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Summary 

I Halogenated D e r i v a t i v e s of Some P o l y c y c l i c 

Aromatic Compounds 

Th i s work i s concerned mainly with the p r e p a r a t i o n 

and attempted f l u o r i n a t i o n of some p e r c h l o r o p o l y c y c l i c 

compounds. 

Deca'chlorobiphenyi > 1,2,3,4,5,6,7,8-oc ta c h l o r o f luorene, 

octachlorodibenzo(b,d)furan, octachlorodibenzo(b,d)thiophen, 

and o c t a c h l o r o t h i a n t h r e n e were eynthesised by r e a c t i o n of the 

corresponding parent compound with a c h l o r i n a t i n g mixture 

c o n t a i n i n g s u l p h u r y l c h l o i i d e , sulphur monochloride, and 

aluminium c h l o r i d e . Fluoren-9-one could only be p a r t i a l l y 

c h l o r i n a t e d using t h i s reagent, but decachlorofluorene was 

obtained by r e a c t i o n of 1,2,3,4,5,6,7,8-octachlorofliiorene 

with phosphorus p e n t a c h l o r i d e i n an autoclave a t 325°C. 

Oxidation of 1,2,3,4,5,6,7,8-octachlorofluorene \vith sodium 

dichromate i n a c e t i c a c i d , or h y d r o l y s i s of decachlorofluorene 

w i t h 8 0 ^ ( v / v ) phosphoric a c i d y i e l d e d octachlorofluorene-9-one 

i n low y i e l d . Attempts to f l u o r i n a t e these p o l y c h l o r o -

systems, e i t h e r i n an a u t o c l a v e , or i n s o l u t i o n met only w i t h 

l i m i t e d s u c c e s s . 

Both decachlorobiphenyl and octachlorodibenzo(b,d) 

thiophen reacted with sulphur i n an autoclave at 325°C, to 

form 1,9-epidi thio-2,3,4,6,7,8-hexachlorodibe>:zo (b, d) thiophen 

which was i n t u r n reduced to 2,3,4,6,7,8-hecaohlorodibenzo 

(b,d)thiophen with Haney-nickel c a t a l y s t . 

Decafluorobiphenyl reacted with sulphur to give 

p e r f l u o r o - ( b i s ~ ( p - p h e n y l phen^lene) sulpiride. V.Tien the 

file:///vith


4,4'-positions of p e r f l u o r o b i p h e n y l were blocked with 

p e r f l u o r o i s o p r o p y l groups, no r e a c t i o n was observed. 

P e r f l u o r o - ( 4 , 4 1 - b i s i s o p r o p y l b i p h e n y l ) did r e a c t with methoxide 

i o n to give a monoinethoxy-derivative, the o r i e n t a t i o n of 

p r e f e r r e d n u c l e o p h i l i c a t t a c k being the 3 - p o s i t i o n . 

I I Some P o l y f l u o r o c y c l o s l k e n e I)imsrs 

F l u o r i d e i o n induced o l i g o m e r i s a t i o n of o c t e f l u o r o 

cyclopentene and decafluorocyclohexene gave p e r f l u o r o b i -

( c y c l o p e n t y l i d e n e ) and p e r f l u o r o - ( l - c y c l o h e x y l c y c l o h e x e n e ) 

r e s p e c t i v e l y . P e r f l u o r o b i ( c y c l o p e n t y l i d e n e ) defluor.inp.ted. to 

grve p e r f l u o r o b i c y c l o p e n t e n y l , when passed over i i o r . 500°C. 

P e r f l u o r o b i ( cyclopentylider-e) was unchanged upon 

p h o t o l y s i s , n e i t h e r did i t r e a c t with bromine, concentrated 

s u l p h u r i c a c i d or sodium c h l o r o d i f l u o r o a c e t a t e . ^ - i r r a d i a t i o n 

i n the presence of methanol gave a multicomponent product. 

Reactions with n u c l e o p h i l e s gave v a r y i n g products, depending 

upon the n u c l e o p h i l e and r e a c t i o n c o n d i t i o n s used. 

Neither p e r f l u o r o - ( l - c y c l o h e x y l c y c l o h e x e n e ) nor 

p e r f l u o r o b i c y c l o p e n t e n y l added bromine, but p e r f l u o r c b i c y c l o -

pentenyl r e a c t e d w i t h concentrated s u l p h u r i c a c i d to g i v e 

l-(3-oxo-lH - h e x a f l u o r o c y c l o p e n t y l ) - 3 - o x o p e n t a f l u o r o c y c l o p e n t -

1-ene which formed an anion i n s o l u t i o n . 

Oxidation of p e r f l u o r o - ( l - c y c l o h e x y l c y c l o h e x e n e ) 

gave o c t a f l u o r o a d i p i c a c i d , whereas p e r f l u o r o b i ( c y c l o p e n t y l i d e n e 

underwent a d d i t i o n , g i v i n g 1,1'-dihydroxyhexadecafluorobicyclo-

p e n t y l which could not be dehydrated with phosphorus pentoxide. 



P e r f l u o r o - ( l - c y c l o h e x y l c y c l o h e x e n e ) underwent 

p a r t i a l d e f l u o r i n a t i o n and decomposition when pyr o l y s e d , 

whereao p e r f l u o r o b i ( c y c l o p e n t y l i d e n e ) gave some d e f l u o r i n a t e d 

product along with rearranged isomers, the r e s p e c t i v e products 

"being temperature dependent. 
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CHAPTER I 

The S y n t h e s i s of Some P e r c h l o r i n a t e d Aromatic 

P o l y c y c l i c Compounds 

1. General I n t r o d u c t i o n 

The i n i t i a l aim of the work des c r i b e d i n t h i s t h e s i s was 

to prepare the peri'luoro-analoguea of some p o l y c y c l 2 o aromatic 

compounds. The d e s i r e d s y n t h e t i c route was the p e r c h l o r i n a t i o n 

of the parent compounds, followed by halogen exchange of c h l o r i n e 

w i t h f l u o r i n e (see Scheme I ) . 

Scheme I 

c h l o r i n a t i o n 

X = cci 2,o,s. X = CH 2,0,S. 

Halogen 
Exchange 

X = CF 2,0,S. 

The use of a l k a l i metal f l u o r i d e s as halogen exchange 

reagents has been i n v e s t i g a t e d a t Durham and has been a p p l i e d 

to the p r e p a r a t i o n of the perfluoro-analogues of some uionocyclic 

and b i c y c l i c n i t r o g e n containing aromatics. For example, 

p e n t a f l u o r o p y r i d i n e has been prepared by the r e a c t i o n of 

pentachloropyridirie w i t h potassium f l u o r i d e i n an au t o c l a v e a t 

el e v a t e d temperatures."'" 

^ 1 
CI 

KF 

480°C 

UNIVEAS/7 
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I t w i l l be seen i n the l a t e r d i s c u s s i o n , that although 

e x c e l l e n t s y n t h e t i c routes to some perchloro p o l y c y c l i c compounds 

have now been developed, the f l u o r i n a t i o n of these p e r c h l o r i n a t e d 

s p e c i e s met w i t h l i m i t e d s u c c e s s . The work described i n the 

f i r s t p a r t of t h i s t h e s i s d e a l s mainly with the development of 

these c h l o r i n a t i o n procedures and a l s o d e s c r i b e s the many attempts 

of f l u o r i n a t i n g the perchlorb compounds. 

The'following review covers the p r e p a r a t i o n of some 

perchloro compounds and f o r convenience i s s p l i t i n t o two main 

s e c t i o n s , v i z . I the p r e p a r a t i o n of some p e r c h l o r i n a t e d carbo-

c y c l i c compounds, d e a l t witn i n order of i n c r e a s i n g number of 

r i n g s i n the molecule, and secondly, the pre p a r a t i o n of some 

p e r c h l o r i n a t e d h e t e r o c y c l i c compounds, again subdivided i n a 

s i m i l a r f a s h i o n (N.B. The p r e p a r a t i o n and p r o p e r t i e s of some 

c h l o r i n a t e d n i t r o g e n c o n t a i n i n g h e t e r o c y c l i c compounds has been 

reviewed p r e v i o u s l y and w i l l be d e a l t with here only b r i e f l y ) . 

I n d e s c r i b i n g the syntheses of some p e r c h l o r i n a t e d 

compounds, i t i s intended to cover a c r o s s s e c t i o n of methods 

a v a i l a b l e f o r the p r e p a r a t i o n of p e r c h l o r i n a t e d c p e c i e s and, 

where a p p l i c a b l e , d i s c u s s t h e i r r e l a t i v e m e r i t s . 

2. P r e p a r a t i o n of Some P a r c h l o r i n a t e d C a r b o c y c l i c Compounds 

D i r e c t e l e c t r o p h i l i c s u b s t i t u t i o n c f c h l o r i n e i n t o an 

aromatic c a r b o c y c l e i s u s u a l l y c a r r i e d out i n the presence of a 

c a t a l y s t ; e.g. a Lewis a c i d a c ceptor, which s e r v e s to i n c r e a s e 

the e l e c t r o p h i l i c c h a r a c t e r of the a t t a c k i n g c h l o r i n e s p e c i e s 

( i . e . a " p o s i t i v e halogen"). Examples of Lewis a c i d a c c e p t o r s 

a r e P e C l ^ , A I C I ^ , SnCi^, and a mechanism f o r t h e i r r e a c t i o n i s 

b e l i e v e d to be as f o l l o w s : -
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e.g. C l ? + A l C l ^ > C I C I A1C1 

(or CI® A1C1 ® ) 

H 

CI CI A1C1. 
C I 

+A1C1 4 

C I 

E t c , C1.A1C1 
^ • 

+HC1 + A1C1 3 

I n come c a s e s , by choice of c a t a l y s t and r e a c t i o n c o n d i t i o n s , 

the s u b s t r a t e i s a c t i v a t e d towards e l e c t r o p h i l i c s u b s t i t u t i o n ; 

e.g..amines, phenols; the presence of a c a t a l y s t i s not n e c e s s a r y 

and r e a c t i o n proceeds smoothly i n d i l u t e s o l u t i o n a t room 

temperature. 

F r e e r a d i c a l processes a l s o serve to introduce c h l o r i n e 

i n t o aromatic molecules, but these occur as a d d i t i o n r e a c t i o n s . 

A d d i t i o n - e l i m i n a t i o n r e a c t i o n s may, i n some ca s e s , be used to 

obtain perchloro compounds. 

p e r c h l o r i n a t e d s p e c i e s may be obtained using t h i s method. I f 

e.g. 0 C l CI 

e.g. 0 OH (Hef: 3 ) CI 
h v 

CI3 C I 
3 isomers 
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However, i n g e n e r a l , Jiore s p e c i a l i s e d s y n t h e t i c routes 

a r e employed to achieve e f f i c i e n t p e r c h l o r i n a t i o n of s u b s t r a t e s 

and the f o l l o w i n g review i n c l u d e s some of the methods a v a i l a b l e 

f o r obtaining p e r c h l o r o - c a r b o c y c l i c compounds. 

2.1 Monocyclic Systems 

2.1.1 Benzene 

Many papers have be-an published which d e s c r i b e 

p e r c h l o r i n a t i o n of the benzene nucleus. Examples of these a r e 

the use of c h l o r i n e and a Lewis a c i d c a t a l y s t : S i l b e r r a d ' s 
4 5 reagent; e l e c t r o c h e m i c a l c h l o r i n a t i o n ; vapour phase 

c h l o r i n a t i o n on alumina with i o d i n e t r i c h l o r i d e (180-300°C) or 

rhodium t r i c h l o r i d e (300°C).^ 

Chlorosulphonic a c i d has been shown to induce n u c l e a r 

halogenation of s u b s t i t u t e d benzenes, e.g. 1 , 2 , 4 , 5 - t e t r a c h l o r o -
7 b benzene, and c e r t a i n phenols, e.g. r e s o r c i n o l . 

HO OH Cr C1S0,H • 

1 7 0 C C 

Some N-nitroaminobenzenes are s u f f i c i e n t l y a c t i v a t e d 

towards n u c l e o p h i l i c a t t a c k , t h a t they y i e l d hexachlorobenzene 

simply by r e f l u x i n g w i t h a mixture of h y d r o c h l o r i c and a c e t i c 
q 

a c i d s . 

e.g. 

NHNO 

CI ^ C I HOAc/HCl 

C I r e f l u x , 5 mins 

NO 



T h i s r e a c t i o n s e r v e s as.an example of n u c l e o p h i l i c aromatic 

c h l o r i n a t i o n , opposed to the e l e c t r o p h i l i c r e a c t i o n s p r e v i o u s l y 

mentioned. Replacement of the p-NC^ group by a proton i n c r e a s e s 
Q 

the r e q u i r e d r e a c t i o n time by a f a c t o r of more than ten, 

i l l u s t r a t i n g the e f f i c i e n c y of -NOg as an e l e c t r o n withdrawing 

group. 

C h l o r i n o l y s i s ( i . e . fragmentation of the carbon frame

work) r e a c t i o n s may be used as a route to perchlorobenzene. 

Octachlorctoluene and decachloro-p-xylene undergo q u a n t i t a t i v e 

c h l o r i n o l y s i s w ith c h l o r i n e i n the presence of white l i g h t . " 1 " 0 

CC1, CC1, 

01 or C I T 
CCl, 

C l 9 / 6 hours 
» | C I 

white l i g h t » 

q u a n t i t a t i v e 

Fused p o l y c y c l i c aromatic hydrocarbons may aleo undergo 

c h l o r i n o l y s i s . U s u a l l y , compounds con t a i n i n g a b u i l t i n 

biphenyl system y i e l d p e r c h l o r o b i p h e n y l as the u l t i m a t e product. 

Noteable exceptions to t h i s g e n e r a l i t y are phenanthrene and 

benzidine, which both y i e l d perchlorobenzeue upon exhau s t i v e 

c h l o r i n a t i o n . 

An i n t e r e s t i n g p y r o l y s i s r e a c t i o n i s t h a t of h e a t i n g 

pentachlorophenol at 300°C for 24 hours to y i e l d hexachloro-

benzene. Some perchlorodibenzo-p-dioxin i s a l s o formed i n t h i s 
12 

r e a c t i o n . The mechanism presumably i n v o l v e s the i n t e r m o l e c u l a r 

r e a c t i o n of pentachlorophenoxy r a d i c a l s . 

300 uC,24hrs 
CI 
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F i n a l l y , p y r o l y s i s of perchloro p h t h a l i c anhydride a t 800 C gi v e s 

hexachlorobenzene i n 34$ y i e l d . The fo l l o w i n g mechanism 
13 

i n v o l v i n g a perchlorobenzyne intermediate has been suggested. 

C I C I 

2.1.2 S u b s t i t u t e d Benzenes 

The s u b s t i t u t e d benzenes included i n t h i s s e c t i o n a r e 

aryj.alkane3, a r y l a l k e n e s and a r y l a l k y n e s . A r y l s u b s t i t u t e d 

benzenes; e.g. biphenyl, polyphenyls; w i l l be d e a l t w i t h under 

s e c t i o n s 2.2 and 2.3 r e s p e c t i v e l y . I t should be noted t h a t i n 

the f o l l o w i n g s e c t i o n s , ( i . e . . 2.1."2., 2.2., and 2.3.) frequent 

r e f e r e n c e to reagent B:.M.C. w i l l be made. T h i s extremely power

f u l n u c l e a r c h l o r i n a t i n g agent which comprises s u l p h u r y l c h l o r i d e , 

sulpliur monochloride and1 aluminium c h l o r i d e w i l l be d e a l t w i t h 

more f u l l y a t a l a t e r stage (See D i s c u s s i o n , Chapter I I ) . 
14 

E a r l y attempts to p e r c h l o r i n a t e toluene • r e s u l t e d 
i n the formation of oC -H-heptachlorotoluene or o-H-heptachloro-

15 
toluene as the ul t i m a t e products. S t e r i c hinderance and some 

e l e c t r o n i c d e a c t i v a t i o n from c h l o r i n e (-1 e f f e c t ) were given as 

the reasons f o r incomplete c h l o r i n a t i o n . Too f o r c i n g r e a c t i o n s 
16 

r e s u l t e d i n the formation of hexachlorobenzene. I n 1954, 

B a l l e s t e r and Molinet succeeded i n s y n t h e s i s i n g e-ct-achlorotoluene 

u s i n g a mixture which has become w e l l known as B.M.C. 

reagent ~ ' More r e c e n t l y , B a l l e s t e r and h i s co-workers have employed reagents B.M.C.-S and B.H.C.-P to re c o r d high y i e l d 
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syntheses of octachlorotoluene from a l k y l halogenated t o l u e n e s . 

CC1 CC1 

B.M.C.-S 
CI 

CF CC1, 0 3.M.C.-P > CI 

A n ' i n t e r e s t i n g rearrangement has been d e s c r i b e d by West 
19 20 

and h i s co-workers, ' which i n v o l v e s the r e a c t i o n of 

p e r c h l o r o b i c y c l o (3.2.0.) hepta-2:6-diene with aluminium c h l o r i d e . 

I n i t i a l l y , p e r c h l o r o c y c l o h e p t a t r i e n e i s i s o l a t e d , p y r o l y s i s of 

which may l e a d to per c h l o r o t o l u e n e , p e r c h l o r o s t y r e n e or hexa-

chlorobenzene depending upon the con d i t i o n s used. A r e a c t i o n 
scheme i n v o l v i n g a p e r o h l o r o a l l y l carbonium ion has been 

19 
suggested. (see Scheme I I ) 

Scheme I I C I C I C I C l CI C l 
C l A l 2 0 l 6 

i 
150 WC C l C l C l \ Cl C l C l C l C l C l 

A l ^ C l 
A1„C1 

i c e 
H«0 

CC1 CC1 CC1 
C l 6 some 

perchloro 
s t i l b e n e C l 

310-320 V JC 160"C 
C l + CC1. + C^Cl C l C l 



Perchloroethylbenzene has been prepared from the U.V. 
-21 

i r r a d i a t i o n of octachlorotoluene i n carbon t e t r a c h l o r i d e . • 

The perohloroethylbenzene i s s a i d to r e s u l t from the coupling 

c f tho two r a d i c a l s C 6C1 5.CC1 2 and C C l ^ . 15 Attempts to c h l o r i n a t e the xy l e n e s have been recorded." 

To date, perchloro-o-xylene and perchloro-m-xylene have not been 

8ynthe«3ised. However perchloro-p-xylene has been reported by 
16 

E a l l e s t e r and co-workers, prepared by the c h l o r i n a t i o n of p-
b i 3 t r i c h l o r o m e t h y l benzene with B.M.C. reagent. T h e i r r e s u l t s 

22 
were confirmed by Doorenbos. 

CC1, 

B.M.C. 

CI, 

CC1 

CC1, 

Per c h l o r o s t y r e n o has been prepared by the t h e r m o l y s i s of 
19 perchlorotoluene, ' c h l o r i n a t i o n o f ^ y 5 - d i c h l o r o s t y r e n e w i t h 

10 17 18 reagents B.M.C. ' and B.M.C.-P, or by the a c t i o n of warm 

KI/HOAc on p e r c h l o r o e t h y l benzene. 

c c i 2 c c i 3 

KI/HOAc 

c c i = c c i 2 

98$ 

CO-H-pentachlorophenylacetylene r e a c t s with s i l v e r 

n i t r a t e i n anhydrous t e t r a h y d r o f u r a n to give a s i l v e r s a l t , 

which on treatment with c h l o r i n e i n carbon t e t r a c h l o r i d e a t 

room temperature g i v e s perchlorophenylacetylene i n 91.7% y i e l d . 
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C s C H C = C P Ag® C =«CC1 

AgN0 5 

T.H.F. 
C I C1 2/CC1 4 

jj 

T h i s a c e t y l e n e has "been found to undergo thermal o l i g o m e r i s a t i o n , 

g i v i n g a. mixture of p e r c h l o r o - ( l , 2 , 3 - t r i p h e n y l benzeno), 

p e r c h l o r o - ( l , 2 , 4 - t r i p h e n y l benzene), and p e r c h l o r o - ( l - p h e n y l -

naphthalene). A mechanism i n v o l v i n g a p e r c h l o r o - d i p h e n y l t e t r a -

hedrane has been s u g g e s t e d . ^ 

Many other polychlorobenzenes w i t h unsaturated s i d e chains 
03 

have been prepared; e.g. tran s - p e r c h l o r o p r o p e n y l benzene . ~" 
18 

p s r c h l o r o - l - p h e n y l b u t a d i e n e ; but w i l l not be d e a l t w i t h i n 

t h i s review. 

2.2 B i c y c l i c Svstems 

2.2.1 Naphthalene 

Perchloronaphthalene was prepared by B e r t h e l c t and 

J u n g f l e i s c h as e a r l y as 1868, by exhaustive c h l o r i n a t i o n of 

naphthalene w i t h c h l o r i n e and antimony p e n t a c h l o r i d e to gi v e 

a mixture of perchloronaphthalene and p e r c h l o r o - l , 4 - d i h y d r o -

naphthalene. Another Lewis a c i d c a t a l y s e d r e a c t i o n was r e a l i s e d 
l 1 .24 

by Schwemberger and Gordon, who prepared perchloronaphthalene 

i n 90% y i e l d by d i r e c t c h l o r i n a t i o n of naphthalene i n the presence 

of i r o n or i r o n and iodine a t 100-150°C. Care had to be taken to 

avoid exhaustive c h l o r i n a t i o n , which e v e n t u a l l y l e d to the f o r 

mation of perchloroindane. 

C W F e -
n > 

100-150°C 
12h. 

exhaustive 
c h l o r i n a t i o n 
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Other workers have achieved t h i s c h l o r i n a t i o n almost 

q u a n t i t a t i v e l y i n the vapour phase: over c h a r c o a l (400°C); over 

rhodium t r i c h l o r i d e / s i l i c a (400-480°C); or over rhodium t r i c h l o -

r i d e/alumina (400 C ) . B a i l e e t e r and co-workers ' 

c h l o r i n a t e d naphthalene with reagent B.M.C. to give p e r c h l o r o -

1,4-dihydronaphthalene, which r e a d i l y d e c h l o r i n a t e d upon 

r e f l u x i n g ir_ i s o p r o p y l ether, to give an o v e r a l l 897" y i e l d of 

perchloronaphthalene. 

CI C I 

X . B.M.C. CI 
C I 

r e f l u x 
i s o p r o p y l 

ether 
7v 1 

C l C I 
R e a c t i o n of phosphorus p e n t a c h l o r i d e w i t h a v a r i e t y of 

pr e c u r s o r s y i e l d s perchloronti.phthalene e.g. 2H,3-hydroxytetrachloro-
26 27 1,4-naphthoq.uinone, 2H-pentachloro-l,4-naphthoquinone and 

27 
2,3,4-triehlorosulphonyl-tf-haphthol a l l r e a c t w i t h P C l ^ a t 

250 C to give perchloronaphthalene. 

0 

Replacement of ̂ C = 0 or ^C - OH "by c h l o r i n e probably i n v o l v e s 

n u c l e o p h i l i c s u b s t i t u t i o n , with the formation of ^.CCl^ and 

P0C1 3 or ̂ C - C l , HC1 and POCi^ r e s p e c t i v e l y . At high 

temperatures, the r e a c t i o n mechanism may not n e c e s s a r i l y be a 

s t r a i g h t f o r w a r d n u c l e o p h i l i c displacement. 
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28 F a r r a r and Storms obtained perchloronaphthalene by 
the exhaustive c h l o r i n a t i o n ; i . e . a c h l o r i n o l y s i s r e a c t i o n : of 
methyl-of-naphthoate w i t h Pe/FeCl^ a t 110°C i n pe r c h l o r o e t h y l e n e 
as s o l v e n t . R e a c t i o n of the methyl-/S -naphthoate under s i m i l a r 
c o n d i t i o n s l e d to the formation of p e r c h l o r o - 1,4-dihydro-
najrtithalene. 

A novel high y i e l d s y n t h e s i s of perchloronaphthalene 
29 

has been d e s c r i b e d by Ginsberg and co-workers, which c o n s i s t s 

of vapour phase p y r o l y s i s of perchloro cyclopentadiene. Sciae 

p e r c h l o r o b i s c y c l o p e n t a d i e n y l (approx. 5$) was a l s o observed i n 

the product. 

600-800 cC/lmm Hg 
0.01-0.Is contact time C I C I 

CI C I 

A p o s s i b l e r e a c t i o n mechanism f o r t h i s process i s o u t l i n e d i n 

Scheme I I I below. 

•Scheme I I I 

C l C I 

c i c i c: c i c i 

c i c i 
c i 
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2.2.2 Benzocyclobuta tie 

Roedig and Kohlhaupt observed t h a t perchiorcbutenyne 
n 3( 

dimerised a t 160-180 C g i v i n g perchlorobenzocyclobutaneCf?). 
31 

The f o l l o w i n g mechanism (see Scheme IV) was suggested to 

account f o r t h i s unusual c y c l o a d d i t i o n r e a c t i o n . 

Scheme IV 
CC1 CC1 C1«C CC1 C I \ C I C I CC1 

1) 
C l CC1 C I 

C I C1„C CC1 
CC1 CC1 

CI 
2) C I 

C I 

The c y c l o h e x a d i e n e ( l ) i s i s o l a b l e a t 80-100°C, but 

q u a n t i t a t i v e i s o m e r i s a t i o n to(£?) takes p l a c e a t room temperature 

i n p o l a r s o l v e n t s such as D.M.F.y D.M.S.O., and a c e t o n i t r i l e . 

2.2.3 Indane 

Zincke and Meyer have reported the s y n t h e s i s of 

perchloroindane from the r e a c t i o n of P C l ^ with e i t h e r p e r c h l o r o -

indanane or the c h l o r i n a t e d dimer, (3.). 
32 

More r e c e n t l y , Eaton and co-workers have repeated t h i s 

s y n t h e s i s . 

C I o C I 
// PCI CI 

C I CI CO 
C l C I 

C l 
C l 
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A p h o t o l y t i c c y c l i s a t i o n r e a c t i o n g i v i n g some p e r c h l o r o -

indctne was observed by B a l l e s t e r and R i e r a , when they i r r a d i a t e d 

a s o l u t i o n of7$E )$R - 2H-nonachloropropyl benzene i n carbon 
33 

t e t r a c h l o r i d e . 

CC1 2 CClgCHgCl c i 2 

CCl, 
> c i > 

Other routes to perchloroindane i n c l u d e the a c t i o n of 
24 

heat on a perchloronaphthalene, SbCl^, i o d i n e mixture; the 

d e s t r u c t i v e c h l o r ;.nation of perchloronaphthalene a t 200-250°C; 

or the d e s t r u c t i v e c h l o r i n a t i o n of hexachloronaphthalene w i t h a 
o 34 

c h l o r i n e , i r o n , i o d i n e mixture a t 160-180 C. 2.2.4 Indene 
32 Eaton and co-workers s y n t h e s i s e d perchloroindene by 

the a c t i o n of P C l ^ on perchloroindenone. Some perchloroindane 
35 

was a l s o formed i n t h i s r e a c t i o n . Mcbee and co-workers 

observed the formation of some perchloroindene (approx. 9$) 

during the l i q u i d phase p y r o l y s i s of hexachlorocyclopentadiene. 
A novel high y i e l d s y n t h e s i s (90-95$) of perchloroindene 

32 

has been reported' when the cage ketone p e r c h l o r o p e n t a c y c l o -

( 5 . 3 * 0 . 0 ( 2 , 6 ) . 0 ( 4 , 1 0 ) . 0 ( 5 , 9 ) ) decan-3-one (4) i s f l a s h p y r o l y s e d a t 475-500°C, 

°- ci 

a - - a ' 

> 
CI 

500' 

(£) 
CI 

CI 

CI 
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2.2.5 T e t r a l i n 
15 Attempts have been made to s y n t h e s i s e p e r c h l o r o -

t e t r a l i n but have met with l i m i t e d s u c c e s s . The s y n t h e s i s of 
t h i s compound appears to bo an u n u s u a l l y d i f f i c u l t p r o c e s s . 

2.2.6 Biphenyl 

I n 1876, Ruoff c h l o r i n a t e d biphenyl with a c h l o r i n e / 

i o d i n e mixture, e v e n t u a l l y o b t a i n i n g some decachlorobiphenyl. 

Other d i r e c t c h l o r i n a t i o n s of biphenyl g i v i n g the p e r c h l o r o -

compound have been r e a c t i o n w i t h antimony pe n t a c h l o r i d e a t high 

temperatures (300°C) or r e a c t i o n w i t h c h l o r i n e over i r o n 

(100-200°C). 

Wibaut and co-workers s y n t h e s i s e d decachlorobiphenyl 

i n 75$ y i e l d by c h l o r i n a t i o n of commercially a v a i l a b l e penta-

c h l o r o b i p h e n y l over f e r r i c c h l o r i d e / i o d i n e (300°C). More 
23 

r e c e n t l y , B a l l e s t e r , Castanet and R i e r a have claimed an 

almost q u a n t i t a t i v e y i e l d of decachlorobiphenyl when biph e n y l 

i s t r e a t e d w i t h reagent B.M.O. 
Su b s t i t u t e d biphenyls have been used as p r e c u r s o r s t o 

37 
decachlorobiphenyl. e.g. Van Roosmalen has s u c c e s s f u l l y 

employed a Sandmeyer type r e a c t i o n on oct a c h l o r o b e n z i d i n e , 

g i v i n g decachlorobiphenyl. 

C l 

Mi, 

(a) R" 2S0 4, NaW02 

(b) C u C l 2 , HC1. 

Attempts to form decachlorobiphenyl by r e a c t i o n of 4,4'-dihydroxy-

o c t a c h l o r o b i p h e n y l with phosphorus p e n t a c h l o r i d e up to temperatures 

of 230 C were u n s u c c e s s f u l . 



F i n a l l y , o x i d a t i o n s of pentachlorophenyl l i t h i u m w i t h 

compounds such as t i t a n i u m t e t r a c h l o r i d e i n ether has given 
•XQ 

some decachlorobiphenyl i n low y i e l d . 

BuLi 
ether 

L i 

T.I CI, 
ether 

p r e c i p i t a t e d i n 
low y i e l d 

2.3 P c l y c y c l i c Systems 

Many p e r c h l o r o p o l y c y c l i c compounds have been d e s c r i b e d 

i n the l i t e r a t u r e and a c r o s s s e c t i o n of them i s covered here. 

They are d e a l t w i t h as f o l l o w s : polyphenyls; fuser* aromatic 

systems (b.g. a n t h r a c e n e ) ; and f i n a l l y fused p a r t i a l l y aromatic 

systems (e.g. acenaphthene). fl.B. Pe r c h l o r o f l u o r e n e w i l l be 

covered more f u l l y i n the d i s c u s s i o n s e c t i o n of t h i s t h e s i s and 

only a b r i e f mention of i t i s made a t t h i s s t a g e . 

2,3.1 Polyphenyls -

Per c h l o r o - p - t e r p h e n y l was s y n t h e s i s e d by Hutzinger and 
yq 

co-workers,'' by the a c t i o n of antimony p e n t a c h l o r i d e on the 

parent hydrocarbon a t 360 C. V/ibaut extended t h i s r e a c t i o n 

to the p r e p a r a t i o n of p e r c h l c r o - ( 4 , 4 ' - d i p h e n y l b i p h e n y l ) from the 

corresponding hydrocarbon by r e a c t i o n a t 220-27G°C. 

SbCl t 

360°C 

B a l l e s t e r and co-workers report the p r e p a r a t i o n of the 
three isomers of perch l o r o t r i p h e n y l b e n z e n e , obtained by 
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c h l c r i n a t i o n w i t h reagent B.M.C., followed by r e a c t i o n w i t h 

antimony p e n t a c h l o r i d e a t elevated temperatures. They a l s o 

c l a i m t h a t p erchlorophenylacetylene undergoes some thermal 

o l i g o m e r i s a t i o n g i v i n g the perchloro-l,2,3-and perchloro-1,2,4-

tr i p h e n y l b e n z e n e s . 

i . e . C S C C 1 C C l 

C^Cl 

C^Cl 

2.5.2 Fused Aromatic Systems 

Perchlorobiphenylene was reported i n 1967, both by Brown, 
13 • and by Cava and co-workers, obtained from the vacuum p y r o l y s i s 

of t e t r a c h l o r o p h t h a l i c anhydride. According to Cava, some 

perchlorobenzene i s foraieii i n t h i s r e a c t i o n , and a p e r c h l c r o -

benzvne in t e r m e d i a t e i s i n v o l v e d . 

40 

0 -
450-1100°C 

-3> 26% (Ref: 40 ) 

30% (Ref: 13 ) 

Perchloroanthracene has been prerpared by B a l l e s t e r and 

co-workers, by r e a c t i o n of the parent hydrocarbon w i t h reagent 

B.M.C.,--' to form perchloro-9,10-dihydroanthracene, which then 
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underwent r e d u c t i v e d e c h l o r i n a t i o n by r e f l u x i n g w i t h stannous 

c h l o r i d e i n chloroforms 

C l C l 
\ 

B.M.C 
C l C l 

C l C l 

SnCl CHC1 

C l C l C l 

Perchloroanthracene has been observed to pr e s e n t thormochromy, 

being orange-yellow a t room temperature, and orange-red a t 100°C. 

E a r l y attempts to p e r c h l o r i n a t e phenanthrene l e d to 

c h l o r i n o l y s i s o c c u r r i n g , g i v i n g u l t i m a t e l y hexachlorobenzene and 

carbon t e t r a c h l o r i d e . I n 1965, B a l l e s t e r 2 ^ succeeded i n 

c h l o r i n o l y s i s , 
-? C l + 2CC1 

Or 
s y n t h e s i s i n g perchlorophenanthrene, by use of reagent B.M.C., 

followed by d e c h l o r i n a t i o n of the product by r e f l u x i n g with 

i s o p r o p y l e t h e r . 
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a c i C I 
C I 

B.M.C. is o p r o p y l ether 
C I 

r e f l u x 

C l C I 

Brooks et a l ^ reported a m u l t i stage s y n t h e s i s of p e r c h l o r o -

phenanthrene, u t i l i s i n g c h l o r i n e and i o d i n e ; c h l o r o c u l p h o n i c 

a c i d ; followed "by ther m o l y s i s a t 330°C. An elegant s y n t h e s i s of 

perchlorophenanthrene was recorded by West et a l , ̂  whioh 

inv o l v e d the p y r o l y s i s of dodecachloroheptafulvalene, t h i s 

p r e c u r s o r being obtained from r e a c t i o n of o c t a c h l o r o -

c y c l o h e p t a t r i e n e w i t h n - b u t y l l i t h i u m , followed by h e a t i n g to 

270°C. 

C l C l C l 

3 
n-BuLi > tf-C,,Cl 14 12 270"C hexane/-78 uC C l 

C l C l 

C l 350"C 

C l 

C l 
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The p e r c h l o r i n a t i o n of pyrene, i n v o l v i n g a m u l t i s t e p 
43 

procedure has been d e s c r i b e d by Vollmarm and co-workers. 

I n i t i a l l y , a mixture of hexachloropyrenes i s i s o l a t e d , obtained 

by the d i r e c t c h l o r i n a t i o n of pyrene, followed by t h e r m o l y s i s of 

the product a t 400°C. A 98% y i e l d i s recorded f o r t h i s stage of 

the s y n t h e s i s . F u r t h e r c h l o r i n a t i o n of t h i s mixture with 

c h l o r o s u l p h o n i c a c i d i n the presence of i o d i n e , a g a i n followed 

*>y p y r o l y s i s , y i e l d s decachloropyrene. 

( a ) c i 2 

(b) A 400 C 

hexachloropyrencs 
(90%) 

( a ) C l S 0 5 H (b) A 260°C 

Reimlinger and King ^ repeated the c h l o r i n a t i o n of the mixture 

of hexachloropyrenes w i t h c h l o r i n e , c h l o r o s u l p h o n i c a c i d and 

io d i n e a t 0°C, obtaining perchloro-4,5»9,10-tetrahydropyrene; 

which on he a t i n g above i t s melting point (312°C) e l i m i n a t e d 

c h l o r i n e to give perchloropyrene. 
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C 1 6 H 4 C 1 6 

C l , 
CISO^H 

ci 2/i 2,o°c C 1 
1 

An u n s u c c e s s f u l attempt to s y n t h e s i s e perchlorochrysene 
45 

has been recorded. 

2,3.3 ffused P a r t i a l l y Aromatic Systems, I n c l u d i n g Fluorene 

P e r c h l o r o f l u o r e n e was observed as a s i d e product during 

the c h l o r i n a t i o n of dichlorodiphenylmethane with reagent B.M.C. 
I t has a l s o been s y n t h e s i s e d by the a c t i o n of PCl^on o c t a c h l o r o -

23 
fluoren-9-one or the r e a c t i o n of 9,9-dichlorofluorene w i t h 
reagent B.M.C.-P. When heated to 300°C i n the presence of copper 

18 
dust, t h e blue p e r c h l o r o b i f l u o r e n y l e n e i s formed i n 98$ y i e l d . 

