 

Preparation of reagents. 

In malting up the solutions distilled water which had 

been passed through a 'Deminrolit' column was. always used. 

Methyl red solution 

Methyl red was. dissolved in distilled water to give a 

saturated solution. 

Sodium hypochlorite solution (N w.r.t. OCl-). 

AR sodium hydroxide (44 g.) was dissolved in 750 mls. 

distilled water and bromine free chlorine (35.5 g.) passed in. 

The resultant acid solution was; made alkaline by the ad«lition 

of solid AR sodium hydroxide until a pH ~ 12 was attained. 

(It was posstble to use B.D.H. indicator paper which 

registered a colour before being bleached). The solution 
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was stored in a brovm glass bottle at 0° and stru1dardised 

with sodium arsenite solution. 

When prepared and stored as above the strength of 

the solution cha~ged by only 0.25% over a period of two 

months. 

Sodium dihydrogen phosphate solution 

AR sodium dihydrogen phosphate (69.0 g.) was dissolved 

in distilled water and made up to 250 mls. 

Sodium formate solution 

AR sodium hydroxide pellets (30 g.) were dissolved 

in distilled water, the solution cooled in ice and 90% 

formic acid solution (32 mls.) added slowly with stirring. 

The solution was diluted to 100 mlso with distilled water. 

Ammonium molybdate solution 

Technical grade B.D.H. ammonium molybdate (5 g.) 

was· dissolved in 100 mls. distilled water. 

Sodium thiosulphate solution 0.02 N 

Starch solution 0.5% 

Procedure 

Sufficient of the organic bromide is weighed out to 

give about 30 mg. bromide ion When decomposed. 

After decomposition of the sample by the sodium biphenyl -
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67 
dimethoxy ethane method as described elsewhere, a 10 mls= 

aliquot of the solution is taken and evaporated almost to 

dryness .• 10 mls. of distilled water are added and two 

drops of methyl red solution. 0.5 N ~vdrochlor1c acid is 

added drop-wise until the solution is just acid, and then 

5 mls. of sodium dihydrogen phosphate solution. 

10 mls. distilled water and 4 mls. 7.~ sodium hypo~ 

chlorite are added and after covering the conical with a 

watch glass, the solution is heated just to boiling in the 

course of 10~15 minutes. 

The watch glass and conical sides are carefully washed 

down vdth a fine jet of distilled water and 5 mls. sodium 

formate solution are added. The solution is then allowed 

to cool to room temperature with frequent swirling. 

Lingering amounts of gaseous chlorine which may be, 

present are swept out of the flask by a stream of nitrogen, 

and 0.5 g. of AR potassium iodide added followed by 5 mls. 

9N sulphuric acid and 2 drops O.B% ammonium molybdate 

solution. 

The solution is then allowed to stand for 15 mins. 

and titrated with standard sodium thiosulphate in the usual 

way. Bromine found is calculated from:·-

1 ml. 0.02N Na2s2o3 = 0.2664 mg. bromine .• 

At the same time a blank is run using 10 mls. of 
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distilled water in place of the halide solution. The 

resultant sodium thiosulphate titre is subtracted 

Bromine and fluorine present 

Bromine is determined as. ,...n,... ...... o 
Q.UVV""J total halogens by 

alkalimetry after passage through the cation exchange 

column, and fluorine by difference. 

Bromine and chlorine present 

As above, chlorine found by difference. 

Bromine, chlorine, and fluorine 

Bromine is determined as above, total halogens by 

passage through an ion exchange column and alkalimetry, 

and (bromide plus chloride) by the Vieb6ck proced:ure... Hence 

chlorine end fluorine are found by difference. 

Results> 

Compound FouncW Calculated .. 
Br- Gl- F- Br- Gl- F-

K.Br solution 0.00284 0.00279 
Bromobenzene 50.8 50.9 
1,2-dibrornocyclo-

hexane 64 .. 9 66.0 
p-bromotoluene 45.6 45.1 
(bromobenzene """ 
fluorobenzene) 50.4 19.8 50.9 19.8 

(bromobenzene + 
cyclic G6F Cl ) 

dichlorocyc~ohixane 
50.0 39.4 42.4 50.9 38.8 41.6 

+ brornochlorocyclo-
hexane~ 22.6 30.7 22.8 30.4 
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CHAPTER V 

GAS CHROMATOGRAPHY 
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GAS CHROMATOGRAPH¥" 

Gas-liquid-partition chromatography has been used 

extensively in both parts I and II of this work for analy-

tical and preparative separations. The high vapour 

pressures of chlorofluorocyclohexanes and fluorocyclo

hexanes coupled with the fact that these very similar 

compounds often form azeotropic mixtures inseparable by 

distillation, makes: the application particularly suitable. 

As far as the work on cyclohexanes containing few 

halogen atoms is concerned the analytical technique was: 

used principally to control fractionation, the preparative· 

tec~~ique in general not being applicable, because of 

poss;i ble dehydrohalogenations occurring on the much longer 

column. 

The general arrangement of the system used is given 

in diagram I. 

Nitrogen was used as the carrier gas, and the 

pressure drop across the column, which controls the nitrogen 

flow rate, was set by means of the two needle valves. 1 

and 2, at the inlet and outlet sides of the column. An 

oil-pump was used as the source of reduced pressure. 

Initially as a detector a glassthermal conductivity cell 

containing platinum wire resistances was use~, similar to that 
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2b 
described by CUthbertson and Musgravee However the 

stability of this system was not good at elevated tempera

tures and the thermistor detector, a modified form of that 
91 

described by Musgrave, was used for the greater part of 

the work. 

This type of detector has a high sensitivity since 

the thermistors have a large temperature coefficient of 

resistance and being small in size can be enclosed in a 

small volume, so that the concentration of the organie 

vapour, when being eluted from the column and passing 

through the detector, is high. 
92.,93,.94-

0ther workers have described similar detectors and 

the Perkin-Elmer Corporation of the United Statea of 

America use one in their conunercial apparatus. 

The thermistors (Type A, stantel Ltd.) were sealed 

into holes drilled in a brass or aluminium block by means 

of a cold c:uring silicone rubber (Midland Silicones; Ltd. ) , 

which has shown itself capable of withstanding temperatures 

up to 200°C.for the two years that the apparatus has. been 

used, and which still shows. no signs of deterioration, 

(see diagram II). 

The practice of passing a stream of pure nitrogen 

over a reference thermistor was discontinued when it was; 

found to add nothing to the stability, and the thermistor 
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was merely sealed into a hole in the block. The other 

thermistor, af'ter cutting off the glass sheathing, was 

sited directly in the stream of effluent gas from the 

colmnn. 
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At first, two 500,000 .O..thermistors were employed for 

work in the temperature range 150°-200°, and were perfectly 

satisfactory when a galvanometer was being used to record 

the out of balance potential. When a sunvic automatic 

recorder became available the impedance of the bridge 

circuit proved to be too great for satisfactory working 

and two 2,000 ..n.. thermistors were subsequently used at 

all temperatures, although the sensitivity fell off with 

increase of temperature. 

The resistance of each thermistor, initially 2,000JL 

at room temperature, was not completely reversible with 

temperature, and moreover each thermistor resistance tende~ 

to change by a different amount w1 th the pas:sage of time. 

To prevent the need for continually changing fixed compensa

ting resistances two variable helical wire-wound resistances 

of value 250 ohms, were placed in each other bridge arm~ 

and connected via a 10 ohm helical potentiometer for fine 

adjustment. The bridge was driven by a 2 volt accumulator 

connected in parallel with a 2,000 ohm resistance, 

so that the voltage could be varied uo maintain approximately 
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the same sensi ti vi ty at various temperatures·. (see diagram 

III). 

In early versions of the apparatus the column and 

detector were heated in separate heaters. but to minimise 

dead-space and condensation troubles they were later both 

incorporated in a single heating cabinet. 

The design of this heating cabinet is evident from 

diagram IV. A fan was used to blow air over two 1 kw. 

heaters to which a variable voltage could be suppl~ed by 

means of a 'Variac' auto-transformer. The hot air 

pass:ed through the perforated floor of the cabinet and heated the 

interior. This arrangement was found to be satisfactory at 

temperatures from 20°-200° although at the higher tempera-

tures the bottom of the oven could be as much as 10° higher 

than the top. Since a steady temperature gradient was. 

obtained the stability of the detector was unaffected by 

this. 

When the detector was placed in the cabinet unshielded and 

unlagged an unsteady base line was obtained on the recorder, 

and this was attributed to air blowing past the detector. 

The trouble was easily rectified by enclosing the detector 

in an asbestos box, or lagging it thoroughly with asbestos 

rope (see, diagram IV). 

To further mj_nimise dead-space and condensation 
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95 troubles the trapping system described by Cuthbertson 

was abandoned and a more compact one incorporating a 

three-way tap and two two-way taps used. The lay-out 

o£ this system is clear from diagram v, and its position 

in relation to the oven from diagram IV. 

The connecting tubes leading to the traps were conve

niently heated with Simmerstat controlled heating tapes 

to prevent condensation. 

When a preparative column is used, in order to 

obtain results comparable to those obtained analytically 

the flow/unit area through the columns should be o£ the 

same order. This however me_ans·. that the flow through 

the detector is very much greater with a preparative 

column and this causes instability. Quite often it 

was £ound satisfactory to operate the preparative 

columns at a low flow/unit area, and in some casea better 

resolution was obtained. At other times a by-pass. 

system was used, the des:ign being apparent from1 diagram 

IV. 

It was possible, in some cases, vdth this system to 

duplicate corresponding analytical chromatograms exactly 

and much lesa broadening of the peaks was. observed. The 
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sensitivity of the system was also much greater although 

only a portion of the organic vapour was flowing through 

the ~etector. Presumably the increased vapour concentration 

due to the 'sharpened' peaks more than offset this factor. 

The ratio of the cross-sec.tional areas of' the by-pass tube, 

and detector channel was 2:1 and the sensitivity could be 

altered by substituting by-pass tubes of' dif'ferent diameters. 

When small quantities of material (ca. 0.5 ml.) were 

required to be separated, a semi-micro preparative column 

was used which was also enclosed in the oven and which 

led via a separate detector to a smaller compact trapping 

system, similar to the larger one described, but having 

only three B.10 traps; connected directly to a botto~entry 

three-way tap. For the s:ake of clarity this. apparatus is 

not shown in position in diagram rv, but the detector 

was mounted about half-way down the oven, the outlet pas:sing 

through the wall at Z to the trapping system, mounted 

above the lower wooden shelf. The column head came through 

the oven top as with the larger apparatus. 

In 1he later stages of the work a Griffin and George; 

Mk II B'. apparatus became available and was; then used for 

analytical work and for small-scale separations. 

The sizes of the columns and the packimgs used are 

indicated at appropriate points. in the text, further data 
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is given below. 

Columns ( see diagram VI ) 

( i) J.nalytical 

(a) 5 1 x J'16" int. diam. pyrex U-tubes containing 

ca. 17 g. packing. 

(b) Griffin and George analytical columns:~ 

two U-tubes, 3 1 x !", joined by a flexible 

metal capillary, and containing ca. 50 g. packing. 

(ii) Semi-micro preparative 

TWin U-tubes joined by a capillary, total length 

9'7", int. diam. 5/16" containing ca. 80 g. packing. 

(iii) P~eparative column~ 

U-tubes: 8 1 x i", each containing ca. 375 g. packing, 

used separately, or joined together as double U-tubes to 

form 16 1 1 engths;. 

An attempt was made to use three such u~tubes connected 

together, but the increased spread of the peaks offset the 

larger peak separation obtained, and no advantage was 

gained. 

Stationary phases 

Analytical, Silicone high vacuum grease, Apiezon L 
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grease, tricresyl phosphate, dinonyl phthalate, 

silicone trimer Reoplex 400 plasticiser, and 

Edwards 8A high vacuum oil. 