23,25,4 

Cu 

A,300°C 

F u r t h e r c o n s i d e r a t i o n w i l l be given tothe c h l o r i n a t i o n of f l u o r e n e 

and p r o p e r t i e s of c h l o r i n a t e d f l u o r e n e i n the d i s c u s s i o n s e c t i o n 

of t h i s t h e s i s . 
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Acenaphthylene undergoes p a r t i a l c h l o r i n a t i o n w i t h 

c h l o r i n e gas i n b o i l i n g hexachlorobutadiene, f u r t h e r r e a c t i o n 

of t h i s c h l o r i n a t e d product w i t h aluminium c h l o r i d e i n b o i l i n g 

s t a n n i c c h l o r i d e g i v e s peichloroacenaphthene i n 21$ y i e l d , 

p y r o l y s i s of which y i e l d s the blood red perchloroacenaphthylene. 

01, 
b o i l i n g 
H.C.B.D. 

P a r t i a l l y 
c h l o r i n a t e d 
products 

A1C1 5 

• b o i l i n g 
SnCl, 

(21$) 

. . . (H8#) 
260°C 

blood, red 

D e c h l o r i n a t i o n a l s o occurs i r . 40$ y i e l d upon r e a c t i o n w i t h 
stannous c h l o r i d e . 25»47,48 

Perchloroacenaphthene has a l s o been prepared by B a l l e s t e r 

and co-workers ̂ ' ^ 8 by the a c t i o n of reagent B.M.C. on the 

parent hydrocarbon. 

3. P r e p a r a t i o n of Some P e r c h l o r i n a t e d H e t e r o c y c l i c Compounds 

For convenience, t h i s s e c t i o n w i l l be sub-divided i n t o 

four main p a r t s , v i z : oxygen c o n t a i n i n g h e t e r o c y c l e s i n order 

of i n c r e a s i n g number of r i n g s ; sulphur c o n t a i n i n g h e t e r o c y c l e s , 

d e a l t with i n a s i m i l a r f a s h i o n ; a b r i e f s e c t i o n concerned w i t h 

n i t r o g e n c o n t a i n i n g h e t e r o c y c l e s ; and f i n a l l y a s e c t i o n devoted 

to miscellaneous p o l y c h l o r o h e t e r o c y c l e s . 
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3.1 Oxygen Containing Compounds 

3.1.1 Furan 
D i r e c t c h l o r i n a t i o n of f u r a n has "been proven to be 

d i f f i c u l t ; ( a) because of i t s s e n s i t i v i t y to a c i d , and (b) 

because halogenation i s f r e q u e n t l y accompanied by v i o l e n t 
49 

p o l y m e r i s a t i o n . However, 2,3-dichlorofuran may be obtained 

by c h l o r i n a t i o n of furan i n carbon t e t r a c h l o r i d e s o l u t i o n , w i t h a t r a c e of phosphous t r i c h l o r i d e as c a t a l y s t . 49 

c i 2 / c c i 4 

PCI, 

C l 

^ 0 ^ 
C l 

Other p a r t i a l l y c h l o r i n a t e d furans may be obtained from 

de c a r b o x y l a t i o n of c h l o r o f u r o i c a c i d s , e.g. f u r o i c a c i d may 

be c b l o r i n a t e d d i r e c t l y , the r e s u l t i n g 3 - c h l o r o f u r o i c a c i d 

being decarboxylated over copper/bronze or z i n c a t 300-400°C, 
i 

to give 3-chlorofuran. 

been obtained i n a s i m i l a r f a s h i o n . 

50 D i c h l o r o - and t r i c h l o r o f u r a n s have 
50 

e.g. C l 

C l 

C l C l C l 
200-300 uC 

00H C l 

The t i i c h l o r o f u r o i c a c i d may be obtained from the thermal 

rearrangement of tetrachloro-2H-pyran-2-one, followed by 

h y d r o l y s i s of the so formed t r i c h l o r o - 2 - f u r o y l c h l o r i d e . The 

i n t r a m o l e c u l a r rearrangement i s s a i d to be favoured by the 

formation of the aromatic f u r a n r i n g . 
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r-e f l u x 

C I C I 
H +/H 20 

C l x 0 / COOH 
CI"" ^0 

(82%) 
A mixture of c h l o r i n a t e d s p e c i e s , v i z : 2-chloro-; 

2 , 5 - d i c h l o r o - j 2 , 3 , 5 - t r i c h l o r o - ; t e t r a c h l o r o - ; and hcxachloro-

2,5-dihydro- furans i s obtained when fur a n i s c h l o r i n a t e d a t 

low temperatures (-20° to -40°C), Keeping the r e a c t i o n mixture 

below 20°C allows the HC1 formed during the r e a c t i o n to gas 

o f f without causing any p o l y m e r i s a t i o n of s u b s t r a t e . The 

r e a c t i o n i s throught to proceed v i a an addtion - e l i m i n a t i o n 

mechanism, ' " i . e . 

C l C l 
C l , -HC1 

o; C l 

-HCl 

T e t r a c h l o r o f u r a n may be conv e n i e n t l y prepared by the 
54. 55 

d e c h l o r i n a t i o n of hexachloro-2,5-dihydrofuran, ' t h i s 
p r e c u r s o r being formed from the rearrangement and c y c l i s a t i o n 

56 57 
of perchloro c r o t o n y l c h l o r i d e . ' 

C l 
c c i 2 = e c i . c c i . = c c i 2 ^ a 0 E t > c c i 0 = c c i . c c i = c o i o c ^ — ^ — > EtOH 

c c i 5 - c c i = c c i c ̂ ° 150-200°C 
C I PeCl 3 5 

C l 

C l , 

'2"5 

C l 

\0 A 
Zn/Hg 

o i y 
(85 - 95£) 
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Many other chlorinated derivatives of furan have "been 
synthesised e.g. trichlorofuran-2-carboxylic acid provides a 
convenient precursor to amides, ethyl esters, n i t r i l e s etc. 
Some of these derivatives have proven useful as h e r b i c i d a l and 

. . 58 p e s t i c i d a l agents. 
3.1.2 Benzofurans 

Hexachlorobenzo(b)furan and pentachloro-benzo(b)furan 
59 

appear t o he. unknown. 
The d i r e c t c h l o r i n a t i o n of benzol'uran has been reported 

60 
to give a mixture of t r i - and tetra-chlorobenso(b)furans. 

A wide range of derivatives of 1,2,3,4-tetrachloro-
benzo(b)furan i s recorded i n the l i t e r a t u r e . These derivatives 
may be r e a d i l y obtained v i a cyclo addition reactions, e.g. 
thermolysis or photolysis of tetrachloro-o-benzoquinone dioxide 

6"i 62 
gives the polar oxide, which r e a d i l y undergoes 1,3-dipolar 
cyclo addition reactions, forming tetrachlorobenzo(b)furans i n 
good y i e l d s . CI 

CI 

CI 
CI 

or h«v? 

C^CH 
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V/hen the polycyclic compound(j6) below i s subjected to 
flow pyrolysis at c600°C/3mm Hg under nitrogen, i t gives 
quantitative yields of tetrachlorobenzo(c)furan. 

600°C 
3mmHg 

v6) 

3. J. 3 Dibenzo(b,d)f uran 
The f u l l y chlorinated t i t l e compound has been prepared, 

at:d w i l l to dealt with more f u l l y i n the discussion section of 
t h i s t h e s i s . 

64 

A1C 
s o 2 c i 2 

3.1.4 Dibenzo-p-dioxin 
12 Both Sandermann and co-workers, and Denivelle and 

65 
co-workers report the formation of 1,2,3,4,6,7,8,9-octachloxO-
diben^.o-p-dioxin during the pyrolysis of pentachlorophenol. 

OH-

• 300°C 

Other methods f o r i t s formation include the d i r e c t 
c h l o r i n a t i o n of 2,6-dichlcrodibenzo-p-dioxin with chlorine and 
antimony pentachloride, " or the pyrolysis of 2,3,4,4,5,6-
hexachloro-2,5-cyclohexadienone.^ A pentachlorophenoxy r a d i c a l 
has been suggested as an intermediate i n the above reaction. 66 
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270-280uC 

3 • 2 Sulphur Containing Compounds 
3.2.1 Thiophens 

The c h l o r i n a t i o n of thiophen i s well documented, and 
depending upon the reaction conditions used, almost any degree 
of c h l o r i n a t i o n may be achieved. Exhaustive chlorinations to 
give thiolenes and thiolanes, and i n t e r conversion of these "back 
to thiophenes may also he r e a d i l y accomplished. 

Tetrachlorothiophene was f i r s t recorded by ftcitz, from 
the c h l o r i u t t i o n of 2,5-dibromothiophene.^' 6^ 

( i ) C l 2 

' 3 r Br ( i i ) "OH 
CI 

"The ready exchange of chlorine f o r bromine has also 
been demonstrated i n the synthesis of certain chloroalkyl 
thiophens frou bromo d e r i v a t i v e s . ^ ' ^ 

- Me CI? £ > 
Br CI e.g. 

Br 

Er 

CI Me 

L 
Br. Br 

Br2Hc 

Clg/CCl^ 

CHBr, 
hv 

CI CI 

CC1^ \ s / ^ GC13 

Direct c h l o r i n a t i o n of thiophen has been shown to y i e l d 
d i f f e r e n t mixtures of chlorinated derivatives, depending upon 
the conditions used. e.g. Coonradt and co-workers have varied 
the c h l o r i n a t i o n conditions of thiophen; givJ.ng at 70 C mainly 
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tetrachlorothiophen; at 40°C a mixture of d i - , t r i - , and 
72 

tetra-chlorothiophens; and i n the presence of iodine as a 
73 

c a t a l y s t , the formation of hexachlorothiolene. 
CI, 

60-80°C 

CI, 
40°C 

CI, 
i.p.o. I , 

CI 

79.2% 

x2 

22.4% 
CI CI 

CI 2.X 

14.3* 

01, 

46.3% 

CI 
\ s / 

27.9% 

Chlorinations over elongated reaction times, and i n 
the presence of catalysts have yielded octachloro-thiolane'^ ,'^ 
A mechanism f o r the iodine catalysed c h l o r i n a t i o n of tliiophen 

73 
has been suggested, i . e . 

XS Ci„ CI 2 _. CI, 

cat. 
C 1 2 \ s y012 

/ 
c v \ c i 

CI 
\ 

CI 

IC1 
( i c i 3 ) 

CI 

CI 

. x s + CI 

= Z " N 3 i 

\ 

,s c i 2 / \ c i 2 < c i 2 

CI Cl 

CI 
T \ 

CI"' 

Cl 

s . c i 

\C1 

Cl" 

y 
Cl 

Cl 
- C l 

'Cl 
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Th e semi saturated thiolenes and thiolanes may he 
re a d i l y converted hack to thiophenes, simply by heating alone, 
or by heating i n the presence of a dechlorinating agent such 

o « r7Q *7 A 

as sulphur, zinc, or copper. 

76 

CI 

CI 

CI 

C l 2 S,Znor Cu CI 

A c y c l i s a t i o n reaction giving tetrachlorothiophen i n 
79 80 81 

quantitative y i e l d has been described by several workers. ' ' 
Hexachlorobutadiene i s refluxed with sulphur, and sulphur mono-
chloride formed during the reaction i s removed i n s i t u . 

Reflux 
CC12=CC1.CC1.=CC12 + 3S > CI + 2 S 2C1 2 

quantitative 

3.2.2 Benzothiophens 
Treatment of stvrene or °̂  ,y3 - dibromostyrene with 

thion./l chloride and sulphuryl chloride at elevated temperaturas 
has been shown to y i e l d bexachlorobenzo(b)-chiophen i n low 
. n . 82,83 y i e l d , ' 

HC = CH, 

S0 2Cl 2/bOCl 2 

scaled tube 270 C 

Direct c h l o r i n a t i o n of benzo(b)thiophen i n carbon 
tetra c h l o r i d e solution yields a mixture of mono- and di-chloro 

84 
derivatives, whereas ch l o r i n a t i o n over ir o n has been shown 
to y i e l d a mixture of t e t r a - and penta-chlorobenzo(b)thiophens, 
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t h e positions of s u b s t i t u t i o n being undetermined. 84 Hudson 
and Iddon®^ claim that r a i s i n g the temperature to 200°C and 
add.ing FeCl^ during the l a t t e r stages of the c h l o r i n a t i o n over 
i r o n enables hexachlorobenzo(b)thiophen to be made. 

Cl 0/Fc y^ ^ 200UC 
FeCl, 

/ c i 4 + c i b 

3.2,5 Dibenzo(b,d)thiophen 
The f u l l y chlorinated t i t l e compound has been 
8 5 86 

prepared, ' and w i l l be dealt with more f u l l y i n the 
discussion section of t h i s thesis. 

CI2/AICI3 
Of.85) 

h\7 c i c i (Ref.86) 

3.2.4 Dibenzo-1,4-dithiin (Thianthrene) 
0ctachlorodibenzo-l,4-dithiin may be obtained from 

the i r r a d i a t i o n of a solu t i o n of pentachlorobenzenesulphenyl 
86 

chloride i n carbon t e t r a c h l o r i d e . 
SCI 

2537 A 
CC1, CI CI 

" s 

Cyclisatioti reactions may also be used i n the synthesis 
of t h i s compound, e.g. the c h l o r i n a t i o n and c y c l i s a t i o n of 
diphenylsulphide i n the presence of sulphur or sulphur mono-
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chloride and a Priedel-Craft catalyst. 85 

e.g. c i 2 / s 2 c i 2 

A1C1, 

I f benzene or toluene are reacted under s i m i l a r 
conditions,'octachlorothianthrene and 2,8-dimethylhexa-

87 
chlorothianthrene are the respective products. 

i . e . s 2 c i 2 / c i 2 

A1C1, 
Cl Cl 

CH, 

s 2 c ] 2 / c i 2 

AlClZ 

3»3 Nitrogen Containing Compounds 
3»3.1 Monocyclic Systems 

Many polychloronitrogen containing systems have been 
prepared, examples of wbich include tetrachloropyrrole, penta-
chloropyridine, tetrachloropyrazine, tetrachloropyridazine 
and cyanuric chloride. Their methods of preparation are 
varied, ranging from d i r e c t c h l o r i n a t i o n , as i n the case of 

88 
pyrrole, to reaction with phosphorus pentachloride i n 
an autoclave at elevated temperatures. This l a t t e r technique 
has been successfully developed at Durham, and applied to the 
synthesis of compounds such as pentachloropyridine,"'" t e t r a -
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Cl 
CI, 

I 
H 

EtOK (Ref:88) 

89 90 chloropyridazine and tetrachloropyrazine. 

PC1C 

280-85 C + less chlorinated (Ref'l) species (recycled) 

PCI. 
300-310uC 01 || (Ref:89) 

CI 
PCI, N 

325°C CI (Ref:90) 

Vapour phase c h l o r i n a t i o n of carbonyl chlorides i s 
a useful synthetic route to some perchlorinated N- containing 

93 
heterocyclos; e.g. piperidine i s treated with C0C12 to give 
piperidine-JN-carbonyl chloride, which i s then converted to 
pentachloropyridine by pre-chlorination at 50-150°C, followed 
by c h l o r i n a t i o n at 150-500°C i n the presence of activated 
carbon. 

C0C1, ( i ) CI, 
I — ^ 

J\l ^ ( i i ) C l 2 / a c t . C 
I CI 

C0C1 
Pentachloropyridine and tetrachloropyrazine have been 

prepared by passage of t h e i r saturated hydrocarbon analogues 
down a hot tube with chlorine gas and carbon t e t r a c h l o r i d e as 
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di l u e n t . 94 

I 
H 

c i 2 / c c i 4 

580°C 

H 
c i 2 / c c i 4 

580°C CI 
v. H 

Other methods or obtaining perchlorinated species 
include the reaction with chlorine i n the presence of a 
Lewis acid catalyst; solvent reactions with phosphorus 

91 
pentachloride i n phosphorus oxychloride, and photcchenroaxly 

92 
induced processes. 

HA 
0 

0 

JM 
I 
H 

H 
I T ' PCI5/POCI5 

Reflux 
0 '379* 

(Ref :9D 

0 1 Cl 2/Hg vap. lamp ^ 
^ ' CI 

CI 200°C/4h t i ^ ^ J 

IM 
(Ref:92) 

In some cases, e.g. imidazoles, r e f l u x i n g the 
95 heterocycle i n sodium hypochlorite, 

brominated derivative with hydrochloric acid 
or reaction of a 

96 i s s u f f i c i e n t 
to bring about c h l o r i n a t i o n . 

— N 
^1 

J NaOCl 
CI-

\ 
H 

• 

I 
^JM ' " ' c i 

I 
H 

Br HC1 

Br -"X Br 
H 
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I t i s worth noting that neither t r i c h l o r o - nor 
tetrachloro-pyrazole i s reported. ' 
3.3.2 Bi c y c l i c Systems 

Many of the procedures applied to the ch l o r i n a t i o n 
of monocyclic nitrogen containing systems may he extended 
to the preparation of perchlorobicyclic compounds. 
e.g. Autoclave chlorinations with phosphorus pentachloride 
have been widely used by Chambers and co-workers to eff e c t the 
perchlorination of several b i c y c l i c systems. Some of the 
conversions they have reported are heptachloroindole from a 

99 
mixture of trichloroindr-les; hexachlorocinnoline from 
5,4,7,8-tetrachlorocinnolino and hexachloroquinazoline 

101 
from 2,4-dichloroq.uinazoline. Taplin achieved the vapour 
phase perchlorination of the quinolines, by reaction of the 
respective heterocycles with chlorine and carbon t e t r a c h l o r i d e 
at 600°C. 1 0 2 

94 
Johnston and Ruetman describe a s i m i l a r process, 

where heptachloroquinoline i s prepared by the c h l o r i n a t i o n 
of the f u l l y saturated hydrocarbon analogue with chlorine and 
carbon te t r a c h l o r i d e diluent at 580°C. 

c i 2 / c c i 4 

N 
I 
H 

580°C 

Heptachloroquinoline may also be prepared by the 
chlor i n a t i o n of ihe JM-carbonyl chloride derivative of 1,2,3»4-
tetrahydroquinoline i n the presence of activated charcoal. 

C0C1 
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Tarnow and co-workero describe a c y c l i s a t i o n process 
103 

which yields heptachloroquinoline. I n i t i a l l y , phenyl 
propylamine i s reacted with carbonyl chloride to give the 
N-carbonyl d e r i v a t i v e , which j s then chlorinated by a multistep 
procedure and cyclised giving heptachloroquinoline.. 

C0C1 ( i ) c h l o r ? 
P r ( i i ) c y c . n 

Cl Cl 

3.3.3 Polycyclic Systems 
The perchloro analogues of acridine, phenanthridine 

and 7,8-benzoquinoline have been prepared at Durham by d i r e c t 
2 

ch l o r i n a t i o n of the appropriate r i n g systems. 
A more comprehensive review of the preparation of 

nitrogen containing heterocycles i s to be found i n reference 2. 
3.4 Miscellaneous Heterocyclic Systems 
3.4.1 Monocyclic Systems (oxazoles, thiazoles eto.) 

Very l i t t l e seems to be known about monocyclic poly-
chloro systems containing two or more heteroatoms. Dichloro 

104 
thiazole has been reported, but the t r i c h l o r o compound 
appears to be unknown, as are the perchloro analogues of 
oxazole, isoxazole and isothif.zole. 

105 
Vest has reported the synthesis cf 3,4-dichloro 

-1,2,5- thiadiazole from a c y c i i s a t i o n reaction involving 
cyanogen and sulphur d i c h l o r i d e . 

Cl Cl 
S 2C1 2 + C 2N 2 

Et.NCI 
4 

D.M.P. -30°C ' N 
H 

(88%) 
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3.4.2 B i c y c l i c Systems (Benzoxazoles, benzothiazoles etc.) 
Again, very l i t t l e appears to be known about these 

perchloro systems. Pentachlorobenzoxazole i s obtained when 
the parent heterocycle i s chlorinated i n the presence of f e r r i c 
, 106 chloride, 

Cl 2/PeCl 5 

80-200°C GO c i 

High yields of pentachlorobenzothiazole are obtained when the 
parent heterocycle or.-one of i t s 2 -substituted derivatives 
are exhaustively chlorinated i n the presence of antimony 
t r i c h l o r i d e . 107 The action of heat on pentachlorophenyl-
isothiocyanate also gives pentachlorobenzothiazole i n good 
y i e l d . 

SbCl 7/Cl 2 ^ \ 
100°C (Ref:107) 

The perchloroanalogues of benzisoxazole and benzoiso-
thiazole appear to be unknown. 
3.4.3 Polycyclic Systems 

The preparation of octachlorophenothiazine has been 
reported by several workers. This may be achieved by d i r e c t 

109 c h l o r i n a t i o n of the parent heterocycle, 
sulphuryl chloride. x 

H l 
N 

or by reaction w i t h 

Cl 2/Phfl0 2 (Ref:109) 



The synthesis of perehlorodibenzo-1,4-oxathiins by 
reaction of diphenyl ethers with sulphur i n the presence of 

87 
aluminium chloride has been described, by Klug. 

0 c i 2 / c c i 4 

SAAICI 5 

CI CI 

.111 Klihgsberg J"J" has reported an unusual reaction between 
octachloronaphthalene and sulphur, giv i n g the systems (2) and 
(8) below. He suggested th?t simultaneous bidentate attack of 

S S S S 

CI CI + S 

S -
2-->2 at the p e r i positions, the favourable geometry, and the 

a c t i v a t i n g influence of chlorine are responsible f o r the 
production of these products. Selenium i s also said, to give 
s i m i l a r products. 



DISCUSSION 
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CHAPTER I I 
The Synthesis of Some Perchloropolycyclic Compounds 

1. Introduction 
As mentioned e a r l i e r , routes to some perchloropolycyclic 

compounds have been developed and t h i s chapter traces the 
techniques used to achieve t h i s perchlorination. Incorporated 
with t h i s i s a summary of previous attempts and established 
methods of chl o r i n a t i o n of these systems. 
] ,1 Ring Systems, Numbering and Nomenclature 

Seven r i n g systems were investigated, two of which were 
b i c y c l i c , and the remainder t r i c y c l i c . The b i c y c l i c systems 
were naphthalene (9.) and biphenyl (10). Their structure and 
numbering system are as shewn below:-

8 a 7 
1 

5 4 5 5' 
<S) (10) 

Of the remaining f i v e systems, fluorene (11) and fluoren 
9-one (12) have the structures and numbering systems shown here: 

5 4 5 4 5 
^ 3 

^ 5 if VS. 8 8 0 
(11) (12) 

In the case of the two heterocycles dibenzo(b,d)furan 
(13) and dibenzo(b,d)thiophen (14), numbering i s started at the 
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top r i g h t as w r i t t e n , proceeding i n a clockwise manner, round 
the system, the "bridgehead atom now occupying the 5-position. 
The (b,d) i n t h i s nomenclature refers to the respective side of 

(13) 

1 

4 

(14) 

the parent heterocycle to which the "benzo-substituer.ts" are 
attached, i . e . 

c 

X = S,0 

Thus: (15) becomes benzo(b)furan; (15) becomes benzo(c)furan; 
and (17) becomes dibenzo(b,d)furan. 

(15) (16) 

b d 

(17) 

The f i n a l heterocycle, thianthrene (18) has the bridgehead atoms 
occupying the 5 and 10 positions:-

9 10 1 
8 S \ 2 

(18) 



-39-

Thianthrene i s o f t e n a l s o found under the t i t l e of dibenzo-1,4-

d i t h i i n ( c . f . d i b e n z o - l , 4 - d i o x i n ) . 

1.2 E a r l i e r Work on the P e r c h l o r i n a t i o n of the Systems 

Being Studied 

1.2.1 Naphthalene, Biphenyl. F l u o r e n e t and Fluoren-9-one 

The p r e p a r a t i o n s of octachloronaphthalene and of decachlo 

robiphenyl have been d e a l t w i t h e a r l i e r i n the i n t r o d u c t i o n ( see 

Chapter I , S e c t i o n s 2.2.1 and 2.2.6 r e s p e c t i v e l y ) . 

B a l l e s t e r and co-workers have described the syntheses 

of decachlorofluorene and o c t a c h l o r o f l u o r e n - 9 - o n e , ^ the former 

being observed as a by-product (approx. 7$ y i e l d ) when d i c h l o r o -

diphenylmethane was c h l o r i n a t e d w i t h reagent B.M.C. (The 

development of reagent B.M.C. and i t s use i n the l a b o r a t o r i e s 

a t Durham w i l l be d e a l t w i t h i n S e c t i o n s 2.1 to 2.3 of t h i s 

C h a p t e r ) . 

P h 2 CC1 2 

B.M.C. 
> ( c 6 c i 5 ) 2 c c i 2 + C I C I 

e 
c i / / ^ c i 

18 
More r e c e n t l y , they have reported the r e a c t i o n of 9»9-dichloro-

fl u o r e n e w i t h reagent B.M.C.-P to giv e an o v e r a l l 72$ y i e l d of 

deca c h l o r o f l u o r e n e . 

B.M.C-P 
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P e r c h l o r o f l u o r e n e may a l s o be obtained by the r e a c t i o n of 
25 

octachloi'ofluoren-9-one w i t h phosphorus p e n t a c h l o r i d e . J 

The r e v e r s e r e a c t i o n may be achieved by r e a c t i o n of decachloro-

f l u o r e n e w i t h oleum,^ or by pliotooxidation i n carbon t e t r a -

c h l o r i d e s o l u t i o n i n the a i r , g i v i n g octachlorofluoren-9-one. 

1.2.2 Dibenzothiophen, Dibenzoi'uran and Thianthrene 

P h o t o l y s i s of p e r c h l c r o t h i o p h e n o l has been shown to 

produce octachlorQdibenzo(b,d)thiophen and o c t a c h l o r o t h i a n t h r e n e . 

Octachlorodibenzo(b,d)thiophen i s a l s o obtained i n 42$ y i e l d when 

bispentachlorophenyl s u l p h i d e i s photolysed. Scheme V i l l u s t r a t e s 

these r e a c t i o n s . 

Scheme V 
SClo 

86 

2537A ( I 5 0 h ) 

CC1 4 ! 2537A (24h) 
S537A 2537A 

Klug •>> has a l s o reported the p r e p a r a t i o n of these 

two compounds and some r e l a t e d d e r i v a t i v e s , e.g. The 

c h l o r i n a t i o n of 4,4'-dichlorobiphenyl with gaseous c h l o r i n e 

i n the presence of sulphur and aluminium c h l o r i d e g i v e s 

octachlorodibenzo(b,d)thiophen, along w i t h t a r s . S i m i l a r l y , 
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C1 2/A1C1 5 

s, c c i 4 

CI CI 

d i p h e n y l sulphide may be used to obtain o c t a c h l o r o t h i a n t h r e n e . 

C1 2/A1C1 3 

s 2 c i 2 , c c i 4 

Methyl s u b s t i t u t e d polychloro compounds may be obtained 

by r e a c t i o n of a s u i t a b l e p r e c u r s o r , the methyl group remaining 

unchanged during the c h l o r i n a t i o n c*nd c y c l i s a t i o n . 

e.g. 

112 

Beck and Roltschmidt d e s c r i b e a c y c l i s a t i o n r e a c t i o n 

which le a d s to o c t a c h l o r o t h i a n t h r e n e , or s u b s t i t u t e d d e r i v a t i v e s 

t h e r e o f . 

e.g. C 6C1 5R 
325-350 uC 

+ S > 
1.5-4.5h 
under Ar 

(R = C1,CN,NC0) 

Some oligomeric s p e c i e s were a l s o observed as by-products of 

t h i s r e a c t i o n . 
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Octachlorodibenzo(b,d)furan i s obtained from the 

c h l o r i n a t i o n of the parent h e t e r o c y c l e with a mixture of 

r e a s e n t s s i m i l a r to the "B.M.C. r e a g e n t " . ^ 

S 02 CV S2 C 12 
A1C1, 

113 
D a z z i and co-workers achieved t h i s s y n t h e s i s by 

c a t a l y t i c halogenation of 2 , 4 , 8 - t r i c h l o r o d i b e n z o f u r a n . 

c a t a l y t i c 
h a l o ^ e n a t i o n 

C I 

2. 

2.1 

The Use of S O ^ C l V S ^ C l o / A l C l ^ as a C h l o r i n a t i n g Agent 

S i l b e r r a d ' s Reagent 

I n 1921, Silberrad''"^ i n v e s t i g a t e d the c h l o r i n a t i o n of 

benzene with s u l p h u r y l c h l o r i d e and v a r i o u s c a t a l y s t s . (K.B. 

when benzene i s r e f l u x e d i n s u l p h u r y l c h l o r i d e alone, no 

c h l o r i n a t i o n i s observed). During these experiments, he observed 

the formation of some h i g h l y coloured intermediate s p e c i e s of 

the type ( 1 9 ) . 

H 

C I 

A 

(19) 

The f o l l o w i n g route was postulated"'"^ to account f o r the r e a c t i o n 

when aluminium c h l o r i d e i s the c a t a l v s t . 
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A1C1 5 + C 6H 6 + S 0 2 C 1 2 

A1C1 

K 

3 H 

C I 

S0„C1 
(20) 

(20) > A1C1 5:S0 2 + CgH^Cl + HC1 + some p-dichiorobenzene. 

Addit i o n of t h i o n y l c h l o r i d e to the c h l o r i n a t i n g agent 

(S0 2C1 2/A1C1^) reduced the temperature r e q u i r e d to b r i n g about 

c h l o r i n a t i o n , and the presence of sulphur or sulphur monochloride 

brought about c h l o r i n a t i o n i n the c o l d . Hence, a f i x t u r e of 

S0 2C1 2/S 2C1 2/A1C1^ was used as the c h l o r i n a t i n g agent and 

depending upon the amount of s u l p h u r y l c h l o r i d e addert, d i - , 

t e t r a - , or hexa-cblorobenzene coulo be obtained.^" A complete 

r e a c t i o n mechanism was postulated and i s shown i n Scheme V I . 

Scheme V I 

A1C1, + S 0 2 C l 2 ( x s ) > s o l u t i o n A1C1,S0 2 + CI,, 

S„C1 

A 1 2 C 1 6 S 2 C 1 2 

( o r A1C1,:5C1.SC1:A1C1,) 

(A) 
c i 

K S0„C1 H +Al„Cl.Sr,Cl 
(B) A l C i : + KC1+S0 

S.SC1 A1C1. 3 
e t c . 



Reactions (A) and (B) appeared to proceed c o n t i n u o u s l y u n t i l 

e i t h e r the s u l p h u r y l c h l o r i d e was expended, or the hydrocarbon 

was f u l l y c h l o r i n a t e d . 

More r e c e n t l y , Doorenbos and c o - w o r k e r s 2 2 ' h a v e 

p o s t u l a t e d t h a t the r e a c t i v e s p e c i e s i s SC1^+A1C1^"" formed v i a 

the f o l l o w i n g r e a c t i o n sequence:-

( a ) S 2 C 1 2 + S 0 2 C 1 2 ~* 2 S C 1 2 + S 0 2 

(b) SC1 2 + S0 2C1 2 > SC1 4 + S0 2 

( c ) PC1 4 + A1C1 3 > A1SC1 7 or ( S C 1 5
+ A l C l ^ ) . 

2.2 The Development of Reagent B.M.C. 

I n 1960, B a l l e s t e r , Molinet, and C a s t a n e r ^ reported 

the c h l o r i n a t i o n of h i g h l y s t r a i n e d aromatic chlorocarbons 

(e.g. perchloro-p-xylene) ueing an extremely powerful, y e t 

s e l e c t i v e , n u c l e a r c h l o r i n a t i n g agent. I t s composition was 

s i m i l a r to that described by S i l b e r r a d ^ ' ( i . e . a mixture oi' 

S02Clr./S2Cl2/AlCl^), the only d i f f e r e n c e being a v a r i a t i o n i r : 

the r e l a t i v e proportions of reagents. T h i s reagent became 

known as reagent B.M.C., a f t e r the authors, and many p e r c h l o r i n a t e d 

aromatic and alkaromatic c a r b o c y c l e s have been described s i n c e 

i t s development. 
18 

More r e c e n t J y , B a l l e s t e r has reported the use of 

reagents B.K.C.-P end E.M.C.-S. However, these reagents s t i l l 

comprise the same c o n s t i t u e n t s , but the r e l a t i v e c o n c e n t r a t i o n s 

are again a l t e r e d . 

2.3 The Development of C h l o r i n a t i n g Agents Comprising 

S O ^ C I Q / S Q C I V A I C I ^ i n the L a b o r a t o r i e s a t Durham 

I n i t i a l l y , !;he reagent as described by B a l l e s t e r and co-
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w o r k e r s 1 ^ was used i n an attempt to p e r c h l o r i n a t e f l u o r e n e . 

The attempt was u n s u c c e s s f u l , and the reagent a l s o had the 

disadvantage of u t i l i s i n g a l a r g e volume of s u l p h u r y l c h l o r i d e 

to c h l o r i n a t e a r e l a t i v e l y s m a l l amount of s u b s t r a t e (lOOcnr* 

SOgCig per l g s u b s t r a t e ) . A new reagent was employed (Reagent 1 -

See experimental) which used only one t h i r d the volume of 

s u l p h u r y l c h l o r i d e (approx. 35cm-* S 0 2 C 1 2 per l g s u b s t r a t e ) . 

T h i s reagent r e s u l t e d i n the formation of the same product as 

th a t obtained using B.M.C. reagent, when fluorene was the sub

s t r a t e . However the reagent proved to be as e f f e c t i v e a n u c l e a r 

c h l o r i n a t i n g agent as reagent B.M.C. when bip h e n y l , naphthalene, 

and toluene were used as s u b s t r a t e s . 

A second new combination of these reagents was i n v e s t i g a t e d 

(Reagent 2 - See experimental) and was s u c c e s s f u l i n a c h i e v i n g 

n u c l e a r c h l o r i n a t i o n of fl u o r e n e , g i v i n g 1,2,3,4,5,6,7,8-

oc t a c h l o r o f l u o r e n e (21) q u a n t i t a t i v e l y . 

"Reagent 2" 

H (21) 

T h i s reagent again used l e s s s u l p h u r y l c h l o r i d e per weight of 

s u b s t r a t e (lOcnr S 0 2 C 1 2 per l g s u b s t r a t e ) and the r e a c t i o n 

c o n d i t i o n s were a l s o s l i g h t l y a l t e r e d : a co n c e n t r a t i o n step 

was not necessary as with reagents 1 and B.M.C.; and the r e f l u x 

stage was omitted. T h i s had the e f f e c t of l e a v i n g the fluorene 

s k e l e t o n i n t a c t and a l s o a c h i e v i n g n u c l e a r c h l o r i n a t i o n . N.B. 

Fluorene was the only s u b s t r a t e c h l o r i n a t e d u t i l i s i n g reagent 2, 
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F i n a l l y , reagent 3 (see experimental) was developed, 

which, as w e l l as u s i n g a r e l a t i v e l y s m a l l amount of s u l p h a r y l 

c h l o r i d e (25cnr S 0 2 C 1 2 per l g s u b s t r a t e ) , had a p r o p o r t i o n a t e l y 

l a r g e r q u a n t i t y of aluminium c h l o r i d e p r e s e n t , i . e . an i n c r e a s e 

from 0.25g A l C l ^ to l g AlCl.^ per l g of s u b s t r a t e . This change 

was introduced to c a t e r f o r the c h l o r i n a t i o n of compounds 

co n t a i n i n g a hetero atom, which would normally complex to some 

degree with the aluminium c h l o r i d e , thus rendering i t i n e f f e c t i v e 

as a. c a t a l y s t . Using reagent 3, octachlorodibenzo(b,d)furari, 

octachlorodibenzo(b,d)thiophen and o c t a c h l o r o t h i a n t h r e n e could 

a l l be prepared d i r e c t l y from t h e i r parent h e t e r o c y c l e s . 

r "Reagent 3". I c i I c i 

"Reagent 3" ^ 

"Reagent 3" 
+ ( C 6 C 1 5 

3o C h l o r i n a t i o n Reactions 

3.1 Fluorene 

3.1.1 C a t a l y t i c C h l o r i n a t i o n 

C a t a l y t i c c h l o r i n a t i o n of fluorene produced only 

p a r t i a l l y chlorinaxed s p e c i e s , s i m i l a r to those observed by 

other workers, e.g. B o a v e r 1 1 ^ obtained 2 , 7 - d i c h l o r o f l u o r e n e by 

d i r e c t c h l o r i n a t i o n of f l u o r e n e i n a c e t i c a c i d s o l u t i o n . 
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01, 

H04c 

A r e a c t i o n i n the presence of iodine as c a t a l y s t has 
117 

been observed to give 2 , 4 , 7 - t r i c h l o r o f l u o r e n e , f u r t h e r r e a c t i o n 

of which, with P C l ^ a t 2 0 0 ° C 1 1 8 gave 2,4,7,9,9-pentacrloroflucrene 
C I 

f ^ 5 ^ ( i ) i 2 / c i 2 

( i i ) PCI, 

The i n t r o d u c t i o n of c h l o r i n e i n t o the system d e a c t i v a t e s i t 

tcv/ards e l e c t r o p h i l i c s u b s t i t u t i o n , and the tv/o most a c t i v e s i t e s , 

v i z . 2 - and 7- are f i r s t r e p l a c e d ; a d d i t i o n of a c a t a l y s t enables 

the 4 - p o s i t i o n to be s u b s t i t u t e d , but f u r t h e r s u b s t i t u t i o n 

appears to be d i f f i c u l t . The a l l y l i c methylene group may be 

r e a d i l y c h l o r i n a t e d using P C l ^ , and replacements of t h i s type 

are f a i r l y common. A much more powerful c h l o r i n a t i n g agent i s 

thus r e q u i r e d to achieve p e r c h l o r i n a t i o n . 