Preparative Silicone high vacu'WD gre:ase, tricresyl 

phosphate, dinonyl phthalate. 

Preparation of the packing 

Following the experience of previous workers: it seemed 

that a ratio of 10:4 parts w/w inert support to stationary 

phase w.as satisfactory and this was. always used. 

The stationary phase was; dissolved or suspended in a 

suitable solvent and the support added gradually with 

continuous stirring as f'ar as pos.sible. After drying the 

packing in the oven final traces of solvent were removed 

by actually operating the column. 

The packing wa6 introduced into the column Which was 

t.a pp!ed by a piece of pressure tubing until no further 

settling was observed. A fairly unifo~ packing waa 

obtained in this manner • 

Introduction of sample& 

(i) Analytical samples. 1-4 drops 0.02 mls. were in-

jected through the s.er'WD cap using a 1 ml. SUJlDllit syringe. 

{ii) Preparative samples When the preparative column 
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was being used the pref'erred method was: to keep a redu.ced 

pressure of' a f'ew centimetres at the inlet side of' the 

column, and to shut of'f' the nitrogen stream by means of' 

the tap attached to the vaporizer (see diagram IV). The 

sample was then injected into the vaporizer (pre-heated 

simply by a· gas f'lame)- and went onto the column as. a 'plug' 

under its own vapour pressure. Recent work has. indicate@ 

that this is in f'act the best method of' injee:ting a large: 
9() 

sample. The sample size varied according to the dif'f'erence 

in retention times of' the components to be separated. 

In f'avourable cases where the peaks were widely separated 

as much as 10 g. could be injected: at one time: in this. 

way. 
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INTRODUCTION 
IJ2.. 

The reaction between chlorine trifluoride ar~ benzene 

carried out under various conditions has yielded saturated 

chlorofluorocyclohexanes of the general formula c6F12_nCln 

(n = 1 to 4) and various hydrogen containing chlorofluoro-

cyclohexanes. 

Cobalt trifluoride upon hexachlorobenzene in the 

vapour phase3 gave better yields; of saturated chlorofluoro

cyclohexanes of general formula c6F1~nCln (n = 1 to 5). 

In the past compounds of this type have generally 

been dehalogenated by the action of zinc dust in a solvent, 

usually ethanol. 
'hS" 

McBee and co-workers, after fluorinating hexachloro-

benzene with bromine trifluoride followed by antimony 

pentai'luoride to give a product of average composition 

c6C14F7Br, dehalogenated the material with zinc dust and 

e.thanol. The perfluorocyclic compounds c6F6 , c6F8 and a 

number of unsaturated clilorofluorocyclic compounds c6F7Cl, 

c6F6Cl2, c6F7Cl3 , and c6P5Cl3 were isolate~ but no attempt 

was made to realise their configurations. 
6 

Johncock used zinc and butyl alcohol to dehalogenate 

cyclic c6F8c14 and cyclic c6F7C15• From cyclic c6F8c14 
he obtained cyclic c6F6 and octafluorocyclohexa-l,~diene 

in 20% yield, cyclic c6F7Cl in 10% yield,. cyclic 1H-c6F7.:.: 



1:4-diene, and a cyclic c6F7H, both in approximately 6% 

yield. 

cyclic c6F7C15 with the same reagents yielded 68,% 

cyclic c6F6 , 7% cyclic c6F5Cl and 4% of a cyclic c6F5H. 

Johncock
7
also investigated the action of potassium 

137. 

Using a solvent, methyl-

cyclohexane, he found that very little halogen was 

extracted, even with a molar ratio of KC8 :cyclic c6F9c13 
of 26:1 only traces of perfluorobenzene were obtained. 

Considerable reaction with the solvent occurred. 

When no solvent was used a vigorous reaction with 

flame ensued, and only 3 and 4% of perfluorobenzene and 

octafluor-ocyclohexa-1:.~diene r=especti vely-, w!jr-e obtained. 
6 

Johncock also investigated the poss;ibili ty of removing 

halogen from this type of compound by using organo~lithitun 

and organa-sodium reagents. 

With phenyl li thimn and cyclic c6F 11 Cl at room tempera

ture 40% starting material was recovered and 12% of the 

None of the anticipated cyclic 

c6F10 was found, and no other fluorine containing compounds 

were is:olated. 

With phenyl sodium, under the same conditions 38,% start~ 
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ing material was recovered, 6% cyclic c6F10 and 8% 

c6H5.c6F9 , again no other fluorine containing materials 

were recovered. In both these reactions about 30-4~ 

of the starting material was unaccounted for and this. was 

thought to be due to the instability of the cyclic c6F11M 

(M = Li, or Na:) formed by:-

However it is. di:t'ficult to see. why more cyclic 

c6F10 was not isolated if' this is the case since the normal 

reaction o:r a lithium f'luoroalkyl is the elimination o:r 

lithium fluoride to give a fluoro-ole:t'ine. 
9 

Recently Gething, Patrick, Stacey and Tatlow have 

r•eported the derluorination of perfluoro-cyclohexane and 

-cyclohexane derivatives:, to perfluorobenzene and the 

corresponding perfluorobenzenes, by passing them over a 

clean metal surface (iron or nickel) at 400°-600°. 

Perfluoromethylcyclohexane was de:t'luorinated at 500° 

over iron gauze to give a 25% yield of perf'luorotoluene. 

Similarly perfluoroethylcyclohexane at 490° gave a 2~ 

yield of perfluoroethylbenzene while perfluoro-p-dimethyl

cyclohexane at 660° gave a 45% yield o:r perfluoro-p-xylene. 

It was anticipated that chloro:t'luorocyclohexanes 



would be more susceptible to this process because of 

the weaker C-Cl bond present,and a programme of dehalo

genations was decided upon, using as starting materials·, 

the products from the fluorination of hexachlorobenzene 

with cobalt trifluoride, and the products from the 

vapour phase chlorofluorination of benzene. 
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CHAPT;Ell II 

DISCUSSION OF THE EXPERIMENTAL WORK 

AND THE RESULTS 
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DEHJiliOGENATIONS - DISCUSSION OF RESULTS 

When hexachlorobenzene was f'luorinated with cobalt 

trifluoride and cyclic compounds of general formula 

c6F1~nCln (n = 1 to 5) obtained it was assumed that all 

isomers of each molecular forrrmla were present. Other 
10,11,12 

workers have shown that the isomers have very similar 

properties di s·tilling over as· one unit and being inseparable 

by vapour phase chromatography on packings so far used. 

As yet no method has been fow1d of separating them. 

It is known that in fluorinations of this sort chlorine-

can ·be removed from, and then re-enter, the organic 

molecule j_n a different position. 
II 

Tatlow and Worthington 

fluorinated a-dichlorobenzene with cobalt trifluoride and 

However from steric con-

siderations we should not expect that the chlorine atom 

would attach itself to a carbon alr•eady bearing one. 

~so in the lithium aluminium hydride reduction of the 

cyclic c6F10c12 isomers obtained by Johncock, no 

1,1-dihydrodecafluorocyclohexane was obtained, although 

the cis- and trans- forms of the 1,2-, 1,3- and the cis 

form of the 1,4- dihydro- isomers; were shown to be present 
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(Johncock, op. cit. p. 45 et seq.). 

we can there~ore fairly safely assume that no gem-

dichloro-groupings are present in these materials and hence 

produce a reaction scheme, showing how possible dehalogena-

tion producta could arise, which considers the remaining 

isomers only. (see SCHIDAE I). 

In constructing this reaction scheme it is as.sumed 

that the tsomerisation and disproportionation reactions; 

which occurred with the cyclic per~luorodienes., and the 

isomerisation reaction which occurred with the cyclic 
13 

hydro~luorodienes. also occur with chlorinated cyclic 

~luorodienes. In the reaction scheme shown only the 

dehalogenations o~ cyclic c6F10c12 and c6F9c13 are outlined, 

since these two compounds~ gave significant amounts o~ 

chlorine containing product under the c;endi tions·. used, 

whereas the others did not. I~ all chlorine (together 

with the requisite amount o~ fluorine) is eliminated ~rom 

the molecule the products, ~rom all the compounds dehalo

genated, can only be cyclic c6F10 , the two isomeric cyclic 

per~luorodienes and cyclic c6 F6 • (This is o~ course 

ignoring possible products where ~ission o~ the ring 

occurs.) 

Inclusion o~ a detailed dehalogenation scheme ~or the 
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REACTION SCHEME I 

KEY d.f OEFI..UOR...INI\TION. 
DECHLOR.IN~TION 

NB. FLllOR.INE ATCIMS AK£ 

CO ~FjoCI2.... 

d.. c. 
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Cl 

Cl 
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r AI..L. ISOMk:RS 

OF Ct,F'ICI. 

111 .. 1.. I !>OM FRS 

oF c~,r·:Sl•-~ l 
Ct.f7Ct-., 

61 ONLY I)IENES AQ.ISING 8( DIIIEC.T I)E.~AI.OGENI'.TIO~I OF TilE MCH~O- Oi.EF•I·oE Ao<E. 

SWOW"'. ISOMEiti!.I\TIO"' CAN LEAD TO 1'\DDITIONAL .STI:!.UCTU~£5. 
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remaining cyclic c6F1~nCln compounds is: not there~ore 

really necess;ary since application of the principles 

illustrated enables the possible products. to be derived. 

A few remarks can however be made about the remaining 

compounds. 

Retention of the chlorine atom in cyclic c6F11cl 

leads· to all isomers of cyclic c6F9Cl c6F7Cl, and to 

chloropentafluorobenzene. 

Retention of varying amounts of chlorine in both 

cyclic c6F8cl4 and c6F7cl5 leads to chlorofluorocyclohex.enes;, 

chlorofluorocyclohexadienes and chlorofluorobenzenes. It 

is worth noting that complete removal o~ chlorine from 

cyclic c6F7c15 must give solely per~luorobenzene, this 

is·. not s:o f'or certain isomers o~ cyclic c6F9Cl4 • 

These dehalogenations almost certainly do not occur 

in the step-wise manner shown but some simplification 

had to be made to prevent the whole scheme from becoming 

too unwieldly. However even if several processes proceed 

together there can be no products other than those shown 

in the scheme. 

The results. o~ the dehalogenations carried out are 

given in TABLE I and show that under these. particular 

conditions only a few of the theoretically possible 

products are obtained. As was expected, chlorine. is 
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TABLE I 

Products: and ~ y~td f'r~T Starting 
. ater.i..a 

Starting H.eac"tor Cyclic vYCJ.lC GyCJ.J.C Cyclic Cyclic temp. 1:4- 1:3 Material oc C6F10 C6F8 c6F€ 
C6F7Cl C6F6 

Cyclic 625 COMPLETE DECOMPOSITION 

c6F11cl 350 

430 15 15.2 

Cyclic 430 15.4 30 

C6FloC12 375 25.7 2.2 5.6 10.9 

Cyclic 430 10.9 4.6 26.6 1ll.O 
~ ,,., CJ 
V6""'9 .&.3 340 0.5 5 •. 7 ~ -u 6.8 

Cyclic 430 70.0 

c6F8Cl4 

Cyclic 430 43 .. 5 

C6F7Cl5 

* This yield has been calculated using an 
average molecular weight. 

Startilllig 
MateriaU. 

69 

10.2 

22..5 



pref'errentialJ.y removed from the molecule, ai"ld in rur1s 

carried out at 430° the products from each compound 
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were mainly perfluorocyclohexene and/or perfluorobenzene. 