3.1.2 C h l o r i n a t i o n with Reagent B.M.C. 

Reagent B.M.C. has been used e x t e n s i v e l y ' ' t o 

c h l o r i n a t e n u c l e a r p o s i t i o n s i n aromatic and alkaromatic 

hydrocarbons. When fluo r e n e was reacted with reagent B.M.C., 

s k e l e t a l breakdown was observed to occur, g i v i n g what i s b e l i e v e d 

to be a s u b s t i t u t e d biphenyl as the product. Mass spectrometry 

(showed F = 541 w i t h eleven c h l o r i n e atoms pr e s e n t , C ^ K C l ^ 

r e q u i r e s M ( C I ) 542. i . e . the peak observed i s the parent 

minus the proton), a n a l y s i s (gave a.molecular formula of 
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C ^ H C l ^ ) , i n f r a red (showed -C-H s t r e t c h i n g v i b r a t i o n s ) and 

c o n s i d e r a t i o n of the r e a c t i o n process led to the c o n c l u s i o n t h a t 

t h i s compound was 2-dichloromethyl-2',3,3',4,4',5,5',6,6'-

nonachlorobiphenyl. This product may be formed by p a r t i a l 

c h l o r i n a c i o n of the bridgehead methylene group, coupled with 

c h l c r i n a t i o n o c c u r r i n g a t the r i n g j u n c t i o n . 

The•following i l l u s t r a t e s a p o s s i b l e r e a c t i o n mechanism 

which would account f o r the observed product. E l e c t r o p h i l i c 

s u b s t i t u t i o n of c h l o r i n e i n t o fluorene has been shown to occur 

most r e a d i l y i n the 2-,4-,and 7- p o s i t i o n s , the 5 - p o s i t i o n 

presumably being the next to be r e p l a c e d . 

Assuming 2,4,5,7-tetrachlorofluorene to be formed during 

the c h l o r i n a t i o n , the f o l l o w i n g seouence of r e a c t i o n s a r e 

p o s s i b l e . 

/^VSC1 3A1C1 4 

SC1 3A1C1 4 

(21) 

The 9 - p o s i t i o n i n (21) i s now conjugated to the aromatic r i n g 

and i s s u s c e p t i b l e to a t t a c k from the c h l o r i n a t i n g agent ( c . f . 

c h l o r i n a t i o n o f y £ - d i c h l o r o s t y r e n e with reagent B.M.C.) ' '» 

T h i s p r o c e s s , coupled w i t h a t t a c k at the r i n g j u n c t i o n a t some 

stage would account f o r the observed product. 
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3.1.3 C h l o r i n a t i o n with AlUly^SOgCln/SgClg 

The c h l o r i n a t i o n of fluorene with "Reagent 1" again 

r e s u l t e d i n the formation of ( 3 1 ) . 

"Reagent 1" 
CI C l 

(31) CHC1, 

3.1.4 P r e p a r a t i o n of P e r c h l o r o f l u o r e n e 

C h l o r i n a t i o n of f l u o r e n e with Reagent 2 r e s u l t e d i n the 

s o l e formation of 1,2,3,4,5,6,7,8-octachlorofluorenc, (21) 

presumably the r e l a t i v e l y milder r e a c t i o n c o n d i t i o n s ( i . e . 

removal of r e f l u x and c o n c e n t r a t i o n stages of the r e a c t i o n ) 

accounting f o r the carbon s k e l e t o n remaining i n t a c t , and the 

occurrence of nuclear- c h l o r i n a t i o n alone. 

Thy p o s i t i o n s of c h l o r i n e s u b s t i t u t i o n were confirmed 

by o x i d i s i n g the product with sodium dichromate i n a c e t i c a c i d , 

g i v i n g some octachlorofluoren-9-one. Unfortunately t h i s d i d not 

C r o C /HOAc 
C l C l 

/ C l 8 
(21) 

prove to be a v i a b l e p r e p a r a t i v e route to o c t a c h l o r o f l u o r e n - 9 -

one, as only p a r t i a l o x i d a t i o n occurred and the product had to 



be separated from s t a r t i n g m a t e r i a l by lengthy f r a c t i o n a l 

c r y s t a l l i s a t i o n s . 

P e r c h l o r o f l u o r e n e was obtained by r e a c t i o n of (21) w i t h 

PClj., u s i n g a procedure s i m i l a r to t h a t described i n the 

l i t e r a t u r e . ^ 8 

PCI 
C I C I C I C I 

3 2 5 V 3 i h 

A \ 
C I C I H 

When too f o r c i n g c o n d i t i o n s were used, (e.g. long r e a c t i o n time, 

h i g h e r temperature) c h l o r i n o l y s i s occurred, g i v i n g low y i e l d s 

of decachlorobiphenyl. 

3.2 Biphenyl 

3.2.1 P r e p a r a t i o n of 4,4'-dichlorohiphenyl 

T h i s wa§* prepared by d i r e c t e l e c t r o p h i l i c c h l o r i n a t i o n 

of b i p h e n y l , as described i n the l i t e r a t u r e . 

c i 
HOAc 

C I C I 

An attempt to p e r c h l o r i n a t e and c y c l i s e w i t h sulphur to 

give octachlorodibenzo(b,d)thiophen as described by Klug,®^ was 

u n s u c c e s s f u l and r e s u l t e d i n e x t e n s i v e t a r formation. 
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3.2.2 P r e p a r a t i o n of Decachlorohiphenyl 

An almost q u a n t i t a t i v e y i e l d of decachlorobiphenyl was 

obtained by r e a c t i o n of the parent hydrocarbon with A l C l ^ / S O ^ l , , / 

^2^3"2 (Reagent l ) . B a l l e s t e r a l s o d e s c r i b e s t h i s c h l o r i n a t i o n 
T O 

using reagent E.M.C. 

3.3 Dibenzo(b td)thiophen 

3.3.1 P r e p a r a t i o n of Octachlorodibenzo(b >d)thiophen 

D i r e c t c h l o r i n a t i o n of the parent h e t e r o c y c l e w i t h 

A1C1 5/S0 2C1 2/S 2C1 2 (Reagent 3) r e s u l t e d i n the formation of 

octachlorodibenzo(b,d)thiophen. (96^; Iff.p. ( x y l e n e ) = 304.5°C) 

3.4 Dibenzo(b t d ) f u r a n 

3.4.1 P r e p a r a t i o n of Octachlorodibenzo(b,d)furan 

D i r e c t c h l o r i n a t i o n of the parent h e t e r o c y l c with 

reagent 3 r e s u l t e d i n the formation of octachloroclibenzo(b,d) 

f u r a n i n 9595 y i e l d . (M.p. (chloroform) = 260°C) 

3.5 Fluoren-9-one 

3.5.1 C h l o r i n a t i o n "Using a Mixture of SP^Clo/AlCl^/SpC!,, 

C h l o r i n a t i o n of fluoren-9-one w i t h reagent 1 gave a 

mixture of d i c h l o r o - and t r i c h l o r o - fluoren-9-one, i d e n t i f i e d 

from t h e i r mass s p e c t r a , ( i . e . P = 248 w i t h CI x 2, and P = 282 

w i t h C I x 3. C 1 5H 6C1 20 r e q u i r e s m / e = 248. C^H^Cl^O r e q u i r e s 

'Ve = 282). Complexation of aluminium c h l o r i d e w i t h the 

carbonyl group may be r e s p o n s i b l e f o r the low degree of 

c h l o r i n a t i o n observed, which probably occurs p r i m a r i l y i n the 

2,4 and 7 - p o s i t i c n s . i . e . the products a r e probably 2,7-

d i c h l o r o - and 2,4,7-trichloro-fluoren-9-one. 
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A1C1 A1C1 

Etc . 

The 1,3,6,8-positions w i l l "be unreacfcive towards e l e c t r o p h i l i c 

a t t a c k and t h i s coupled with a low con c e n t r a t i o n of the 

c h l o r i n a t i n g s p e c i e s would account f o r the observed r e s u l t s . 

The use of reagent 3 y i e l d e d a mixture of t e t r a - , 

penta--, and hexa- chlorofluoren-9-one (mass spectrometry) bur. 

the perchlorocompound was not observed. The presence of l a r g e r 

q u a n t i t i e s of aluminium c h l o r i d e i n *:he c h l o r i n a t i n g mixture w i l l 

have f a s c i l i t a t e d the g r e a t e r degree of c h l o r i n a t i o n observed. 

I t i s p o s s i b l e t h a t a d d i t i o n of even more aluminium c h l o r i d e , or 

the use of more f o r c i n g c o n d i t i o n s (longer r e f l u x time, more 

concentrated reagent e t c . ) w i l l e v e n t u a l l y y i e l d o c t a c h l o r o -

fluoren-9-one. However, i t was f e l t a t the time t h a t an 

a l t e r n a t i v e approach was r e q u i r e d . 

3.5.2 Acid H y d r o l y s i s of Decachlorofluorene 

Attempted h y d r o l y s i s by r e f l u x i n g decachlorofluorene 

w i t h 5 0 # ( v / v ) h y d r o c h l o r i c a c i d r e s u l t e d i n the recovery of 

s t a r t i n g m a t e r i a l s only, whereas r e a c t i o n w i t h fuming s u l p h u r i c 

a c i d s i m i l a r to t h a t described by E a l l e s t e r , ^ r e s u l t e d i n 

t a r r i n g . R e f l u x i n g decachlorofluorene i n 80£( v/v) phosphoric 

a c i d r e s u l t e d i n some h y d r o l y s i s o c c u r r i n g , g i v i n g a mixture of 

octachlorofluoren-9-one and s t a r t i n g m a t e r i a l which was separated 

by f r a c t i o n a l c r y s t a l l i s a t i o n . The u l t i m a t e y i e l d of ketone was 
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low and thus rendered the method i m p r a c t i c a b l e from a 

p r e p a r a t i v e point of view. 

3.5.3 Oxidation of l , 2 t 3 - 4 t 5 . 6 . 7 . 8 - 0 c t a c h l o r o f l u o r e n e 

The o x i d a t i o n of fluorene to fluoren-9-one u s i n g sodium 
120 

dichromate i n a c e t i c a c i d has been d e s c r i b e d . A p p l i c a t i o n 

of t h i s o x i d a t i o n procedure to (31) met with l i m i t e d s u c c e s s . 

A low y i e l d of the keto-compound was obtained, along w i t h 

s t a r t i n g m a t e r i a l . S o l u b i l i t y of these high molecular weight 

polychlorocompounds would seem to be a c o n t r i b u t i n g f a c t o r to 

t h i s low y i e l d , i n s u f f i c i e n t m a t e r i a l being i n s o l u t i o n to 

undergo o x i d a t i o n . I f a s i n g l e phase system can be achieved, 

i . e . a system i n which sodium dichromate, c c e t i c a c i d , o c t a 

c h l o r o f luoren-9-one, and (31) a r e a l l r e a d i l y s o l u b l e , the 

r e a c t i o n may go smoothly to completion g i v i n g o c t a c h l o r o f l u o r e n -

9-one i n h:.gh y i e l d upon removal of s o l v e n t . Crown p o l y e t h e r 

systems (See chapter IV) may be a p o s s i b l e approach to t h i s 

problem. 

3.6 Thianthrene 

3.6.1 P r e p a r a t i o n of Octachlorothianthrene 

Octachlorothianthreno was obtained along w i t h some 

bispentachlorophenyl s u l p h i d e , which could be separated by 

f r a c t i o n a l c r y s t a l l i s a t i o n from xy l e n e , when th i a n t h r e n e was 

c h l o r i n a t e d with A1C1 3/S0 2C1 2/3 2C1 2 (reagent 3 ) . The 

bispentacnlorophenyl sulphide probably r e s u l t s from l o s s of 

sulphur c h l o r i d e , from the t h i a n t h r e n e , followed by n u c l e a r 

c h l o r i n a t i o n . 

SCI 
C l C l C l C l +2C1 



3.7 Phenothiazine 

3.7.1 Attempted C h l o r i n a t i o n Using a Mixture of SOgClg/ 

A d d i t i o n of s u l p h u r y l c h l o r i d e to phenothiazine r e s u l t e d 

i n v i o l e n t r e a c t i o n , coupled with the r a p i d e v o l u t i o n of gas and 

the formation of a black sludge. Other methods of c h l o r i n a t i n g 

t h i s s u b s t r a t e were not i n v e s t i g a t e d . 

3.8.1 P r e p a r a t i o n c f Octachloronaphthalene 

Octachloronaphthalene was obtained (959' y i e l d ) when 

naphthalene was c h l o r i n a t e d with reagent 1. B a l l e s t e r has 

performed t h i s c h l o r i n a t i o n w i t h reagent B.M.C. and has obtained 

a perchlorodihydroncphthalene which was then d e c h l o r i n a t e d w 

give octachloronaphthalene. ^» J The only d i f f e r e n c e between 

the two methods i s the q u a n t i t y of s u l p h u r y l c h l o r i d e used, «*nd 

i t i s not understood how t h i s f a c t alone e f f e c t s the outcome of 

the product to such an e x t e n t . 

3.9 Toluene 

3.9.1 Nuclear Chlorinat.ion, Using a. Mixture of SO-pClV 

1) gave a q u a n t i t a t i v e y i e l d of l-methyl-2,3,4,5 f6-pentachloro-

benzene. ( i . e . n u c j s a r c h l o r i n a t i o n ) . Although the l a s t 

c h l o r i n a t i o n to be d e s c r i b e d , t h i s experiment was performed 

p a r a l l e l w i t h the c h l o r i n a t i o n s of f l u o r e n e . I t s s i g n i f i c a n c e 

was to i l l u s t r a t e the n u c l e a r c h l o r i n a t i n g a b i l i t y of the 

reagent, without the d e s t r u c t i o n or c h l o r i n a t i o n of the a l k y l 

group. Unfortunately, t h i s was not the case w i t h f l u o r e n e . 

S 2C1 2/A1C1 

3.8 Naphthalene 

A1C1,/S„C1 

C h l o r i n a t i o n of toluene with S0 0C1 0/S 0C1 0/A1C1, (Reagent 
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3.9.2 Reaction of lHmethyl-2,5,4,5«6-pentachlorobenzene 
w l t h P C l c 5 
Again, t h i s reaction was performed as a p a r a l l e l to 

fluorene, demonstrating the occurrence of ch l o r i n o l y s i s to 
y i e l d hexachlorobenzene. (N.E. i*; should be remembered that 
decachlorobiphenyl was obtained i n some reactions of octa-
chlorofluorene with PCl^ before conditions were optimised.) 
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CHAPTCR I I I 
Properties of Some Polyhalopeno Aromatic Compounds 

1. General Introduction 
1.1 The Aim and Scope of the Work Described i n t h i s Chapter 

'Che i n i t i a l aim of t h i s work was to synthesise a series 
of perchloroaromatic systems as possible precursors to the 
corresponding perfluoro analogues by halogen exchange. Reactions 
of these perfluoro compounds could then be followed by techniques 
such as mass spectrometry, G.L.C., N.M.R., etc. 

Unfortunately, so f a r , we have been unable to convert 
the polychlorocompounds i n t o t h e i r perfluoro analogues and since 
there i s no convenient t o o l to determine the structures of 
derivatives of polychloro compounds, very l i t t l e investigaxive 
work has been undertaken. This chapter includes the reactions 
which were attempted, along with some nucleophilic s u b s t i t u t i o n 
reactions involving; fluoridated biphenyls, which were carried out 
as a possible approach to flu o r i n a t e d dibenzofurans. 
2. Cyclisation Reactions 
2.1 Formation of l t9-3pidithio-2,5.4,6.7,8-hexachloro-

dibenzo(b,d)thiophen 
2.1.1 Reaction of Decachlorobiphenyl with Sulphur 

Decachlorobiphenyl can be prepared conveniently i n the 
laboratory, and an al t u r n a t i v e route to octachlorodibenzo(b,d)-
thiophen could be c y c l i s a t i o n of decachlorobiphenyl with sulphur. 
Both sulphur and thiourea have been used as nucleophiles w i t h 
haloaromatics, forming a polycyclic compound*"^ and a 

l ?1 
disulphide respectively. 

When biphenyl and sulphur were refluxed i n xylene, or 
heated i n an autoclave at temperatures less than 350°C, no 
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reaction WBB observed. However, when they were heated together 
at 350°C f o r 20 hours i n a stainless s t e e l autoclave, a "bright 
yellow compound i d e n t i f i e d as l,9-epidithio-2,3,4,6,7,8-
hexachlorodibenzo(b,d)thiophen (22) was separated i n 35°/° y i e l d , 
65% conversion;(22) was r e a d i l y r e c r y s t a l l i s e d from xylene, and 

\ CI CI 
350°C/20h CI 

(22) 

melted w i t h decomposition at 331°C. 
2.1.2 Reaction of Octachlorodibenzo(b,d)thiophen with Sulphur 

Y/hen octachlorodibenzo(b,d)thiophen and sulphur were 
heated together at 350°C f o r 20 hours i n a stainless s t e e l 
autoclave, (_22) was again obtained. 

<2\ A c i / \ Cl 350°C/20h 
c i 

\ // /J 
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2.1.3 Reaction of (22) with Raney Nickel Catalyst 
As a means of confirming the structure of (22) an 

attempt to desulphurise and reduce i t to 3»31,4,4',5,5'-hexa-
chlorobiphenyl was made. Only p a r t i a l reduction oc'curred 
however, giving 2,3,4,6,7,8-hexachlorodibenzo(b,d)thiopher. (23), 
i d e n t i f i e d from i t s mass spectrum ( M + ( 5 5 C l ) 388, C^HgClgS 

S -S 

«v CI \ / CI \ Haney/Hickel 
\ / / \ // R.T. 5hrs. 

(22) (23) 

requires ra/e = 388), analysis, and i t s P.M.R. spectrum, which 
showed a s i n g l e t at & = 9.1 p.p.m. r e l a t i v e to T.M.S. 
2.1.4 General Conclusions and Comments 

Two possible reaction pathways to (22) are possible, v i z 
( i ) simultaneous bidentate attack of Ŝ " at the 2,2'-

and 6,6'-positions of decachlorobiphenyl, giving (24), followed 
by elimination of sulphur, forming (22). The i n i t i a l stage 
would be si m i l a r to results observed by Klingsberg, 1 1^ when 
octachloronaphthalene was reacted with sulphur giving (7) and 
(8 ) . 
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Pi ^ > 2 S 2 - ^ Cl CI 
Cl CI Cl 

(24) 

compare wi t h : 

01 Cl Cl Cl I T 
(2) (8) 

I f t h i s reaction pathway i s followed, thermal elimination 
of sulphur from (2£) at the reaction temperature may be responsible 
f o r the formation of (22). 

( i i ) Octachlorodibenzo(b,d)thiophen may be formed 
2-

m i t i a l l y , which then undergoes bidentate attack by S 2 g i v i n g 
(22) 
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i . e . 

01 | c i 

/ 

c i Cl 

\ 

This second pathway is si m i l a r i n i t s i n i t i a l stage to a ons 
reported "by Klug,®^ f o r the formation of octachlorodibcnsc(b,d)-
thiophen from 4,4'-dichlorobiphenyl. 

fS5" n S, A1C13 

Cl^CCl, 01 01 

As octachlorodibenzo(b,d)thiophen may be converted to 
(22), the second reaction pathway would seem to be more l i k e l y . 
However, no attempt v/as made to i s o l a t e the intermediate from 
the reaction. 

The Raney-nickel reduction, along with the reaction of 
octachlorodibenzo(b,d)thiophen with sulphur confirm the structure 
of (22). The c y c l i s a t i o n reaction "places" one sulphur atom, 
and as only one P.M.R. signal was obtained from the product of 
reduction of (22), the remaining two sulphur atoms must be bonded 
as a S 2 bridge, to tv/o equivalent positions i n the dibenzo(b,d)-



thiophen system i . e . 1,9; 2,8; 3,7; or 4,6. 

Steric consi.derotions eliminate the l a s t three a l t u r n a t i v e s , 
which confirms the structure o l C^^lgS^ as that shown i n (22). 

3. Nucleophilic Substitution Reactions 
3.1 Perfluorobiphenyl -
3.1.1 Reaction with Sulphur 

Reaction of decaflucrobiphenyl witr. sulphur i n sulpholan 
resulted i n the formation of a small quantity of perfluoro-
(bis-(p-phenyl phenylene)) sulphide (26). This maroon s o l i d 

Sulpholan 

(Ss) 

(M.p. 117°C) was i d e n t i f i e d from i t s mass spectrum, p = 662, 
^ 2 4 F 1 8 S r e c - u i r e B m / e = 662), and by comparison of i t s "^F n.m.r. 
spectrum w i t h that of decaflucrobiphenyl. 
3.2 Perfluoro-(4,4'-bisisopropylbiphenyl) 
3.2.1 Reaction with Sulphur 

The 4-position of decafluorobiphenyl i s the most reactive 
towards nucleophilic s u b s t i t u t i o n and a sulphide (£6) i s formed. 
I f 2-substitution were induced, the p o s s i b i l i t y of c y c l i s a t i o n 
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occurring to give octafluorodibenzo(b,d)thiophen becomes a 
feasible reaction. A sample of perfluoro-(4,4'-bis isopropyl 
biphenyl) (27) was supplied by Dr. A.C. Young, and the reaction 
repeated. Only s t a r t i n g materials were recovered. 

C 3 F ? ~(7\ /7\_C 3F 7 S > N O R E A C T I O N . 
\ / \ / Sulpholan 

(27) 

3.2.2 Reaction v i t h Sodium Methoxide i n Methanol 
In an attempt to determine the preferred o r i e n t a t i o n of 

nucleophilic s u b s t i t u t i o n i n (,27), the substrate was reacted wi 
a solution of sodium methoxide i n methanol. A white c r y s t a i l i n 
s o l i d i d e n t i f i e d as iconomethoxy-perfluoro-(4,4'-bisisopropyl-
biphenyl) was isolated i n 80$ y i e l d . I d e n t i f i c a t i o n was by 
mass spectrometry and analysis. N.M.R. showed the product to 
be a mixture of two isomers, with the methoxide s u b s t i t u t i o n 
occurring both i n the 2- and 3-positions. 

1Q 
A F̂ n.m.r spectrum showed complex resonances i n the 

t e r t i a r y - F , the CF.,-F and the aromatic-F regions but were of 
l i t t l e - diagnostic use. A proton n.m.r. spectrum showed two 
d i s t i n c t -OCĤ  resonances, one a s i n g l e t , the other a doublet, 
showing the presence of two methoxy derivatives (28) and (29). 
The doublet had J - 3Hz and corresponded to coupling to the 
t e r t i a r y f l u o r i n e of the adjacent perfluoro-isopropyl group. 
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R 

OMe (28) (29) R 

This f i g u r e of 3Hz i s s i m i l a r to one previously observed f o r the 
122 compound (30) The r a t i o of products (28) to (29) was 

CP 3 

' , < 5 H / ^ < / - C F 3 

MeO (30) 

F \ N 

approximately 1 to 3, measured from i n t e g r a t i o n of the P.M.P.. 
signals, i . e . The preferred o r i e n t a t i o n of nucleophilic 
s u b s t i t u t i o n of methoxide i n t o (27) i s the 3-position, which 
shows the perfluoroisopropyl group to have a stronger d i r e c t i v e 
influence to nucleophilic aromatic substituion then does the 
perfluoro a r y l group. I f 2-substitution were predominant, 
c y c l i s a t i o n to perfluorodibenzo(b,d)furan derivatives becomes 
feasible. Low yields of cyclised material may be obtained from 
the mixture of nonomethoxy derivatives, but was not pursued a t 
t h i s stage. 
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4. Fluori d a t i o n Reactions 
4.1 Introduction 

The introduction of fl u o r i n e i n t o aromatic nuclei by 
halogen exchange with chlorine has been successfully employed to 
prepare ? series of mono- and b i - c y c l i c nitrogen containing 
hetcrocyoles, e.g. pcntafluoropyridine, tetrafluoropyridazine, 
heptafiuoroquinoline etc. 

The usual procedure i s to heat the substrate and an 
a l k a l i metal f l u o r i d e together, e i t h e r i n an autoclave, or in. 
an aprotic solvent such as sulpholan. An attempt to apply these 
techniques to t r i c y c l i c N-containing heterocycles has been 

2 
recorded, but met with l i m i t e d success. The following includes 
the attempts to extend t h i s method to members of the dibenzo-
series, and related compounds. 
4.2 Reactions with Potassium Fluoride i n an Autoclave 
4 o2.1 Decachlorobiphenyl 

Decachlorotj.phenyl was heated with potassium f l u o r i d e 
i n an autoclave over a range of temperatures. I t was hoped 
that a simple halogen exchange reaction would occur, giv i n g a 
fl u c r i n a t e d analogue of biphenyl. However no success was had 
at a l l using t h i s technique. 

An attempt to vacuum transfer v o l a t i l e material from 
the hot autoclave resulted i n the trapping of low molecular 
weight gases, and i t was necessary to open the autoclave to 
t r y to extract tractable material. A black powdery residue 
remained. Refluxi^.g the residue with d i f f e r e n t solvents did not 
extract any material and sublimation under vacuum gave a trace 
of a yellow s o l i d , which was inadequate fo r further i n v e s t i g a t i o n . 
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Digestion of the residue with water yielded a black polymeric 
s o l i d . 

4.2.2 Decachlorofluorene 
Decachlorofluorene again yielded a black i n t r a c t a b l e 

s o l i d as the ultimate product, when i t was heated with po+assium 
f l u o r i d e . 

I n an attempt to replace the two chlorine atoms m the 
9-position with f l u o r i n e , decachlorofluorene was heated with 
antimony t r i f l u o r i d e . Again a black i n t r a c t a b l e s o l i d was 
obtained. 
4.2.3 Octachlorodibenzo(b,d)thiophen 

Octachlorodibenzo(b,d)thiophen was heated *.7ith potassium 
f l u o r i d e i n an autoclave at various temperatures. At 300°C, 
s t a r t i n g materials were recovered and at 450°C a black i n t r a c t a b l e 
s o l i d was obtained. An intermedia +e temperature reaction, at 
330°C produced a mixture of p a r t i a l l y f l u o r i n a t e d materials, i n 
which up to four chlorine atoms had been replaced by f l u o r i n e . 
However, the small quantity of material isolated and the number 
of components present rendered i t impracticable f o r preparative 
purposes. This reaction was the most promising of theae series, 
but a f i n e balance seems to exist between degradation and 
f l u o r i n a t i o n . I t may be possible to achieve p e r f l u o r i n a t i o n at 
some temperature between 330°C and 450°C, but a f t e r a series of 
attempts, i t was concluded that t h i s temperature i s impracticably 
c r i t i c a l . 
4.3 Reactions with Potassium Fluoride i n a Solvent 

Halogen exchange of chlorine f o r f l u o r i n e has also been 
achieved i n solvents, e.g. reaction of chloropentafluorobenzene 
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with potassium f l u o r i d e i n sulpholan yields hexafluorobenzene 
i n 42°/e y i e l d . W i t h octachloronaphthalene as the substrate, 

KF/sulpholan 
160-190°G/I8h. 

1 P'S 
521m y i e l d of the perfluoro compound i s obtained. 

CI CI KF/sulpholan 
235°C/I4h. 

(52*) 
4.3.1 Decachlorobiphenyl 

Reaction of decachlorobiphenyl with potassium f l u o r i d e 
i n sulpholan yielded a small quantity of a complex mixture which 
contained some p a r t i a l l y f l u o r i n a t e d biphenyls. The mass 
spectrum of the mixture corresponded to octachlorodifluoro-
biphenyl and nonachlorofluorobiphenyl. The low y i e l d and 
complex nature of the product rendered the method impracticable. 
4.3.2 Decachlorofluorene 

Again, a small quantity of p a r t i a l l y f l u o r i n a t e d 
material was obtained, but did not warrent f u r t h e r i n v e s t i g a t i o n 
4.3.3 Octachlorod ibenzo(b,d)thioph en 

Only a mixture of p a r t i a l l y f l u o r i n a t e d material was 
obtained. The degree of f l u o r i d a t i o n and the quantity of 
product isolated depended upon the reaction conditions used, but 
neither warrented f u r t h e r work. 
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4.4 General Conclusions and Comments 
Autoclave f l u o r i n a t i o n techniques cannot be r e a d i l y 

applied to the systems described here. These systems must 
have some way of decomposing during reaction, which i s not 
possible f o r the monocyclic and b:Lcyclic systems to which the 
method has already been applied. A l l three compounds have a 
b u i l t i n biphenyl system, not present i n the mono- and b i -
c y c l i c compounds. 

Attack of f l u o r i d e ion at a r i n g junction may account f o r the 
f a i l u r e of these reactions. Loss of a pentalialophenyl cation 
could then occur, which would react, f u r t h e r , to form the 
polymeric type materials observed, i . e . 
x = Cl and/or P 

x 

p ©• 

Polymeric material, 

A s i m i l a r scheme may be envisaged involving the fluorene and 
dibenzo(b,d)thiophen systems. 
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The reactions i n so l u t i o n gave s i m i l a r r e s u l t s , and 
a s i m i l a r process to t h a t described above may be occurring. 
However, i n some cases, a small quantity of p a r t i a l l y 
f l u o r i n a t e d material was recovered. The a c t i v a t i o n temperature 
f o r f l u o r i n a t i o n and the degradation temperature of the 
halogenated substrate appear to be very s i m i l a r w i t h a very f i n e 
balance between the two. A more active f l u o r i n a t i n g species 
(thus lowering the reaction temperature) would c l e a r l y assist 
i n solving t h i s problem and crown polyethers seemed to be an 
obvious candidate to catalyse these reactions. This work is 
dealt with i n Chapter IV. 
5. Applications and Toxicological Properties of 

Some Polychloro Compounds 
Decachlorobiphenyl has been used i n the p l a s t i c s and 

paints indu s t r i e s , the manufacture of lubricants and wax 
polishes, and also i n the e l e c t r i c s industry. I t s tox i c l i m i t 
i s 0.-5-1.0 mg. l i t r e ~ \ , and i t s l i p o p h i l i c character, whicli 
enables i t to c o l l e c t i n the f a t t y tissues of the skin, may be 
responsible for t h i s t o x i c i t y . Prolonged contact of decachloro
biphenyl with the skin can, i n some cases, cause dermatitis. 

The presence of small quantities of octacbloro-
dibenzo(b,d)furan, normally found with decachlorobiphenyl may 
also be a contributing f a c t o r to i t s t o x i c i t y . Investigation 
i n t o the t o x i c o l o g i c a l properties of octachlorodibenzo(b,d)-
furan i s reported i n the recent chemical l i t e r a t u r e . "L2^ I t 
has recently been used along with antimony ( I I I ) oxide as a 
f i r e - p r o o f i n g agent f o r polymers, J and also as an i n s e c t i c i d e . 
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Chlorinated naphthalenes are toxic to the l i v e r and 
have a pronounced derrcatitic e f f e c t . However, they do have 
l i m i t e d uses as high b o i l i n g point solvents, p l a s t i c i s e r s 
and protective coatings, e.g. underwater paints. 
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CHAPTER IV 
The Use of 18-Crown-6 polyether as a Fluorination Catalyst 

Chapter I I I of t h i s thesis i l l u s t r a t e d the d i f f i c u l t i e s 
encountered during the attempted i'luorination of the polycyclic 
compounds under i n v e s t i g a t i o n . 

The s c l u b i l i s a t i o n of KF i n aprotic solvents containing 
18-crown-6, and the f l u o r i n a t i n g properties of these solutions 

complexed, by polyether, leaving a "naked" f l u o r i d e ion i n 
sol u t i o n . 

The application of t h i s e f f e c t to the polychloro systems 
being studied was now investigated. I t was hoped that the 
production of a "naked" f l u o r i d e ion, an extremely powerful 
nucleophile, would replace C I " from the polycyclic substrates 
at r e l a t i v e l y low temperatures,- and reduce the chance of 
degradation and polymerisation occurring. 
1.1 Preparation and P u r i f i c a t i o n of 18-Crov/n-6 polyether 
1.1.1 Chlorination of T r i f t o l 

T r i g o l was chlorinated to give l,8-dichloro-3,6-dioxa-
octane (j51) as described i n the l i t e r a t u r e . T h e reaction 
involves nucleophilic displacement of -OH by -CI using t h i o n y l 
chloride. 

1. Introduction 

have been reported. 130 The potassium i s said to be e f f e c t i v e l y 

H0(CH2CH20)2CH2CH20H 
s o c i 2 > C1(CH2CH20)2CK2CH2C1 C6H6/Py 

(31) 
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1.1.2 Formation o f Crude 18-Crown--6 po l y e t h e r 
T r i g o l was reacted w i t h (3JL) i n "basic solution., using 

the procedure described by Gokel and co-workers. U y c l i s a t i o n 
occurred, g i v i n g crude 18-crown-6 p o l y e t h e r , which could be 
c o l l e c t e d by d i s t i l l a t i o n under reduced pressure (10C-130°0/. 
0.05mm Hg). 

Greene has suggested a "template e f f e c t " t o account 
f o r the h i g h y i e l d of c y c l i c compared w i t h polymeric m a t e r i a l 
obtained from the r e a c t i o n . 

°" rro <_/\_> 
V o 0 0 0 ' 

1.1.3 P u r i f i c a t i o n o f 18-Crown-6 po l y e t h e r w i t h A c e t o n i t r i l e 
P u r i f i c a t i o n o f the crude 18-crown-6 polyether was by 

complexing w i t h a c e t o n i t r i l e . D The complexing seems t o exclude 
i m p u r i t i e s t h a t d i s t i l w i t h , or near t o the pure p o l y e t h e r . The 
r e c r y s t a i l i s e d complex i s then broken down by pumping o f f the 
a c e t o n i t r i l e w i t h s l i g h t h e ating under a good vacuum f o r s e v e r a l 
hours. The l i q u i d 18-crown-6 s o l i d i f i e s w i t h the e v o l u t i o n o f 
heat, g i v i n g a sharp m e l t i n g (39.5°C) white c r y s t a l l i n e s o l i d . 
1.2 Background Work on the Uses o f 18-Crown-6 p o l y e t h e r 
1.2.1 Methods of Synthesis 

Since 1967, several authors have rep o r t e d the synthesis 
o f 18-crown-6 poly e t h e r ( 3 2 ) . Pedersen 1 2^ obtained (32) i n low 
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y i e l d ( < 2 # ) from the base catalysed c y c l i s a t i o n of 17-chloro-
3»6,9,12,15-pentaoxaheptadecanol ( 3 3 ) . 

«/~\ 
Cl( CH2CK20 ) 5CH2CH20H 

K. *butoxide ^ ^ 
1,2-d imethoxyethane 

(21) / \ 
0 0 

<_ 0 0 w 
(32) 

I n 1972, Greene i n v e s t i g a t e d the e f f e c t of solvent upon 
a base catalysed condensation r e a c t i o n "between t r i g o l and 
t r i e t h y l e n e g l y c o l t o s y l a t e . 1 2 8 Although y i e l d s of (32) i n 
T.H.P. were r e l a t i v e l y low (30-60?5), t h i s proved t o be the 
simplest technique t o use. 

Gokel and co-workers reported a r a p i d synthesis of 
(32) i n 40^ y i e l d , using Williamson's ether s y n t h e s i s . This was 
the method employed i n these l a b o r a t o r i e s . 

More r e c e n t l y , i t has been shown t h a t (32) i s obtained 
i n low (4$) y i e l d from the o l i g o m e r i s a t i o n of ethylene oxide. 
1.2.2 Nomenclature 

The macrocyclic polyethers can be assigned unique but 
ver y cumbersome names by a p p l i c a t i o n of the IUPAC r u l e s f o r 
bridged hydrocarbons e.g. (34) would be c a l l e d 2,5 f8,15,18,21-
he x a o x a t r i c y c l o (20.4.0.0 J 1 ^)hexacosane. 