At this temperature only cyclic c6F9c13 gave B.J.'"lY 

significant yield of chlorine containing product. 

so this compound is probably not anomalous since the 

Even 

time of introduction of the material into the reactor for this 

run was shorter than usual (see Table1ZT:pl87). It was an 

extremely difficult taskm distil these materials into 

the reactor at a steady predetermined rate. we should 

in this cas;e expect less. conversion to perfluorobenzene 

and there is; little doubt that a run carried out with a 

more normal time of intro~u-ction would give: rne.i:nJ y 

perfluorobenzene as a reaction producto 

Very small amounts. of some chlorine containing 

material appeared in the vapour phase chromatograms of 

the dehalogenated products. from cyclic c6Fl2-nCln (n = 2 to 

5) as a small peak having a retention time somewhat greater 

than that of perfluorobenzene. Infra-red and analytical 

V.P.C. evidence indicated that this: was~ the same material 

in each case but its identity was not discovered. 

At first it was. thought that it might be chloro

pentafluorobenzene, but the authentic material was synthesised 
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(see p.~l6) and proved to have a much greater retention 

time and di~ferent in~ra-red spect~. Since the 

material arises ~rom, inter alia cyclic c6F10c12 it 

cannot contain more thm1 two chlorine atoms (~~ess 

chlorine can re-enter the organic molecule when ~erric 

~luoride and ~erric ~luoride are present, c.~. ~luorinations 

with cobalt tri~luoride). 

If chloropentafluorobenzene was ~ormed in these 

dehalogenations it can only have been in very small 

amounts since it was never detected by analytical v.P.C. 
In order to obtain more products containing 

chlorine cyclic c6F10c12 and cyclic c6F9c13 were dehalo

genated at lower temperatures of 375° and 340° respectively. 

Unfortunately there was• not enough of the tetrachloro-

and pentachloro- compounds to dehalogenate similarly but 

these would have certainly given interesting results. 

Both cyclic c6F10c12 and cyclic c6F9c13 gave rise 

to a chloroheptafluorocycloheXadiene which had a 

retention time on kieselguhr-tricres¥1 phosphate just leas 

than that o~ octafluorocyclohexa-1:3-diene and which 

could not be completely separated from it even at room 

temperature. Thus the material was. not obtained·. 

pure and its configuration could not be establiShed. There 
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are fi-ve possible stl"'uctures f'ol• the wolecule:-

Cl Cl 

0 0<1 0 c·o · c,o 
(a) (b) (c) (d) (e) 

It is considered that the conjugated 1: 3-diene would 

be more stable than the non conjugated 1: 4-diene, s~tructure 

(c) is not considered lil{ely because o'£ the great ease: 

with which chlorine and fluorine could be lost to yield 

cyclic c
6

F6 • 

(d) and (e). 

structure. 

The most lik.ely structures are those of 

Infra-red analysis supported a conjugated 

The presence o'£ substantial amounts of a material 

with this structure does not nee.es;s.arily mean that chloro-

pentafluorobenzene should als-o be present, arising from, 

the defluorination of the diene. It could be that 

under the milder reaction conditions used further 

removal of fluorine would not occur to aromatise the 

molecule. This is not invalidated by the presence of 

an 11~ yield of perfluorobenzene since this could 

quite easily have arisen rrom the decblorofluorination o'£ 

~he 1,2,~ and 1,3,5-trichloro- isomers (see, reaction 

scheme I 2(a)). 

What is more likely is that isamerisation of (d) and 
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(e) takes place to give (c) and hence perrluorobenzene 

as previously explained. In view. of the greater 

ease with which chlorine is removed this is to be 

expected. 

Isomerisation of the octafluorocyclohexadienes. has been 

reported and also an isomerisation of a cyclic heptafluor~ 

diene which has. some bearing on this· point.
13 

1H-hepta-

fluorocyclohexa-1:3-diene on defluorination over steel 

Dixon gauzes at 570° gave pentafluorobenzene and a small 

quantity of hexafluorobenzene which was probably formed by 

dehydrofluorination of the isomeric 6H-heptafluorocyclo

hexa-li.: ~diene with a )CHF group. 

As will be seen from an inspeetion of the reaction 

scheme, perfluorocyclohexene can arise by direct dehalo-

genation or by disproportionation of an intermediate 

fluorodiene. This latter process doea not take place 

to any great extent (Gething et al. loc. cit.) but will 

account for the formation of the small amount of perfluoro.:.. 

cyclohexene from cyclic c6F9c13 , since this cannot arise 

by direct dehalogenation. 

Perfluorocyclohexene was not detected in the cyclic 

C6F8Cl4 reaction product although it could arise by the 

dechlorination of the 1,2,3,~ and 1,2,4,5- tetrachloro

isomers and disproportionation of the cyclic diene formed. 
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There are obvious lines; along w.hich f'tu.,thei"' work 

could proceed, the dehalogenation of cyclic c6F8c14 

and cyclic c6F7c15 at a lower temperature would probably 

give rise to interesting products, although it seems 

unlik~ely that chloropenta:f'luorobenzene would be produced 

in this way. It is clear that reactor temperature., 

nitrogen flow-rate, and through-put rate, greatly affect 

the nature and yield of products, and this; aspect could 

be looked into with a view to improving the yields. 

II. Materials produced by the action of' chlorine tri
fluoride on benzene in the vapour phase 

After dehalogenating the pure chlorof'luorocyclohexanes 

it was a:n obvious. step to dehalogenate the rnaterial 

produced by the action of chlorine trifluoride upon 
'2.,3 

benzene in the vapour phase, since other workers in this 

laboratory had shown that this material, produced in 

reactions with a variety of chlorine trifluoride-benzene 

ratios, contained chlorofluorocyclohexanes of general 

fornmla c6F 12_nCln (n = 1 to 4) and cyclic material of 

general formula c6F Cl H (x + y + z = 12)o x w z· 
There was, however, also the possibility that if 

good yields. of perfluoro- and pentafluoro- benzenes were 

obtained, then there would be available a two stage route 

to these useful aromatic compounds, starting with readily 
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available benzene anQ chlorine trifluoride. There would 

possibly be some advantage in this proces.s over that 

using cobalt trifluoride where discontinuity ia 

introduced by the regeneration of the fluorinating agent. 

A further advantage would be the possibility of 

obtaining some chlorofluoroaromatics especially if the 

chlorofluorination product conta.ined some gem dichloro.:.; 

groups, a point which has never been resolved. 

Reaction product was. available from a run where a 

very large chlorine trifluoride- benzene ratio was: used 

and it was argued that this. should contain very little 

hydrogen containing material and consist mainly of 

cyclic chlorofluorocarbons. 

EXPlor-atory dehalogenations at 380°-400°, however, 

yielded products which gave complex vapour phase 

chromatograms whereas if the materials present had been 

mainly c~clic c6F12_nCln (n = 1 to 4) compounds simple 

products, as described. earlier, should have been obtained. 

It was therefore decided to look more closely into the 

composition of this reaction product, and the results 

obtained must be discussed with some reference to 

previous chlorofluorinations. 

R.E. Banks. (op. cit., p. 64 et seq.) carried out 

two large scale chlorofluorinations of benzene. Chlorine 



trifluoride and benzene separately diluted with 

nitrogen were passed through a concentric tube burner 

and allowed. to react within an iron tube packed with 

copper clippings, the products being collec·ted in cold 

traps. 

Dr. W.K.R. Musgrave used the same apparatus to 
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carry out a further run. The reactant ratios and other 

relevant data are summarised in TABLE II. 

Worker 

BANKS 

MUSGRAVE 

TABLE II 

~g~g ClF ClF3J' N2(1) N2(2) Run Fee& No. C6H6 
rate rate mole. L./H:r. L./Hr. 

Moles/hr. Moles/hr. Ratio 

1 o. 248. 0.460 1.85:1 4.0 24.0 

2 0.109 0.714 6. 53.::1 4.0 24.0 

1 0.2-36 0.476 2.0ll: 1 4.7 10.9 

Nitrogen flow rate through the benzene vaporiser. 

Nitrogen flow rate through the centre annular 
space of the concentric tube b~~ner. 

The material obtained from Bank~s; first run, a complex 

product containing about 20% unreacted benzene was distilled 

through a 60 plate concentric tube column into a number of 

azeotrope a:, no pure compounds being obtained ( op. cit. 

p. 104 et seq.). 
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The advent of vapour phase chromatograptcy allowed a 

partial separation of the fractions with b.p. 130° and 

some pure materials were isolated. 

cyclic c6F9c13 , c}:l~orofluorocyclohe.x.anes containing 

hydrogen, and the aromatic derivatives chlorobenzene and 

a mixture of the isomers of chlorofluorobenzene were 

obtained in this way. 

The efficient fractionation used by Banks only 

served to distribute the components between a large 

number of az.eotropes. and Johncock ( op. cit. p. 27 et seq.) 

realising this then examined the material from Dr. Musgrave's 

chlorofluorination run, by roughly fractionating it 

through a 20 plate concentric tube colt1mn, and separating 

the first two f'ractions, boro {55°-85°) and (85°-135°) 

by vapour phase chromatography. 

The first fraction consisted of only three components, 

cyclic c6F11cl, cyclic c6F10cl2 and benzene, the latter 

being about 30% of that initially reacted. 

The second fraction was. more complex but consisted 

predominately of three components which were isolated 

and characterised as cyclic c6F9c13 , chlorobenzene, and 

cyclic c6F8c14 • 

Direct comparis:on of the amounts. of each compound 

isolated by Banks and JolulCock is impossible because.- of 
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the different boiling fractions taken and the different 

recoveries. obtainable on the respective chromatography 

units used in their separation. However if we take 

Bank's combined fractions b.r. (79.5°~130°) to correspond 

roughly to Johncock's b.r. (55°~135°) material we can 

find the amounts of each compound obtained per 100 g. 

of unseparated material. This; has been done in TABLE III. 

o· b.r. C' 

wt.(g.) 

C6H6 (g.) 

c6F 11 Cl (g.) 

C6F 10Cl.2 (g. ) 

c
6

F9 C13 (g.) 

c6F8c14 (g.) 

c6H4C1F (g.) 

c6H5Cl (g.) 

other hydro-
gen contain-
ing materials 

TABLE III 

BANKS 

79.5-129.5 

100 

55.6 

1.71 

3.58 

7.72: 

o. 86 

30.53 

.JOHN COCK 

5~135 

100 

3A.,6 

2.98 

14.40 

18.70 

11.88* 

* These contain an unspecified amount of p-chlor~ 
fluorobenzene. 

It is clear that the lower nitrogen dilution and the 



slightly increased chlorine trifluoride benzene ratio 

has caused greater conversion to chlorofluorinated 

products. 

From the foregoing results one would expect that 

Bank's: second run material, produced us'ing a six-fold 

excess of chlorine trifluoride should contain mainly 

saturated chlorofluorocarbons and less hydrogen 

containing material. 
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The reaction product from the second run was distilled 

through a 14-plate helices packed column (see distillation 

curve on p. 189) and each fraction was vapour phas:e

chromatographed under standard conditions. It was hoped 

that by running a calibration cuPve of a mixture of knovm. 

weights of the cyclic c6F12_nCln (n = 1 to 5) materials 

it would be poss~ible to get a quantitative estimate of the 

components. present. When it was shown later that much 

hydrogen containing material was. present this idea was: 

abandoned, and it was decided to apply preparative 

scale vapour phase. chromatography to the separation of 

some fractions· .• The materials separated were, where 

possible, identified by halogen analysis and analytical 

V.P.C. In this way the quru1titative compos~ons of some 

fractions were obtained; the compositions of the fractions. 

not separated in this way were calculated from chromatographic 

peak areas:. 
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If we, as before, assume a rough correspondence 

between the 66°-130° combined fractions and those similar 

boiling range materials from the other tw.o chlorofluorination 

runs described then in 100 g. of this. material there are 

present 2.05 g. cyclic c6F11cl, 34.2 g. cyclic c6F10c12 
and 63.75 g. hydrogen containing material (containing no 

unchanged benzene). 

It is remarkable that so much hydrogen contad.ning 

material is pres·ent but this, judging from the other 

results, could amost certainly be reduced by using a smaller 

ni~rogen dilution in the outer concentric tube during the 

halogenation. There seems to be no explanation for the 

absence of cyclic c6F9c13 since it was detected in the 

similar boiling range material by the previous two workel·a. 

The isolation of cyclic c6F8c14 by Johncock is rather 

surprising even allowing for the higher upper limit of 

the boiling range of his material. There is of course 

complex azeotrope formation with thes·.e materials, and 

poss·.ibly the distribution of components may be appreciably 

differe nt in each case. 

The main point to note is that the overall analysis 

figures fOf' cmcl'li fraction ( s:e.e p.l88 ) are rather misleading 

when it is realised that the substitution of one or tw.o 



fluorines and in some cases chlorine by hydrogen in 

chlorofluorocyclohexanes has relatively little effect 

on the halogen figures, as shown in TABLE IV. 

TABLE IV 

COMPOUND "Cl faF 

C6F10Cl2 21.3 57.1 

c6F9Cl:zH 22.5 54.3 

c6F8Cl~2 23.8 51.2 

c6F9Cl3: 30.5 49.0 

c6FaC13H 32.1 46.0 

c6F7Cl3H2 33.9 42.5 

c6F8Cl4 38.8 41.5 

c6F7Cl4H 40.8 38.2 

C6F70l3H"2 33.9. 42.4 
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Knowing the identity and amount of the cyclic chlorofluoro

carbons present in a particular fraction and the halogen 

analysis figures for the whole fraction the figures for 

the remaining material can be calculated. When this; 

was done the resultant figures were not incompatible 

with the presence of trihydro- compounds in even the highest 

boiling fractions. 
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we are nmv in a position to discuss. the actua:l 

dehalogenation resul ts•. 

Results of dehalogenations 

The product obtained by dehalogenating each fraction 

at 500° had always a simple composition, perfluorobenzene, 

pentafluorobenzene, and fluorobenzenes containing more 

hydrogen being present in ea.ch case .• The results. are 

sumrnari sed in TABLE : ·v below, where the weight percentage· 

composition of each dehalogenate~ product is given. (For 

the actual experimental results see: TABLE W p.2.12 ). 

Fr-action 
b.r. 0 c 

100-110 

110.:.;.120 

12~1.30 

130-150 

15()...:165 

Combined first 
two fractions; 
of residues 
distillation. 

TABLE . V 

·" C F in prBdHct 

36 

48 

15 

24 

20 

28 

% C F Hl 
in BrSduct 

% C F ~-
in Br80.uc~ 

26 38 

34 18 

52 33 

31 45 

32 48 

28 44 

Note:: calculated assuming complete gas chromatographic 
recovery. 

There is no real point in trying to correlate the 
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amounts of perfluorobenzene and pentafluorobenzene formed 

with the amounts: of chlorofluorocyclohexanes and hydro-

chlorof'luorocyclohexanes present in the s~tarting materials, 

because of the poss:ibili ty that loss. of hydrogen f'luoride 

occurs from the hydrogen containing compounds to give, 

perf'luorobenzene. A cas.e of this: has already been noted 

in connection vdth the defluorination of lH-heptafluoro
•3 

cyclohexa~1:3-diene. In the case of products containing 

chlorine there is also the additional poss:ibili ty that 

hydrogen chloride might also be lost. 

Despite this there seems to be reas;onable agreement 

between the composition of' the st·arting materials and the 

dehalogenated products;. For example there is a high 

proportion of perfluorobenzene in the product from the 

(110°-120°) fraction known to be about 70% cyclic c6F10cl2 
by weight. Also the (120°-130°).f'raction containing 

about 90% by weight of hydrogen containing compounds gave 

a smaller yield of perfluorobenzene and correspondingly more: 

pentafluoro~enzene. 

The rather small amount of perfluorobenzene in the 

product f.rom the (150°-165°) and residues; material can 

perhaps be explained by noting that a reactor temperature. 

of 430° was sufficient to convert the pure cyclic c6F8Cl4 
almost completely to perfluorobenzene whereas here ·a 



temperature or 500° was used on materials estimated to 

contain ca. 3~ and 60% by weight of the tetrachloro-
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compound. It is significant that after the completion 

of the dehalogenation runs on the pure cyclic c6F1~nCln 

(n = 1 to 5) compounds, the gauze reactor packing was 

~uite clean, whereas after the dehalogenation runs on 

the chlorine trifluoride-benzene products the meshes were 

largely encrusted with deposits of carbon. 

Some of the fluorine analysea on the pentafluorobenzene 

cuts were low and it was thought that perhaps the material 

was contaminated with an isomer of tetrafluorobenzene 

which was inseparable from it on the column packing used 

(kieselguhr-tricresyl phosphate). The infra-red spectra 

of all samples of pentafluorobenzene isolated from these 

dehalogenations however were almost identical with that of 

an authentic sample. 

After separating the perfluorobenzene and pentafluoro

benzene there remained material which gave three over

lapping peaks and which was in each case separatea as. one 

cut. Analytical V.P.C. showea that the peaks corresponded 

to each other in each separate cut and the infra-red spectra 

or all cuts were virtually the same. Halogen analyses 

carried out on cuts from dehalogenated fractions 2• 

{b.r. 100°-110°) and 5, {b.r. 130°-150°) showed the absence 
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o~ chlorine which must there~ore be absent in all cuts. 

The infra-red spectrum had a strong absorption at 

1515 cm.-1 which was characteristic o~ an aromatic ring, 

and a C-H band at 3086 em. - 1 

This evidence, together with the fluorine analyses;, 

suggest that these later cuts consist of' mixtures o~ 

iaomere of tetraf'luoro- and trif'luoro- benzenes. Unfortunate-

ly authentic samples: were not available f'or analytical 

vapour phase chromatography and infra-red calibration, and an 

attempteddef'luorination of' cyclic c6F10H2: at 600° yielded 

a small quantity of' material giving an inexplicably low 

fluorine analysis. Lack of' time prevented any further 

investigation of' this point. 

On the packings which were available at the time 

these later peaks could not be resolved completely. 

It would probably be possible if' enough material was. 

available, to isolate a sample of' each peak by tedious 

recycling processes. Apart f'rom the f'act that time did 

not permit this, contamination of the product with column 

packing usually occurs in this proces:s, and it would ba 

preferable to sea1~ch fo1 ... a more ef'f'icient stationary phase .• 

Only in the case o~ the ( 100°-110°) fraction was: 

product f'rom a dehalogenation at a lower temperature, 380°, 

examined closely. This fraction before dehalogenation 
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contained about 7~ by weight of cyclic c6F10cl2 and the 

products isolated and identified, were those expected 

from this compound at this temperature, i.e. cyclic 

c6F10 , c6 F7 Cl, 1:4- and 1:3- c6F8 , c6F10c12: and c6F6 • 

About 20% by weight of the product was pres;ent as material 

giving unidentified peaks, and these were presumably 

hydrogen containing compounds. 

Fraction (5), b.r. (130~150) and fraction (6) b.r. 

(150°-165°) when dehalogenated at about the same tempera-

ture gave complex products which were not investigate~ 

further. 

Posaible use as a method for preparing perfluoro- and 
pentafluorobenz:ene 

The amounts of cyclic c6F6 and c6F5H obtainable from 

each distillation fraction, and hence from the whole of 

the chlorofluorination product have been calculated. 

(The 66°-100° fraction was not dehalogenated but no 

serious error is introduced, considering the general accuracy 

of the calculation, if we assiume it would give the same 

amounts. of cyclic c6F6 and c6F5H as. fraction (2)). 

From 464 g. benz_ene, 54 g. cyclic c6F6 , 67 g. 

cyclic c6F5H and 78 g. cyclic c6F6_~x could be obtained. 

These represent overall yields: of 5 and 7% of cyclic c6F6 
Since these figures are base~ on 



165. 

amounts; obtained from single dehalogenations, and single 

chromatographic separations they could be subject to 

rather wide variations. No doubt by suitably adjusting 

the dehalogenation temperature these yields; could be 

increase~, but not greatly. 

The pure. cyclic c6F12_ncln (n = 1 to 5) materials 

gave better yields of perfluorobenzene especially the 

tetrachloro- and pentachloro- compounds (see: TABLEip147). 

Unfortunately we cannot obtain the potential yield of 
0 

perfluorobenzene from the fractions which contain these 

materials, because the presence of hydrochlorofluorocyclo-

hexanes. compels one to use a higher reactor temperature 

to give a separable product. It would seem to be 

extremely di~ficult to substitute all the hydrogen during 

the chlorofluorination process, probably the chlorine 

and fluorine atoms already added shield the remaining 

hydrogen atoms from further attack. Nevertheless the 

effect of all variables on the chlorofluorination proces.s 

have not been fully explored, and it is certain that 

improved yields. of chlorofluorocyclohexanes containing 

less· hydrogen could be obtaineda For example the slightly 

increased chlorine trifluoride-benzene ratio, and the halving 

of the nitrogen dilution greatly simplified the chloro-

fluorination product separated by Jolmcock as compared to 

that of' Bank's. 



It would be advantageous to dehalogenate the 

chlorofluorination product without prior distillation, 

and it is clear that this could be done. However it 
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is quite likely that fox- optimum yields of perfluorobenzene 

from cyclic 06Fl2-nCln (n = 1. to 5) compound~ a tempera-

ture decrease is required as; n goes from 1 to 5. If a mix-

ture of chlorofluorocyclohexanes containing little hydrogen 

containing compounds. was made by the chlorofluorination 

process dehalogenation in one step would not give the 

optimum yield of perfluorobenzene. 

Figures are not available for the yield of perfluoro~ 

benzene from cyclic c6F12 but yields of perfluorotoluene, 

perfluoroethylbenzene, and perfluoro-p~xylene from the 

corresponding perfluoro- alycyclio compounds: range fxoom 

2~45J', and yields of perfluorobenzene from a one stage 

dehalogenation of a mixture of chlorofluorocyclohexanes 

would certainly compare favourably with thes:e. 

Future work 

The nature of future work follows naturally from the 

discussion above; an improvement in the chlorofluorination 

process and detailed investigation to find the optimum 

dehalogenating conditions for the product. Also a neW! 

stationary phase is required which will enable vapour 
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phase chromatographic sepal~ation of the cyclic C0F lz.;.;:x:Hx. 

materials while still separating cyclic c6F6 and C6F5H. 

If chlorine trifluoride and hexachlorobenzene 

reacted to give good yields. of chlorofluorcyclohexanes 

then reas:onable yields of perfluorobenzene would be 

obtained from the dehalogenated product, since the 

complications arising from hydrogen containing materials: 

would be avoided. Especially interesting would be the 

possibility that gem dichloro-groups could be present and 

might give rise to chlorofluorobenzenes. As a."1 exarnpl e 

we could imagine a compound, produced by addition of chlorine 

trifluoride followed by some fluorine substitution, 

dehalogenating as follows;:...; 

Cl '0:{ F' F C'l 
Cl F 

F Cl 

Fe @ 
Cl 

0 
F Cl 

Although hexachlorobenzene is more expensive than 

benzene, in the actual chlorofluorination process 

no fluorine would be lost as- hydrogen fluoride. Since 

fluorine, in this case in the form of chlorine trifluoride, 

is the most expensive i tern this tends; to outweigh the 

initial expense of the hexachlorobenzene. 
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CHAPTER III 

EXPERIMENTAL WORK 
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DEHALOGENATIONS BY HEATED REDUCED IRON 

APParatus 

The general arrangement of the dehalogenator is: 

given in diagram I. 