(34) 
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125 A simpler 'ad hoc' nomenclature was devised. This 
i n c o r p o r a t e d d i g i t s and the word "crown" to s i g n i f y the number 
o f atoms i n the r i n g . Thus (34.) becomes dicyclohexyl-18-crown-6, 
the 18 s i g n i f y i n g the number o f atoms i n the "crown", the s i x 
s i g n i f y i n g the number of oxygen atoms i n the r i n g and the 
d i c y c l o h e x y l d e s c r i b i n g the s u b s t i t u e n t s attached t o the "crown". 
The placement o f s u b s t i t u e n t s and oxygen atoms i n t o the r i n g are 
as symmetrical as p o s s i b l e , exceptions are i n d i c a t e d by asym-. 
1,2.3 A p p l i c a t i o n s of 18-Crown-6 polyether/KF Complex 

The s o l u b i l i s a t i o n o f potassium f l u o r i d e i n a c e t o n i t r i l e 
and benzene c o n t a i n i n g 18-crown-6 has been demonstrated.^® 
Several r e a c t i o n s have been s t u d i e d , t h e i r r e a c t i o n c o n d i t i o n s 
are r e l a t i v e l y m i l d , and the conversions are e s s e n t i a l l y 
q u a n t i t a t i v e . Table IV.1 i l l u s t r a t e s some o f the r e a c t i o n s 
which have been demonstrated. 130 

•Table IV. 1 
Reactions of Various Substrates w i t h 
Potassium F l u o r i d e i . p . o . 18-crown-6 

Substrate Solvent Products 
benzyl bromide CK3CN benzyl f l u o r i d e 
1-bromo octane CHjCK (1-flu o r o o c t a n e (92$) 

(1-octene (8?5) 
(2-f l u o r o o c t a n e (32$) 2-bromo octane °6*6 

(1-flu o r o o c t a n e (92$) 
(1-octene (8?5) 
(2-f l u o r o o c t a n e (32$) 

2,4-dinitrochlorobenzene 
\l- and 2-octenes 
2,4-dinitrofluorobenzene 

A c e t y l Chloride CHjCN A c e t y l f l u o r i d e 

1 
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2. F l u o r i n a t i o n of Halogenated N-containing Keterocycles 
Before making any attempt t o f l u o r i n a t e the p o l y c y c l i c 

compounds under i n v e s t i g a t i o n , i t was necessary t o determine 
the e f f e c t of (32) on var i o u s KF/solvent systems. A c e t o n i t r i l e / 
18-crown-6/KF has been shown t o be an e f f i c i e n t f l u o r i n a t i n g 
system (see t a b l e I V . 1 , above) and was i n v e s t i g a t e d f i r s t . Five 
monocyclic N-containing heterocycles were f l u o r i n a t e d , and the 
r e s u l t s are discussed below. 
2.1 Using a CH^CN/KF/18-crown-6 F l u o r i n a t i n g System 

Using the a c e t o n i t r i l e / p o t a s s i u m f l u o r i d e / p o l y e t h e r 
system, p e n t a c h l o r o p y r i d i n e , t e t r a c h l o r o p y r a z i n e and t e t r a c h l o r o 
p y r i d a z i n e were converted t o 3 , 5 - d i c h l o r o t r i f l u o r o p y r i d i n e , 
t e t r a f l u o r o p y r a z i n e and t e t r a c h l o r o p y r i d a z i n e r e s p e c t i v e l y . 
C o n t r o l r e a c t i o n s under i d e n t i c a l conditions ( i . e . i n the absence 
o f (22)) d i d not a f f c r d any f l u o r i n a t e d m a t e r i a l s . 3,5-Dich.-.oro-
t r i f l u o r o p y r i d i n e could not be f l u o r i n a t e d any f u r t h e r . T e t r a -
c h l o r o p y r i m i d i n e y i e l d e d 5 - c h l o r o t r i f l u o r o p y r i m i d i n e both i n the 
presence and the absence o f (32) as c a t a l y s t . 

C l e a r l y , (3.2) doea have an a c t i v a t i n g i n f l u e n c e towards 
f l u o r i n a t i o n , shown from the p e r f l u o r i n a t i o n s of t e t r a c h l o r o 
pyrazine and t e t r a c h l o r o p y r i d a z i n e . 

CH,CK/KF/13-crown-6 
F I | 

85 uC/18h 

N c CH^CN/KVl8-crown-6 
CI 

120 uC/20h N N 
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However, using the solvent system described, the 5-
c h l o r i n e atom of t e t r a c h l o r o p y r i m i d i n e cannot be replaced, even 
though t h i s system i s r e a c t i v e enough to undergo p a r t i a l 
f l u o r i n a t i o n i n the absence of c a t a l y s t . Eoth 5 - c h l o r o t r i f l u o r o -
p y r i m i d i n e (35.) and 3 » 5 - d i c h l o r o x J r i f l u o r o p y r i d i n e (_36>) have the 
c h l o r i n e atoms meta- to n i t r o g e n , which i s known to have a 
d e a c t i v a t i n g i n f l u e n c e towards n u c l e o p h i l i c a t t a c k i n t h i s 
p o s i t i o n . 

(36) 

or 
N 

N KP/CH3CN 
18-crown-6 

(35) 

No r e a c t i o n 

A higher b o i l i n g , a p r o t i c solvent (e.g. sulpholan) 
system may be s u f f i c i e n t l y a c t i v e t o b r i n g about t h i s meta-
c h l o r i n e displacement. 
2.2 Using a Sulpholan/KF/18-crown-6 Fluorinatinf-: System 

F l u o r i n a t e d products, s i m i l a r t o those observed i n Section 
2.1 were obtained u s i n g t h i s f l u o r i n a t i n g cysten. I n a l l cases, 
the same products were obtained, both, i n the presence o f , and 
i n the absence of ( 3 2 ) . However, the system was s t i l l 
i n s u f f i c i e n t l y r e a c t i v e t o replace the c h l o r i n e atoms meta t o 
n i t r o g e n , i n e i t h e r (3j>) or ( 3 6 ) , even under r e l a t i v e l y f o r c i n g 
c o n d i t i o n s (longer r e a c t i o n time, higher temperature e t c . ) . 

When t e t r a c h l o r o p y r i d a z i n e was f l u o r i n a t e d using t h i s 
system, prolonged r e a c t i o n a t high temperatures produced a 
completely gaseous product. (la* = 81, \? : 1960,1945,1930,1250, 



1240 cm" ) . The gas may a r i s e from a t t a c k o f F ~ on 
t e t r a f l u o r o p y r i d a z i n e , causing r i n g opening, w i t h subsequent 
loss o f n i t r o g e n . Although p o t e n t i a l l y i n t e r e s t i n g , f u r t h e r 
work i n the i d e n t i f i c a t i o n and f o r m a t i o n of the unknown gas 
was not undertaken a t t h i s stage. 
3. F l u o r i d a t i o n of Kalogenated P o l y c y c l i c Compounds 

Section 2. of t h i s chapter demonstrated the a b i l i t y of 
(32) t o act as a c a t a l y s t t o f l u o r i n a t i o n . The more r e a c t i v e 
sulpholan system was chosen to i n v e s t i g a t e the f l u o r i n a t i o n o f 
p o l y c y c l i c s , using comparable c o n d i t i o n s . 

This s e c t i o n w i l l be subdivided i n t o three main p a r t s , 
according t o the r e s u l t s which were obtained. These are: 
( i ) the f l u o r e n e system, the onl y one which i n d i c a t e d any success 
w i t h the method; ( i i ) the b i p h e n y l , dibenzo(b,d)furan and 
dibenzo(b,d)thiophen systems, which i n d i c a t e d the occurrence o f 
r e d u c t i o n ; and ( i i i ) the deca f l u o r o b i p h e n y l system, which 
i n d i c a t e d some type of p o l y m e r i s a t i o n . 
3.1 The Fluorene System 

When decachlorofluorene was heated i n the sulpholan/KF/ 
18-crc.vn-6 system, a yellow s o l i d was obtained, (approx. 50^ 
y i e l d ) the mass spectrum o f which corresponded t o a mixture of 
c h l o r o f l u o r o f l u o r e n e s , i n c l u d i n g the p e r f l u o r i n a t e d compound. 
A ^F ii.m.r. spectrum of the mixture was recorded, and a 
t e n t a t i v e assignment was made, on the basis o f the s t r u c t u r e s 
( 3 7 ) , (38) and ( 3 9 ) . Separation of the mixture was not pursued 
a t t h i s stage. Reaction w i t h antimony t r i c h l o r i d e under 
favourable c o n d i t i o n s , may convert the mixture s o l e l y t o 
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p e r f l u o r o f l u o r e n e . 

P 

CI P 

(37) (18) 

3.2 The Biphenyl, Diben?.o(b,d)thiophen and 

CI CI 

p 

(22) 

Di'jjenzo(b td)furan Systems 
I n a l l three cases, the product o f f l u o r i n a t i o n was a 

deeply coloured i n v o l a t i l e - m a t e r i a l . The r e s p e c t i v e i n f r a - r e d 
spectra of these products i n d i c a t e d ^c=cC^ ( V 1600cm""1" approx.) 
and -C-H ( V 2950cm"~ approx.) environments. Their mass spectra 
corresponded to compounds c o n t a i n i n g from f o u r t o seven c h l o r i n e 
atoms. However, parent peaks d i d not correspond t o the r e s p e c t i v e 
f l u o r o / c h l o r o h e t e r o c y c l e s . e.g. the product when o c t a c h l o r o -
dibenzo(b,d)furan was "the substrate showed a parent molecular i o n 
a t M +(^^Cl) = 374 w i t h s i x c h l o r i n e atoms. Assuming the 
dibenzo(b,d)furan s k e l e t o n to be i n t a c t , we have 374 - 210(6xCl) -
160(C 1 20) = 4. 
i . e . a r e s i d u a l mass of 4, which can only correspond t o f o u r 
protons, i . e . a t o t a l molecular formula o f C^H^ClgO. P.M.R. 
Bhowed a s i n g l e resonance a t $ = 3»47pspsmc r e l a t i v e to e x t . 
T.M.S. This could correspond t o a methylene group f l a n k e d by 
two v i n y l systems. A s t r u c t u r e (40) of the- t e t r a v i n y l e t h y l e n e 
type would account f o r the observed spectroccopic data. 
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H H 
CI CI 

H H 
Q 

(40) 

Comparable r e s u l t s were obtained f o r the biphenyl and 
dibenzo(b,d)thiophen systems, and reduced s t r u c t u r e s s i m i l a r 
to (40) could be envisaged. 
3.3 The Decafluorobiphenyl System 

When decafluorobiphenyl was reacted w i t h the sulpholan/ 
KF/18-crown-6 sysxera, a h i ^ h M.W., deep red , i n v o l a t i l e residue 
was obtained. The mass spectrum d i d not c o n t a i n a peak a t 
M + = 334, which corresponds t o s t a r t i n g m a t e r i a l . 

I t seems t h a t even i f decachlorobiphenyl could be 
p e r f l u o f i n a t e d using t h i s method, f u r t h e r r e a c t i o n of the 
perfluorocompound tr.^y occur g i v i n g high molecular weight 
m a t e r i a l s . Formation o f a pentahalophenyl anion may again be 
re s p o n s i b l e . 

F F 
F 

F 

4. General Conclusion and Comments 
The sulpholan/KF/18-crown-6 f l u o r i n a t i n g system i s 

s u f f i c i e n t l y a c t i v e to p e r f l u o r i n a t e decachlorofluorene w i t h o u t 
degradation of the carbon s k e l e t o n . However, the r e a c t i o n does 
not appear t o go t o completion. This was the o n l y s u b s t r a t e 
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which i n d i c a t e d t h a t f u r t h e r work may produce a method f o r the 
p r e p a r a t i o n of a t r i c y c l i c p e r f l u o r o compound from i t s perchloro 
analogue by d i r e c t halogen exchange. 

Biphenyl, d i b e n z o ( t , d ) f u r a n and dibenzo(b,d)thiophen 
produced products which appeared to have been de-aromatisec. and 
reduced t o some ex t e n t . 

I n general, the method i s not r e a d i l y a p p l i c a b l e f o r 
halogen exchange of c h l o r i n e by f l u o r i n e i n the substrates 
i n v e s t i g a t e d , and a l t u r n a t i v e techniques need t o be oxplored. 

These attempted f l u o r i n a t i o n r e a c t i o n s conclude the 
work w i t h the p e r c h l o r o p o l y c y c l i c systems. Part IT o f t h i s 
t h e s i s which f o l l o w s , deals w i t h the p r e p a r a t i o n and p r o p e r t i e s 
of oligomers of some p e r f l u o r o c y c l o a l k e n e s . 
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CHAPTER V 
Mass Spectrometry Applied t o H i g h l y Halogenated 

P o l y c y c l i c Compounds 

1. General I n t r o d u c t i o n 
Most of the compounds described i n Part I o f t h i s t h e s i s 

c o n t a i n one or more c h l o r i n e atoms, and i n many cases, mass 
spectrometry has been th e major s t r u c t u r a l probe used f o r the 
d e t e r m i n a t i o n of molecular weight, molecular composition, number 
o f components e t c . This has a r i s e n mainly because of the 
combination o f the r e l a t i v e i n s o l u b i l i t y of these compounds and 
the l a c k of a convenient nucleus w i t h a s p i n number of which 
would enable n.m.r. to be used as a s t r u c t u r a l probe. (The 
p o s s i b i l i t y of using '̂C n . r . r . as a s t r u c t u r a l probe w i t h p«r-

2 131 
c h l o r i n a t e d p o l y c y c l i c compounds has been attempted, * but 
has met w i t h l i m i t e d success.) 

Because of the afore mentioned f a c t o r s , perhaps more 
r e l i a n c e than would ':,e usual, was placed upon the mass s p e c t r a l 
data obtained f o r products which were i s o l a t e d from r e a c t i o n s . 
I t i s f e l t t h a t a b r i e f note concerning the p r i n c i p a l s used i n 
the a n a l y s i s o f mass; spectra i s necessary at t h i s stage. 
2. I s o t o p i c Abundances of Chlorine 

Chlorine has two n a t u r a l l y o c c u r r i n g isotopes w i t h mass 
numbers of 35 and 37. The r a t i o o f r e l a t i v e abundance of these 
isotopes i s approximately 3:1 r e s p e c t i v e l y (The exact percentage 
are given as 75.52y + 0.016 and 24.471 ± 0 . 0 1 6 1 3 2 ' 1 5 5 b u t f o r the 
purpose of t h i s d i s c u s s i o n the f i g u r e s of approximately 3 t o 1 
are adequate). Hence, a compound c o n t a i n i n g one c h l o r i n e atom 
would show a peak: i n the mass spectrum a t , say M, which would 
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correspond t o t h a t p r o p o r t i o n of the compound which contained 
35 

only the ^Cl i s o t o p e , and a l s o , a peak a t (M+2) which would 
37 

correspond t o t h a t p r o p o r t i o n c o n t a i n i n g o n l y the CI isotope, 
As a consequence of the r a t i o of the n a t u r a l abundance of ^ C l 

37 
t o ^'Cl "being approximately 3 to 1, the r a t i o of the peaks M 
and (M+2) would be approximately 3 to 1, i . e . a s i t u a t i o n as 
shown i n Pig V . l would be observed. S i m i l a r l y , a compound 
co n t a i n i n g two c h l o r i n e atoms would be p r e d i c t e d to give an 
" i s o t o p i c s p l i t t i n g p a t t e r n 1 1 s i m i l a r to t h a t shown i n Pig V.2. 

M M+2 
Pig V . l I s o t o p i c D i s t r i b u t i o n Observed i n the Mass Spectrum 

of a Compound Containing One Chlorine Atom 

_L J 
M M+2 M+4 

Pig V.2 I s o t o p i c D i s t r i b u t i o n Observed i n the Mass Spectrum 
of a Compound Containing Two Chlorine Atoms 

A complete p i c t u r e of the i s o t o p i c s p l i t t i n g p a t t e r n s of compounds 
c o n t a i n i n g more c h l o r i n e atoms can thus be b u i l t up^^" by the use 
of Pascal's t r i a n g l e and the expansion o f the f u n c t i o n (x + y) , 
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where 
x = the fc of 5 5 C 1 isotope 
y = the % o f 5 7 C 1 isotope 
z = the number o f c h l o r i n e atoms "being considered. 

Table V . l gives the peak i n t e n s i t y r a t i o s f o r up to 14 c h l o r i n e 
atoms, and f i g u r e V.3 i l l u s t r a t e s the " i s o t o p i c s p l i t t i n g 
p a t t e r n s " observed i n the mass spectrum. (AI.B. The f i g u r e s 
quoted i n Table V . l are c a l c u l a t e d assuming the r a t i o o f JJG\ 

t o 5 7 C 1 t o be 1 t o 0.326). 

The molecular weights quoted i n t h i s t h e s i s are based 
on the molecule i n which a l l of the c h l o r i n e atoms are o f the 
35 

CI i s o t o p e , and are t h e r e f o r e the lowest mass peak i n the 
p a r t i c u l a r parent's isotope peaks grouping. As described above, 
the i n t e n s i t y p a t t e r n of the peaks i n the molecular i o n i s 
h i g h l y c h a r a c t e r i s t i c of the number o f c h l o r i n e atoms present 
i n the molecule, and the numbers of c h l o r i n e atoms i n compounds 
described i n t h i s t h e s i s have been determined by measurements 
of these i s o t o p i c peaic r a t i o s . 
3. Analysis o f the Mass Spectra of Mixtures 

I n many cases, the products i s o l a t e d from c h l o r l n a t i c n 
and f l u o r i n a t i o n r e a c t i o n s , described i n Part I o f t h i s t h e s i s , 
were mixtures. Thin l a y e r chromatography d i d not r e a d i l y 
d i s t i n g u i s h between components and o f t e n showed the saiuple up 
as one l a r g e d i f f u s e spot. Mass spectrometry however d i d g i v e 
a good i n d i c a t i o n of the number of components present i n a 
mixture and i n some cases gave an approximate idea as t o the . 
r a t i o s of these components. 

Bombardment of molecules w i t h high energy ( u s u a l l y 70eV) 
caused extensive fragmentation t o occur (although the parent 
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F i g V.3 I s o t o p i c s p l i t t i n g Patterns Observed i n the Mass 
Spectra of Compounds Containing up to 14 CI atoms 

The peaks are observed a t P+2 i n t e r v a l s , (uot to scale) 

C l x l Clx2 Clx3 Clx4 Clx5 

I _ L 
Clx6 

ClxlO 

J _ l 1_L 
Clx7 Clx8 Clx9 

U 1 
C l x l l C l x l 2 C l x l 3 

C l x l 4 
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peak v;as u s u a l l y observed), which i n the m a j o r i t y o f cases showed 
as the successive l o s s of c h l o r i n e atoms from the parent molecular 

i o n . 

e.g. 
High 

energy 
CI CI 

Parent molecular i o n 

+2t 

( c 1 2 c i 1 0 ) t high ^ c i + ( c 1 2 c i g ) - -cr Etc, 
energy 

However, low energy bombardment (nomin a l l y 12-14eV) d i d 
not cause any fragmentation a t a l l i n the m a j o r i t y of cases, and 
the parent molecular i o n was the on l y one observed i n the spectrum. 

e.g. 
low 

.energy 4- Zt 

I f f ragmentation did occur, i t was t o a f a r l e s s e r e x t e n t 
than a t 70eV. Hence, the r a t i o of parent i o n t o fragment i o n 
increased a t low eV bombardment, i . e . i f groups o f peaks remained 
i n a low eV spectrum, and they were i n the same r a t i o as they were 
i n the high eV spectrum, i t was almost c e r t a i n t h a t they themselves 
were parent compounds and not fragments of a higher molecular 
weight parent. 

Although not a general r u l e , i t was i n d i c a t e d i n some 
cases, t h a t measurement o f the r a t i o s o f parent peaks i n the mass 
spectrum o f a mixture could g i v e a rough estimate- o f the percentage 
of each component i n the mi x t u r e . The f o l l o w i n g example serves 
t o i l l u s t r a t e an a p p l i c a t i o n of t h i s . 
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e.g. the f o l l o w i n g data was obtained from experimental 
measurements on a product o f c h l o r i n a t i o n o f fluoren-9-one w i t h 
a modified B.M.C. reagent (See experimental, Chapter V I , Section 
2.5.1). 

i ) Low and high energy mass spectra showed the presence 
of two components, v i z : P = 248 w i t h two c h l o r i n e atoms and 
P = 282 w i t h three c h l o r i n e atoms. (Calc. f o r C-^HgC^O : 
M( 3 5C1), 248; Calc. f o r C 1 2H 5C1 30 : M( 3 5C1), 282.). 
i . e . we have a mixture of d i - and t r l - c h l o r o f l u o r e n - 9 - o n e 

i i ) The r a t i o (measured d i r e c t l y from the mass spectrum) o f 
the parent peaks of the d i c h l o r o compound t o the t r i c h l o r o c o n p o u n d 
was 50:12. 
i i i ) Now, C 1 2H 6C1 20 contains 28,485$ c h l o r i n e , C^H^Cl^O 
contains 37.533$ c h l o r i n e . A mixture of the two components i n 
a 50:12 r a t i o (C1 2:C1 3) i s c a l c u l a t e d to c o n t a i n 30.23C$ c h l o r i n e . 
Chemical a n a l y s i s of the c h l o r i n a t e d mixture gave a f i g u r e o f 
29: 9$ c h l o r i n e . 
i . e . mass s p e c t r a l a n a l y s i s i n d i c a t e s a mixture o f approximate 
composition 80$ d i c h l o r o f l u o r e n - 9 - o n e . 20$ t r i c h l o r o f l u o r e n -
9-one. These f i g u r e s are supported "by chemical a n a l y s i s . 

The above phenomenon may a r i s e because of a combination 
of several f a c t o r s , e.g. 

i ) because o f the close s i m i l a r i t y i n s t r u c t u r e of the 
compounds being examined p r o p e r t i e s such as vapour 
pressure and i o n i s a t i o n p o t e n t i a l are l i k e l y t o be 
very s i m i l a r . 

i i ) the compounds under i n v e s t i g a t i o n r e q u i r e a r e l a t i v e l y 
h i g h i o n i s a t i o n chamber temperature (200-250°C) t o 
enable a mass spectrum t o be recorded. As a 
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consequence of t h i s , the t o t a l sample introduced i n t o 
the spectrometer would probably be vapourised. 
Assuming these f a c t o r s t o be those responsible f o r the 

approximation observed i n the quoted example, i t was hoped t h a t 
t h i s approximation could be a p p l i e d i n s i m i l a r circumstances, 
along w i t h low and h i g h energy s p e c t r a l data, t o o b t a i n a 
rough i n d i c a t i o n of the composition of mixtures. 
4. Fragmentation of P o l y c y c l i c Compounds 
4.1 Carbocyclic Compounds 

Hexachlorobenzene, decachlorobiphenyl, and dccachloro-
f l u o r e n e were observed to fragment by successive less of 
c h l o r i n e from the molecule. A parent peak was always observed 
and was r e l a t i v e l y i n t e n s e , i n d i c a t i n g the s t a b i l i t y o f aromatic 
molecular ions. M+ 

e.g. ( i ) I n the case of decachlorobiphenyl, the follc-.ving 
groups of peaks were the only ones observed i n the upper 
mass range of the spectrum : P = 494(10,Cl); P = 459(9,CI); 
P = 424(8,Cl); P = 379(7,Cl) e t c . i . e . successive l o s s 
of c h l o r i n e from the molecule. 

Cl 

\ / 

. - c i * 
e t c . C 1 2 C i 8 

- C l * 
C 1 2 C 1 9 
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The tendency f o r decachlorobiphenyl to produce s t a b l e ions was 
emphasised by the appearance o f '/2e type ions i n i t s mass 
spectrum, i . e . 

which may be 
w r i t t e n as 

/ CI 10 
e.g. ( i i ) Decachlorofluorene again showed successive loss o f 

c h l o r i n e , hut the lo s s o f 2,C1 from ci3C10^ = t o 

g i v j C^Clg(P = 436) was extremely marked, i n d i c a t i n g 
per.'iaps a tendency f o r primary loss o f the two bridgehead 
c h l o r i n e ator.s. 

-2C1' 

4.2 H e t e r o c y c l i c Compounds 
Octachlorodibenzo(b,d)furan and octachlorodibenzo 

(b,d)thiophen again showed a tendency t o fragment by successive 
l o s s of c h l o r i n e from the molecule. 

i . e . C 1 2C1QO + 8 . -> ( C 1 2 C 1 8 0 ) * + 2£. 

-CI" 

( C 1 2 C 1 7 0 ) + " C 1 > ( C 1 2 C l 6 0 ) t > etc, 

However, another fragmentation r o u t e ; v i z the loss of 
CxCl(x = S,0) was evident i n the mass spectra of these 
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corapounds. 

i . e . ^i_2^8® + ^ > ( C 1 2 C l 8 0 ) t + 2£. 

- C0C1 

( c n c i 7 ) " -CI* 
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CHAPTER y i 
EXPERIMENTAL WORK 

1. General 
1.1 Chemicals 

Eiphenyl, dibenzo(b,d)furan, phenothiazine and th i a n t h r e n e 
were obtained from A l d r i c h Chemical Company L i m i t e d , dibenzo(b,d)-
thiophene and fl u o r e n e from Koch L i g h t Laboratories and fluore-n-9-
one froin B.D.H. L i m i t e d . 

Potassium f l u o r i d e was d r i e d by strong h e a t i n g i n th.fi a i r , 
f o l l o w e d by g r i n d i n g , and then he a t i n g under h i g h vacuum. I t was 
stor e d under an atmosphere of dry n i t r o g e n . 

Caesium f l u o r i d e wc.a d r i e d by warming under vacuum, w i t h 
frequent a g i t a t i o n and p e r i o d i c g r i n d i n g i n a n i t r o g e n glove- bag. 
I t , t o o , was stored under an atmosphere of dry n i t r o g e n . 
1.2 Solvents 

Sulpholan was p u r i f i e d by c o l l e c t i o n of the middle f r a c t i o n 
i n a vacuum d i s t i l l a t i o n . I t was stored under an atmosphere of dry 
n i t r o g e n and over type IVA molecular sieve. 

A c e t o n i t r i l e was d r i e d by r e f l u x i n g i t w i t h ^2^5 s u s P e - 1 ( i e d 
on glass wool, f o l l o w e d by d i s t i l l a t i o n under an atmosphere of dry 
n i t r o g e n . I t was stored under an atmosphere of dry n i t r o g e n . 
1.3 In s t r u m e n t a t i o n 

U l t r a v i o l e t spectra were recorded on a Pye-Unicam SP800 
spectrophotometer. 

I n f r a - r e d spectra were recorded on Perkin-Elmer 547 or 577 
spectrophotometers. S o l i d samples were recorded as KBr d i s c s , 
l i q u i d or low m e l t i n g p o i n t s o l i d s as contact f i l m s between KBr 
p l a t e s and gaseous or low b o i l i n g p o i n t l i q u i d s i n a gas c e l l 
w i t h KBr windows. 

http://th.fi
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Mass spectra were recorded on an A.E.I, MS9 spectrometer 
or or. a V.G. Micromass 12B l i n k e d w i t h a Pye s e r i e s 104 gas 
chroaatograph. Molecular weights recorded i n t h i s t h e s i s are 
from mass spectroscopic measurements, as are the number of 
c h l o r i n e atoms present i n the molecule. 

Proton nuclear magnetic resonance spectra were recorded 
on a Varian 56/60D spectrometer w i t h an ambient probe temperature 
of 40°C. F l u o r i n e nuclear magnetic resonance spectra were 
recorded on e i t h e r a Varian 56/60D spectrometer (probe temp. 40°C) 
or a Bruker 11X90 spectrometer operating a t 84.67 MHz w i t h an 
ambient probe temperature of 22°C. For protons, t e t r a m e t h y l 
s i l a n e was used as e x t e r n a l standard and downfield s h i f t s are 
recorded as p o s i t i v e . For f l u o r i n e , f l u o r o t r i c h l o r o m e t h a n e was 
used as e x t e r n a l standard axA u p f i e l d s h i f t s are recorded as 
p o s i t i v e . 

Thin l a y e r chromatographs were recorded on microscop? 
s l i d e s , or "quarter p l a t e s " (200mm x 50mra) coated w i t h an even 
l a y e r o f s i l i c a ( S i l i c a gel/CT, Reeve Angel S c i e n t i f i c L i m i t e d ) 
c o n t a i n i n g a f l u o r e s c i n g agent. The p o s i t i o n s o f compounds on 
the p l a t e were revealed by the way they quenched the fluorescence 
normally e x c i t e d by u l t r a - v i o l e t l i g h t . 

A n a l y t i c a l gas phase chromatography was c a r r i e d out 
u s i n g e i t h e r a Perkin-Elmer 452 chromatograph or a Pye s e r i e s 
104 chromatograph. For chromatographic measurements the columns 
used were packed w i t h e i t h e r s i l i c o n e elastomer on c e l i t e 
(column '0') or d i - n - d e c y l p h t b a l a t e on c e l i t e (column f A f ) . 
1.4 Analyses 

Carbon, hydrogen and n i t r o g e n analyses were c a r r i e d out 
on a Perkin-Elmer 240 elemental analyser. Analysis f o r halogen 
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was a s l i g h t l y modified v e r s i o n o f the method described i n the 
135 

l i t e r a t u r e . Sulphur analyses v/ere achieved by a modified 
136 

form of the oxygen f l a s k combustion method. A l l t h e o r e t i c a l 
analyses are c a l c u l a t e d assuming a molecular weight of 35.45 
f o r c h l o r i n e . 

M e l t i n g p o i n t s and b o i l i n g p o i n t s were determined a t 
atmospheric pressure and are uncorrected. B.p.s were measured 
by the Siwoloboff method. 
2, Preparation of P o l y c a l o r o - D e r i v a t i v e s 
2.1 Fluorene 
2.1.1 Attempted C h l o r i n a t i o n Using Chlorine Gas i n the 

Presence of Iodine as Ca t a l y s t 
Fluorene (50g) was diss o l v e d i n carbon t e t r a c h l o r i d e 

(250cm ) ana s o l i d i o d i n e (0.5g) added as a c a t a l y s t . The 
reactants were contained i n a 750cm three necked flanged head 
v e s s e l , f i t t e d w i t h a r e f l u x condenser. The r e a c t i o n m ixture 
was a g i t a t e d by means of a 'citenco' motor. Dry c h l o r i n e gas 
(c.HgSO^ scrubber) was" passed i n t o the r e a c t i o n f l a s k v i a a 
s i n t e r e d glass d i s p e r s e r . The contents of the f l a s k were heated 
to r e f l u x temperature, and c h l o r i n e gas passed c o n t i n u a l l y over 
a p e r i o d of 12 hours. A sample was taken from the r e a c t i o n 
v e s s e l and evaporated to dryness t o leave a white waxy s o l i d . 
T*L.C. i n d i c a t e d the presence of a t l e a s t f o u r components. The 
mass spectrum i n d i c a t e d the presence of t r i c h l o r o - , t e t r a c h l o r o - , 
and pentachloro- s u b s t i t u t e d d e r i v a t i v e s of f l u o r e n e . ( i . e . 
P = 268 w i t h Cl x 3, P = 302 w i t h CI x 4, and P = 336 w i t h Cl x 5. 
C 1 5H 7C1 5 r e q u i r e s m/e = 268, C ^ I ^ C l ^ r e q u i r e s Dl/e = 302, C 1 5H 5C1 5 

r e q u i r e s m/e = 336). Further r e a c t i o n d i d not a f f o r d any more 
h i g h l y c h l o r i n a t e d species. 
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2.1.2 Attempted C h l o r i n a t i o n Using D.M.C. Reagent"*-"' 
Prom a dropping f u n n e l , a s o l u t i o n of f l u o r e n e (2g) and 

sulphur monochloride ( l g , 0.6cm' approx.) i n s u l p h u r y l c h l o r i d e 
(50cnr) was added s l o w l y (20 minutes approx.) to a b o i l i n g 
s o l u t i o n of anhydrous aluminium c h l o r i d e (0.5g) i n s u l p h u r y l 
c h l o r i d e (l50cm^ approx.) i n a f l a s k f i t t e d w i t h a r e f l u x condenser 
and immersed i n an o i l bath (temperature 85°C approx.). 

A f t e r the a d d i t i o n , the r e f l u x condenser was replaced by 
a d i s t i l l i n g condenser and the s o l u t i o n was concentrated t o 

•5 

approximately 10cm. The r e s u l t i n g mixture was r e f i u x e d f o r 2-3 
hours, small amounts of s u l p h u r y l c h l o r i d e being added down the 
condenser t o keep the volume of the r e a c t i o n medium constant. 

Excess s u l p h u r y l c h l o r i d e was evaporated o f f under reduced 
pressure, a t room temperature. The residue was t r e a t e d w i t h water 
(200cnr approx.) and s o l i d sodium bicarbonate added u n t i l no more 
gas e v o l u t i o n took place. The aqueous suspension was heated on a 
steam bath f o r one hour, allowed t o cool and c a r e f u l l y s t r o n g l y 
a c i d i f i e d w i t h concentrated HC1. The r e s u l t i n g s o l i d (6g,91.2$) 
was f i l t e r e d o f f a t the pump, washed w e l l w i t h water, d r i e d and 
r e c r y s t a i l i s e d (carbon t e t r a c h l o r i d e ) to y i e l d an o f f white 
powder 2-dichloromethyl-2',3*3%4*4',5,5',6,6'-nonachlorobiphenyl. 
M.p. 255°C. (Pound:C,28.9; CI, 70.9%; M+ ( 3 5 C l ) , 541 w i t h 11 
c h l o r i n e atoms. C-^HCl-^ r e q u i r e s : C,28.52; H,0.18; CI,71.3%; 
M, 542. i . e . The observed peak i s the parent minus the p r o t o n ) . 
See i n f r a - r e d spectrum No.l. 
2.1.3 Attempted C h l o r i n a t i o n Using a Mixture of S u l p h u r y l 

Chloride, Sulphur Monochloride, and Aluminium Chloride 
(Reagent 1) 
W.B. The e s s e n t i a l d i f f e r e n c e between t h i s procedure and 



t h a t described under Section 2.1.2 i s a r e d u c t i o n i n the p r o p o r t i o n 
of s u l p h u r y l c h l o r i d e used i n the c h l o r i n a t i o n . Hence a r e l a t i v e l y 
small r e a c t i o n v e s s e l may be used f o r c h l o r i n a t i o n of l a r g e r 
q u a n t i t i e s of s u b s t r a t e . 

From a dropping f u n n e l , a s o l u t i o n of f l u o r e n e (4-Og) and 
sulphur monochloride (12cm^) i n s u l p h u r y l c h l o r i d e (4-OOcm^; was 
added s l o w l y ( l hour approx.) t o a g e n t l y b o i l i n g s o l u t i o n o f 
anhydrous aluminium c h l o r i d e (12.5g) i n s u l p h u r y l c h l o r i d e (750cm^) 
contained i n a f l a s k equipped w i t h a r e f l u x condenser and immersed 
i n an o i l bath (85°C approx.). 

A f t e r the a d d i t i o n , the r e f l u x condenser wan replaced by 
a d i s t i l l i n g condenser and the s o l u t i o n v/as concentrated t o 
approximately 200cra^. The r e a c t i o n mixture was heated a t 80°C 
f o r 3 hours, w i t h o u t the a d d i t i o n of f u r t h e r amounts of s u l p h u r y l 
c h l o r i d e . 