A mild steel tube, 44" long and 2" in diameter, 

was packed with 1,260 g. of iron gauze in the form of 

a tightly wound roll. At the outlet end of the tube 

was hard soldered a disc bearing a 916" diam. copper 

outlet tube. 

The inlet end of the reactor tube was sharpened to a 

knife-edge, after a mild steel annulus had been hard 

soldered a short distance do¥m the tube~ A steel disc,. 

5A -bear·ing a /.~.6n diam. copper inlet tube and carrying an 

inlaid aluminium washer into which the knife edge. 

bedded, was. bolted to the annulus to form the seal (see 

diagram II). 

The reac·tor tube was heated by three 1 kw. rod-type 

electrical heating elements placed longitudinally around 

the lower half (see diagram II- end view). These elements· 

were individually controlled by Simmerstats.. The tube, 

and heaters were surrounded by firebricks encased-in an 

open topped aluminium box, the slotted ends of which 

supported the tube. Additional support for the tube was; 
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provided by small pieces of firebrick placed underneath 

it at intervals:. 

The temperature at points; along the tube was 

measured by three chromel-alumel thermocouples cemented 

into position by fireclay cement. 

Attached to the copper inlet tube by a short length 

of silicone rubber tubing was the system used for 

introducing the organic material into the reactor. 

is dmscuss;ed in more detail later. 

This 

At the outlet end two liquid air cooled traps were 

used to condense the product, the first being attached to 

the outlet tube by a copper glass seal. 

Experimental procedure: 

{a) Introduction of sample 

Two methods; were used, depending upon whether the 

material to be dehalogenated was a li.quid or solid at 

room temperature. 

( i) Liquids: 

For l:li.quids the system was set up as: in diagram I. 

Oxygen free nitrogen was; pas;sed through the apparatus 

at ca. 4 litresjhr. for about 90 rnins., and the two 

outlet traps then cooled in ~uid air. A weighed 
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quantity of the material to be dehalogenated was: placed 

in the dropping funnel which waet then purged with 

nitrogen at an increased flow rate f'or a rew minutes~. 

The nitrogen flow 1•ate was. set, and the oil bath heated 

rapidly to the desired temperature, and maintained there 

while the liquid was: dropped into the vaporising flask 

at a rate such that little liquid collected there at 

any time. 

When high boiling liquids were used a Sirmn.erstat 

controlled heating tape was wound round the reactor inlet 

tube. 

After all the liquid had distilled in the nitrogen 

flow was~ conti n Ufld for a further two houl'c. to sweep out 

all remaining organic material. The traps were then 

allowed to warm up, and the product removed. 

(ii) Solids 

For the introduction of solid materials the system 

in diagram I was~ al tere<fL slightly, a single necked R/B 

flask replacing the two necked one, and having a single 

nitrogen lead in. 

A stream of oxygen free nitrogen (ca. 4 1./hra) was 

allowed to flow through the apparatus for about 90 mins. 
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The f'lask in position was, then replaced by one· 

containing a weighed amount of organic sample which was 

then cooled in liquid air. Nitrogen was· then allowed 

to flow through the apparatus for about 90 mins. to 

remove all traces of introduced air. 

The flask was allowed to warm up and the nitrogen 

flow set. An oil bath preheated to a temperature 

above the boiling point of the sample was: placed round 
I 

the flask and the material distilled in, the oil bath 

being maintained at the same temperature .• Again, if the 

material was; high boiling a heating tape was wound round 

the inlet tube. 

(b) Nitrogen flow control 

An oil filled flow meter, whi.ch had been calibrated 

in position in the system by collecting emergent nitrogen 

from the final trap over water~ was~ placed before the 

vaporising flask. 

The calibration was repeated before each run as an 

additional check. 

(c) Temperature control 

The temperature along the 20" betwee.n the two outer 

thermocouples: varied along the length by a maximum of 15°, 



175. 

but was constant throughout any run. outside this 

length the temperature fell off towards: the reactor ends .• 

The reactor temperature quoted in subsequent discussion is 

the temperature of' this middle section. 

The thermocouples; were insensitive to temperature: 

changed due to reaction inside the tube although this 

effect was looked for. 

(d) Contact tim:e 

A measure of the contact time can be obtained as 

follows:· . .:. 

tube length 1~0 ems., internal diam. 4.4 ems. 

v/t. of gauz.e 1260 g., density 7. 7 g. fcc •. 

Empty volume of tube iS; rr (2o2-)Holl0 

or ~ 1500 ce:s. and contact time is: 

1500/30 or 50 mins. 

1260 
7.7 

Observation during a run how.ever, showed that white. 

fumes; appeared on the outlet side in less time than this. 

and determination of the flow at this period by water 

displacement showed a greatly increased rate. It 

appears that the vapour expands. through the reactor under 

its own vapour pressure, and for this; reas·on a conta.ct 

time will not be quoted. 

After the organic vapour llad passed through the 



reactor the flow always returned to the initial set 

rate. 

(e) Regeneration of a clean iron surface b~ J2ass:age: 
of hydrogE!n 

176. 

After each dehalogenation the iron gauze was regenerated 

by passing hydrogen over it at a rate of ca. 20 l:iLtres:/hr. 

until fumes of hydrogen fluoride were no longer visible. 

This took from three to twelve hours depending on the 

amount of material which had been dehalogenated. 

The regeneration was carriea out at temperatures between 

400° and 600° • 

Towards· the end of the series of' dehalogenations: 

carried out on the chlorine trifluoride-benzene reaction 

products it became apparent that the reactor was blocking 

up. On removing the gauze thick deposits of carbon were 

noted, and these were removed, after unrolling the gauz:e, 

by wire brushing, followed by steeping in s:trong sodium 

hydroxide solution. 



DEH.A:LOOENATION OF CYCLIC C6F12 Cl -n n 
MATERIALS ( n = 1 to 5) 

177. 

Chlorofluorocyclohexanes of general formula 

c6F12_nCln (n = 1 to 5) obtained by the action of cobalt 

trifluoride upon hexachlorobenzene, were dehalogenated 

by passing them over a clean heated iron surface. The: 

general method of sample introduction, and operation of 

the apparatus has. been described earlier, each run 

used the standard procedure. 

The dehalogenated material was in each case: analysed 

by analytical v.P.C. and then separated wholly, or in part, 

on a preparative vapour phase chromatography column. 

The separated materials were ~~alysed for chlorine and 

fluorine a.."'ld their identity conf'i11ned by vapour phase 

chromatography and by infra-red spectra, in comparison 

with standard samples .• 

Exploratory r-uns 

us~;Lng cyclic c6F 11 Cl as the test material dehalogena

tions were carried out at various temperatu~es. At 

600P almost complete decompos.i tion occurred while at 350° 

mainly starting material was recovered. At 430° a 

reasonable conversion of material was obtained and this• 
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reactor temperature was used in all subsequent experiments., 

unless stated to the contrary. 

Monochloroundecafluorocyclohexane 

10.4 g. cyclic c6F11cl gave 3.7 g. product. Analytical 

V.P.C., kieselguhr-dinonyl phthalate at 90° showed that 

peaks due to cyclic c6F10 and cyclic c6F6 were present,. 

and negligible starting material. 3.0 g. were separated 

by preparative V.P.C., kieselguhr-dinonyl phthalate 

(16' column) at 90°, p.d. 15 ems .• Hg,. nitrogen f'lowrate 

175 rnls./min., giving:-

cut (1) 1.05 g. Analytical v.P.C., kies;elguhr

dinonyl phthalate at 60° gave a single peak coincident with 

Calculated for 

The identity was confirmed by 

an infra-red spectrum. 

cut (2) 0.75 g. Analytical V.P.C. kieselguhr-dinonyl 

phthalate at 60° gave a single peak, coincident with that 

due to authentic cyclic c6F6 • Found: F, 61.4%; c6F6 
requires F, 61.~. Identity was confirmed by an infra-

red spee:trum. 

Dichlorodecaf'luorocyclohexanes 

(a) At 430° 

9.8 g. yielded 3.81 g. product. Analytical V~P.Ce, 
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kieselguhr-dtnonyl phthalate e.t. 95° gave peaks for cycl:iic 

c6F10 , cyclic c6F6 and a small later peak, in order of 

retention times. 3.81 g. were separated on a 16 1 kieselguhr

dinonyl phthalate column at 110°, p.d. 2.6 ems. Hg, nitrogen 

flowrate 200 mls.finin., giving::-

cut {1) 1.21 g. Analytical V.P.C., conditions as·. 

before, gave a single peak coincident with that due to 

authentic cyclic c6F10• Found: F, 71.2%; c6F10 requi~es; 

F, 72.6%. Identity was confirmed by an infra-red 

spectrum. 

cut (2) 1.70 g. Analytical V.P.C. indicated that 

the small later peak was still present, and the material 

was recycled on 16 1 kiesel~~hr-tricre~l phosphate at 94°, 

but 'tailing' of the main peak occurred as before and no 

separation was; obtained. An initial cut was therefore 

taken. Found:: F, 61. 3%; cyclic c6F6 requires; F, 61.2%. 

Assuming equal response for the two components calcu

lation of peak areas showed that the original cut was 97% 

cyclic c6F6 , while an infra-red spec:trum showed peaks 

additional to those of perfluorobenzene at 1179, 1073, 968 ,. 

943, and 719 cm.-1 

(b) At 375° 

22 •. 7 g. of cyclic c6F10c12 gave 16.5 g. product. 
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Analytical v.P.D., kieselguhr-tricresyl phosphate showed 

that peaks due to, cyclic c6F10 , unknown material and 

cyolic c6F10c12 were present, in order of retention times. 

At this reactor temperature no cyclic c6F6 and the 

following later peak material were produced. 

5 g. were separated by preparative V.P.c., kieselguhr

tricresyl phosphate at 85° p.d. 18 ems. Hg, nitrogen flow

rate 160 mls./min. to give:-

cut (1) 1.39 g. Analytical V.P.C. kieselguhr-

tricresyl phosphate at 60° gave a single peak coincident 

with that due to authentic cyclic c6F 10• Found:· F, 70.1%;; 

c6F10 requires F, 72.6%. An infra-red spectrum showed 

that some absorptions due to octafluorocyclohexa-1:4--diene 

were present a 

cut (2) 0.90 g., unknown material. FOW1d:: F, 67. 9 ;: 

Cl, 10 .3%, corresponding to no definite compound. .An 

infra-red spee;trwn showed that some octafluorocyclohexa-1: ~ 

diene, octafluorocyclohexa-1: 3-diene and a small quantity of 

cyclic c6F10 were present, together with material giving 

the additional absorptions at:.- 1290, 1188, 1111, 1078, 1044, 
~1 961., 877, and 862: em. 

These are characteristic of a monochloroheptafluoro

cyclohexadiene isolated later on from the dehalogenation 

of the b.r. (100°-110°) fraction from the benzene-chloro

fluoriri.ation product (see· p.207). 



Analytical V.P.C., kieselguhr-tricresyl phosphate 

at 19°, p.d. 6 ems. Hg, nitrogen flowrate 16 mls./min. 
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resolved this material into three components, in order of 

retention time, cyclic-1:4-diene, a chloroheptafluorocyclo-

hexadiene, and cyclic-1:3-diene. The identity of the 

1:4- and 1: 3- cyclic dienes was confirmed by coincident 

retention times. with authentic materials .• 

Assuming equal response and calculating from peak 

areas there were present 0.1 g. cyclic-1:4-C6F8 , 0.54 g. 

cyclic c6F7Cl and 0.26 g. cyclic-1:3-C6F8 • 

cut (3) o.7o g. Analytical V.P.C. kieselguhr-

tricresyl phosphate at 19° gave a peak coincident with 

that for cyclic c6F10c12 and the identity of the material 

was confirmed by an infra-red spectrum. 