The mixture was allowed to cool to room temperature and 
the r e s i d u a l s u l p h u r y l c h l o r i d e v/as evaporated o f f under reduced 
pressure. The residue was t r e a t e d w i t h water (3-g- l i t r e s ) and 
c o l i d sodium bicarbonate added u n t i l no more gas e v o l u t i o n took 
place. The suspension was heated on a water bath f o r 1-̂ -2 hours 
w i t h frequent s t i r r i n g . When cool the l i q u o r was c a r e f u l l y 
s t r o n g l y a c i d i f i e d w i t h concentrated HC1, the pale yellow s o l i d 
( l l O g , 83$) f i l t e r e d o f f and washed w e l l w i t h water. A d r i e d 
sample was r e c r y s t a l l i s e d (carbon t e t r a c h l o r i d e ) , t o y i e l d an 
o f f white powder (M.p. 255°C). I t s i n f r a - r e d spectrum was i d e n t i c a l 
to t h a t of the product obtained i n Section 2.1.2, i . e . C^HCl-^. 
2.1.4 Preparation of 1,2,3,4,5,6,7,8-Qctachlorofluorene 

Using a Mixture of Sulphuryl Chloride. Sulphur 
Monochloride, and Aluminium Chloride (Reagent 2) 
Aluminium c h l o r i d e ( l 5 g ) v/as d i s s o l v e d i n s u l p h u r y l c h l o r i d e 
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(250crrr) contained i n a 2 l i t r e , three necked, round bottomed 
f l a s k , by g e n t l e h e a t i n g . A s o l u t i o n of f l u o r e n e (50g) and 
sulphur monochloride (15cm'y) i n s u l p h u r y l c h l o r i d e (250cnr) was 
s l o w l y added to the r e a c t i o n f l a s k a t such a r a t e so as t o keep 
the r e a c t i o n mixture b o i l i n g . (JM.B. a f t e r the s o l u t i o n of 
aluminium c h l o r i d e i n s u l p h u r y l c h l o r i d e had been formed, e x t e r n a l 
h e a t i n g of the r e a c t i o n f l a s k was not necessary. S u f f i c i e n t heat 
of r e a c t i o n v;as evolved d u r i n g the a d d i t i o n , so as t o keep the 
solvent g e n t l y r e f l u x i n g ) . The contents of the f l a s k v/ere con
s t a n t l y a g i t a t e d by means of a ' c i t e n c o 1 motor y and vapours were 
condensed i n a r e f l u x condenser. (See F i g . V I . l ) The condenser 
was connected t o an empty t r a p iinmersed i n an i c e bath and t o a 
scrubber b o t t l e c o n t a i n i n g concentrated s u l p h u r i c a c i d before 
release to the atmosphere. A slow stream of dry n i t r o g e n was 
passed through the system w h i l s t the r e a c t i o n proceeded. 

V/hen a d d i t i o n was complete (90-120 minutes), the r e a c t i o n 
mixture was v i r t u a l l y s o l i d . Water was c a r e f u l l y added from the 
dropping f u n n e l t o hyd'rolyse any excess s u l p h u r y l c h l o r i d e remaining 
i n the r e a c t i o n f l a s k . As the a d d i t i o n of water proceeded, a 
yellow s o l i d separated. When quenching was complete ( a d d i t i o n of 
approximately 1 l i t r e of w a t e r ) , the l i q u o r was b o i l e d g e n t l y f o r 
1 hour, allowed, to c o o l , t r a n s f e r r e d to a 5 l i t r e beaker w i t h more 
water and d i l u t e d , t o 3 l i t r e s ( approx.). S o l i d sodium bicarbonate 
was added u n t i l effervescence ceased, and the l i q u o r was heated t o 
80-90°C, w i t h continuous s t i r r i n g ('citenco' motor) f o r 1-2 hours. 
V/hen c o o l , the l i q u o r was c a r e f u l l y s t r o n g l y a c i d i f i e d w i t h con
ce n t r a t e d HC1. The s o l i d product ( I 3 5 g , 100%) was f i l t e r e d o f f , 
washed w e l l w i t h v/ater and d r i e d i n an oven a t 110°C. A sample 
was twice r e c r y s t a l l i s e d ( c h l o r o f o r m ) , t o y i e l d an o f f w h i t e powder 
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1,2,3,4,5,6.7,8-octachlorofluorene. M.p. 255°C. (Pound: C,35.50; 
H,0.57; CI, 63.9$; M + ( 5 5 C 1 ) , 438 w i t h 8 c h l o r i n e atoms present. 
C 1 5H 2C1 8 r e q u i r e s : C, 35.32; H,0.46; CI, 64.22%; M,438 r). The 
p o s i t i o n s of the c h l o r i n e atoms were shown by the f a c t t h a t the 
compound could be o x i d i s e d to octachlorofluoren-9-one. (See l a t e r , 
Section 2.5.4). See i n f r a - r e d spectrum No.2, N.M.R. spectrum No.l. 
2.1.5 Reaction of 1.2,3.4,5,6,7,8-0ctachlorofluorene w i t h 

PCl^ i n an Autoclave 
(a) Heating from Ambient Temperature (20°C) t o 310°C Over 

a Period of 4ir Hours 
1,2,3,4,5,6,7,8-Octachlorofluorene (20g) and phosphorus 

pent a c h l o r i d e (lOOg) were mixed together i n . a n i c k e l l i n e d , double 
ended autoclave. The autoclave was sealed and placed i n a furnace 
a t ambient temperature (approx. 20°0 i . The temperature of the 
furnace was r a i s e d t o 310°C over a p e r i o d of 4-g- hours. 

The autoclave was removed from the furnace, and vented i n 
a fumes cupboard w h i l s t s t i l l h o t . The contents were poured onto 
crushed ice/water m i x t u r e , the s o l i d m a t e r i a l f i l t e r e d o f f a t the 
pump (8g, 34.5$) and a sample r e c r y s t a l l i s e d (carbon t e t r a c h l o r i d e / 
cyclohexane), to y i e l d a pale yellow s o l i d , p e r c h l o r o f l u o r e n e . 
M.p. 260°C. L i t e r a t u r e 4 6 value 256-258°C. (Pound: C,30.54; C I , 
69.9$; M + ( 5 5 C 1 ) , 506 w i t h 10 c h l o r i n e atoms present. Calculated 
f o r C 1 5C1 1 0: C,30.56; CI,69.44$; M,506.). See i n f r a - r e d spectrum 
No.3. 

(b) Heating a t 310-325°C f o r 20 Hours 
The method i s as described under 2.1.5 ( a ) , except t h a t , 

the autoclave was placed i n a furnace preheated t o 310-325°C and 
l e f t f o r 20 hours w h i l s t the r e a c t i o n proceeded. 
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E x t r a c t i o n of the quenched*product a f f o r d e d a minimal 
amount ( c i r c a 0.5g) o f a yellow s o l i d , decachlorobiphenyl. M,p. 
297-299°C. L i t e r a t u r e 1 5 7 value 296-298°C. (Found: C,28.82; CI, 
71.4%; M + ( 5 5 C 1 ) , 494 w i t h t e n c h l o r i n e atoms present. Calculated 
f o r C 1 2C1 1 0: C,28.89, CI,71.11%; M,494.). See i n f r a - r e d spectrum 
No. 4. 

(c ) Heating a t 310-325°C f o r 3 i Hours 
The method i s as described under 2,1.5 ( a ) , except t h a t 

the autoclave was placed i n a furnace preheated t o 310-325°C and 
l e f t f o r 3g- hours w h i l s t the r e a c t i o n proceeded. A f t e r e x t r a c t i o n , 
p e r c h l o r o f l u o r e n e (21g, 93%) was obtained as the product, i d e n t i f i e d 
by i t s i n f r a - r e d spectrum. 
2.2 Biphenyl 

119 
2.2.1 Preparation of 4,4'-T'ichlorobiphenyl 

A sample of bi p h e n y l (20g) was dissolved i n g e n t l y b o i l i n g 
a c e t i c a c i d (50cm 5). A stream of dry (c.H 2S0^ scrubber) c h l o r i n e 
gas (45g) was passed through the s o l u t i o n over a p e r i o d of 2-3 
hours. The f l a s k was f i t t e d w i t h a r e f l u x condenser and immersed 
i n an o i l bath a t 125-130°C. The f l a s k was allowed t o cool over
n i g h t , when white n e e d l e - l i k e c r y s t a l s were deposited. (6g. 21c/i>). 

A samrle was r e c r y s t a i l i s e d ( t o l u e n e / l i g h t petroleum), t o y i e l d 
w h i t e c r y s t a l s of 4,4' -D i c h l o r o b i p b e n y l . M.p.l48°C. L i t e r a t u r e 1 1 ^ 
value 146.5-149°C. (Found: C,64.82; H,3.77; CI,32.13%; M + ( 3 5 C l ) , 
222 w i t h 2 c h l o r i n e atoms present. Calculated f o r C-^HgClr,: C, 
64.6; H,3.59; 01,31.81%; M,222.). See i n f r a - r e d spectrum -No.5. 
2.2.2 Preparation of Decachlorobiphenyl Using a Mixture of 

Sul p h u r y l C h l o r i d e , Sulphur I'.ionochloriae, and Aluminium 
Chloride (Reagent 1) 
The procedure i s as described under 2.1.3, using the 



f o l l o w i n g q u a n t i t i e s of m a t e r i a l s ; Biphenyl (50g), S 2C1 2 ( l 5 c n r ) , . 
A l C l ^ (12.5g) and S0 2C1 2 (1250cm 5). A yellow s o l i d (l55g, 96$) 
was recovered and i d e n t i f i e d as decachlorobiphenyl by i t s i n f r a 
red spectrum. 
2.3 Dibenzo(b,d)tbiophen 
2.3.1 Attempted P r e p a r a t i o n of Octachlorodibenzo(b 1d )thio t,hen 

v i a a C y c l i s a t i o n Reaction Using Sulphur, 4,4-'-
65 

D i c h l o r o b i p h e n y l and Chlorine Gas 
A sample of 4,4'-dichlorobiphenyl (5g) was d i s s o l v e d i n 

carbon t e t r a c h l o r i d e (250cm 5). Aluminium c h l o r i d e (0,3g) and 
sulphur (1.6g) were added to the s o l u t i o n . The r e a c t i o n f l a s k was 
f i t t e d w i t h a r e f l u x condenser, a means of s t i r r i n g (a •ci^onco' 
motor i n t h i s case), a gas i n l e t , and was immersed i n an o i l bath. 
The r e a c t i o n medium was r e f l u x e d , anr". a stream o f dry (cILjSO^ 
scrubber) c h l o r i n e passed through the mixture over a p e r i o d of 
4-5 hours. 

Excess carbon t e t r a c h l o r i d e and other v o l a t i l e s were 
d i s t i l l e d o f f a t atmospheric pressure, to y i e l d an i n t r a c t a b l e t a r . 
2.3.2 Preparation of Octachlorodibenzo(b td)thiophen Using a 

Mixture of S u l p h u r y l Chloride. Sulphur Monochloride, and 
Aluminium Chloride (Reagent 3) 
N.B. The e s s e n t i a l d i f f e r e n c e between t h i s reagent and 

t h a t described under Section 2.1.3 i s an increase i n the p r o p o r t i o n 
of aluminium c h l o r i d e present i n the c h l o r i n a t i n g m i x t u r t . 

Prom a dropping f u n n e l , a s o l u t i o n of dibenzo(b,d)thiophen 
(5g) and sulphur monochloride (1.5cm 5) i n s u l p h u r y l c h l o r i d e 

•z 

(50cnr ) was added s l o w l y ( l hour approx.) to a g e n t l y b o i l i n g 
s o l u t i o n of anhydrous aluminium c h l o r i d e (4g) i n s u l p h u r y l c h l o r i d e 
(75cm ) contained i n a f l a s k equipped w i t h a r e f l u x condenser and 
immersed i n an o i l bath (85°C approx.). 
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A f t e r the a d d i t i o n , the r e f l u x condenser was replaced by 
a d i s t i l l i n g condenser and the s o l u t i o n was concentrated to 

3 

approximately 30cm . The r e a c t i o n mixture was r e f l u x e d f o r 1-2 
hours, adding f r e s h s u l p h u r y l c h l o r i d e as necessary, t o keep the 
mixture mobile. 

Tho mixture was allowed to cool t o room temperature and 
the r e s i d u a l s u l p h u r y l c h l o r i d e was evaporated o f f under reduced 
pressure. The residue was t r e a t e d w i t h water (500cm 5 approx.) 
and s o l i d sodium bicarbonate added u n t i l no more gas e v o l u t i o n 
took place. The l i q u o r was heated t o 80°C and s t i r r e d c o n t i n u a l l y 
f o r 1-2 hours. When c o o l , the l i q u o r was c a r e f u l l y , s t r o n g l y 
a c i d i f i e d w i t h concentrated h y d r o c h l o r i c a c i d . The pale yellow 
s o l i d ( I 2 g . 96$) was f i l t e r e d o f f and washed w e l l w i t h water. A 
dry sample was r e c r y s t a l l i s e d ( x y l e n e ) , t o y i e l d white n e e d l e - l i k e 
c r y s t a l s o f octachlorodibenzo(b,d)thiophen. M.p.304-.5°C. 
L i t e r a t u r e 8 5 value 302°C, (Pound: C,31.15; Cl,61.9; S,6.9$* 
M + ( 5 5 C 1 ) , 456 w i t h 8 c h l o r i n e atoms present. Gale, f o r C-^ClgS: 
C,31.3; 01,61.7; S,7.0$; M,456.). See i n f r a - r e d spectrum Wo.6. 
2.4 Dibenzo(b,d)furan 
2.4.1 Preparation of Octachlorodibenzo(b,d)furan Using a 

Mixture of Salp h u r y l Chloride. Sulphur Monochloride, 
and Aluminium Chloride (Reagent 3) 
The method and reagents are as described under Section 

2.3.2, using the f o l l o w i n g q u a n t i t i e s of m a t e r i a l s : dibenzo(b,d)-
f u r a n ( 5 g ) , S 2C1 2(1.5cm 5), A l C l ^ (4g) and S0 2C1 2 (125cm 3). 

A pale yellow s o l i d was f i l t e r e d o f f (12.7g. 96$ y i e l d ) 
and washed w e l l w i t h water. A dry sample was r e c r y s t a l l i s e d 
( chloroform) t o y i e l d a pale yellow " f l u f f y " s o l i d , o c t a c h l o r o -
dibenzo(b,d)furan. M.p.260°C. L i t e r a t u r e 6 4 value 257°C. 
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(Found: C,32.8; Cl,b3.6#; M + ( 5 5 C 1 ) , 440 w i t h 8 c h l o r i n e atoms 
present. Calc. f o r C 1 2Cl 80:C,32.4b; Cl,b3.93#; M,440.). See 
i n f r a - r e d spectrum No.7. 
2.5 Fluoren-9-one 
2.5.1 C h l o r i n a t i o n Using a Mixture of Sulphuryl C h l o r i d e , 

Sulphur Monochloride, and Aluminium Chloride (Reagent 1) 
The method and reagents are as described under Section 

2.1.3 using the f o l l o w i n g q u a n t i t i e s of m a t e r i a l s : fluoren-9-one 
(40g), S 2C1 2 (12cm 5), A l C l 5 ( 1 2 . 5 g ) and S0 2C1 2 (400cm 5). 

A b r i g h t yellow s o l i d was f i l t e r e d o f f (37g). The mass 
spectrum i n d i c a t e d the presence of d i c h l o r o - and t r i o h l o r o -
s u b s t i t u t e d d e r i v a t i v e s of f luoren-9-one. ( i . e . P --= 248 wo t h 
CI • 2 and P = 282 w i t h CI x 3. C-^HgClgO req u i r e s ™/a = 248, 
C 1 3 h 5 C 1 3 ° r e Q - u i r e s m / e = 2 8 2 ) • 
2.5.2 C h l o r i n a t i o n Using a Mixture- o f Sulphuryl C h l o r i d e , 

Sulphur Monochloride, and Aluminium Chloride (Reagent 3) 
The method and reagents are as described under S e c t i o n 

2.3.2 using the f o l l o w i n g q u a n t i t i e s o f m a t e r i a l s : fluoren-9-one 
( 5 g ) , S 2 C l 2 ( 1 . 5 c m 5 ) , A1C1 3 (4g) and S0 2C1 2 (125cm 5). 

A b r i g h t yellow s o l i d (lOg) was f i l t e r e d o f f . The mass 
spectrum i n d i c a t e d the presence of t e t r a c h l o r o - , pentachloro-
and hexachloro- s u b s t i t u t e d d e r i v a t i v e s of fluoren-9-one. ( i . e . 
r = 316 w i t h CI x 4, P = 350 w i t h CI x 5, and P = 384 w i t h CI x 6. 
C 1 5H 4C1 40 re q u i r e s m/e = 316, C^I^C^O re q u i r e s ra/e = 330, 
C 1 5H 2C1 60 r e q u i r e s m/e = 384). 
2.5.3 Acid Hydrolysis of Decacblorofluorene 

(a) Fuming Sulphuric Acid 
Perchlorofluorene (2g) was heated w i t h fuming s u l p h u r i c 

a c i d (10cm') f o r 15 minutes. A black i n t r a c t a b l e t a r r e s u l t e d as 
the product. 
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(b) 50% ( V / v ) Hy d r o c h l o r i c Acid 

P e r c b l o r c f l u o r e n e (2g) and h y d r o c h l o r i c a c i d (50cirr of 

50$ ( v / v ) ) were r e f l u x e d together r o r 4-8 hours. Unrea?ted 

p e r c h l o r o f l u o r e n e (2g) was the only recovered product, i d e n t i f i e d 

"by i t s i n f r a - r e d and mass s p e c t r a . 

( c ) 80% ( v / v ) Phosphoric Acid 

P e r c h l o r o f l u o r e n e (2g) and phosphoric a c i d (50cr>^ of 

80$ ( V / v ) ) were r e f l u x e d together f o r 24 hours. A yellow s o l i d 

(2g approx.) was f i l t e r e d o f f and d r i e d . I t was shown by i n f r a 

red and mass spectrometry to be a mixture of unreacted p e r c h l o r o 

fluorene plus some octachlorofluoren-9-one. S u c c e s s i v e f r a c t i o n a l 

c r y s t a l l i s a t i o n from chloroform y i e l d e d octachlorofluoren-9-one 

M.p.'^95°C i n low y i e l d , ( < 0.5g) i d e n t i f i e d by i t s i n f r a - r e d 
46 46 

spec crura and i t s melting p o i n t . The mass spectrum showed 

a parent peak a t P = 462 (Based on - ^ C l ) with 8 c h l o r i n e atoms 

p r e s e n t . ( c x 3 C 1 8 ° r e < l u i r e s m / e = 4-52). See i n f r a - r e d spectrum 

No.8. 

2.5.4 Oxidation of 1,2,3,4,5,6,7 t8-0ctachlorofluorer.e w i t h 
120 

Sodium Dichromate i n A c e t i c Acid 

To a g e n t l y b o i l i n g s o l u t i o n of 1,2,3,4,5,6,7,8-

oc t a c h l o r o f l u o r e n e (10.6g, 24m moles) i n g l a c i a l a c e t i c u c i d 

(25cm ) was added dropwise, over a period of 1 hour, a warm 

s o l u t i o n of sodium dichromate ( I 2 g ) i n g l a c i a l a c e t i c a c i d (16cm ) 

and water (4cm ) . The mixture was r e f l u x e d f o r 2-3 hourc and 

allowed to c o o l . The contents of the r e a c t i o n f l a s k were poured 

onto i c e d water (250cm^ approx.), s t i r r e d and allowed to stand 

f o r 2 hours. The supernatant l i q u o r was decanted o f f and the 

b r i g h t yellow s o l i d r e s i d u e s t i r r e d with water (400cm^ approx.). 

The s o l i d was f i l t e r e d o f f a t the pump, washed w e l l w i t h d i l u t e 

s u l p h u r i c a c i d (250cm^, 20$ ( v / v ) ) and f i n a l l y w i t h water u n t i l 
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chromium f r e e , • 

The b r i g h t yellow r e s i d u e was d r i e d i n an oven a t 110°C, 

I t was shown to be a mixture of octachlorofluoren-9-one and 

unreacted 1,2,3,4,5 f6,7,8-octachlorofluorene from i t s iufx^a-red 

and mass s p e c t r a , ( i . e . P = 452 with CI x 8, C ^ C I Q 0 r e q u i r e s 
m / e = 452 (based on 5 5 C 1 ) and P = 438 with CI x 8; C^HoClg r e q u i r e s 

/e = 438 (based on C I ) . ) An attempt to separate t h i s mixture 

w i t h " G i r a r d ' s-Reagent" was u n s u c c e s s f u l . 

2.6 Thianthrene 

2.6.1 C h l o r i n a t i o n Using a Mixture of S u l p h u r y l C h l o r i d e , 

Sulphur Monochloride, and Aluminium C h l o r i d e (Reagent 3) 

The method and reagents are as described under S e c t i o n 

2.3.2 u s i n g the f o l l o w i n g q u a n t i t i e s of m a t e r i a l s : Thianthrene 

( 5 g ) , S 2 C l 2 ( 1 . 5 c m 5 ) , A l C l 5 ( 4 g ) and S 0 2 C l 2 ( 1 2 5 c m 3 ) . 

The pale yellow s o l i d (11.5g) was f i l t e r e d o f f a t the 

pump, d r i e d and shown by mass spectrometry to be a mixture of 

o c t a c h l o r o t h i a n t h r e n e and b i s - ( p e n t a c h l o r o p h e n y l ) s u l p h i d e . (P = 

480 with CI x 8, C ^ C l g S g r e q u i r e s m/a =r 488 (based on 5 5 C 1 ) ; 

P = 528 w i t h CI x 10, C 1 2 C 1 1 ( ) S r e q u i r e s m / e = 528 (based on 5 5 C 1 ) ) . 

The mixture was f r a c t i o n a l l y r e c r y s t a l l i s e d ( x y l e n e ) to 

give b r i l l i a n t white c r y s t a l s of o c t a c h l o r o t h i a n t h r e n e . M.p. 

>360°C. L i t e r a t u r e 8 6 v a l u e ^ 360°C. (Found: CI,57.3; S,13.08$; 

M ( ^ C 1 ) , 488 with 8 c h l o r i n e atoms p r e s e n t . C a l c u l a t e d f o r 

C 1 ? C 1 8 S ? : CI,57.67; S,13.04$; 11,488.). See i n f r a - r e d spectrum 

No.9. 

2.7 Phenothiazine 

2.7.1 Attempted C h l o r i n a t i o n Using a Mixture of S u l p h u r y l 

C h l o r i d e , Suipnur Monochloride, and Aluminium C h l o r i d e 

A l l attempts to form a s o l u t i o n of phenothiazine i n 

s u l p h u r y l c h l o r i d e and sulphur monochloride p r i o r to a d d i t i o n to 
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th e r e a c t i o n f l a s k , r e s u l t e d i n v i o l e n t .reaction and formation 

of a black sludge. F u r t h e r m o d i f i c a t i o n s to the c h l o r i n a t i n g 

procedure were not i n v e s t i g a t e d . 

2 08 Naphthalene 

2.8.1 P r e p a r a t i o n of Octachloronaphthalene Using a Mixture of 

S u l p h u r y l C h l o r i d e , Sulphur Monochloride t and Aluminium 

C h l o r i d e (Reagent 1) 

The procedure i s as described under S e c t i o n 2.1.3 using 

the f o l l o w i n g q u a n t i t i e s of m a t e r i a l s : Naphthalene ( l O g ) , 

S 2 C 1 2 (3cm 3), A l C l 3 ( 2 . 5 g ) and S 0 2 C 1 2 (250cm 5). A pale yellow 

s o l i d (30g, 95.2%) was recovered. A sample was r e c r y s t a l l i s e d 

(carbon t e t r a c h l o r i d e ) to y i e l d o^f v/hite c r y s t a l s of o c t a c h l o r o -

naphthalene. M.p.l97°C. L i t e r a t u r e 1 5 7 ^ v 8 l u e 198°C. (Pound: 

C,29.74; CI,70.396; M + ( 5 5 C 1 ) . 400 with 8 c h l o r i n e atoms p r e s e n t . 

C a l c . f o r C ] 0 C 1 8 : C,29.73; CI,70.27/°; M,400.). See i n f r a - r e d 

spectrum No, 10. 

2.9 Toluene 

2.9.1 P r e p a r a t i o n of "1-methyl -2,3,4,5*6- pontachlorobenzene 

Using a Mixture of S u l p h u r y l Chlorido, Sulphur 

Monochloride and Aluminium Ch l o r i d e (Reagent l ) 

The procedure i s as described under S e c t i o n 2.1.3 u s i n g 

the f o l l o w i n g q u a n t i t i e s of m a t e r i a l s : Tolueno (50g, 57.5cm 5), 

S 2 C 1 2 (15cm 5), A l C l 5 ( 1 2 . 5 g ) and S 0 2 C 1 2 (1250cm 5). A white s o l i d 

(I43g, 100%) was recovered. A cample was r e c r y s t a l l i s e d (carbon 

t e t r a c h l o r i d e ) to give b r i l l i a n t white, needle l i k e c r y s t a l s of 

l-methyl-2,3,4,5,6 - pentachlorobenzene M.p. 225.5°C. L i t e r a t u r e 

v a l u e 223°C. (Pound: C,31.4; H,1.14; CI,67.1^; H + ( 5 5 C 1 ) , 262 

w i t h 5 c h l o r i n e atoms p r e s e n t . C a l c . f o r C^H^Cl^ : C,31.795 

H,1.14; CI,67.07%; M,262.). See i n f r a - r e d spectrum No.11. 

N.M.R. Spectrum No.7. 
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2,9.2 R e a c t i o n of 1-methyl -2,3,4,5,6-pentachlorobenzene 

w i t h P C l ^ i n an Autoclave 

1-methyl -2,3,4,5,6-pentachlorobenzene (20g) and. phosphorus 

p e n t a c h l o r i d e (lOOg) were mixed together i n a n i c k e l l i n e d , double 

ended a u t o c l a v e . The a u t o c l a v e was s e a l e d , placed i n a furnace 

preheated to 325°C and l e f t f o r 3~k hours f o r r e a c t i o n to proceed. 

The autoclave was removed from the furnace and vented i n 

a fumes cupboard w h i l s t s t i l l hot. The contents of the a u t o c l a v e 

were poured onto crushed i c e / w a t e r mixture, the s o l i d m a t e r i a l 

f i l t e r e d o f f (lOg, 46.4%) and a dry sample r e c r y s t a l l i s e d (carbon 

t e t r a c h l o r i d e ) to y i e l d a white s o l i d , hexachlorobenzone M.p.231°C. 

L i t e r a t u r e 1 3 7 ^ V a l u e 227°C (Pound: C,25.58; CI,74.3%; M + f ^ C l ) , 

282 with 6 c h l o r i n e atoms p r e s e n t . C a l c . f o r CgHg : C,25.29; 

CI,74.71$; M,282.) See i n f r a - r e d spectrum No.12. 

3. Reactions of Some Polyhalogeno Compounds 

3.1 Decachlorobiphenyl 

3.1.1 Attempted C y c l i s a t i o n Reactions with Sulphur 

( a ) I n Xylene 

P e r c h l o r o b i p h e n y l (5g) and sulphur ( l g ) were added to 

xylene (100cm 3) contained i n a 250cm 3 round bottomed f l a s k . The 

f l a s k was equipped w i t h a r e f l u x condenser and immersed i n an o i l 

bath. Reaction was allowed to proceed, under r e f l u x f o r 48 hours. 

Removal of s o l v e n t l e f t a p a l e yellow s o l i d (5.9g) which was shown 

to be a mixture of s t a r t i n g m a t e r i a l s . The mass spectrum showed 

two components with P = 256 and P = 494 with 10 c h l o r i n e atoms 

p r e s e n t . ( S g r e q u i r e s m/e = 256 5 C ^ 2 C 1 1 0 r e c 3 . u i r e s m / e = 4-94 

(Based on 3 5 C l ) ) . 
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(b) I n an Autoclave a t 300°C f o r 20 Hours 

Decachlorobiphenyl (25g) and sulphur (5g) were mixed 

together i n a s t a i n l e s s s t e e l a u t o c l a v e . The aut o c l a v e was 

evacuated, s e a l e d and placed i n a furnace a t 300°C. Re a c t i o n 

was allowed to proceed f o r 20 hours. E x t r a c t i o n of the r e a c t i o n 

medium afforded a yellow s o l i d (23g) which was shown to be a 

mixture of s t a r t i n g m a t e r i a l s . 

( c ) Taan Autoclave a t 350°C f o r 20 Hours 

Decachlorobiphenyl (25g) and sulphur (5g) were mixed 

together i n a s t a i n l e s s s t e e l a u t o c l a v e . The aut o c l a v e was 

evacuated, s e a l e d and placed i n a furnace a t 350°C. R e a c t i o n was 

allowed to proceed f o r 20 hours. 

The s o l i d r e a c t i o n products were digested with xylene 

(500cm 3 approx.) and d e c o l o u r i s i n g c h a r c o a l ( l - 2 g ) . The s o l v e n t 

was f i l t e r e d hot, and the f i l t r a t e deposited a yellow s o l i d ( 5 j , 

34„4% t 64% conversion) which was f i l t e r e d o f f and shown to be 

2,3,4,6.-7,3-hexach l o r o - 1 , 9 - e p i d i th iodibenzo (b, d) thiophen,M.p. 

(Found: 0, 31.95; 01,47.12; S,20.88%; J f * " ( 5 5 C l ) , 450 w i t h 6 

c h l o r i n e atoms present, C ^ 2 ^ 1 6 S 3 r e Q u i r e s : 0,31.79; 01,46.96; 

S,21.25%; M,450.). See i n f r a - r e d spectrum No.13. 

Evaporation of s o l v e n t from the mother l i q u o r y i e l d e d 

9g of urreacted decaciilorobiphenyl, i d e n t i f i e d from i t s i n f r a 

red and mass s p e c t r a . 

3.2 0ctachlorodibonzo(b,d)thiophen 

3»2 s1 C y c l i s a t i o n R e action with Sulphur i n an Autoclave 

a t 350°C f o r 20 Hours 

Octachlorodibenzo(b,d)thiophen (20g) and sulphur (4g) 

were mixed together i n a s t a i n l e s s s t e e l a u t o c l a v e . The aut o c l a v e 

was evacuated, sealed and placed i n a furnace a t 350°C. R e a c t i o n 

was allowed to proceed f o r 20 hours. 
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The r e a c t i o n product was digested with xylene (500cm 

approx.) and d e c o l o u r i s i n g c h a r c o a l ( l - 2 g ) . The s o l v e n t was 

f i l t e r e d hot and. the f i l t r a t e deposited a deep yellow s o l i d 

(3.5g) which was i d e n t i f i e d as 2.3,4.6,7,8-hexachloro-1.9-

e p i d i thiodibenzo (b, d.) th iophen from i t s i n f r a -red and mass s p e c t r a . 

3.3 2,3,4,6,7,8-hexachloro-l,9-cpidithiodibengo(b,d)thiophen 

3.3.1 Attempted Reduction with Raney/Nickel C a t a l y s t 

2»3,4,6,7,8-hexachloro-1,9-epidithiodibenzo(b,d)thiophen (0.25g 

and Raney/Nickel c a t a l y s t (6g approx.) were t r a n s f e r r e d to a 

250cm^ round bottomed f l a s k w i t h xylene (100cm' 5). The mixture 

was s t i r r e d a t room temperature f o r 5 hours. I n s o l u b l e s were 

f i l t e r e d o f f and the f i l t r a t e d r i e d over MgSO^. Removal of MgSO^ 

and s o l v e n t y i e l d e d an o f f white s o l i d (0.17g, 77.3$) which was 

r e c r y s t a l l i s e d ( x y l e n e ) to give a white " f l u f f y solid'!, 2.3.4.6.7.8-

hexachlorodibenzo(b,d)thiophen 1,1.p. 276°C. (Pound: 0,37.0; H,0.5; 

S,8.37$; M ^ ^ C l ) 388 with 6 c h l o r i n e atoms p r e s e n t . C 1 2 H 2 C 1 6 S 

r e q u i r e s : C,36.85; H,0.51; S,8.21$; M, 388.). See i u f r a - r e d 

spectrum No.14. 

3.4 De c a f l u o r o b i p h e n y l 

3.4.1 Attempted C y c l i s a t i o n R e a c t i o n with Sulphur i n Sulpholan 

Decafluorobiphenyl (5g, 15m moles), sulphur ( l g , 31m moles), 

and sulpholan (25cm ) , were t r a n s f e r r e d , under an atmosphere of 

dry n i t r o g e n to a 50cirr B24 necked, c o n i c a l f l a s k . The f l a s k was 

evacuated, s e a l e d and immersed i n an o i l bath a t 150°C f o r 1 week. 

When c o o l , the f l a s k was l e t down to atmospheric p r e s s u r e w i t h dry 

nit r o g e n gas, the contents poured onto water (3 l i t r e s approx.), 

s t i r r e d w e l l and allowed to s e t t l e o vernight. S o l i d m a t e r i a l was 

f i l t e r e d o f f under s u c t i o n through a " h y f l o " pad to y i e l d a pink 

r e s i d u e , which was di g e s t e d with acetone ( I 5 0 c a approx.) to e x t r a c t 



-108-

t r a c t a b l e m a t e r i a l . Removal of s o l v e n t and vacuum sublimation of the 

red s o l i d (4.5g) afforded a white sublimate (approx. 4g) (shown 

to be unreacted decafluorobiphen y l , from i t s i n f r a - r e d and mass 

s p e c t r a ) and a maroon s o l i d which was probably p e r f l u o r o ( b i s - ( p -

phenyl phenylene)) sulph i d e M.p.H3°C, as i d e n t i f i e d from i t s 

mass and "^F n„m.r. s p e c t r a (M +,662; C^F^gS r e q u i r e s M = 662). 

See n.m.r. spectrum No.2, i n f r a - r e d spectrum No.15. (N.B. 

i n s u f f i c i e n t m a t e r i a l was recovered to obtain elemental a n a l y s i s ) . 

3.5 P e r f l u o r o - ( 4 , 4 1 - b i s i s o p r o p y l b i p h e n y l ) 

3.5.1 Attempted C y c l i s a t i o n R e a c t i o n with Sulphur i n Sulpholan 

P e r f l u o r o - ( 4 , 4 ' - b i s i s o p r o p y l b i p h e n y l ) (2g, 3.15m moles), 

sulphur (0.4g, 12.5m moles), and sulpholan (25cm 3) were t r a n s f e r r e d , 
3 

under an atmosphere of dry n i t r o g e n , to a 50cm , "B24 necked, c o n i c a l 

f l a s k . The f l a s k was evacuated, s e a l e d and the contents s t i r r e d a t 

150°C f o r 1 week. 

The f l a s k and contents were allowed to c o o l , the f l a s k l e t 

down to atmospheric p r e s s u r e w i t h dry nitrogen, and the contents 

poured onto water (3 l i t r e s approx.). The r e s u l t i n g emulsion was 

s t i r r e d w e l l and allowed to s e t t l e overnight. S o l i d m a t e r i a l was 

f i l t e r e d o f f under s u c t i o n through a " h y f l o " pad to y i e l d a p a l e 

orange r e s i d u e , which was d i g e s t e d w i t h acetone (150cm approx.) 

to e x t r a c t t r a c t a b l e m a t e r i a l . Removal of s o l v e n t afforded an o f f 

white s o l i d (l.9g) which was sublimed (0.005mm Kg; 48°C) to y i e l d 

a white c r y s t a l l i n e s o l i d (1.9g) shown to be s t a r t i n g m a t e r i a l , 

from i t s i n f r a - r e d (see spectrum No.16) and mass s p e c t r a . (M +, 

634) ( C
1 8

F 2 2 r e q u i r e s M = 634). 

3.5.2 N u c l e o p h i l i c S u b s t i t u t i o n with Sodium Methoxide i n Methanol 

P e r f l u o r o - ( 4 , 4 ' - b i s i s o p r o p y l b i p h e n y l ) (0.5gi 0.8m moles) and 

dry methanol (25cm 3) were g e n t l y r e f l u x e d i n a 100cm 3, two necked, 
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round bottomed f l a s k . A s o l u t i o n of sodium raetboxide (20cm 5, 

0.04M) i n methanol was c a r e f u l l y added from a dropping f u n n e l . 

The r e a c t i o n mixture was r e f l u x e d f o r 48 hours, allowed to c o o l , 

poured cnto d i l u t e HgSO^ (500cm 5 20%, v/v) and s t i r r e d w e l l . 

The aqueous phase was ether e x t r a c t e d (3x50cm 5), the e x t r a c t s 

bulked and d r i e d over calcium c h l o r i d e . Removal of C a C l 2 and 

s o l v e r t l e f t an o i l y l i q u i d , s u b l i m a t i o n (90°C; 0.05mm Hg) of 

which afforded' a white c r y s t a l l i n e s o l i d (0.4g, 78.5%) which was 

mono-methoxy-perfluoro-(4,4'-bisisopropylbiphenyl) (Found: 

0,35.36; 11,0.52; F,62.16%; M+,646. ^ q O I ^ F ^ r e q u i r e s : C,35.29; 

H,0.46; F,61.77%; M,646.). See i n f r a - r e d spectrum No.17, N.M.R. 

s p e c t r a Ncs.5 and 4. 

4. Attempted F l i i o r i n a t i o n Reactions 

4.1 2-Dichloromethyl-2'.3.3'.4,4'.5.5',6,6'-nonachlorobiphenyl 

4.1.1 I n a Solvent 

The g e n e r a l procedure and outcome f o r the two r e a c t i o n s was 

the sa^.? and the q u a n t i t a t i v e d e t a i l s are gi v e n i n Table VI.1 b.-;low. 

Run 1 i s t y p i c a l and i s de s c r i b e d here. 