Trichlorononafluorocyclohexanes; 

(a) 0 ·At 430 

12.3 g. cyclic c6F9c13 gave 6.2 g. product. Analytical 

V.P.C., kieselguh~dinonyl phthalate at 70° showed peaks. 

due to the cyclic-1: 4-diene, unidentified material, cycli.c 

c6F6 and starting material, in order of retention times. 

6.19 g. in four runs were separated by preparative 

V.P.C. on 16' kieselguh~dinonyl phthalate at 80°, p.d. 

34 ems. Hg, nitrogen flowrate, 200 mle./min., to give:~ 
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cut (1) 0.85 g. Analytical V.P.C. kieselguhr~ 

tricresyl phosphate at 68° gave a single peak coincident 

with that due to the cyclic 1: 4-diene. Found: F, 65. 2.; 

Cl, 2.2%. c6F8 requires: F, 67.9%o P..n infra spec.trum. 

gave additional absorptions at 1290 and 862 cm.-1 

characteristic or a chloroheptafluorocyclohexadiene. 

cut (2) 2.60 g. Analytical V.P.C., kieselguhr-

din.onyl phthalate at 69°, gave a single peak. Found: 

Cl, 12.7; F, 61.2%, not corresponding to a definite 

compound. .An infra-red spec.trwn showed that cycl:ii.c 

1:3-C6F8 was present ~ogether with a cyclic c6F7cl, charact

eristic absorptions for the latter being present at 1290, 
-:lL 962 and 862 ern. From the analytical figures the 

material contained 2.24 g. cyclic c6F7Cl and 0.36 g. cyclic 

1:. :>-c6F 8 • 

cut (3) 0.72 g. 
. 

Analytical V.P.C. kieselguhr-tricresyl 
0 

phosphate at 68 gave a single peak coincident with that 

Found: Cl, 2.5; F, 59.~. C F 6 6 

requires; F, 61.2%. .An infra-red spectrum showed additional .. _ 

absorptions at 1250, 1235, 1212, 1190, 1145 1109, 943, 926, 

900, 813, and 800 crn.- 1 This material was recycled on a 

16' kieselguhr-tricresyl phosphate column at 60° and an 

initial cut taken. Found:. F, 58. 2%. c6F6 requires. F,. 

61.2%. An infra-red spectrum showed, however, that the 

material was substantially pure cyclic c6F6 • 
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In an attempt to produce more chlorine containing 

material the reactor temperature was lowered to 340°, 

and a further dehalogenation carried out. 

(b) At 340° 

30 g. gave 21.8 g. product. Analytical V. P. c. ,. 
kieselguhr=tricresyl phosphate at 94° gave peaks due to, 

a trace of cyclic c6F10 ,. cyclic 1::~diene, uilknown 

material, trace cyclic c6F6 , unknown material 'z! and 

starting material (in order of retention times). 

The product was distilled through a 30-plate concentric 

tube column to give fractions. as follows: (1) b.r. 

(48-65°), 0.44 g.; (2) b.r. (65°.;..77°), 0.60 g.;: (3) 

.A..J.alytical V .P. C., kieselgulu•-tricr·esyl phosphate at 

94°, showed the qualitative and quantitative composition 

of the fractions to be as follows:~ 

Fraction No. Compound and Wt. (g.) 

1:4.- *(1: 3-C~F8 
C6F10 C6F8 + c6F7C ) C6F6 'z' c6F9Cl3 

(1) 0.04 0.20 0 •. 20 

(2) 0.03 0.21 0.361 

(3) 0.36 4.11 0.16 0.52 

Residue 7.40 0.31 1.50 6.10 

* These materials do not s;eparate on kiesel~T.C.P. 
at 94°, and it was not until later that the material was 
shown ~o have this composition. 
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Tetrachloro-octafluorocyclohexanes. 

11.04 g. gave 4.1 g. product. Analytical V.P.C., 

kieselguhr-tricresyl phosphate at 139°, showed that 

perfluorobenzene was the only component • no uncha.'lged 

starting material being pres;ent. At 9~0 a small later 

peak separated, just after the perfluorobenzene. 

4.1 g. were separated on a ~6 1 kieselguhr-dinonyl 
0 phthalate column at 88 , p.d. 32 ems. Hg, nitrogen 

flowrate, 175 mls./rnin. to give:~ 

cut (1), 3.95 g. Analytical V.P.C. kieselguhr-dinonyl 

phthalate at 91° gave a single peak. 

F, 58.0%. c6F•6 requires:: F, 61. 2%. 

Found: Cl, 2.9%; 

An infra- red. 

spectrum gave weak absorptions additional to those of 
. -1 perfluorobenzene at 1181, 107~, 962, 943 and 8'*0 em.. 

Part of this cut was recycled on kies;elguhr-tricresyl 
0 phospllnate at 70 , p.d •. 30 ems:. Hg, nitrogen flowrate 160 mls.; 

min., to yield material; found Cl, nil; F, 60.~. c6F6 

requires F, 61.2%. An infra-red spectrum indicated that 

the material was pure. 

Assuming equal response for the perfluorobenzene and 

the unknown component the original dehalogenated product 

contained 98,%, or 3.90 g. perfluorobenzene. 

cut (2), ca. 30 mg. Analytical V.P.C. kieselguh~ 
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dinonyl phthalate at 91? showed that this material wa6 

mainly the seeond component. Unfortunately it evaporated wher. 

an attempt was made to take the infra-red spectrum. 

Pentachloroheptafluorocyclohexane . 

10.0 g. gave 2.22 g. product (0.4 g. residual black 

tar remained in the vaporising flask). Analytical V.P.C. 

kieselguhr-tricresyl phosphate at 160° and 92°, showed that 

no starting material remained and ~perfluorobenzene 

and a small later peak were present. 

1.2 g. were separated in two runs by preparative 

V.P.C., 16' kieselguhr-dinonyl phthalate column at 86°, 

p.d. 33 ems. Hg, nitrogen flowrate 175 mls./min. to give.:-

cu.t ( 1) /"\ r:n::: ~ 
v.-:u t::,• Analytical V.P.C., kieselguhr-

tricresyl phosphate at 90°, gave a single peak. Found: 

F, 60.~. An infra-red spectrum. 

confirmed the identity of the material. Assuming equal 

response the original product contained 95% perf'luorobenzene, 

or 2.11. g. 

cut (2) ca. 50 mg. Analytical V.P.C. on kieselguhr

tricresyl phosphate at 90° showed the material was almost 

all the second component. However on attempting to take 

the infra-red spectrum the material evaporated. 

An infra-red spectrum of the original reaction 

product, before separation, had shown weak absorptions 



186. 

addj.tional to those of perfluorobcnzene at 11.79, 1075, 952,. 

943 and 840 cm.-1 

Results: 

The results. of' the dehalogenations, together with 

additional information on experimental condi tiona;, are: 

summarised in TABLE VI. 



Starting N flow 
Material m~s./min. 

c6F11cl 25 

c6F11cl 25 

c6F11cl 30 

C6F10Cl2 25 

C6F10Cl2. 30 

c6F9c13 25 

c6F9Cl3 30 

C6F8Cl4 25 

c6F7Cl5 30 

187. 



188. 

DISTILLATION OF THE MATERIAL OBTAINED BY THE ACTION OF 
A LARGE EXCESS OF CHLORINE TRIFLUORIDE UPON BENZEIDTE 

IN THE VAPOUR PHASE 

R.E. Bank 1 s: second large scale benz.ene chlorofluorination 

run using a chlorine trifluoride/benzene molar ratio of 

6.53:1 produced 1,625.4 ge of product from 464 g. benzene 

(Banks Ph.D. Thesis, Durham 1956, p. 82). 

This product was distilled through a 14-plate column 
1 packed with a" single turn li'enske glass helices. and yielded 

the fractions shown in TABLE I (op. cit. p. 104). The 

halogen analyses; were obtained later by the present worker. 

TABLE. I 

Fraction Boiling Vol. (mls.) 
No. R~ge 

c 
(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Residue 

66-100 

100-110 

110-120 

120-130 

130-150 

150-1.65 

> 165 

44 

45 

66 

78 

220 

140 

222 

Wt.(g.) Analyses 

76.5 

78,8 

117.0 

137.2 

391.1 

2'51.1. 

412.5 

% Cl % F 

15.4 

17.1 

21.3 

23.4 

29.3 

33.2; 

60.1 

57.2; 

55.3 

52;.3 

48.4 

42.3 

The poor recovery 1,464 g., was due to two accidents, 

occurring when the column flooded violently. 

The distillation curve is given in diagram III and 

it is clear that a JlUiltber of azeotropes have be.en produced. 

Further distillation of the residues material 

The residues: were not analyse!lL initially since they were. 
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not homogeneous, being very dark in colour and containing 

solid material. Using an ordinary Claisen flask they 

were distilled in two batches at reduced pressure. net ails 

are given in the tables below. 

Batch I 70 g. still pot charge. 

TABLE II 

No. Fraction Boiligg range Pressure wt. .Analysis· 
c mm. Hg. (g.) % Cl ~F 

1 3~4'7.' 3 lB.Or 
37,7 37.9 

2 4~46i 1 22.0 

3 46.:;.56 1 9.0 ~ -
4 56.:..90 1. 10,..4 34.7 4(0J.5 

Residue >ga 1 6.,5 " .. - -

Batch II ~9 g. still pot charge. 

TABLE III 

No. Fraction Boiligg range, Pres;sure wt. (g.) ij 
c mm. Hg. 

1 2~50 3 90.5 ~· 
2: 5~0 3 107.5 ' I 

3 60.:.:70 3 32.0 

4 70-115 3 45.5 

Residues: >115 3 7 •. 5 



191. 

Notes 

* Thes.e f'ractions were combined because or their simi

larity as indicated by analytical v.P.C. (see later, p. 19t) 

and are in :ruture disscussions des.cribed as· the 'residues. 

initial distillate'. 

§ Thes·.e fractions were not ana-lysed since analytical. 

V.P.C. showed that they had the same quali.tative composition 

as the corresponding ones; in TABLE II. 

Analytical V.P.C. o:r each fraction 

Using a 6 1 kieselguhr-tricres;yl phosphate column 

at 162°, p.d. 8 ern. Hg, nitrogen flowrate 1.6 rnls./min. 

each fraction in TABLE I and TABLE II was analysed. At 

the same time a rnixtll~re of known weights of authentic 

chlorofluorocyclohexanes of' general formula c6F12-nCln 

(n = 1 to 5) were chromatographed under identical conditions. 

The complete results are given in diagrams (1) to (12). 

Taken in conjunc~·ion with the analytical figures thes.e. 

resulta were at first taken to indicate that three: major 

components were present, cyclic c6F10c12 , cyclic c6F9cl3 
and cyclic c6F8c14• 

The calculated analytical figures for the cycli.c; 

Compounds of general formula c6F1~nCln (n = i to 5) 

are given in the table below. 
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T.ABLE IV 

Compol.lil<ii Analysis. 

·%Cl %F 

C6F11 Cl 

C6F 10Cl2 

C6F9Cl3 

c6F8 cl4 

c6F7Cl5 

11.2: 

21.4 

30.4 

38.8 

46.4 

66.0 

57 .o 

48.9· 

41.2 

34.8; 

The separation of some distillation fractions by pre.:.: 
Rarative vapour ph~se chromatography 

Fraction 3 (b.r. 11.0°-120°) 
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Analytical V.P.C., kieselgru1r-tricresyl phosphate at 

94° gave the chromatogram in cliagra."'!l (13). 

In four runs 5 g. were separated on a 16' kies:elguhr~ 

tricresyl phosphate column at 130°, p.d. 38 ems. Hg N2 

flowrate 190 mls./ffiin. to give:~ 

cut (1) 1.50 a-· Analytical V.P.C., kieselguh~ 

tricr·es.yl phosphate at 94 °, gave a single peak coincident 

with that due to authentic cyclic c6F 10c12 .• The material 

was· a white waxy solid at room temperature and analysis~ 

gave; Cl, 21 •. 5; F 57 .1'%. 

Cl, 21.4; F, 57.0%. 



. , 

196. 

F N. 3 (uo·-,~o") @ q-4-cJ ON KIESELGUHR.- l.C-P. OIAG.@ 

10 lO 3oj 40 so 60 70 MINS. 

FN.t (12.0•-130"~@ '1411 ON DIAG.9) 

c 

f 

10 20 30 40 70 

DIAG.@ D!AG.@ 
~OF F'N. "J-ON 11../Y:C.P. @ qf 0 CUT llo) Of' c.ur .:3. 

c. 
c 

10 IO 2..0 30 .f.,O MINS. 

DIAG.@ OIAG. <@ 
CUT li.i.l OF CUT ,3. (. 

CUT \i..i..L) or. CUT J c. 

1--------! 



197. 

Cut (2) 0.60 g. Analytical V.P.C. kieselguhr-

tricresyl phosphate at 94° showed that a trace of cut (1) 

material was present and the material was recycled under the 

same conditions to yield material giving a single peak. 

Found:· Cl, 22.7; F, 52.3% Calculated values for 

poss:i ble compounds· are given below:, 

Compound % Cl %F 

c6F9Cl2H 22 .. 5 54.3 

c6F8Cl~2 23.8 51 •. 3 

c6F7Cl2H3 25.4 47.8 

cut (3l 1.40 g. This material was o bvi ous·ly a 

mixture and was not investigated further, However, s:ince 

on the analytical chromatogram the overlapping peaks hacili 

retention times greater than those for both cyclic 

c6F 10c12; and cyclic c6F9c13 but less than that of cycli.c 

c6F8Cl4 the material was almost certainly hydrogen contain~ 

ing (The possibility that the materials might be chloro

fluorocyclohexenes or chlorofluorocyclogexadienes: is. remote, 

since these materials were not present in Bank.~ s firs.t 

chlorofluorination product where a much smaller chlorine 

trifluoride/benzene ratio was employed. 

Fraction 4 (b.r. 120°~130°) 

Analytical V.P.C., kieselguhr.;.tricres,yl phosphate at 
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94° showed that the material was quite complex (see 

diagram ( 14)). In six runs 12.0 g. were separated on 

a 16' kieselguhr-tricresyl phosphate column at 123°, p.d. 

34 ems. Hg ni tr·ogen :flowrate 180 mls .. /min, and cuts we1 ... e 

taken as shown in diagram (14)). (The preparative. 

chromatogram was:. very similar to the analytical one. and 

hence the approximate positions of the cuts. taken can be. 

shovm). 

Cut (1) 0.40 g. White solid. Analytical V.P.C., 

kieselguhr-tricresyl phosphate at 94°, gave a single peak 

coincident with that due to authentic cyclic c6 F10cl2.' and 

no separation was noted. when authentic cyclic c6F10c12 was: 

added. 

Cut (2) 0.25 g. Liquid. Analytical V.P.C. 

kieselguhr-tricresyl phosphate at 94° gave a single peak 

coincident with that due to cut (2) in the b.r. (110°-120°) 

fraction. ThiS material was; therefore a hydrochlorofluoro-

cyclohexane. 

cut (3), 4.0 g.; cut (4), 1.9 g.; cut (5), 1..82: g. 

cut (6) later peaks, 1.0 S• Analytical v.p.c., kies:elgu.l].r

tricresyl phospllate at 94°, showed that each cut was a 

mixture of two or more components with overlapping peaks. 

Cut (3) (see diagram (15)) was recycled an kieselgubr

tricresyl phosphate at 120°, p.d. 34 ems. Hg, nitrogen flow-
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rate 175 mls./min. and further subdivided into three 

further cuts in an effort to get a pure component out. 

Weights: and analyses of the cuts were:-

v.P.c. on No Cut w+ I g ) Ai"lalysis """. \ . Kieselguhr-T.C.P. %Cl %F at 94° 

(i) 1.20 23.9 52.4 diagram (16) 

(ii) 1.15 21.5 53.1 diagram (17)) 

(iii) 0.94 22.0 53.6 diagram {18) 

Calculated values; for possible compounds: are, cyclic 

C6F9cl2H; Cl, 22 .• 5; F, 54.3: cyclic c6F8Cl~; 

Cl, 23.8; F, 51.3. 

An infra-red spectrum of each cut gave an absorption 
-1 .. . 16 

at 297G em in each ca.se { ~V"'ni1'fen states that the .:..~H 

stretching absorption in saturated fluorocyclohexanes occurs 

in the region 2968.-2984 cm.~1 ), while no absorptions 

attributable to unsaturation were present. 

we can therefore conclude that this whole fraetion 

consists mainly of hydrogen containing chlorofluorocyclohexanes 

since from the chromatogram on kieselguhr-tricres;yl phosphate 

at 162,0 no cyclj.c c6F8Cl
4 

can be pres·.ent. 

Fraction 5 (b.r. 130°-150°) 

Analytical V .P. c., kieselguhr-tricresyl phosphate at· 

162° gave the chromatogram in diagram (19). 
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10 g. were separated in four runs on 16' kieselgtLl'lr

tricresyl phosphate at 125°, p.d. 34 ems. Hg, nitrogen 

flowrate 180 mls./min. and cuts taken as follows:·-

cut (1) 4.31 g., white waxy solid. Analytical 

v.P.C. on kieselguhr-tricresyl phosphate at 94° gave a 

single peak coincident with that due to authentic cyclic 

Calculated for 

No separation was observed 

when chromatographed with authentic cyclic c6F9c13• 

cut (2) 1.10 g. Analytical V.P.C., kieselguhr-

tricresyl phosphate at 94 ° gave two overlapp .. ing peaks; •. 

Found: Cl, 17.0; F, 50.8%. Since the retention time 

for both is gre~.t.er than that due to r>ur-1-f,.. f"' 11' '"'1 -u ._. .......... .., . .,.,6""" gv 3 

and less than that due to cyclic c6F8c14 the materials 

are hydrogen containing chlorofluorocyclohexanes. 

cut (3) 4.01 g. This is a mixture and no analyses 

were carried out, but again, since the retention times of 

all peaks present are les;s. than that due to cycli.c 

c6F8c14 the materials are hydrogen containing. 

Residues~ initial distillate (see p. 191 ) 

As described earlier this material consists of the 

combined first two fractions of the residuea distillation. 

A preparative· column, packed with kieselguhr-tricresyl 



202. 

phosphate could not be operated at a high enough tempera-

ture to effect a separation in a reasonable time, because 

of 'bleeding', and so attempts were made to separate the 

material on an g kieselgu.l).r-silicone high vacuum grease 

column at 140° p.d. 14 ems. Hg, nitrogen flo\~ate 300 mls./ 

min. 

Resolution was very poor on this packing (see 

diagram (20)) and two recyclings were necessary, an initial 

cut being taken each time, before a quantity of white 

waxy solid was obtained giving a single peak by analytical 

V.P.c., kieselguhr-tricresyl phosphate at 160°. The 

peak was coincident with that due to authentic cyclic 

c6 F8 C14 , and did not resolve when mixed w.ith authentic 

material. Found: Cl , 39. 5; ),; , 39.7. 

requires.: Cl, 38.8:· F, 41.5. 

C F Cl 6 8 4 

The later peak (see diagram: ( 20) )could not be obtained 

pure but is pres1~ably hydrogen containing
1
the retention 

time for cyclic c6F7c15 being much greater. 

Analytical vapour phase chromatogr§Phl of the remaining 
fractions: 

Using a kieselguhr-tricresyl phosphate c.olumn and 

adjusting the temperature to give the best resolution in 

each particular case, chromatograms were obtained for the 

fractions which had not been separated on a preparative 

scale (see diagrams ( 21.)- ( 23)). From the peak ar·eas\ 
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of the components an estimate of the ernount o"f each 

present was obtained. These results cannot be very 

accurate since equal thermal conductivities' were as:sumed 

and poor r·esolution of the peaks in some cases. meant 

that some areas measured were indefinite. 

From these results:, together with those from the 

actual preparative separations (complete recovery being 

assumed) the composition of each fraction was: estimated 

and is given in TABLE V. 



66-110J 

100~11!.0 

110-120 

120.;.;130 

130.:..:150 

150.;_165 

Res. 
Initial 

Distill-
ate 

wt. or 
Fraction 

(g.} 

76.5 

78.8 

117.0 

137.2 

391.0.: 

25~.1 

238.0 

* The absence of an; 

was shown by infra.:.:: 
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DEHALOGENATION OF THE DISTILLATION FRACTIONS FROM THE, 
CHLORINE TRIFLUORIDE-BENZENE VAPOUR PHASE REACTION, 

PRODUCT' 

I. Dehalogenations at ca. 400° 

(a) Fraction (2) b.r. (100°~110°) 

10 g. dehalogenated at 380° yielded 5.8 g. product, 

having an analytical vapour phase chromatogram, on 

lcieselguhr-tricresyl phosphate at 94°, sho\rlng several 

overlapping peaks. It was decided to dehalogenate more 

material before attempting separation. 

20 g. yielded 11.6 g. product having a similar 

chromatogram to that firs:t obtained (see diagram 24). 

11.0 g. were separated in six ru.ns ( a.ee r:tiagrarn 24 

fOi" CUtS J, on a 1.6; kieselguhr-tricresyl phOsphate column, 

at 65°, p.d. 25 ems. Hg, nitrogen flowrate 200 mls./inin., 

to give cuts as follows:-

cut (1), 1.36 g. Analytical V.P.c., kieselguhr-

tricresyl phosphate at 94°, gave a single pe~lt coincident 

Found:· F, 71. 5%. 

requires; F, 72 .• 6%. An infra-red spectrum was· identical 

with that of authentic cyclic c6F10• 

Cut (2), 2.42 g. Analytical V.P.C., kies:elguh~ 

0 tricresyl phosphate at 94 , gave a peak with a slight 

shoulder. A part of this. material was recycled on 
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0 kieselguhr-tricresyl phosphate at 55 , and began to 

resolve into two more peaks. The temperature was 

lowered successively through 48° to 38° until no 

207. 

~~rther improvement in separation could be obtained. At 

the latter temperature, p.d. 29 ems. Hg, nitrogen 

flowrate 175 mls./min., a separation of the remaining 

material was attempted. cuts; were made at the points; 

indicated (see diagram 26):- cut {12 0.51 ~., cut {11) ' 

0.07 g., cut (:iW I 0.30 5· Analytical V.P.C., kieselguhr-

tricresyl phosphate at 19°' gave chromatograms as in 

diagrams 27 to 29. At this temperature peaks I A' and 

t Z I did not show up. Peak 'Y' was identified as~ 

octafluorocyclohexa-l:J!.;.·diene, the nature of peaks ! Z1 • 

'A', and 'X', was not known. 

cut (1) was separated in five runs; through a 6 1 

analytical kieselguhr-tricresyl phosphate cohunn at 1.9°, 

p.d., 5 ems. Hg, nitrogen flowrate 2.0 mls./min. An 

initial cut was taken each time and ca. 50 mg. of a 

colourless. liquid obtained. Found: Cl, 13.3; F, 58.1~. 