Table VI.1 

Summary of Re a c t i o n Conditions f o r the Attempted Solvent F l u o r i n a t i o n 

of 2-Dichloromethyl-C,3,3',4,4',5,5',b.G'-nonachlorobiphenyl 

Run Amount of 
Sub s t r a t e 

Amount of 
F l u o r i n a t i n g Agent 

Volume 
Sulpholan 

Reaction 
Temp. 

Rctn. 
Time 

1 5g lOg KF 25cm 5 145°C 17h 

2 5g 25g CsF 25cm 5 145°C 17h 

2-Dichloromethyl-2',3,3',4,4',5,5',6,6'-nonachlorobiphenyl 

( 5 g ) , potassium f l u o r i d e ( l O g ) , and sulpholan (25cm 5) were t r a n s -

f e r r e d under an atmosphere of dry nit r o g e n gas to a 50cm , B24 necked, 
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c o n i c a l f l a s k . The f l a s k was connected, v i a a gas tap to a v a r i a b l e 

volume r e s e r v o i r (a f o o t b a l l bladder i n t h i s c a s e ) to allow f o r 

expansion and any gaseous products evolved during the course of the 

r e a c t i o n . The contents were s t i r r e d a t 145°C f o r 17 hours. 

When c o o l , the contents of the f l a s k were poured onto water 

(3 l i t r e s approx.) and s t i r r e d v i g o r o u s l y . The l i q u o r was allowed 

to s e t t l e overnight. S o l i d m a t e r i a l was f i l t e r e d o f f under s u c t i o n 

through a "hvi.lo" pad to y i e l d a deep brown/black r e s i d u e , which was 

r e f l u x e d f o r one hour w i t h carbon t e t r a c h l o r i d e (250cm 3 approx.). 

I n s o l u b l e s were f i l t e r e d o f f and the s o l u t i o n d r i e d ( C a C l 2 ) . Removal 

of C a C l 2 and so l v e n t afforded an i n t r a c t a b l e t a r . 

4.1.2 I n the S o l i d Phase 

A g e n e r a l procedure was followed throughout and the r e a c t i o n 

c o n d i t i o n s a^e summarised i n Table VI.2 below. Run 2 i s t y p i c a l and 

i s d e s c r i b e d here. 

2-Dichloromethyl-2',3,3',4,4',5,5',6,6'-nonacblorobiphenyl 

(lOg) and dry potassium f l u o r i d e (35g) were mixed and t r a n s f e r r e d 

to a thoroughly d r i e d s t a i n l e s s s t e e l autoclave (approx. 100cm 

c a p a c i t y ) as q u i c k l y as p o s s i b l e . The autoclave was evacuated, 

s e a l e d and placed i n a furnace a t 300°C f o r 18 hours. 

Table VI.2 

Summary of R e a c t i o n Conditions f o r the Attempted Autoclave 

F l u o r i n a t i o n of 2-Dichloromethyl-2',3,3',4,4',5,5',6,6'-nona-

chlo r o b i p h e n y l 

Run Amount of Amount of R e a c t i o n R e a c t i o n 
S u b s t r a t e F l u o r i n a t i n g Agent Temperature Time 

1 lOg 35g KF 350°C 18h 

2 lOg 35g KF 300°C 18h 

3 10g 35g KF 250°C 18h 
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V o l a t i l e r e a c t i o n products were vacuum t r a n s f e r r e d from the hot 

autocl a v e into a c o l d trap ( l i q u i d a i r ) . Only m a t e r i a l which was 

gaseous a t room temperature was obtained t h i s way. V/hen c o o l , the 

autocl a v e was l e t down to an atmosphere of dry ni t r o g e n gas, and 

opened. I t was found to con t a i n a black powdery mass, on which 

v a r i o u s techniques were employed i n an attempt to e x t r a c t t r a c t a b l e 

m a t e r i a l . 

Sublimation of the black r e s i d u e under vacuum (150°C, 

0.005mm Hg) gave a t r a c e of a yellow s o l i d which v/as inadequate f o r 

f u r t h e r i n v e s t i g a t i o n . Solvent e x t r a c t i o n by means of r e f l u x i n g 

a sample of r e s i d u e (5g) with d i f f e r e n t s o l v e n t s (250cm 3) (e.g. 

acetone, carbon t e t r a c h l o r i d e , chloroform or chlorobenzene) was 

a l s o u n s u c c e s s f u l . D i g e s t i o n of the r e s i d u e w i t h water (500cm 3) 

l e f t a bla c k polymeric s o l i d . 

4.2 Decachlorobiphenyl 

4.2.1 I n a Solvent 

The procedure was as described under S e c t i o n 4.1.1, using 

the f o l l o w i n g q u a n t i t i e s of m a t e r i a l and c o n d i t i o n s : Decachloro

biphenyl ( 5 g ) , potassium f l u o r i d e (20g), sulpholan (25cm 3). 

R e a c t i o n was allowed to proceed a t 200°C f o r 20 hours. 

A f t e r quenching, a brown acetone s o l u b l e e x t r a c t (2g) was 

obtained... which when heated under vacuum (100°C; 0.005mm Hg) y i e l d e d 

a s m a l l q u a n t i t y of a pale yellow s o l i d , which was shown by mass 

spectrometry to comprise a mixture of c h l o r o / f l u o r o b i p h e n y l s , w i t h 

as many as eight c h l o r i n e atoms remaining (e.g. m / e = 462, w i t h 8 

c h l o r i n e atoms, m/e - 446, with 7 . c h l o r i n e atoms, ra/e = 334 was 

not observed, which would correspond to the p e r f l u o r i n a t e d s p e c i e s , 

C 1 2 F 1 0 ) * 
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4.2.2 I n the S o l i d Phase 

The g e n e r a l procedure was as d e s c r i b e d under S e c t i o n 4.1.2, 

and the q u a n t i t a t i v e d e t a i l s and r e a c t i o n c o n d i t i o n s are summarised 

i n Table VI.3 below. 

Table VI.3 

Summary of Reaction Conditions f o r the Attempted Autoclave 

P l u o r i n a t i o n of Decachlorobiphenyl. 

p u n Amount of Amount of Reaction Reaction 
S u b s t r a t e P l u o r i n a t i n g Agent Temperature Time 

1 lOg 35g KP 350°C 20h 

2 lOg 35g KP 500°C 20h 

3 10g 35g KP 425°C 20h 

At 350°C, decachlorobiphenyl was recovered, i d e n t i f i e d from 

i t s i n f r a - r e d and mass s p e c t r a . However, treatment of the r e s i d u e s 

from the r e a c t i o n s a t 500°C and 425°C s i m i l a r l y to t h a t d e s c r i b e d 

under 4.1.2 ( i . e . s u b l i mation and s o l v e n t e x t r a c t i o n ) was u n s u c c e s s 

f u l and y i e l d e d only i n t r a c t a b l e t a r s r.nd polymeric m a t e r i a l . 

4.3 Decachlorofluorene 

4.3.1 I n a Solvent 

A g e n e r a l procedure was employed throughout and q u a n t i t a t i v e 

d e t a i l s are given i n Table VI.4. Run 3 i s t y p i c a l and i s d e s c r i b e d 

below, 

Decachlorofluorene ( 5 g ) , potassium f l u o r i d e (25g) and 

sulpholan (25cm ) were t r a n s f e r r e d , under an atmosphere of dry 

nitrogen, to a 50cm , 1324 necked, c o n i c a l f l a s k . The f l a s k was 

connected v i a a gas tap to a v a r i a b l e volume r e s e r v o i r (a f o o t b a l l 

bladder i n t h i s c ase) to allow f o r expansion and any gaseous 

products evolved during the course of the r e a c t i o n . .The f l a s k was 
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immersed I n an o i l bath a t 200°C ( a ' s i l i c o n e o i l bath was employed 

to achieve t h i s temperature) and the contents were s t i r r e d f o r 21 

hours. 

When c o o l , the contents of the f l a s k were poured onto water 

(3 l i t r e c approx.) and s t i r r e d v i g o r o u s l y . The l i q u o r was allowed 

to s e t t l e overnight. S o l i d m a t e r i a l was f i l t e r e d o f f under s u c t i o n 

through a " h y f l o " pad to y i e l d a bl a c k residue, which was r e f l u x e d 

with acetone to. e x t r a c t t r a c t a b l e m a t e r i a l . Removal of insolub'Les 

and s o l v e n t l e f t a black t a r , sublimation (100°C; 0.005mm Hg) of 

which afforded a pale yellow sublimate «"0.5g) shown by i t s mass 

spectrum t o be a mixture of c h l o r o f l u o r p f l u o r e n e s . ( i . e . m/e = 

378 with two c h l o r i n e atoms, m / e = 362 with one c h l o r i n e atom and 
m / e = 346 c h l o r i n e absent, i . e . p e r f l u o r o f l u o r e n e ) N.B. Although 

d e c a f l u o r o f l u o r e n e was observed i n the mass spectrum of the product, 

the complex nature of the mixture, the low y i e l d arid the presence 

of higher molecular weight m a t e r i a l rendered the method i m p r a c t i c a b l e 

as a p r e p a r a t i v e route to d e c a f l u o r o f l u o r e n e . 

Table VI.4 

Summary of Reaction Conditions f o r the Attempted Solvent 

F l u o r i n a t i o n of Decachlorofluorene. 

Run Amount of 
Sub s t r a t e 

Amount of 
F l u o r i n a t i n g 

Agent 
Volume 

Sulpholan 
R e a c t i o n 

Temperature 
R e a c t i o n 

Time 

1 5g lOg KF 25 cm 5 200°C 20h 

2 5g lOg KF 25cm 5 200°C 40h 

3 5g 25g KF 25 cm 5 200°C 21h 

4 5g 23g KF 25 cm 5 200°C 168h 

Run 4 d i f f e r e d from 1, 2 and 3 i n t h a t the f l u o r i n a t i n g agent was 

added batchwise over the extended r e a c t i o n p e r i o d . Additions and 



-114-

times are shown i n Table V I . 5 . 

Table VI.5 

Additions of KF during the course of run 4 

R e a c t i o n Amount KF 
Time Added 

Oh 10g 

24h 2g 
48h 2g 

138h 9g 

4.3.2 I n the S o l i d Phase 

A standard procedure was employed i n both c a s e s , as 

p r e v i o u s l y described under S e c t i o n 4.1.2. R e a c t i o n c o n d i t i o n s 

are cummarised i n Table V I . 6 . 

Table VI.6 

Summary of Reaction Conditions Used i n the Attempted Autoclave 

F l u o r i n a t i o n of Decachlorofluorene. 

p u n Amount of Amount of R e a c t i o n R e a c t i o n 
Sub s t r a t e F l u o r i n a t i n g Agent Temperature Time 

1 10g 35g KF 480°C 3£h 

2 lOg 35g KF 450°C l£h 

I n both cases, no s u c c e s s was achieved i n attempts to e x t r a c t 

t r a c t a b l e m a t e r i a l . Once again, b l a c k polymeric m a t e r i a l r e s u l t e d 

as the u l t i m a t e product. 

4.3.3 Using Antimony T r i f l u o r i d e 

( a ) S o l u t i o n Reaction 

P e r c h l o r o f l u o r e n e ( 2 g ) , antimony t r i f l u o r i d e ( l g ) and 
•z 

chloroform (100cm ) were heated together under r e f l u x f o r 48 hours. 

The r e a c t i o n mixture was f i l t e r e d w h i l s t hot, allowed to c o o l and 
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s o l v e n t removed. The recovered pale yellow s o l i d product ( l . 8 g ) 

was shown to he unreacted p e r c h l o r o f l u o r e n e , from i t s infra-red. 

and mass s p e c t r a . 

(h) S o l i d Phase Reaction 

P e r c h l o r o f l u o r e n e ( 2 g ) , and antimony t r i f l u o r i d e ( I g ) were 

mixed together and q u i c k l y t r a n s f e r r e d to a s t a i n l e s s s t e e l auto

c l a v e . The autoclave was evacuated, s e a l e d and placed i n a furnace 

a t 325°C f o r 20 hours. 

V o l a t i l e r e a c t i o n products were vacuum t r a n s f e r r e d from the 

hot a u t o c l a v e i n t o a cold trap ( l i q u i d a i r ) . Only m a t e r i a l which 

was gaseous a t room temperature was obtained t h i s way. A f t e r c o o l i n g 

the a u t o c l a v e was l e t down t c an atmosphere of dry n i t r o g e n gas. 

When opened, a black i n t r a c t a b l e , polymeric s o l i d was recovered. 

4.4 Octachlorodibenzo(b,d)thiophen 

4.4.1 I n a Solvent 

A standard procedure was employed throughout, as d e s c r i b e d 

p r e v i o u s l y under S e c t i o n 4.1.1. Table VI.7 summarises the r e a c t i o n 

c o n d i t i o n s used. 

Table VI.7 

Summarised Re a c t i o n Conditions f o r the Attempted Solvent 

F l u o r i n a t i o n of Octachlorodibenzo(b,d)thiophen. 

_ Amount of •tP^'™°^^Q+fv,_ Volume Reaction R e a c t i o n 
K u n S u b s t r a t e Sulpholan Temperature Time 

1 5g lOg KF 25 cm 5 200°C 92h 

2 5g lOg KF 25cm 3 200°C 18h 

3 3g 10g KF 25cm 3 195°C 24h 

Run 1 y i e l d e d an i n t r a c t a b l e t a r . Run 2 afforded a s m a l l amount of 

chlorofluorodibenzo(b,d)thiophens (shown by the mass spectrum, i . e . 
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m / e = 408 with 5 c h l o r i n e atoms, m/e = 392 with 4 c h l o r i n e atoms 

e t c . ) . 

Run 3, however, y e i l d e d 2.3g of an o f f white s o l i d a f t e r 

s o l v e n t e x t r a c t i o n . Mass spectrometry i n d i c a t e d t h i s to be a 

mixture of chlorofluorodib.enzo(b,d )thiophens, ranging from 

t e t r a c h l o r o t e t r a f l u o r o dibenzo(b,d)thiophen to heptachloromono-

fluorodibenzo(b,d)thiophen. Unreacted s t a r t i n g m a t e r i a l , 

C^gClgS was a l s o indicated, i n the spectrum. 

4.4.2 I n the S o l i d Phase 

A standard r e a c t i o n procedure was followed throughout, 

as d e s c r i b e d under S e c t i o n 4.1.2. The r e a c t i o n c o n d i t i o n s a r e 

summarised i n Table V I . 8 . 

Table VI.8 

Summary of the R e a c t i o n Conditions f o r the Attempted Autoclave 

F l u o r i n a t i o n of Octachlorodibenzo(b,d)thiophen. 

Run Amovnt of Amount of Re a c t i o n R e a c t i o n 
S u b s t r a t e P l u o r i n a t i n g Agent Temperature Time 

1 7.5g 35g KP 300°C 3ih 
2 4.5g 30g KP 330°C 48h 
3 2.5g 15g KP 450°C 20h 

Run 1 y i e l d e d unreacted octachlorodibenzo(b,d)thiophen, i d e n t i f i e d 

by i t s i n f r a - r e d and mass s p e c t r a . Run 2 y i e l d e d a mixture of 

chlorofluorodibenzo(b,d)thiophens, i n which up to four c h l o r i n e 

atoms had been replaced by f l u o r i n e i d e n t i f i e d from the mass 

spectrum which showed groups of peaks with ^/e = 424 with s i x 

c h l o r i n e atoms, m / e = 408 with f i v e c h l o r i n e atoms e t c . No 

peaks corresponding to h i g h e r f l u o r i n a t e d s p e c i e s were observed. 

Run 3 y i e l d e d only i n t r a c t a b l e polymeric m a t e r i a l . 
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5. ffluorination Reactions of Some Polyhalogenohetorocycles 

i n the Presence of 18-Crown-6 pol y e t h e r 

5.1 P r e p a r a t i o n of 18-Crown-6 p o l y e t h e r 
1 2 5 

5.1.1 C h l o r i n a t i o n of T r i g o l 
T r i g o l (150cm 3, 1.1 moles), benzene (1000cm 3) and p y r i d i n e 

•z 

(147cm , 2.45 moles) were added to a three l i t r e , two necked, 

round bottomed f l a s k f i t t e d with a r e f l u x condenser and a 

dropping f u n n e l . The mixture was g e n t l y r e f l u x e d . T h i o n y l 

c h l o r i d e (175cm , 2.45 moles) was c a r e f u l l y added, over a period 

of about 3 hours, during which time a white p r e c i p i t a t e formed. 

Re f l u x was continued f o r a f u r t h e r 18 hours. 

When co o l , h y d r o c h l o r i c a c i d (250cm 3, 20% "Vv) was added 

dropwise from the funnel over a period of about one hour. When 

a d d i t i o n was complete, the contents of the f l a s k were c a r e f u l l y 

shaken, allowed to s e t t l e , and the two l a y e r s separated: a lower 

yellow l a y e r and an upper benzene l a y e r . Solvent was removed 

from the benzene l a y e r using a r o t a r y evaporator, to y i e l d a 
•z 

yellow l i q u i d (200-250cnr), which was vacuum d i s t i l l e d , the 

f r a c t i o n d i s t i l l i n g a t 100°C/6mm Hg being c o l l e c t e d ( l 6 6 g , 8 0 % ) . 

T h i s was shown by G.L.C./M.S. (column 0 o i , 150°C) to be 

approximately 95% pure l,8-dichloro-3,6-dioxaoctane. M"i',137, 

with one c h l o r i n e atom ( l o s s of CR^Cl from CgH-^C^C^ S i v e s 

m/e = 137). See i n f r a - r e d spectrum No.18, N.M.R. spectrum No.5. 
_ 126 

5.1.2 P r e p a r a t i o n of Crude 18-Crown-6 polyether 

To a one l i t r e , two necked, round bottomed f l a s k was 

added t r i g o l (38.25g) and te t r a h y d r o f u r a n (125cm 3). A t e f l o n 

coated magnetic s t i r r e r was used to a g i t a t e the s o l u t i o n . A 

s o l u t i o n of potassium hydroxide (27.5g, 85%) i n water (15cm 3) 

was added i n one p o r t i o n to the contents of the f l a s k , which 
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warmed but did not "boil. The fl a s k was f i t t e d with a r e f l u x 
condenser and a dropping funnel. The contents of the f l a s k 
were s t i r r e d f o r 30 minutes, when darkening of the lower of 
the two layers occurred. 

A solution of 1,8-dichloro-3,6-dioxaoctane (35g) i n 
tetrahydrofuran (25cm^) was added gradually to the reaction 
vessel. The contents of the flask were boiled, under r e f l u x 
f o r 20 hours. 

Y/hen cool, solvent was removed on the ro t a r y evaporator 
and methylene chloride ( l ^ c m ^ ) added to the residue. The 
mixture was s t i r r e d at room temperature f o r 45 minutes, f i l t e r e d 
onto dry magnesium sulphate, shaken and allowed to stand. 
Removal of MgSÔ  and solvent afforded a deep red coloured o i l , 
which was vacuum d i s t i l l e d , the f r a c t i o n d i s t i l l i n g at 100-130°C/ 
0.05mm Hg "being collected. (27g, 54$). This d i s t i l l a t e was 
used i n Section 5.1.3 fo r a c e t o n i t r i l e p u r i f i c a t i o n , and no 
attempt to characterise i t at t h i s stage was made. 
5.1.3 P u r i f i c a t i o n of Crude 18-Crown-6 polyether using 

126 
A c e t o n i t r i l e 
The crude d i s t i l l a t e (27g) from Section 5.1.2, acetoni-

t r i l e (70cm ) and a t e f l o n coated magnetic s t i r r e r were trans-
ferred t o a 150cnr round bottomed flas k equipped with a r e f l u x 
condenser and a CaCl 2 drying tube. The contents of the f l a s k 
were warmed u n t i l a clear s o l u t i o n was obtained. The sol u t i o n 
was allowed to cool slowly, with constant s t i r r i n g , when white 
crystals were seen to deposit. S t i r r i n g was continued at 
ambient temperature f o r 18 hours. P r e c i p i t a t i o n was completed 
by immersing the fl a s k i n an acetone/ice bath. 
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The white crystals were quickly f i l t e r e d o f f w i t h 
•5 

suction and transferred to a lOOcur round bottomed f l a s k 
equipped w i t h a magnetic s t i r r i n g bar, a vacuum take o f f and 
a gentle source of heat. The crystals were gently heated 
(40-50°C), with continuous s t i r r i n g . A c e t o n i t r i l e was pumped 
o f f under vacuum (0.005mm Hg) over a period of 2-3 hours. 

The f l a s k was l e t down to atmospheric pressure w i t h 
dry nitrogen gas, and the contents allowed to cool. The l i q u i d 
residue s o l i d i f i e d with the evolution of heat, to give a white 
c r y s t a l l i n e s o l i d , (8g, 30$) 18-crown-6 polyether. M.p. 39.5°C. 
L i t e r a t u r e 1 2 6 value 39-40°C. (Pound: C,54.49; H,9.47$; M+. 
264. C a l c . f o r C 1 2H 2 40 6: 0,54.54; H,9.11#; M,264.). See 
inf r a - r e d spectrum N0..I9, N.M.R. spectrum No.6. 
5.2 Fluorination of Halogenated N-containing Heterocycles 
5.2.1 General Procedures used f o r 18-Crown-6 polyether 

Catalysed Fluorinations 
(a) Using A c e t o n i t r i l e or Xylene as a Solvent 

A general reaction procedure was used throughout, ard 
i s described below, a t y p i c a l reaction set up i s shown i n 
Fig. VI.2. Quantitative reaction conditions are given under 
the respective heterocycles being f l u o r i n a t e d . 

• Substrate, potassium f l u o r i d e , 18-crown-6 polyether, 
and solvent were transferred to a reaction vessel (see Fig. VI.2) 
which was then evacuated and sealed. The vessel was immersed 
i n an o i l bath and reaction allowed to proceed with continuous 
s t i r r i n g . 

V o l a t i l e reaction products were vacuum transferred to 
a cold trap ( l i q u i d a i r ) and i d e n t i f i c a t i o n was by G.L.C./M.S. 
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Vessel sealed here 
before reaction 

150mia 

9 Oram 

Pig. VI.2 Typical Reaction Vessel Used During 
18-crown-6 Polvether Catalysed Fluorinations 
• • • • , — • • • • — • — . • 1*1 • • • — M — • * • • I • I I I I • 1̂1 I 
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(b) Using Sulpholan as a Solvent 
Substrate, potassium f l u o r i d e , 18-crown-6 polyether, 

and sulpholan were quickly transferred, under an atmosphere of 
dry nitrogen gas, to a 50cm5, B24 necked, conical f l a s k and 
connected v i a a ga3 cap to a variable volume reservoir. The 
fla s k was immersed i n an o i l bath and the reaction allowed to 
proceed with continuous s t i r r i n g . V o l a t i l e reaction products 
were again vacuum transferred and i d e n t i f i e d by G.L.C./M.S. 
5.2.2 Pentachloropyridine 

P r a c t i c a l d e t a i l s are as described, under Sections 
5.2.2 (a) and ( b ) . Quantitative reaction conditions are l i s t e d 
i n Table VI.9. 

Table VI.9 

Run Pentachloro 
-pyridine Solvent Amount 

KP 
Amount 
18-C-6 

Rctn, 
Temp. 

Rctn. 
Time 

T 2.5g CH5CN (10cm 5) 6g 2.5g 100°C 6 Oh 
2 2.5g CĤ CI'T (10cm5) 6g - 100°C 6 Oh 
3 2.5g CH5CII (150cm5) 50g 2.5g Reflux 6 Oh 
4 2.5g Xylene (10cm5) 12g 2.5g 180°C lOOh 
5 3g Sulpholan(20cm 5) 10g 0.5g 150°C 42h 
6 3g Sulpholan(20cm 5) 10g - 150°C 42h 

Run 1 gave 3, 5 - d i c h l o r o t r i f l u o r o p y r i d i n e as the product, 
i d e n t i f i e d by i t s G.L.G. retention time (column 'A', 150°C, 
soluti o n i n CĤ CN) arid i t s mass spectrum, (M + ( 5 5C1), 201 wi t h 
two chlorine atoms present). Run 2, (a control expt.) did not 
y i e l d any fl u o r i n a t e d species. Runs 3 and 4 again afforded 
3 , 5 - d i c h l o r o t r i f l u o r o p y r i d i n e as the product. Run 5 gave 
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C 5 C 1 2 ] ? 3 N ( 1' 4St58^), isola t e d y i e l d , as did Run 6, (1.3g,54$), 
the corresponding control experiment. 
5.2.3 3,5 - d i c h l o r o t r i f l u o r o p y r i d i n e 

P r a c t i c a l d e t a i l s are as described under Sections 
5.2.1 (a) and ( b ) . Quantitative reaction conditions are 
l i s t e d i n Table VI.10. 

Table VI.10 

Run trinuori°r°" Solvent A m o u n t A m o u n t R c t n ' R c t n ' 
pyridine KP 18-C-6 Temp. Time 

1 2.5g Xylene (10cm5) 12g 2.5g 200°C 240h 
2 8.3g Sulpholan(20cm 3) lOg 0.5g i70°C 24b 
3 3g Sulpholan(20cn 5) lOg 0.5g 200°C 90h 

In a l l three cases, s t a r t i n g material was recovered and 
no more highly f l u o r i n a t e d species were observed. 
5.2.4 Tetrachloropyridazine 

P r a c t i c a l d e t a i l s are as described under Sections 5.2.1 
(a) and ( b ) . Quantitative reaction conditions are given i n 
Table VI.11. 

Runs 1 and 4 yielded tetrafluoropyridazine as the sole 
f l u o r i n a t e d product, i d e n t i f i e d by G.L.C./M.S. (column 'A1, 
150°C; solut i o n i n a c e t o n i t r i l e ) . Run 2 (a control expt.) did 
not y i e l d any fl u o r i n a t e d material, nor did run 5, eveti though 
18-crovm-6 polyether was present as cat a l y s t . 

Runs 5, 6 and 7 gave tetrafluoropyridazine as the sole 
f l u o r i n a t e d product i n the following isolated y i e l d s : 1.05g, 
50$; l.Og, 49$; 0.6g, 29$ respectively. Run 8 afforded a t o t a l l y 
gaseous product, (MH',81;V, 1960,1945,1930,1250,1240cm""1). 
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Table VI.11 

Run Tetrach'loro-
pyridazine Solvent Amount 

KF 
Amount 
18-C-6 

Rctn. 
Temp. 

Rctn. 
Time 

1 2.5g CĤ CN (10cm5) 12g 1.5g 85°C 18h 
2 2.5g CH3CN (10cm 3) 12g - 85°C 18h 
3 50g Xylene (200cm5) 60g 2.5g Reflux 24h 
4 5g CĤ CN (10cm3) 12g 0.5g 120°C 24h 
5 3g Sulpholan(25cm 3) 10g 0.5g 100°C 72h 
6 3g S u ^ d a n ^ c m ' ) 10g - 100°C 72h 
7 3g Sulpholan(25cm 3) 10g 0.5g 150°0 42h 
8 3g Sulpholan(25cm 3) 10g 0.5g - - ->o« i%> C 120h 

5.2.5 Tetrachloropyrimidine 
Pr a c t i c a l d e t a i l s are as described under Sections 5.2.1 

(a) and ( b ) . Quantitative reaction conditions are given i n 
Table VI.12. 

In a l l cases, 5-chlorotrifluoropyrimidine was obtained 
as the sole f l u o r i n a t e d product, i d e n t i f i e d by G.L.C./LI.S . 
(column 'A', 110°C, solution i n CH^Cfi). The isolated yields 
of C^ClFjNg f o r runs 3 and 4 were: 1.3g, 56$ and l g , 44$ 
respectively. 

Table VI.12 

Run T"etrachloro-
pyriraidine Solvent Amount 

KP 
Amount 
18-C-6 

Rctn. 
Temp. 

Rc t n . 
Time 

1 2.5g CH5CN (10cm3) 12g 0.5g 120°C 24h 
2 2.5g CH3CN (10cm3) 12g - 120°C 24h 
3 3g Sulpholan(20cm 3) 10g 0.5g 150°C 42h 
4 3g Sulpholan(20cm 3) 10g - 150°C 42h 



-124-

5.2.6 Tetrachloropyrazine 
P r a c t i c a l d e t a i l s are as described under Sections 5.2.1 

(a) and ( b ) . Quantitative reaction conditions are given i n 
Table VI.13. 

Table VI.13 

Run Tetrachloro-
pyrazine Solvent Amount 

KF 
Amount 
18-C-6 

Rctn. 
Temp. 

Rctn. 
Time 

1 2.5g CHjCN (10cm5) 12g l g 120°C 20h 
2 2.5g CH5CN (10cm5) 12g - 120°C 20h 
3 3g Sulpholan(20cm 5) 10g 0.5g 150°C 72h 
4 3g Sulpholan(20cm 5) 10g - 150°C 72h 

Runs 1, 3 and 4 gave tetrafluoropyr-azine as the sole 
f l u o r i n a t e d product, i d e n t i f i e d by G.L.C./M.S. (column 'A', 50°C, 
solu t i o n j n CĤ CW). See i n f r a red spectrum No.20. Run 2 
however (a control expt. f o r Run 1) gave no flu o r i n a t e d product. 

The isolat e d yields of tetrafluoropyrazine from runs 3 
and 4 were: 1.05g, 50$ and l.Og, 48$ respectively. 
5.3 Fluorination of Halogenated Polvcyclics 
5.3.1 General Procedure 

Substrate, potassium f l u o r i d e , 18-orown-6 polyether, and 
sulpholan were quickly transferred, under an atmosphere of dry 
nitrogen gas, to a 50cm", B24 necked, conical f l a s k and connected 
v i a a gas tap to a variable volume reservoir. The flask was 
immersed i n an o i l bath and the reaction allowed to proceed w i t h 
continuous s t i r r i n g . Quantitative reaction conditions are given 
i n Table VI.14. 

When cool, the contents of the f l a s k were poured onto 
water (3 l i t r e s approx.) and s t i r r e d vigorously, the l i q u o r was 
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» 

allowed to s e t t l e overnight. Solid material was f i l t e r e d o f f 
under suction ("hyflo" pad) and the residue was refluxed w i t h 
methylene chloride (250cnr approx.) fo r 1 hour. Insolubles 
were f i l t e r e d o f f , and the f i l t r a t e dried over MgSÔ . Removal 
of MgSÔ  and solvent l e f t residues ranging from green t o deep 
red to black i n colour. 
5.3*2 Decachlorobipheuyl 

Run 1 of Table VI.14 yielded a black residue from which 
only a trace of white s o l i d could be sublimed (1500C/0.005mm Hg), 
which was inadequate f o r f u r t h e r i n v e s t i g a t i o n . Run 2 of Table 
VI.14 afforded a deep red residue from which no sublimate could 
be obtained. A mass spectrum of 'the residue indicated a complex 
mixture of halogenated species with the most prominent parent 
peaks at m/e = 396 with seven chlorine atoms, m/e = 380, w i t h 
s i x chlorine atoms and m/e - 364 with f i v e chlorine atoms. An 
I.R. Spectrum indicated C-H (V:2960, 2920cm"1), C = C : 
16l5°m""1) environments. A proton n.m.r. spectrum ( s o l u t i o n i n 
D6-acetone) showed a single resonance at 6 = 3.0 p.p.m. 
r e l a t i v e to external T.M.S. See discussion, Ch.IV. 
5.3.3 Decachlorofluorene 

Run 3 of Table VI.14 gave a purple-black residue, from 
which a yellow s o l i d ( l g approx.) M.p. 71-75°C, was sublimed 
(140°C/0.005mm Hg). A mass spectrum of t h i s s o l i d indicated 
i t to be a mixture of chlorofluorofluorenes, i . e . parent peaks 
at m/e = 378, with two chlorine atoms; m/e = 362, with one 
chlorine atom; and m/e = 346, chlorine absent. ( c i 3 C 1 2 F 8 
requires m/e = 378; C^ClFg requires m/e = 362; C 1 5F 1 0 

requires m/e = 346). 
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5.3.4 Octachlorodibenzo(b td)thiophen 
Run 4 of Table VI.14 afforded a dark green s o l i d , 

from which a sublimate could not be obtained. A mass spectrum 
of the residue indicated a complex mixture of halogenatad 
species, with the most prominent parent peaks at m/e = 390, 
w i t h f i v e chlorine atoms; m/e = 374, with f i v e chlorine atoms; 
and m/e = 358, with four chlorine atoms. An I.R. spectrum 
indicated C-H (^:2960, 2920cm"1), 0 = C (V:1590, 1560cm"1), 
C-P and C-Cl environments. A protcn n.m.r. spectrum ( s o l u t i o n 
i n Db-acetone) showed a single resonance at S = 3.13 p.p>m. 
r e l a t i v e to external T.M.S. See discussion, Ch.IV. 
5.3.5 Octachlorodibenzo(b,d)furan 

Run 5 of Table VI.14 yielded a black residue, from 
which a sublimate could not be obtained. A mass spectrum of 
the residue indicated a complex mir.ture of halogenated species, 
w i t h the most prominent parent peaks at m/e = 374, with s i x 
chlorine atoms and m/e =358 with f i / e chlorine atoms. An 
I.R. spectrum indicated C-H (\7 :29b0, 2920cm"1), C = C (\7: 
1615cm"1) and C-Cl environments. A proton n.m.r. spectrum 
( s o l u t i o n i n D6-acetone) showed a single resonance at 
5 = 3.09 p.p.m. r e l a t i v e t o external T.M.S. See discussion, 
Ch.IV. 
5.3.6 Decafluorobiphenyl 

Run 6, Table VI.14 yielded a deep red, i n v o l a t i l e 
residue. The mass spectrum of t h i s residue showed i t to 
contain high molecular weight material wi th ni/e > 650. A peak 
at ^/e = 334 was not observed, which would correspond to 
unreacted s t a r t i n g material ( C]_2 Fio r e c L u i r e s m / e - 534). Wo 
furt h e r i n v e s t i g a t i o n of the residue was carried out. 
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CK.APTER V I I 
Fluoride Ion Induced Oligomerisation of 

Perfluomcyc loalkenes 

1. Introduction 
Polyfluoroalkenes are susceptible to nucleophilic attack, 

and t h e o r e t i c a l l y , f l u o r i d e ion induced polymerisations are 
possible. However, because side chain termination i s a favourably 
competing reaction with polymerisation, only oligomers are formed, 
e.g. hexafluoropropene re a d i l y forms dimers and trimers i n the 
presence of f l u o r i d e i o n 1 5 f i » a n d a possible reaction 
scheme i s shown below 

C3 P6 F " + CF2 = CFCF 5==== (C F 5 ) 2 CF ^ > (CF5 )2CF.CF2CFCF5 

(CF5)2CF.CF CF2CF3 

F 
(CF5)2cy.cr 

-F 

= CFCF. 

-F" 

(CF 3) 2C = CF.CF2 CF5 ^ C 3 F 7 _ > ) e t c > 

An o l e f i n containing more than three l i n e a r carbon atoms 
w i l l undergo double bond migraxion rather than s e l f condensation, 
the i n i t i a l carbanion eliminating f l u o r i d e ion and not attacking 
another molecule of o l e f i n . In ole f i n s where -elimination of 
F " i s not possible, or s e l f condensation does not r e a d i l y occur, 
highly branched i n t e r n a l l y unsaturated oligomers are formed. 

Perfluoroisobutene 1'^ and octafluorobut-2-ene 1^'' , have been 
observed to form dimers. Tetrafluoroethylene forms a mixture of 
o l i g i o m e r s 1 ^ 1 * 1 ^ 2 ranging from tetramer to heptamer, the r e l a t i v e 
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proportion of each depending upon the experimental conditions 
used. Oligomers of acyclic f l u o r o olefins have been described 

143 
elsewhere, and the remainder of t h i s i n t r o d u c t i o n w i l l be 
concerned with the oligomers of cy c l i c f l u o r o o l e f i n s . 
2. Oligomers of Cyclic Fluoro olef i n s 
2.1 Ferfluorocyclobutene 

The oligomerisation of perfluorocyclobutene using 
d i f f e r e n t i n i t i a t o r s has been s t u d i e d . 1 ^ ' 1 ^ ' A reaction w i t h 

145 
f l u o r i d e ion i n D.M.F. gave two dimers (4£) and (45}, along 
with a trimer (4_6), whereas a reaction i n sulpholan at 125°C 

?46 
has been observed to give s o l e l y the trimer i n 67?= y i e l d . 

(44) 

F F F 
. .. 

F 

(15) 

(46) 

14.6 
Chambers and co-workers v a r i f i e d the structure of (4jS) using 
N.M.R. techniques, and suggested the following reaction 
mechanism f o r i t s formation: 



-130-

148 
More recently, Clarke has published S.S.C..H.. data which also 
corresponds to (46) and confirms Chambers' r e s u l t s . 
2.2 Perfluorocyclopentene 

Perfluorocyclopentene has been shown to undergo f l u o r i d e 
146 

ion induced dimerisation i n sulpholan. The expected product 
(47) undergoes rearrangement, giving the more thermodynainically 
stable (41). 

CsP/sulpholan 
V 125°C 20h 

(47) (41) 
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2.3 Perfluorocyclohexene 
Oligomerisation of perfluorocyclohexene i s r e l a t i v e l y 

d i f f i c u l t , and unlike perfluorocyclopentene, forms an 
/ \ 14b 

unsymmetrical dimer (4.2). Some def l u o r i n a t i o n has "been 
observed during t h i s reaction, giving (48). 

CsP/sulpholan 
150°C 70h 



DISCUSSION 
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» 

CHAPTER V I I I 
Reactions of Some Polyfluorocycloalkene Oligoroerc 

1. General Introduction 
The chemistry of perfluorobi(cyclopentylidene) (41), 

and related derivatives i s p o t e n t i a l l y very i n t e r e s t i n g , as, 
unlike common fl u o r o o l e f i n s , there i s no r e a d i l y displaceable 
group attached d i r e c t l y to the double bond. Hence, reactions 
may proceed with addition, or with intramolecular rearrangement, 
with or without r i n g opening. 

Photolysis and pyrolysis reactions also o f f e r some 
fascinating p o s s i b i l i t i e s f o r rearrangement and de f l u o r i n a t i o n . 

The following work was undertaken as a. preliminary 
i n v e s t i g a t i o n of the r e a c t i v i t y of the oligiomeric species which 
were available. 
2. Nucleophilic Substitution Reactions of Perfluorobi-

(cyclopentylidena) (41) 
2.1 Introduction 

Ionic reactions of flu o r o o l e f i n s have been reviewed,--' 
and consequently, only work d i r e c t l y related to those reactions 
carried out by the author w i l l be dealt with here. Nucleophilic 
s u b s t i t u t i o n reactions of some p e r f l u o r o t e t r a a l k y l o l e f i n s have 

14̂ 5 152 1154. been described '*-'»-'• a n d m o r e recently, Tatlow and 
153 

co-workers J have reported some ionic reactions of (70), 
which complement thoea described i n Section 2.2.1 of t h i s 
chapter. 
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e.g 

C F C F C F 
C F 

Me„LlH 
(Ref:152) \ 

CF 
C F 

C F C F 
\ NIvIe 

f u r t h e r reaction 
g i v i n g complex product 

C F 
C F 

C F 
5 C F MeO 

C F / C F 

IF \ 

MeOH/Et,I (Ref:154) i 
C F H C F C F 

CF 

MeO MeO 

/ F T\ / F F 
MeOH/KOH 

F F )(Ref:153) 

(70) 
MeO MeO 
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In general, there are thrpe d i s t i n c t reaction pathways 
open to a fl u o r o o l e f i n undergoing nuclcophilic s u b s t i t u t i o n 
( r e a c t i o n ) , v i z : 

( i ) Addition of the nuclophile, followed by abstraction 
of a proton from the solvent, by the r e s u l t i n g 
carbanion. 

( i i ) Direct v i n y l i c displacement of f l u o r i n e by the 
nucleophile. 

( i i i ) Displacement of f l u o r i n e by the nucleophile, with 
rearrangement. 

These three p o s s i b i l i t i e s are i l l u s t r a t e d i n the re?.ciio vi 
scheme shown below: 

\ / > Nuc 
Nuc 

P R 
\ 

Proton v i n y l i c Rearrangement 
abstraction 

Nuc 

Hue 
0 v R 

7 
C -

Nuc 
R P ft \ \ 
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2.2 Reaction with Llethoxide Ion 
2.2.1 Under Relativ e l y Controlled Conditions 

Yfhen (41) was reacted with sodium methoxide i n methanol 
under r e f l u x f o r 24 hours, a colourless l i q u i d comprising two 
main products was ul t i m a t e l y i s o l a t e d . Other minor products 
(C 10$ product t o t a l ) corresponded (G.L.C./M.S.) to mono- and 
tri-methoxy substituted derivatives of (41). 

The major products were separated by preparative 
G.L.C. to give two colourless l i q u i d s (49.) and (50) 
(B.P.> 200°C) which were i d e n t i f i e d as follows: 

Elemental analysis and mass spectral data of both, 
compounds were consistent with a molecular formula of 
^12^6^2^14* i«e» dimethoxy substituted derivatives of (41). 

Nuclear magnetic resonance data was recorded f o r 
both compounds, but only one set could be completely assigned. 

IP 
A detailed account of the analysis of the F n.m,r. data of 
(49) i s included here, as si m i l a r arguments f o r structure 
elucidation v . t l l be used i n future sections of t h i s chapter. 

P.M.R, spectra of both components showed two single 
resonances i n the -OCĤ  region ( i . e . S = 3 to 4 p.p.m.) 
One signal, (% = 3.1 p.p.m.) common to both spectra was 
ul t i m a t e l y assigned to a t e r t i a r y methoxy group. 

The simpler n.m.r. spectrum ( i . e . that of (49)) 
showed three broadened singlets i n the - C P 2 - region, along 
v/ith eight other signals which were eventually assigned to 
AB and AX doublets. Pig. V I I I . 1 i l l u s t r a t e s t h i s spectrum, 
and shows the t y p i c a l AB/AX signals obtained for compounds of 
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t h i s type. i . e . 

\ 

(60) 

N.B. The -CFg" groups 2 and 5 are equivalent, as are 3 and 4. 
Figures of approximately 250Hz have "been observed f o r compounds 
of the general type (60a) e x h i b i t i n g AB coupling.^55,156 

FA. \ .e. F A ^ k ;B 

P B 

r IT 

c -
X =̂ = Y 

(60a) 

The n.m.r. spectrum of (49) gave J A B and values of 
approximately 250H? and were assigned on the basis of the 
information available f o r (60a) as shown here: 

C 6K 3C? 6 

OMe 
(49) 

< C P2>2 ft 5 JAX = 2 6 2 H z 

( C P2>3 & 4 JAB = 2 4 6 H z 

The d i s t i n c t i o n between the AX and AB doublets, and t h e i r 
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assignments was made upon the basis of t h e i r r e l a t i v e 
proximities to Ĉ . The -CF2- groups 2 and 5 are closer to 
the disturbing environments, and hence e x h i b i t an AX e f f e c t , 
whereas the -CFg- groups 3 and 4, which are f u r t h e r removed 
from the dis t u r b i n g environment ex h i b i t an AB e f f e c t . 

No v i n y l i c or t e r t i a r y f l u o r i n e resonances were 
observed, only three broadened singlets of equal i n t e n s i t y 
i n the -CFg- region at 108.3, 116.7 and 134.2 p.p.m. ( r e l a t i v e 
to ext, CPCl^). The "^F n.m.r. spectrum of (58) has been 

] 50 
ob3erved to ex h i b i t three single resonances at 107.2, 116.3 
and 131-9 p.p.m. OMe OMe 

(58) 

i . e . comparison cf these values (recorded f o r (j>8)) with those 
obtained f o r (4£) confirms the presence of a 2-methoxy-
hexafluorocyclopentyl group, and as w i l l be seen l a t e r , 
diflucromethylene groups of t h i s type did not usually show 
any s i g n i f i c a n t coupling. The n.m.r, data and mass spectral/ 
a n a l y t i c a l data can only be consistent with structure (42.)., 
below: 

OMe 

OMe 
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This derivative may be thought to he formed v i a two 
d i s t i n c t nucleophilic s u b s t i t u t i o n reactions. I n i t i a l l y 
(41) undergoes an SI^ type reaction with ~" OMe, followed 
d i r e c t l y by a v i n y l i c displacement of F" by " OMe. i . e . 

(41) OMe (.57) 

v i n y l i c 
displacement 

The second dimethoxy derivative was i d e n t i f i e d (see 
below) as (50) and may be formed v i a a second SNg type 
reaction occurring between (57) and ~ OMe. i . e . 

OMe 

OMe 

(57) 
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Although a complete assignment of the yF n.m.r. data obtained 
f o r (_50) was not carried out, i t s structure was derived on the 
following basis: 
(A) Comparison of i t s Mass spectral fragmentation pattern 

with that of (49): i . e . the mass spectrum of (49) 
showed a parent peak ( ? ) , of r e l a t i v e i n t e n s i t y ( r . i . ) = 
1; ?-15, the base peak of r . i . = 5.66 (loss of -CH^); 
P-19 of r . i . = 1.21 (loss of -P); and P-31 of r . i . = 
0.92 (loss of -0CK5) as i t s four highest m/e values. 
I t might be expected that loss of the v i n y l i c group 
(-OMe i n t h i s case), a ucually favourable fragmentation 
process (the +ve charge being s t a b i l i s e d by the 
7 T -electron system) may be predominant. However, as 
car. be seen t h i s group i s not l o s t as r e a d i l y as 
-CHj alone. The r e l a t i v e l y low abundance of m/e = 
P-31 and the occurrence of the base peak at m/e = P-15 
may bn accounted f o r i n terras of the cations (21) and 
(72.) j formed i n the fragmentation processes outlined 
below: 

OMe OMe \. 0 
i 

Me +2£. P 

71 

\ 0r p •OMe 

OMe / 
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The cation (71) formed by loss of Me i s s t a b i l i s e d 
across the 7T - system and the lone p a i r of the oxygen: 
a much more favourable s i t u a t i o n than if°0Me were l o s t , 
giving (7,2), which leaves only the TT - system to deal 
with the r e s u l t i n g p o s i t i v e charge. 

I f we now consider the msss spectrum of (.50), the 
corresponding m/e values and r e l a t i v e i n t e n s i t i e s are: 
P, r . i = 1; P-15, r . i = 3.3: P-19, r . i = 11.1; and 
P-31, r . i = 5.43. We now see that although s i m i l a r 
losses to those observed f o r (4_9) occur, by f a r the 
most favourable process i s loss of a f l u o r i n e atcra. 

-F* 

OMe OMe 

(73) 

Fluorine atoms i n a t e r t i a r y p o s i t i o n or occupying the 
same carbon atom as a methoxy group are eas i l y 
hydrolysed and i t i s probable that f l u o r i n e atoss so 
placed would be easily "cracked o f f " i n a mass 
spectrometer, i . e . i t i s the " t e r t i a r y " f l u o r i n e atom 
that i s probably l o s t , giving r i s e to the s t a b i l i s e d 
cation (7J5). (N.B. a process of t h i s type i s not 
possible f o r (4_9)). These r e l a t i v e fragmentation 
processes of (49) and (j>0) are shown i n figures V I I I . 2 
and V I I I . 3 respectively. 
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(£2) 

Fig. V I I I . 2 Primary Fragmentation Routes of (49) 

OMe 

F \ //P 

OMe 

/ OMe w 

+26 

\ OMe / 
(Relative I n t e n s i t y 1) 

-*OMe 

-Me* 

(P-31) (P-15) 

-P' 
(P-19) 

* (C 1 2H G0 2F 1 3) + 

(Relative I n t e n s i t y 1.21) 

\ 
(71) 

OMe 
(Relative I n t e n s i t y 5.66) 

(72) 

OMe 

OMe 

and/or 

(Relative I n t e n s i t y 0.92) 
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Fig. V I I I . 3 Primary Fragmentation Routes of (50) 
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(.50) 
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(B) Comparison of i t s P.M..R. _s_p_ectrum with that of _(,45_) 
Two signals were observed i n the P.M.R. spectrum of 
(49) , v i z . $ = 3.09 p.p.m. ( t e r t i a r y -OMe) and 
8 = 3.80 p.p.m. ( v i n y l i c -OCH^). Two signals were 
also observed i n the P.M.R. spectrum of (.50), one of 
which was i d e n t i c a l TO that observed f o r (,49), i . e . 
$ --= 3.09 p.p.m., the tertiarymethoxy group attached 
to the perfluorocyclopentyl r i n g . The second signal 
was at $ = 3.35 p.p.m.. i . e . moved downfield, as may 
be expected from the r e l a t i v e change i n environment, 
v i n y l i c to te r t i a r y . , 

(C) Comparison of i t s ^ F n.m.r. spectrum with that of (49) 
Although very complex, the 1 % n.m.r. spectrum of (50) 
had two features which complemented the information i n 
A and B above, and helped to confirm the structure of 
(50) , v i z : the occurrence of a signal i n the v i n y l i c 
f l u o r i n e region ( i . e . approx. 107 p.p.m.) which 
integrated to one f l u o r i n e atom, end the occurrence 
of signals which resembled the AB/AX doublets which 
were observed i n the spectrum of (49). 

2.2.2 Exhaustive Methoxylation 
When (41) was s t i r r e d with methoxide ion over an 

extended reaction time, a pale yellow l i q u i d which corresponded 
(G.L.C./M.S.) to a mixture of t r i - and tetra-methoxy substitute 
derivatives of (4_l) was obtained ( i . e . P = 460 and P = 472; 
C13 H9°3 F13 r e ^ u i r e s m / e - 460, a n d ci4Hi2°4*l2 r e ( l u i r e G 

/e = 472). Ho attempt was made to separate and characterise 
these derivatives; they were used as a mixture i n a subsequent 
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hydrolysis reaction, described i n Section 4.3.3. 
A number of p o s s i b i l i t i e s e x i s t f o r the structures of 

these polymethoxy derivatives, depending upon whethar the 
reaction has proceeded v i a SNg , or v i n y l i c s u b s t i t u t i o n , or 
both, but these cannot be assigned. 
2.3 Reactions with Other Nucleophiles 
2.3.1 Phenoxide Ion i n Dimethylfornamide 

When (41) was s t i r r e d w i th p. solution of sodium 
phenoxide i n dimethylformamide, a mixture of product? war? 
obtained. Although no one pure derivative could be is o l a t e d 
and characterised, s u f f i c i e n t spectroscopic data was obtained 
to suggest that the predominent reaction was mono-nucleophiiic 
s u b s t i t u t i o n of phenoxide i n t o the system, v i a an SNg type 
displacement, i . e . 

( ^ \ / ^ [ "OPh/D.M.P. r ^ " \ 

OPh 

(11) (51) 

The structure of (51) was arrived at on the following 
basis: 

( i ) G.L.C./M.S. showed the major component of the reaction 
product to have a molecular weight of 498 ((51) requires ra/e = 
458) and fragments corresponding to losses of -Ph and -OPh were 
evident i n the spectrum. 
( i i ) A n.ni.r. spectrum of (51) showed the basic 
characteristics of a compound with a structure of the type 
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(60). i . e . 4 doublets with J 260Hz corresponding to AX/A3 
type systems (see also f i g V I I I . 1 ) . 

/ P 

R 

(60) 

Also present were resonances corresponding to a v i n y l i c 
f l u o r i n e environment, and three broadened singlets i n the 
- C F 2 - region. Structure (51) i s the only one which i s 
consistent with a l l of the available spectroscopic data. 

Separation and p u r i f i c a t i o n of (j5l) by a v a r i e t y of 
means, e.g. molecular d i s t i l l a t i o n , preparative scale V.P..C, 
resulted i n the formation of a resinous type material. A f t e r 
a considerable number of attempts, f u r t h e r e f f o r t s to i s o l a t e 
(51) pure were abandoned. 
2.3.2 Triethylamine i n Tetraglyme 

When (£1) was s t i r r e d with triethylamine i n tetraglyme, 
a multicomponent mixture was obtained, and once again, as i n 
the case of the pheiioxide reaction, a pure derivative could 
not be isolat e d . In f a c t , i d e n t i f i c a t i o n of the major product 
was not achieved. The following section contains some 
tent a t i v e suggestions as to the s t r u c t u r a l features of the 
major product, based upon the spectroscopic data which was 
recorded. 

The mass spectrum of the major component gave a 
molecular weight of 448, and the most favourable fragmentation 
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process w?s shown (low eV spectrum) t o f o l l o w a sequence 
which involved losses o f m/e 19 ( F ) , m/e = 29 (C^E^\and 
m/e = 48 (C 2H 5P). The base peak occurred a t m/e = 253 ( i . e . a 
loss o f 195). The even molecular weight of the parent peak 
showed t h a t the compound contained e i t h e r NO n i t r o g e n , or an 
even number of n i t r o g e n atoms ( u n l i k e l y because of c o n s i d e r a t i o n 
of molecular w e i g h t ) . 

i . e , the product probably contains an e t h y l group, but 
does not appear t o c o n t a i n n i t r o g e n . An e t h y l group may be 
introduced i n t o the molecule v i a a 1 , 3 - a l k y l m i g r a t i o n , 
f o l l o w i n g an i n i t i a l n u c l e o p h i l i c a t t a c k o f NEt^ upon ( 4 1 ) . 

i . e . 
NEt 

P 

Et T7\ 

Et 

i 1 , 3 - a l k y l m i g r a t i o n 

P 

N Et 
/ \ 

Et Et 

An i n f r a red spectrum of the product i n d i c a t e d the 
presence of a double bond i n the system (\7 ̂  1720cm" 1) 
along w i t h an a l k y l group ('tf 2800 - 3000cm" 1). i . e . f u r t h e r 
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evidence towards the presence of an e t h y l group, along w i t h 
the p o s s i b l e r e t e n t i o n of u n s a t u r a t i o n i n the molecule. 

19 
A ?F n.m.r. spectrum gave resonances which once 

again corresponded to a s t r u c t u r e of the type ( 6 0 ) . 
X 

(60) 

i . e . the presence of 4 AB/AX doublets w i t h J ^ 260Hz« Also 
observed were three broadened s i n g l e t s i n the -OFg- r e g i o n , 
but no resonances corresponding t o e i t h e r v i n y l i c -CP or 
t e r t i a r y -CP were seen. (N.B. i n t e g r a t i o n of -CF2~ gpo. 
t o each AX/AE doublet was f a i r l y good). U n f o r t u n a t e l y , i t 
was not p o s s i b l e t o o b t a i n a s a t i s f a c t o r y P.M.R. spectrum o f 
the product. 

C o l l e c t i n g together the a v a i l a b l e data leads t o the 
d e r i v a t i o n of a s t r u c t u r e of the type ( 6 1 ) , the l e f t hand 
side of t h i s molecule being v i r t u a l l y confirmed from the 
n.m.r. data. 

(61) 

However, on t h i s b a s i s , i f e i t h e r X or Y i s taken 
as being -CgH^, a r e s i d u a l mass of 33 i s l e f t t o correspond 
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to the second s u b s t i t u e n t (-CH^F?). Further work i n t h i s 
area needs to be undertaken i n an attempt to e l u c i d a t e the 
s t r u c t u r e of the product. The p o s s i b i l i t y of some i n t e r e s t i n g 
rearrangements e x i s t s , as i n d i c a t e d by the l i m i t e d data 
recorded *?o f a r . 
2.4 Conclusions 

Although (41) does not possess a r e a d i l y replaceable 
v i n y l i c group, i t does r e a c t w i t h nucleophiles under r e l a t i v p l y 
m i l d c o n d i t i o n s . The r e a c t i o n s which have been i n v e s t i g a t e d 
are by no weans simple; rearrangement u s u a l l y o c c u r r i n g along 
w i t h s u h s t i t u i o n . An i n i t i a l SN^ type process appears t o be 
the most favourable r e a c t i o n r o u t e , although when t r i e t h j r l a m i n e 
i s the n u c l e o p h i l e , t h i s i s not w h o l l y c e r t a i n . 

The possible.- occurrence of p o l y s u b s t i t u t i o n has been 
i l l u s t r a t e d ; however we now have two competing r e a c t i o n s , v i z : 
v i n y l i c s u b s t i t u t i o n versus SN 2 type replacement and t h i s can 
lead to complex multicotnponent product f o r m a t i o n as i l l u s t r a t e d 
i n the polymethoxylation r e a c t i o n . Separation and i d e n t i f i c a t i o n 
of products of t h i s type does not seem to be a p r a c t i c a l l y 
v i a b l e p r o p o s i t i o n . 

F P 

Or F P 

Nuc 
Nuc 
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3. A d d i t i o n Reactions 
3.1 I n t r o d u c t i o n 

As w e l l as undergoing i o n i c a d d i t i o n v i a n u c l e o p h i l i c 
a t t a c k , f l u o r o o l e f i n s have also been observed t o add v i a 
e l e c t r o p h i l i c r e a c t i o n . The 7T -system of f l u o r o o l e f i n s has 
a r e l a t i v e l y low e l e c t r o n d e n s i t y , and t h i s renders th<=m 
r e s i s t a n t t o ' e l e c t r o p h i l i c a t t a c k . However r e a c t i o n s 
i n v o l v i n g the addtion o f halogens, hydrogen h a l i d e s end 
a l k y l h a l i d e s i n the presence of Lewis a c i d are thought t o 
f o l l o w an e l e c t r o p h i l i c process. 

Non i o n i c a d d i t i o n s t o f l u o r o o l e f i n s are known, and 
a probable f r e e r a d i c a l mechanism would be 

i n i t i a t i o n 
X - Y i n " * a * o r > X' + Y - i n i t . 

a d d i t i o n 
X' + R2C = C112 > X - R2C - 'u.R2 

propagation 
X - CR2 - "CR2 + R2C = CR2-> X-CR2.CR2.CR 

chain t e r m i n a t i o n 
X (CR 2) 5CR 2* + XY * X (CR 2) 4Y + X* 

Obviously, p o l y m e r i s a t i o n w i l l be a competing r e a c t i o n w i t h 
a d d i t i o n , but i f the X-Y bond i s f a i r l y weak, and the r a t i o of 
XY t o o l e f i n i s h i g h , 1:1 a d d i t i o n across the double bond may 
be achieved. I t should be noted t h a t the o r i e n t a t i o n of 
r a d i c a l a d d i t i o n t o an unsymmetrical f l u o r o o l e f i n i s not 
completely s t e r e o s p e c i f i c , as i l l u s t r a t e d by the f o l l o w i n g 
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example: 

CH? = CF 2
 } T B r > CHFBr.CHF2 + CHgF. CF 2Br (Ref:157) 

3.? Attempted Bromination Reactions 
Neither bromine water, nor a s o l u t i o n o f bromine i n 

corbon t e t r a c h l o r i d e underwent d e c o l o u r i s a t i o n when i t was 
dropped i n t o s o l u t i o n s of e i t h e r (4J.), (£2) or ( 4 3 ) , even 0 P 

(41) V Br? 

(43) 

^ NO REACTION 

(42) 
upon heating; i n d i c a t i n g the r e l a t i v e d e a c t i v a t i o n of the 
7T - e l e c t r o n systems of these c y c l i c f l u o r o o l e f i n s t o 
e l e c t r o p h i l i c a t t a c k . I t may be possible to induce f r e e 
r a d i c a l bromination, as observed i n the case o f p e r f l u o r o -
cyclobutene, by i r r a d i a t i o n of the r e a c t i o n medium w i t h 
u l t r a v i o l e t l i g h t . 
3.3 Attempted TSifln.orocarbene I n s e r t i o n i n t o (41) 

Thermal breakdown of sodium c h l o r o d i f l u o r o a c e t a t e has 
I C O 

been shown to form d i f l u o r o c a r b e n e , which may be trapped 
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159 
w i t h cyclohexene, t o form dif'luoronorcarane i n 11$ y i e l d . 

CPgCl.COg" — - > C0 2 + CP 2C1~ > CI " + :CP2 

+ :CP2 > ^ l ^ C F 2 

1 1 % 

F l u o r i n a t e d cyclopropane d e r i v a t i v e s have also been prepared 
160 

by p y r o l y s i s of f l u o r i n e s u b s t i t u t e d diazo compounds, 
d i f l u o r o d i a z i r i n e e t c . , i n the presence o f o l e f i n s . 

I n an attempt t o induce d i f l u o r o c a r b e n e i n s e r t i o n i n t o 
(40.), a mixture of sodium c h l o r o d i f l u o r o a c e t a t e and (41) were 
heated together a t 250°C f o r 48 hours. Although decomposition 
of the s a l t had occurred, only unreacted (41) ( > 9 5 $ recovery) 
was obtained as a t r a c t a b l e product. 

I t may be t h a t (41) i s i n s u f f i c i e n t l y n u c l e o p h i l i c t o 
undergo a d d i t i o n w i t h d i f l u o r o c a r b e n e , on extremely e l e c t r o n 
d e f i c i e n t species, or t h a t the d i f l u o r o c a r b e n e generator i s 
i n s u f f i c i e n t l y a c t i v e . Sodium c h l o r o d i f l u o r o a c e t a t e has been 
shown to be a r e l a t i v e l y poor d i f l u o r o c a r b e n e producer- i n 

158 
comparison w i t h the l i t h i u m s a l t and group I I metal s a l t s . 

\ 
Also, p y r o l y s i s of hexafluoropropylene epoxide has been shown 

162 
to be a u s e f u l method of generating d i f l u o r o c a r b e n e . 
Further work u t i l i s i n g these more potent d i f l u o r o c a r b e n e 
generators needs to be undertaken, as r e a c t i o n of (4_l) w i t h 
:CF2 t o form (62) does on the face of i t seem r e l a t i v e l y 

. s t r a i g h t forward. 
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0 F + :CF2 

F F 

(41) (62) 

3.4 Conclusions 
Generally, (41) does not undergo e l e c t r o p h i l i c 

a d d i t i o n r e a c t i o n s ; also p e r f l u o r o b i c y c l o p e n t e n y l (4_2) and 
perfluo.ro-( 1-cyclohexylcyclohexene) (£3) i n d i c a t e a tendency 
towards the same type of u n r e a c t i v i t y , shown "by t h e i r f a i l u r e 
t o add "bromine. 

s u f f i c i e n t l y s u s c e p t i b l e t o e l e c t r o p h i l i c a t t a c k , to re a c t 
w i t h e l e c t r o p h i l e s such as bromine and d i f l u o r o c a r b e n e , but 
f r e e r a d i c a l induced r e a c t i o n s may be v i a b l e p r o p o s i t i o n s 
(e.g. $ - i r r a d i a t i o n induced a d d i t i o n s , p h o t o l y t i c a l l y 
induced a d d i t i o n s of bromine e t c . ) 
4. Hydrolysis Reactions 
4.1 I n t r o d u c t i o n 

and i t 3 alkoxy d e r i v a t i v e s (64) are r e a d i l y hydrolysed by 
concentrated s u l p h u r i c a c i d t o t h e i r corresponding d i k e t o 
d e r i v a t i v e s ((65) and (6.6) r e s p e c t i v e l y ) by displacement of 
the a l l y l i c f l u o r i n e a t o m s . 1 6 3 ' 1 6 4 

The double bond i n ( 4 l ) does not seen to be 

I t has been shown t h a t d e c a f l u o r o b i c y c l o b u t e n y l (63) 

F 95°C/30mins 
c.H«S0 

0 0 

(63) (65) 
(Ref:163) 
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H > 0 F P 

OR OR OR 
Y 

OR 

0 

(Ref:164) 

(64) (66) 

(R = OH.-, C 2H 5-) 

I t has also been shown t h a t h y d r o l y s i s of 2,2'-
dimethoxydodecafluorobicyclopentenyl (58) w i t h concentrated 

/ \ 15' 
s u l p h u r i c a c i d y i e l d s a d i k e t o - d i h y d r o x y ' d e r i v a t i v e (59.). 

D e r i v a t i v e s 
4.2.1 Octafluorocyclopentene and F e r f l u o r o b i ( c y c l o p e n t y l i d e n e ) 

Reaction of e i t h e r octafluorocyclopentene or i t s dimer 
(41) w i t h concentrated s u l p h u r i c acid a t 140-160°C f o r 4 to 6 
days r e s u l t e d o n l y i n the recovery of s t a r t i n g m a t e r i a l s . 
Park and F r a n k 1 ^ proposed a mechanism f o r the h y d r o l y s i s of 
(6,3) i which i n v o l v e s loss of f l u o r i d e i o n , forming a s t a b i l i s e d 
carbonium i o n ( 6 7 ) . 

OC OCH =5 OH OH 0 0 
HJ30 

P 100°C/l8h 

(58) (59) 

4.2 Hydro l y s i s of Octafluorocyclopentene and Related 
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/ 

F 
-F" p 

r 
p 

(63) V 

F • i F 
I 

» + 1 

< 

(67) 

Presumably, the carbonium ions which would be formed 
by loss o f a f l u o r i d e i o n from both octafluorocyclopentene 
and (£1) are uncapable of s u f f i c i e n t s t a b i l i s a t i o n , and hence 
the r e a c t i o n s do not proceed, 
i . e . s 

-F~ 

\ 

\ 

-P 

(41) 

\ 

4.2.2 Perfluoro(bicyclopenten.vl) (43) 

P e r f l u o r o ( b i c y c l o p e n t e n y l ) was heated w i t h concentrated 
s u l p h u r i c a c i d , i n a sealed tube f o r 18 hours a t 120°C. A f t e r 
pouring i n t o ice/water, the products were i s o l a t e d by s o l v e n t 
e x t r a c t i o n w i t h ether, f o l l o w e d by vacuum s u b l i m a t i o n o f the 
r e s u l t a n t o i l . A w h i t e c r y s t a l l i n e s o l i d was obtained, which 
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mass B p e c t r o m e t r y and ana l y s i s showed t o have a molecular 

formula o f C- 1 0
H 02 F11. i > e > s t r a i g h t f o r w a r d replacement of 

a l l y l i c f l u o r i n e by oxygen, as observed w i t h d e c a f l u o r o -

b i c y c l o b u t e n y l , had not occurred as expected. 

c.HpSOj 

(43) 

Analysis o f i t s 3 F n.m.r. spectrum showed t h a t 
a d d i t i o n of HF across one double bond had occurred, along 
w i t h replacement o f the a l l y l i c f l u o r i n e atoms, g i v i n g (52), 
This was shown by the presence of only one v i i i y l i c f l u o r i n e 
atom, together w i t h difluoromethylene resonances, 
i . e . 

c.H„30, * 4 
120°C/18h 

(43) (52) 

On standing, a s o l u t i o n of (52) i n deuteroacetone 
developed a red c o l o u r a t i o n , which i n t e n s i f i e d w i t h t i m e . 
The chemical s h i f t of the v i n y l i c f l u o r i n e - atom was seen t o 
more u p f i e l d , u n t i l a s i t u a t i o n , as i l l u s t r a t e d i n f i g . V I I I . 4 
was reached. This c o l o u r a t i o n and change of chemical s h i f t WE 
a t t r i b u t e d t o the loss of the p r o t o n from ( 5 2 ) , and the 
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f o r m a t i o n of one the few examples o f a s t a b l e anion (67,) * 

0 0 0 

0 / e F F F F 

H 
(52) • (67) 

As would be expected, the chemical t s h i f t s o f the d i f l u o r o -
methylene groups moved u p f i e l d , but not so markedly. An 
attempt to regenerate (5j?) by a d d i t i o n o f ac i d t o the* 
s o l u t i o n of (67) was unsuccessful. 
4.2.3 Polymethoxyderivative of (41) 

The mixture of t r i - and tetra-methoxy s u b s t i t u t e d 
d e r i v a t i v e s of (41) obtained from u n u c l e o p h i l i c s u b s t i t u t i o n 
r e a c t i o n described e a r l i e r , was heated w i t h 50?=( v/v) s u l p h u r i c 
a c i d under r e f l u x f o r 40 hours. A f t e r quenching w i t h i c e 
water and sol v e n t e x t r a c t i o n of the products w i t h e t h e r , a 
white c r y s t a l l i n e s o l i d was sublimed from the r e s u l t a n t o i l . 
I t s i n f r a red spectrum showed broad intense absorptions i n 
the h y d r o x y l and carbonyl regions. G.L.C./M.S. a n a l y s i s o f 
a s o l u t i o n i n ether showed the presence o f two components, t h e 
major ( y 75f«) one having a molecular weight of 282. 
Fragmentation v/as by losses o f 0, OH and OH2 from the parent. 
A p o l y k e t o d i a l c o h o l (68) i s c o n s i s t e n t w i t h t h i s data and i s 

0 0 
0 

0 OH 0 
0 0 

(68) 
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150 i n close agreement w i t h p r e v i o u s l y observed r e s u l t s . 
5. Oxidation Reactions 

Fluoroalkenes are o x i d i s e d r e a d i l y v/ith acetone 
s o l u t i o n s o f potassium permanganate, to ketones and/or 

165 
c a r b o x y l i c a c i d s . ^ 

V/hen p e r f l u o r o - ( l - c y c l o h e x y l cyclohexene) was s t i r r e d 
w i t h KMnO^/acetone, p e r f l u o r o a d i p i c acid was obtained, 
i s o l a t e d as i t s d i a n i l i n i u m s a l t . 

KMnO. 4 
acetone 

-> H00C.(CP 2) 4.C00H 

However, when (41) was ox i d i s e d under comparable 
c o n d i t i o n s , a white c r y s t a l l i n e s o l i d m e l t i n g a t 63-65°C was 
obtained. I t was shown To correspond to 1,l'-dihydroxy-
h e x a d e c a f l u o r o b i c y c l o p e n t y l (53,). A parent peak was not 
observed i n the mass spectrum, P-20, which corresponds to 

KMnO, OH OH 

acetone F 

(53) 

loss of KF was the highest observed mass peak, however 
a n a l y s i s and other spectroscopic data was c o n s i s t e n t w i t h the 
s t r u c t u r e (53.). The i n f r a red of (5_3) showed an intense f r e e 
-OK band a t approximately 3500cm~\ and a proton n.m.r. 
spectrum showed a s i n g l e resonance a t S = 7.1 p.p.m. showing 
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o n l y one hy d r o x y l environment, and as t h i s i s i n the expected 
-OK r e g i o n , the group i s not attached t o a f l u o r i n e c o n t a i n i n g 
carbon, which would d e s h i e l d the p r o t o n , and move the s i g n a l 
downfield; i . e . the a l c o h o l i s t e r t i a r y . 

1°/ 
A ^F n.m.r. spectrum showed a. symmetrical AB/AX system as 
p r e v i o u s l y observed f o r compounds of the type ( 6 0 ) . I n t h i s 

0 F 
R 

X 

(60) 

case X = OH, and as only e i g h t s i g n a l s were obtained, the 
molecule must be symmetrical with. R = 
i . e . 

OH ex 
OH OH 

i 
I 0 

2' 

J 
J 

AB 
AB (F 2,2',5,5') 

(F 3,3',4,4') 
268Hz 
256Hz 

A mechanism f o r the f o r m a t i o n of (53.) i s probably 
as f o l l o w s : 

F F 
OH 0 KMnO 0 h y d r o l y s i s Mn 

acexone OH 0 F 
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Oxidations o f t h i s type are w e l l e s t a b l i s h e d i n the analogous 
hydrocarbon s e r i e s . 

An attempt t o dehydrate the d i a l c o h o l ( 5 3 ) , t o form 
an epoxide, by hea t i n g w i t h ^2^5* r e s u l t e d i n recovery o f 
unchanged r e a c t a n t . 

P2°5 

OH OH 
(53) 

6. P h o t o l y s i s and P y r o l y s i s Reactions 
6.1 P h o t o l y s i s of P e r f l u o r o b i ( c y o l o p e n t y l i d e n e ) (41) 

When p e r f l u o r o b i ( c y c l o p e n t y l i d e n e ) was i r r a d i a t e d a t 
254nm i n the gas phase f o r 500 hour**, unchanged s t a r t i n g 
m a t e r i a l was recovered. 

254nm 
500h -> NO CHANGE 

This i s c o n t r a r y to recent r e s u l t s published by 
166 

Haszeldine and co-workers, who r e p o r t the for m a t i o n of a 
s p i r o compound ( 6 9 ) , when (41) i s i r r a d i a t e d i n the l i q u i d 
phase. CP 

0<b 0 u.v 
l i q u i d phase (Ref:166) 

(41) (69) 
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I t should be noted however t h a t the ambient temperature 
of the p h o t o l y s i s i s clOO°C, and as w i l l be seen l a t e r , 
( S e c t i o n 6.3) rearrangement o f (41) occurs a t t h i s temperature, 
the double bond, m i g r a t i n g i n t o the r i n g . The s p i r o compound 
(69) may w e l l be derived from i r r a d i a t i o n o f the rearranged 
isomer (j>4), and not from ( 4 1 ) . 
i . e . 

0-0 F 

(54) (51) 

CP 
h/v; 

P P 

(see l a t e r ) 

(14) (£9) 

6.2 P y r e l y s i s of Perfluoro-d-cyclohexylcyclohexene) (£2) 

When (£2) was passed ever hot platinum f o i l i n a stream 
o f n i t r o g e n , d e f l u o r i n a t i o n and/or degradation occurred, 
depending upon the temperature. 

I t has been shown previously,^® t h a t (42_) r e a d i l y 
d e f l u o r i n a t e s over i r o n a t 500°C, t o give p e r f l u o r o b i p h e n y l 
i n 45/' y i e l d . V,rhen (£2) was passed over Pt a t 710°C, removal 
o f two f l u o r i n e atoms to give p e r f l u o r o b i c y c l o h e x - l - e n y l (48) 
occurred t o the extent of 10$ conversion. R e c i r c u l a t i o n o f 
the mixture r e s u l t e d i n the for m a t i o n of 25$ of ( 4 8 ) . Some 
u n i d e n t i f i e d m a t e r i a l (approx. 10$) was also obtained, but 
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no f u r t h e r d e f l u o r i n a t e d m a t e r i a l or rearranged isomers o f 
(42) were observed. 