Cyclic c6F7Cl requires: Cl, 14.75; F, 55.4%. Analytical 

V.P.C., kieselguhr-tricresyl phosphate gave a single peak 

but an infra-red spec:trum showed: very weak absorptions due 

to octaf'luorocyclohexa-1: 4-di ene and additional ones. at 1290( s) 

1188 ( s), 1111( s;), 1078 (m), 1044( s.), 96lL( vs), 877 ( s), 862( vs), 

679(w) cm • .:.;1 The absorption in the diene double bond region 
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occurred at 174~(m) end 1684(w) cm,-1 (The diene 

doublet absorption in octafluorocyclohexa-1:3-diene occurs 

at 1748 and 1706 em. - 1 ). The analytical figures: and 

infra-red evidence suggest that this: material is a 

chloroheptafluorocyclohexadiene. No absorptions due to 

-c-H bonds; were pres·ent. 

cut (3), 1.30 g., waxy white solid. Analytical v.P.c., 

kieselguhr-tricresyl phosphate at 94° gave a single 

peak coincident with that of authentic cyclic c6F10cl
2

• 

No peak separation occurred when the material was: mixed 

with authentic cyclic c6F10cl2• 

cut (4), 2.45 g. Analytical V.P.C., kies:elguhr-:.: 

tricresyl phosphate at 94° gave a single pe~c coincident 

with that due to authentic perfluorobenzene. Found: 

F, 61. ~. Cyclic c6F6 requi.res:: F, 61. 2%. An infra-

red spectrum confirmed the identity of this material. 

cut (5), 1.60 g. This material, obviously a mixture, 

was not investigated further. 

(b) Fraction 5 b.r. (130°-150°) 

20 g. of material dehalogenated at 400° gave. 15 g. of 

dehalogenated product. An analytical vapour phas.e 

chromatogram kies:.elguhr-tricres:yl phosphate at 162:0 showed 

the mixture to be quite complex (see diagrams 30 and 31), 

and no further work was done on it. 
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(c) Fradtion 6 b.r. (150-165°) 

50 g. were dehalogenated at 380° to yield 31.5 g. 

product. Analytical vapour phas:e chromatography 

kieselguhr-tricresyl phosphate at 162~ showed that the 

product was~ a complex mixture (see diagrams 32 and 33 ). 

However the material was distilled through a 25-plate 

concentric tube column but very little separation of 

210 •• 

the components; was·. effected, and vapour phas:e chromatography 

of the initial fractions at a lower column temperature 

of 94· 0
, on kies·elguhr-tricresyl phosphate, showed further 

resolution of the mixture into more components. No 

further work was therefore carried out on this; material. 

II. ~ehalo~natio~s at 500° 

In the dellalogenations carried out at this. temperature, 

analytical V.P.C. showed that the product had always the 

same qualitative composition, showing peaks for cyclic c6F6 and 

c6F5H, followed by three overlapping peaks; (see diagram 34 

for a preparative scale vapour phase chromatogram of a 

typical product). For this reason a separate· ae·count 

of each dehalogenation and the working up of the products 

is not given. 

The following techniques were used in every case· to 

separate and characterise the products. 
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(1) Analytical vapour phas:e chromatogra..P& 
0 

Col~, 6 1 kieselguhr-tricresyl phosphate at 94 , p.d. 

6 ems. Hg, nitrogen flowrate 15 mls./min. Used before and 

after separation of products to es·tablish their identity 

and purity. 

(2) Preparative vapour phase chromatography 

Column, 16' kieselgu.hr-tricresyl'.phosphate at 80°.;..90°' 

p.d. ca. 25 ems. Hg, nitrogen flOV'/I'ate:, 17~200 mls./min. 

(3) Halogen analysis 

This waa carried out by the standard method used in 
18 

this laboratory, that of Johncock, Musgrave and Wiper. 

( 4) !!'..f'ra.-red spec-troscopy 

An infra-red spec.trurn \"las taken f'or each separated 

component, or mixture of components; and, except where stated 

otherwise, confirmed its: identity. 

Results 

The full conditions used for the dehalogenations and 

the results obtained are summarised in TABLE VII. 

Theoretical values for the fluorine content of' the 

products, and some possible, (although in many cases 

unlikely) products· are given below:-



TABLE VII 

starting Nitrogen Reactor Time of Wt. Starting Wt. 
Material flow TxroP• Introduction Material P~od~ct 

ccs./min. "'C. of' sample (g.) (g .. , 
(mins .• ) 

Fn. 2 b.r. 30· 500 45 12.0 2.62 ( 100-11!00 ) 

Fn. 3 b.0. 
(110-120 ) 30 500 120 30.0 7.05 

Fn. 4 b.r. 30 500 125 30.0 6.53 ( 1200-1300) 

Fn. 5 b.r. 30 500 120· 30.0 5.92. ( 1300-1500) 

Fn. 6 b.r. 
( 1G0° -1G5o) 30 50 G), 120 30.0 6.20 

Residues 
initial 30 500 75 35.0 4.55 
distillate 

lie The combined later peaks in this product were chromatographed 
preparatively on a 16 1 kieselguhr-tricresyl phosphate 
column at 74° and two ai•bitrary cuts made, (1), and (2). 
The analyses of these cuts: are given. 

Nature, weight and analysis of products after 
separation by preparative V.P.C. 

Cyclic Found Cycl:ii.c Found Combined Founc!L 
C6F6 (g.) %F C~F5H g.) 

%F Later Peaks 
(g.) 

% F 

*44.1.(1) 
o.8a. 61.0 0.60 55.3) o.88 (2)46.6 

3.06 61.1 2.18 53.4 1.1li. .. -
0.90 61.2 3: .• 01_ 55.7 1.93 -
0.99 60.5 1.26 53).0 1.81. 42 .• 2: 

1.08 60.5 1.70 56.7 2.50 46.:1. 

0.87 59.9 0.87 5 4.6 1.35 
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Compound ~F "jO Compound %F 

C6F6 61.2. c6F9R 70.1 

c6F5~i 56.5 C6F8H2 67.3i 

C6F4H2 50.6 C6F7}I3 63.9 

C6F3H3 43 .• 2: C6F6H2: 60.7 

C6F~4 33.3 C6F5H3 55.8 

It will be seen from TABLEirr that fraction (1), b.r. 

(66°-100°), was not dehalogenated. This was because 

at the start of these dehalogenation reactions it was; 

thought that this• material was quite complex and possibly 

contained some benzene. Its dehalogenation therefore 

was shelved. Later work showed it to contain no benzene 

and it seems very like~y from its, composition (see, 

TABLEJlp.204) that its. dehalogenation would lead to 

products similar to those of the other fractions. 

Some further work was carried out to find more 

about the 'combined later peaks' material. 

Analytical vapour phase V.P.C. of the later peaks 

Under standard conditions, 6 1 kieselguhr-tricresyl 

phosphate column at 96°, p.d. 8.3 ems. Hg, nitrogen flow

rate 17 mls./min. each'combined later peaks' cut was 

chromatographed. Peaks a,. b, and c, (see diagram 34 p.2.09), 

corresponded exactly to each other in every case. 
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Unf'ortunately no samples of tetra-, and tri= 

f'luorobenzenes and hydrogen containing f'luoro-dienes 

were available f'or direct comparison. 

had a greater retention time tha..."'l any of' the pealts: a, b, 

and c. 

r·nrra-red analysis of' the bombined later peaks' 

An inf'ra-red spectrum was taken f'or each cut and 

again the spectra were almost identical. .An absorption 

at 3086 cm.-1 showed the material was hydrogen containing, 

while very strong absorptions at 1527 and 1508 cm.~ 1 

suggested the presence of' an aromatic nucleus:. The 

col"'responding absorptions in perfluorobenz.ene occur 
.. 

as very strong bands: at 1543 and 1511 em.~ ...i., and in penta-

fluorobenzene at 1535 and 1512 crn.-1 • For pentafluoro-
/6 

benzene Steele and Whiffen report the carbon-hydrogen fre-

quency at 3102 cm.-1 while for rnono-olef'ines, and 

polyenes it can occur in the regions (2968-2984) cm.-1 

and (3087-3113) cm.-1· respectively. 

from the b.r. 

The later peak material from the fn. 5 b.r. (130-150) 

dehalogenated material was separated preparatively on a 

16 1 kieselguhr-tricresyl phosphate column at 80°, p.d. 
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30 ~~s. Hg, nitrogen flowrate 170 mls./min. and two 

arbitrary cuts were taken. These analysed to:- cut ( 1.) ;. 

F, 43.6: cut (2); F, 43.0%. 

Attempted defluorination of mixed ClClic c6~1otla isomers 

(a) At 500° 

10.15 g. of cyclic c6F10H2:, b.r. (86°~92°), were~ 

distilled into the reactor over 10 mins. in a nitrogen 

flow of 30 mls./min. 6.0 g. of.product were obtained, which 

was shown to be mainly starting material by analytical 

V.P.C. on kieselguhr-tricresyl phosphate at 94°. 

(b) At 630° 

20 g. of' cyclic c6F10H2 were distilled into the 

reactor over 45 mins. in a nitrogen flow of 30 rnls./min. 

0.69 g. of liquid, containing some carbon, was obtained • 

.Analytical V.P.Ca, 6 1 kieselguhr-tricresyl phosphate. 
0 column at 75 , p.d. 8 ems. Hg, nitrogen flowrate 

15 mls./min. showed that the product consisted mainly of 

two large overlapping peaks. This combined material was 

separated from the rest in six runs on the anlytical 

column under the conditions referred to and analysed. 

Found: F, 27.2, and F, 27.7% in two analyses .• 

Lack of time prevented further investigation of this 

reaction. 



P1•epa.ration of cr.J.oropenta.fluorobenz.ene 
IS 

Tatlow et al. brominated and iodinated cycl~c 
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c6F5H using bromine and iodine in oleum and an aluminium 

bromide catalyst, but did not mention the production 

of the monochloro- compotund in this way. 

It was decided to apply their technique, suitably 

modified for the gaseous halogen, in an attempt to make 

Method 

A 100 ml. three necked flask was equipped with a 

gas lead tube extending almost to the paddle of a. 

mercury seal stil .. rer, and a D/S condenser terminating in a 

dry-ice-acetone cooled cold finger, and calcium chloride 

tube. 

Fresh anhydrous aluminium chloride (0.2 g.) and oleum 

(15 mls.) containing 20% sulphur trioxide, were placed 

in the flask, and pentafluoroben.zene (5 g., 0.03 mole) added. 

The flask was heated in an oil bath at 45-50° for six 

hours while chlorine was. passed in with the st1Prer 

running slowly. Chlorine was bubbled in at such a rate 

that the theoretical amount {2.13 g., 0.03 mole) would 

have been added in four houra if it was all absorbed. 

~ter allowing the dark red-brown product to cool 

it was poured onto crushed ice· ( :1.00· g.) contained in a 
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separating funnel, and the small lower layer run off. 

Washing twice with sodium carbonate solution, once with 

metabisulphite solution, and once with water gave 

product (1.3 g.) which was dried over P2~5 • 

Analytical V.P.C., on kieselguh~tricresyl phosphate: 

at 95° showed two peaks, the first, coincident with authentic 

cyclic c6F5H, being present to the extent of ca. 30%. A 

run at a higher column temperature., 180°, showed that 

more highly chlorinated addition products were absent. 

preparative V .p. C., on a 16' kieselguhr-tricres~yl 
0 phosphate column at 105 , p.d. 26 ems. Hg nitrogen flow

> 
rate 180 mls./min, was carried out on 1.1 g. product. 

A clean separation of both peaks was, obtained and 0.7 g. 

of the main product collected, which was~ pure by analytical 

V.P.C. 
Mf 0 20 Found: Cl, 17 .4; F, 46 .. ':1:1b' B.pt. 122 , ~ :. 1 •. 4258 

5 
c6F5Cl requires; Cl, 17.5; F, 46.9%. McBee et al. gave 

b.pt. 12~123° n 20 1.4256 for this· compound. 
D 
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