0 0 Pt (48) F F F 710"C 

(42) 10% conversion 

A comparable r e a c t i o n a t 825 C gave low y i e l d s (50$) o f a 
complex degraded mi x t u r e , which was not i n v e s t i g a t e d f u r t h e r * 
6.3 P y r o l y s i s of P e r f l u o r o b i ( c y c l o p e n t y l i d e n e ) (41) 

When (41) was passed over Pt a t 700°C, rearrangement 
(40?*) along w i t h some d e f l u o r i n a t i o n (10$) was observed. 
R e c i r c u l a t i o n of the r e a c t i o n product r e s u l t e d i n an increased 
p r o p o r t i o n of d e f l u o r i n a t e d m a t e r i a l s but the r a t i o of the 
^10^16 * s o m e r s remained constant, showing the existance of a 
thermal e q u i l i b r i u m between (41) and ( 5 4 ) . A s i n g l e t e r t i a r y 

//P p t 1 

p 
700 WC 

(41) (54) (15) 
(40?=) (1095) 

19 
f l u o r i n e atom was observed i n the F n.m.r. spectrum o f 
(.54), along w i t h a s i n g l e v i n y l i c -CP resonance. Other 
difl u o r o m e t h y l e n e resonances were observed, but could o n l y 
be t e n t a t i v e l y assigned. 

At lower temperatures, the r e l a t i v e p r o p o r t i o n o f 
(54) i n the mixture increased, u n t i l a t 150°C, almost complete 
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rearrangement of (41) had occurred. However a t 150 C, three 
isomers of (_4l) were observed and probably corresponded to 
(.54), (55) and (.56), the s t r u c t u r e of (54) being confirmed, 
and those of (55) and (56) being the only other p o s s i b i l i t i e s 
f o r m i g r a t i o n of the double bond, w i t h o u t s e r i o u s l y 
r e a r r a n g i n g the molecule. These isomers may a r i s e from 

'A p p p p 

(54) (55) (56) 

i n t r a m o l e c u l a r i f 3 - f l u o r i d e i o n m i g r a t i o n s . 
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CHAPT3R IX 
EXPERIMENTAL WORK 

1* General 
I n s t r u m e n t a t i o n , reagents, and analyses were as 

described i n Chapter V I . 
Methanol was d r i e d by d i s t i l l i n g i t from magnesium 

14-° 
t u r n i n g s , w i t h the c o l l e c t i o n o f the middle f r a c t i o n . ' 
Sodium methoxide and phenoxide s o l u t i o n s were prepared f r e s h l y , 
by d i s s o l v i n g the r e q u i s i t e amount of sodium i n the r e s p e c t i v e 
so] vents. 
2. Preparation of S t a r t i n g M a t e r i a l s 
2.1 Octafluorccyclopentene Dimer (41) 

A mixture of caesium f l u o r i d e (3.0g, 19.7m moles), 
sulpholan (20cm ) , and octafluorocyclopentene (8.5g, 40.0m r o l e s ) 
was heated a t about 12f5°C f o r 20 hours i n a sealed tube. The 
tube was then cooled, opened, and. the v o l a t i l e products t r a n s 
f e r r e d under vacuum t o a cold t r a p . The products were d i s t i l l e d 
and the f r a c t i o n b o i l i n g a t 120-130°C c o l l e c t e d . (7.3g, 86£) 
This was shown t o be p e r f l u o r o b i ( c y c l o p e n t y l i d e n e ) by comparison 
of i t s V.P.C. r e t e n t i o n time ( c o l 'A1, 100°C) and i t s I.R. 

150 
spectrum w i t h those o f an au t h e n t i c sample. See i n f r a - r e d 
spectrum No.21, N.W.R, spectrum No.9. 
2.2 Decafluorccyclohexene Dimer (42) 

A mixture o f caesium f l u o r i d e (3.0g, 19.7m moles), 
sulpholan (40cm^), and decafluorocyclohexene (6.0g, 22.9m moles) 
was heated a t about 150°C f o r 70 hours i n a sealed tube. The 
tube was cooled, opened and the v o l a t i l e products t r a n s f e r r e d 
under vacuum t o a cold t r a p . The products were d i s t i l l e d and 
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t h e f r a c t i o n b o i l i n g a t 160-165°C c o l l e c t e d . (4.7g. 785$) 
This was shown t o be perfluoro-(1-cyclohexylcyclohexene) by 
comparison of i t s V.P.C. r e t e n t i o n time ( c o l 'A', 150°C) and 

ISO 

i t s I.R. spectrum w i t h those o f an au t h e n t i c sample. See 
i n f r a - r e d spectrum No.22, N.M.R. spectrum No.10. 
2.3 P e r f l u o r o b i c y c l o p e n t G n y l (43) 

Pe.rfluorocyclopentene nimer (41) (1.5g) was passed, i n 
the vapour phase, through a s i l i c a tube c o n t a i n i n g coarse i r o n 
f i l i n g s a t 50C°C. The average contact time was approximately 
0.5 minutes. The product was c o l l e c t e d i n a cold t r a p , and 
shown to be pe r f l u o r o b i c y c l o p e n c e n y l (0.8g, 58.6$), by com
p a r i s o n o f V.P.C. r e t e n t i o n time ( c o l 'A', 50°C) and i t s I.R. 

I S O 

spectrum w i t h those o f an au t h e n t i c sample. See i n f r a - r e d 
spectrum No.23, N.M.R. spectrum No.11. 
3. N u c l e o p h i l i c S u b s t i t u t i o n Reactions 
3.1 Octafluorocyclopentenc.' Dimer (41) 
3.1.1 Reaction w i t h Sodiur. i.Cethoxide i n Methanol 

To a s t i r r e d s o l u t i o n of (41) (2.12g, 5.0m moles) i n 
methanol (30cm^) was added, over a per i o d uf 1 hour, a s o l u t i o n 
o f sodium (1.2g, 5.2m moles) i n methanol (30cm^). V/hen a d d i t i o n 
was complete, the s o l u t i o n was r e f l u x e d f o r 24 hours. The 
r e a c t i o n mixture was quenched w i t h water (300cm^), s t i r r e d w e l l 
and extracted w i t h methylene c h l o r i d e (4 x 2^cm'), The e x t r a c t s 
were bulked and d r i e d over IvIgSO^, Removal of I%S0^ and sol v e n t 
a f f o r d e d a pale yellow s o l u t i o n , which was shown by G.L.C. 
( c o l 'O^Q 1, 150°C) t o comprise a mixture of 2 major and s e v e r a l 
minor components. The major products were separated by 
pr e p a r a t i v e G.L.C., and i d e n t i f i e d as ( i ) l - d - m e t h o x y o c t a f l u o r o -
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cyclopentyl)-2-methoxyhexafluorocyclopent-l-ene (49) 
(B.p. > 200°C) (Found: 0,32.42; H.1.51; P,59.7fS; M+,448. 
C12 H6°2 F14 r e < l u i r e s 0,32.14; H.1.34; F,59.38f,; M,448). See 
i n f r a - r e d spectrum No.24, N.K.R. spectra Kos. 12 and 15. 
( i i ) l - ( l - m e t h o x y o c t a f l u o r o c y c l o p e n t y l ) - 5 - m e t h o x y h e x a f l u o r o -
cylopent-l-ene (50) (B.p. > 200°C) (Found: C,32.12; K,1.40; 
F,59.6£; M+,448. C^HgOgl^ r e q u i r e s 0,32.14; H,1.34; P.-59.3856; 
M,448). See i n f r a - r e d spectrum No.25, N.M.R. spectra Nos. 14 
and 15. 

The G.L.C./M.S. of the minor components corresponded 
t o a mono-methoxy and three trimethoxy d e r i v a t i v e s o f (•+!). 
3.1.2 Polymethoxylation o f (41) 

Sodium metal (0.5g", 21.8m moles), methanol (50cm^) and 
(41) (3.65g, 8.62m moles) were s t i r r e d a t ambient temperature 
f o r 1 week, under an atmosphere o f dry n i t r o g e n gas. The 
r e a c t i o n mixture was quenched w i t h water ('200cm^), s t i r r e d w e l l 
and extracted w i t h methylene c h l o r i d e (4 x 25cm^). The 
e x t r a c t s were bulked, and d r i e d over KgSO^. Removal of MgSO^ 
and solvent afforded a. pale yellow o i l ( 4 g ) , which was shown 
by G.L.C./lvI.S. t o comprise a mixture of t r i - and t e t r s -
methoxysubstituted ( 4 1 ) . ( i . e . m/e = 460 and m/a = 472; 
C13 H9°3 F13 r e ( l u i r e 3 m / e = 460, and ci4 Hi2°4 F12 r e ( l u i r e - s ™/ e - ' 
472.) No attempt was made to separate these d e r i v a t i v e s ; they 
were used, as a mixture i n a l a t e r experiment, see Ch.IX, 
s e c t i o n 5.4. 
3.1.3 Reaction w i t h Sodium I-henoxide i n Dimethylformamide 

A mixture of (41) (6.5g, 15.3m moles), and a. s o l u t i o n 
o f sodium phenoxide i n D.M.F. (30cm^, 0.5m, 15m moles) were 
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s t i r r e d together a t ambient temperature f o r 18 hours e The 
r e a c t i o n mixture was poured onto water (300cm ) and e x t r a c t e d 
w i t h methylene c h l o r i d e (4- x 25cm5). The e x t r a c t s were hulked 
and d r i e d over KgSO^. Removal of MgSO^ and solvent l e f t a deep 
yellow o i l , 'which was d i s t i l l e d under reduced pressure, the 
f r a c t i o n b o i l i n g a t 45-50oC/G.04m:tf Kg being c o l l e c t e d . 
G.L.C./M.S4 ( c o l O.̂ Q, 180°C) showed the f r a c t i o n t c comprise 
a minor u n i d e n t i f i e d component (P = 450) and. a major component, 
which corresponded, t o a monophencxy s u b s t i t u t e d d e r i v a t i v e of 
(_£!), which v/as probably' l - ( 1-phenoxyoctaf l u o r o c y c l o p e n t y l ) 
h e p t a f l u o r o c y c l o p e n t - l - e n e ( 5 1 ) . ( i . e . M +

; 498; C i h " t t 5 O F i 5 
r e q u i r e s I*,498). See N.M.R. spectrum No.16. 

(N.B. a l l attempts to separate the rconophenoxy d e r i v a t i v e 
(51) and y.urify i t f o r a n a l y t i c a l purposes r e s u l t e d i n the 
formation of resinous m a t e r i a l s . ) 
4. A d d i t i o n Reactions 

4.1 Attempted A d d i t i o n of Bromine t o (41 ) , (42) and (43) 

When (4_1), (4j?) or (43) was heated w i t h e i t h e r bromine 
water or bromine i n carbon t e t r a c h l o r i d e , r.o d e c o l o u r i s a t i o n was 
observed, i . e . NO REACTION. 

4.2 Attempted Difluorocarbene A d d i t i o n to (4J.) 

Octafluorocyclopentene diwer (4_1) (3g» 7.1m moles) and 
sodium c h l o r o d i f l u o r o a c e t a t e (2.1g, 14m moles) were sealed 
i n t o a ca r i u s tube and heated a t 250°C f o r 46 hours. V/hen c o o l , 
v o l a t i l e m a t e r i a l was vacuum t r a n s f e r r e d from i;he tube. This 
was shown t o be recovered s t a r t i n g m a t e r i a l (2.9g) i . e . NO 
REACTION. 
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4.3 Free Radical Reaction (^-ray I r r a d i a t i o n ) of 
Methanol w i t h (41) 
Dry methanol (lcm^, 24.7m moles) and (41) (5g, 11.8m 

moles) were t r a n s f e r r e d to a car i u s tube. The mixture was 
thoroughly degassed, the tube evacuated, sealed and then 
subjected to - i r r a d i a t i o n f o r 30 days. 

The tube was opened, and v o l a t i l e m a t e r i a l was 
vacuum t r a n s f e r r e d to a cold t r a p (5.5g). V.P.C. a n a l y s i s 
of the v o l a t i l e mixture ( c o l 'A', 120°C) showed i t t o be a 
complex mixture o f a t l e a s t eleven components. Further 
i n v e s t i g a t i o n of the mixture was not pursued a t t h i s stage. 
5. Hydrolysis Reactions 

5.1 Reaction of (41) w i t h Concentrated H^SO^ 

Concentrated s u l p h u r i c a c i d (3g) and (41) (1.5g, 
3.5m moles) were introduced i n t o a ca r i u s tube, which was then 
evacuated and sealed.- The tube and contents were heated a t 
140°C f o r 6 days. Only s t a r t i n g m a t e r i a l (1.45g) was recovered, 
when the tube was opened. 
5.2 Reaction of Octafluorccyclopentene w i t h 

Concentrated HgSO^ 
Concentrated s u l p h u r i c a c i d (5g) and o c t a f l u o r o -

cyclopentene were sealed i n t o a ca r i u s tube. The tube and 
contents were heated a t 150°C f o r 4 days. Only s t a r t i n g 
m a t e r i a l (5g) was recovered when the tube was opened. 

5.3 Reaction of (43) w i t h Concentrated Sulphuric Acid 

P e r f l u o r o b i c y c l o p e n t e n y l (£3) ( l g , 2.6m moles) and 
concentrated I^SO^ (5cm^) were sealed i n t o a c a r i u s tube. The 
tube and contents were heated a t 120°C f o r 18 hours. The tube 
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was opened and the contents poured onto crushed i e e (50g), 
d i l u t e d to 250cnr w i t h water, and ex t r a c t e d w i t h ether 
(4 x 50cm^). The e x t r a c t s were bulked and d r i e d over MgSO^. 
Removal of MgSO^ and sol v e n t afforded a brown t a r , from which 
a w h i t e s o l i d (0.5g, 53.3/0 was sublimed (50°C/0.005mm Hg), 
i d e n t i f i e d as l-(3-oxo-lH-hexafluorocyclopentyl)-3-oxopenta-
f l u o r o c y c l o p e n t - l - e n e (52) (M.p. 120-122°C) (Pound: 0,33.6; 
H,0.4; P,57.3f=; M+,362. C 1 0H0 2F 1 : L r e q u i r e s C,33.2; H,0.3; 
F,57.7$; M,362). See i n f r a - r e d spectrum No.26, N.M.R. spectrum 
No.17. 

. The "^F n.m.r. spectrum o f (5.2) was recorded as a 
s o l u t i o n i n D6-acetone. A f t e r s t a r r i n g f o r two days, the 
i n i t i a l l y c o l o u r l e s s s o l u t i o n was seen to have turned deep r e d . 
This c o l o u r a t i o n was thought t o be due t o the fo r m a t i o n o f an 
anion, which r e s u l t e d from the lo s s of the proton from ( 5 2 ) . 
See N.M.R. spectrum No.18. 
5.4 Reaction of Polymethoxy D e r i v a t i v e from Section 3.1.2 

w i t h Sulphuric Acid 
Polymethoxylated (4.1) from s e c t i o n 3.1.2 (3.5£) was 

s t i r r e d under r e f l u x w i t h d i l u t e s u l p h u r i c a c i d (30cnr* o f 
50$ ( v / v ) ) f o r 40 hours. The r e a c t i o n mixture was cooled, 
poured onto iced water (200cm^) and extracte d w i t h ether 
(4 x 20cnr). The e x t r a c t s were bulked and d r i e d (KgSO^). 
Removal of MgSO^ and solvent a f f o r d e d a deep brown o i l , which 
was heated under vacuum (100°C/0.005mm Hg) t o y i e l d a white 
c r y s t a l l i n e s o l i d . M.S./G.L.C. a n a l y s i s ( c o l 0, 125°C) o f a 
s o l u t i o n of t h i s s o l i d i n ether i n d i c a t e d the presence o f two 
components, the major ("^75/0 one corresponded t o a hydrocarbon 
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w i t h a molecular weight of 282 and showed p r i n c i p a l fragmentation 
by losses o f 0, OH and 0H 2. An i n f r a - r e d spectrum showed broad 
absorptions i n the -0-H and ^C=0 regions. 
6. Oxidat i o n Reactions 

6.1 Reaction o f (41) w i t h Potassium Permanganate i n Acetone 

To a s t i r r e d s o l u t i o n of KKnO^ (4g) i n dry acetone 
•z 

(150cm ) , was added, dropwise, (41) (4g, 9.3m moles). The 
mixture was s t i r r e d a t ambient temperature f o r 18 hours, and 
then quenched w i t h water (400cm-*). The s o l u t i o n was decolourised 
by passing sulphur d i o x i d e , t h e acetone removed (rotavap'j, and 
the aqueous phase e x t r a c t e d w i t h ether (4 x 25cm'). The e x t r a c t s 
were bulked and d r i e d (MgSO^). Removal of MgSO^ and so l v e n t 
a f f o r d e d an o i l y r esidue, from which a white c r y s t a l l i n e s o l i d 
(2.5g, 58.4?') was sublimed (0.00Inns Hg/75°C), i d e n t i f i e d as 
1,1'-dihydroxyhexadecafluorobicyclopentyl (53) (M.p. 63-65°C) 
(Pound: C,25.85; K,0.43; ?,66.7l£; Nf f438 (Parent minus HP). 
C10 H2°2 P16 r e q u i r e s C,26.20; H,0.44; P,66.38^; K,458.) See 
i n f r a - r e d spectrum No.27, N.M.R. spec+ra Nos. 19 and 20. 

An attempt t o dehydrate the dihydroxy d e r i v a t i v e (53) 
by h e a t i n g i t w i t h ?2^5* r e s u l ' t e d i n "the recovery o f s t a r t i n g 
m a t e r i a l . 
6.2 Reaction o f (42) w i t h Potassium Permanganate i n Acetone 

To a s t i r r e d s o l u t i o n o f KMnO^ (2g) i n dry acetone 
(75cm'), was added, dropwise, (42) (2.3g, 4.38m moles). The 
mixture was r e f l u x e d f o r 2 hours, c o i l e d and poured onto water 
(200cnr). The s o l u t i o n was decolourised by passing sulphur 
d i o x i d e , the acetone removed ( r o t a v a p ) , and the aqueous phase 
e x t r a c t e d w i t h ether (4 x 25cm'). The e x t r a c t s were bulked and 
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drieci (KgSO^). The MgSO^ was f i l t e r e d o f f and a n i l i n e was 
added dropv/ise t o the ether s o l u t i o n . A white s o l i d separated 
(2.34g, 5 6 $ ) , which was f i l t e r e d o f f and i d e n t i f i e d as the 
d i a n i l i n i u m s a l t o f p e r f l u o r o a d i p i c a c i d , by an a l y s i s and 
comparison of i t s I.R. spectrum w i t h t h a t of an a u t h e n t i c 
sample. (Pound: C,45.22; H,3.60; N.5.98$. Calc. f o r 
C18 H16°4 K2 F8 C * 4 5 * 5 8 5 H»5.36; N f5.8896.) See i n f r a - r e d 
spectrum No.28, N.M.R. spectrum No.21. 
7. P h o t o l y s i s and P y r o l y s i s Reactions 

7.1 P h o t o l y s i s of (41) 
Perfluorocyclopentene dimer (3.0g, 7m moles) was 

introduced i n t o a s i l i c a v e s s e l . The contents were de-
oxygenated, the v e s s e l evacuated, sealed and then i r r a d i a t e d 
a t 2,S3.7nm f o r 500 hours. Only s t a r t i n g m a t e r i a l was recovered 
(2.9g). 
7.2 P y r o l y s i s o f (42) over Pt. 

Pe r f l u o r o - ( l - c y c l o h e x y l c y c l o h e x e n e ) (2.1g,4.0m moles) 
was passed over Pt a t 710°C i n a stream of n i t r o g e n gas. (The 

"5 -1 
flov; r a t e o f N 2 was 60-80cnr min which gave an approximate 
contact time of 20 sees.). A pale yellow l i q u i d (1.3g) was 
c o l l e c t e d , and was shown t o be (G.L.C./M.S.) s t a r t i n g m a t e r i a l 
(80.7^), p e r f l u o r o b i c y c l o h e x - l - e n y l 1 ^ 0 (10.2$) and u n i d e n t i f i e d 
m a t e r i a l (9.1$). R e c i r c u l a t i o n of t h i s mixture gave a second 
mixture of composition: p e r f l u o r o - ( l - c y c l o h e x y l c y c l o h e x e n e ) 
(63.5/0» p e r f l u o r o V i c y c l o h e x - l - e n y l (24.9$) and u n i d e n t i f i e d 
m a t e r i a l (11.6$). 

A comparable r e a c t i o n a t 825°C gave low y i e l d s (50$) 
of a complex m i x t u r e , which was unworthy of f u r t h e r i n v e s t i g a t i o n . 
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7.3 P y r o l y s i s o f (41) over P t . 
Perfluorocyclopentene dimer (2g, 4.7m moles) was passed 

over Pt at 700°C i n a stream of Ng gas. (approx. 20 sees, 
contact t i m e ) . A c o l o u r l e s s l i q u i d (1.9g) was c o l l e c t e d and 
G.L.C. an a l y s i s ( c o l 'A!, 35°C) showed i t t o comprise s t a r t i n g 
m a t e r i a l (approx. 50$), p e r f l u o r o b i c y c l o p e n t y l i d e n e (approx. 
1G£), and a t h i r d component (approx. 40$) i d e n t i f i e d as 
p e r f l u o r o - ( l - c y c l o p c n t y l c y c l o p e n t e n e ) . The s t r u c t u r e of the 
rearranged t h i r d product was determined from i t s mass spectrum 
(M +,424. c i o F 1 6 r e ( l u i r e s K»424) and a n a l y s i s o f i t s ̂ P n.m,r. 
spectrum. See N.M.R. spectrum No.22. 

R e c i r c u l a t i o n of t h i s mixture gave a second mixture 
c o n t a i n i n g an increased p r o p o r t i o n of d e f l u o r i n a t e d m a t e r i a l . 
The r a t i o of the C^Q?^^ isomers remained constant. 

The r e a c t i o n was repeated a t d i f f e r e n t temperatures, 
and the r e s u l t s are summarised i n Table I X . 1 . 

Table IX.1 
Summary of Products of P y r o l y s i s 

of £ 7==\ r over Pt 

Temperature Products (approx. c/o) 

fey 
700°C 50 40 10 
560°C 45 50 5 
450°C 40 > 55 < 5 
150°C < 10 + See < 5 

i below 
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-f A mixture c o n t a i n i n g three components of molecular weight 
424 ( i . e . isomers of octafluorocyclopentene dimer) was obtained 
as t h e major product ( ̂ >80£). Presumably, these correspond t o 
the three rearranged isomers ( 5 4 ) , (55) and ( 5 6 ) . 

0 P P 

(54) (15) (56) 
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APPENDIX I 

Spectrum No. 
1 

2 
3 
4 
5 
6 

7 
G 

9 
10 
11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

I n f r a - r e d Spectra 
Compound 

2-Diohloromethyl-2 ',3,3',4,4',5,5', 
6,6'-nonachlorobiph enyl 
1,2,3,4,5,6,7,8,-Octachlorofluorene 
Perchlorofluorene 
Decachlorobiphenyl 
4,4'-Dichlorobiphenyl 
Octachlorodlbenzo(b,d)thiophen 
Octachlorodibenzo(b,d)furan 
Oct^.chlorof luoren-9-one 
Octachlorothianthrene 
Octachloronaphthalene 
l-Methyl-2,3,4,5,6-pentachloro-
benzene 
Hexachlorobenzene 
2,3,4,6,7,3-Hexachloro-l,9-
e p i d i t h i o d i b e n z o ( b , d ) t b i o p h e n 
2,3 ;4,6,7,8-Hexachlorodibenzo 
( b i d ) - t h i o p h e n 
P e r f l u o r o - ( b i s - ( p - p h e n y l p h e n y l e n e ) ) 
sulphide 
P e r f l u o r o - ( 4 , 4 1 - b i s i s o p r o p y l b i p h e n y l ) 
Kethoxy p e r f l u o r o - ( 4 , 4 ' - b i s i s o -
p r o p y l b i p h e n y i ) 
l,8-Dichloro--3,6-dio^ a octane 
18-crown-6 po i y e t h e r 
T e t r a f l u o r o p y r a z i n e 

State 

KBr Disc 

KBr Disc 
KBr Disc 
KBr Disc 
KBr Disc 
KBr Disc 
KBr Disc 
KBr Disc 
KBr Disc 
KBr Disc 

KBr Disc 

KBr Disc 

KBr Disc 

KBr Disc 

KBr Disc 

KBr Disc 

KBr Disc 

Contact Film 
Contact Film 
Contact Film 
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Spectrum No, Compound State 

21 
22 
23 
24 

25 

26 

27 

28 

F e r f l u o r o - b i (eye lopen t y l i d ene) 
Perfluoro-(1-cyclohexylcyclonexene) 
P e r f l u o r o b i cyclopeivbenyl 
1- ( l - M e t h o x y o c t a f l u o r o c y c l o p e n t y l ) -
2- methoxy-hexafluorocyclopent-l-ene 
l - ( 1-Iviethoxycctafluorocyclopentyl)-
5-methoxy-hexafluorocyclopent-l-ene 
l - ( 3 - o x o - l H - h e x a f l u o r o c y c l o p e n t y l ) -
3- oxopentafluorocyclopent-l-ene 
1,1'-dihydroxyhexadecafluorc-
b i c y c l o p e n t y l 
D i a n i l i n e s a l t of p e r f l u o r o a d i p i c 
a c i d 

Contact Film 
Contact F i l m 
Contact Fi l m 

Contact F i l m 

Contact Fi l m 

KBr Disc 

Contact F i l m 

KBr Disc 



-177-

r 
§- 8 

S 
CO 

8. 
o 

8 8 INT 

8 

8 8 
C4 

8 
s 



-178-

8 

8- 8-
§ 8 

8 

ft- 8 

S 
ft ID 

I -

8- 8 



-179-

C §-

§- §-

8 

8 
CM 

CM 

8 
*4 r c C r ID 

3 8. 

8 i i n 

§-

>K3 

s 



-180-

C c j — V 8-
r 

§-

V 

§-s 
\ 
V B- 8-

8- s CM 
CM 

8 8- 8 



-181-

8-8-

§-

§-

§- §-

i -

8- 8-

8 
in in 

o l 
I " 1 

in 
5 in 2 8-



182 

f 8" 

8- 8- 8-

8-

§ 

§-r 8-

8- 8-

8 

/ S i n 



-183-



-184-

I 

§ 

8 8 CN 

8 c §-

8 B-



185 

CM 

s 9-

o 
8- 8 

8 

C I 

r 



186 

sr 
§ to 

§-

o 

8 ID 10 

§ 

i n I N 

8 I-
CM 

8 2 o 
8 i n 

8 if-3 



APPENDIX I I 

1 9 F and N.M.R. SPECTRA 



-187-

APPENDIX I I 

1 9 F and hi M.M.R. Data 

14. l-(1-Kethoxyoctafluorocyclopentyl)-5-
methoxy-hexafluorocyclopent-l-ene 

Spectrum No. Compound Nucleus 

1. 1,2,3,4,5,6,7,8-octachlorofluorene hi 

2. Perfluoro-(bis(p-phenylphenylene)) -,n 

sulphide 
2 ( a ) . Perfluorobiphenyl 1 5 F 
3. Methoxy perfluoro-(4,4'-bisisopropyl , n 

biphenyl) 
5 ( a ) . Perfluoro-(4|4'-bisisopropyl biphenyl) " ^ i 1 

4. Methoxy perfluoro-(4,4'-bisisopropyl , 
biphenyl) 

5. l,8-Dichloro-3,6-dioxaoctane ^E 
6. 18-Crown-6 polyether hi 

7. l-Methyl-2,3,4,5,6-pentachlorobenzene 
8. 2,3 f4,6,7,8-Hexachloroditenzo(b,d) -, 

thiophen 
/ \ 1Q„ 

9. Perfluoro-bi(cyclopentylidene) 
19 

10. Perfluoro-Cl-cyclohexylcyclohexene) F 
11. Perfluorobicyclopentenyl """'F 
12. l-(1-Msthoxyoctafluorocyclopentyl)-2- n o 

methoxy-hexafluorocyclopent-1-ene 

P 

13. As 12. hi 

19i 
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15. As 14. H 
16. l-(l-Phenoxyoctafluorocyclopentyl)-

1 9 p 

heptafluorocyclopent-l-ene 
17. l-(3-oxo-lH-hexafluorocyolopentyl)-

1 9 p 

3-oxopentafluorocylopent-l-ene (52) 
18. Anion of (52) 1 9 P 
19. 1,1'-Dihydroxyhexadecafluoro- -,Q 

bicyclopentyl 
20. As 19. % 
21. D i e n i l i n e S a l t of Perfluoroadipic scid 1 9 P 
22. Perfluoro-(l-cyclopentylcyclopentene) ^ P 
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Th e following abbreviations have been used i n describing spectra; 
S-singlet; D-doublet; T - t r i p l e t ; Q-quartet; M-multiplet; B-broad, 
A l l s h i f t s are given i n p.p.m. and coupling constants are i n Hz. 
Tentative assignments are i n brackets. 
1. I t 2 , 3 , 4 , 5 i 6 ? 7 t 8-0ctachlororiuorene 

H H 
Recorded as a solution i n carbon tetrachloride, 
l r H Sh i f t 

4.05(B,S) 
Assignment 

2. Perfluoro-(bis-(p-phenylphenylene)) sulphide 

Recorded as a solution i n deutero acetone. 
19™ S h i f t 

132.4 

137.8 j 
138.5 ) 

151.3 

162.2 

Assignment 

P c and F c, 

B 
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2 ( a ) . Perfluorobiphenyl 
B C C B 

B C C B 

Recorded as a solution in acetone. 
S h i f t Assignment 
141.2 (D) P c 

156 (T) P A 

1U.5 (M) P B 

3. Mefnoxy perfluro-( 4,4' -frisisopropyl biphenyl) 

C 3P ? L P 

OMe 

Recorded as a solution in deutero acetone, 
1 9 F S h i f t Assignment 

180.1 t e r t i a r y P 

77.04 - CP^ groups 
138.1 ) 
139.4 ! 

) Aromatic P 
140.9 ) 
130.2 \ 
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PerfIuoro-(4,4'-bisisopropylbiphenyl) 

B A A B 

B A A B 

Recorded as a neat l i q u i d at 155 C. 
19i F S h i f t 

77.57 (S) 
180.0 (T) 
138.8 (S) 
136.7 (B,S) 

Assignment 
-CF^ &roup 
t e r t i a r y F 

V, 

F B 
Methoxy perfluoro-(4 ,4 f-bis3.sopropylbiphenyl) 

and 

I I 

Recorded as a solution i n deuterochloroform. 

S h i f t Assignment 
3.7 (S) -0 CH5 A 

( J(H-t.)=3) 3 

Ratio I : I I = 1 : 3 
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5. l,8-Mchloro-3,6-dioxaoctane 

6. 

A B B B ' B A 
CI.CH2CH2.0.CHgCHg.0.CH2CH2.CI, 

Recorded as a neat l i q u i d . 
H S h i f t 

3.51 (S) 
3.56 (S) 

18-Crown-6 Polyethor 

Assignment 
(-CH2-)A 
(-CH2-)B 

Recorded as a sol u t i o n i n carton t e t r a c h l o r i d e . 
hi S h i f t 

3.57 (S) 
Assignment 
-0CH2-

7. l-Methyl-2,3»4,5,6-pentachloro"benzene 

Recorded as a so l u t i o n i n deutero chloroform. 
h S h i f t Assignment 

3.15 (S) -CH3 group 
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8. 213«416,718-Hexachlorodibenzo(b,d)th iophen 
H H 

CI 

Recorded as a so l u t i o n i n deutero chloroform. 
1. H S h i f t 

9.1 (S) 
Assignment 

H l , 9 . 

9. Perfluoro-bi(cyclopentylidene) 

5 

Recorded as a neat l i o u i d . 

19^ S h i f t 
110.1 (S) 
136.1 (S) 

Assignment 

P3.4 
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10. Perfluoro-(1-cyclohexylcyclohexene) 
F 

Recorded as a neat l i q u i d . 

19! S h i f t 
98.3 
181.9 

105.6,113.1, 1H.5, 
118.6, 120.0, 123.7, 
125.4, 128.2, 133.6, 
135.8, 140.0, 141.1, 
144.7. 

Assignment 
Vinylic-F 
Tertiary-F 

Unassigned 

11. Perfluorobicyclopentenyl 

Recorded as a neat l i q u i d . 

19 F S h i f t 
101.9 (DxD) J^_^15Hz 
105.3 (M) 
114.4 (D) J A_ B12Hz 
125.0 (S) 

Assignment 



-195-

12. 1- (1-Methoxyoc tafluoro cycl0.pen_t.3rl) -2-m e thoxyhe^-i f l u o r o -
cyclopent-l-erie 

OMe 

P 

OMe 

Recorded as a neat l i q u i d . 

19 P S h i f t 
108.3 (S) 
116.7 (S) 
134.2 (S) 
114.2 
118.8 
132.5 
137.2 
122.2 
126.6 
131.3 
135.8 

Assignment 

( D) JAX 2 6 2 H z 

( D ) J A X 262Hz 

( D ) J A B 251Hz 

( D ) J A B 251Hz 

-CP0-
-CP0-
-CF, 

5 
3 
4 

-CF9- 2 ',5' 

-CF2- 2 f,5' 

-GP2- 3',4' 

-CF9- 3 ,,4' 

13. See 12 f o r Name and Structure 

S h i f t 
3.09 (S) 
3.80 (S) 

Assignment 
t e r t i a r y -OCHj 
v i n y l i c -OCHj 

http://cycl0.pen_t.3rl
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l-(l-MethoxyoctafluorocycloT3entyl)-5-Tsethoxvhexgfluoro-

cyclopent-l-ene 

OMe (B) 

OMe (A) 

Recorded as a neat l i q u i d . 

19, S h i f t Assignment 
Very complex showing many peaks i n 
the -CF2- Fluorine region. 

See 14 f o r Name and Structure 

H S h i f t 
3.10 (S) 
3.35 (S) 

Assignment 
-0CH3 (A) 
-0CH5 (B) 
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l-(l-Phenoxyocta.f luorocyclopentyl)heptafluorp 
cyclopent-l-ene 

i 

OPh 

Recorded as a solution i n deuterochlorofortn. 

19p S h i f t 
100.4 
105.3 
112.1 
131.4 
117.2 ) 

) ( D ) J A Y 260Hz 120.2 ) A A 

130.6 ) 
133.7 \ 

( D ) J A X 260Hz 

123.5 ) 
126.5 ) 
129.2 j 
132.2 ) 

) ( D ) J A B 254Hz 

( D ) J A B 254Hz 

Assignment 
V i n y l i c -CP 
-CF2- 5' 
-CF2- 3' 
-CP2- 4' 

-CP9- 2,5 

-C?o- 2,5 

-CIV 3,4 

-CP9- 3,4 
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l-(3-oxo-lH-hexafluorocyclopentyl)-3-oxopenta 
fluorocyclopent-l-ene (52) 

0 2' 0 
1' 1 y F F 

i H 

Recorded as a. so l u t i o n i n deuteroacetone. 

1 9 F S h i f t Assignment 
107.0 (D) -CF2- ( 5 1 ) 
115.7 (B,S) v i n y l i c -CF 2 
119.2 (IS) -CF2- (2' ) 
124.7 (S) -CF2- (4,4') 
130.6 (S) -CF2- (5) 
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18. Anion of (52) 

0 0 
H F \ 
^3 3' F 

1' 

Recorded as a sol u t i o n i n deuteroacetone. 

S h i f t Assjgnment 

107.3 -CF2- (5') 
118.4 -C72- (2*) 
120.4 " v i n y l i c " -CP 2 
126.5 -CF2- (4,4 1) 
130.9 -CF2- (5) 
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1,1'-Dihydroxyhexadecafluorobicyclopentenyl 

OH OH 

Recorded as a solut i o n i n carbon t e t r a c h l o r i d e . 

19^ S h i f t 
114.6 
119.3 

(D)J 

128.8 ) 
) ( D ) J A B 133.7 ) A a 

AE = 268Hz 

268Hz 

118.1 ) 
5 ] ( 3 )) JAB = 2 5 6 K z 

122 
127.2 
131.8 

Ascifrnmeno 

-CP2- (2,5) 

-CP2- (2,5) 

-CP2- (3,4) 

( D ) J A B -•• 256Hz -CP2- (3,4) 

See 19 f o r Name and Structure 

hi S h i f t 

7.1 (S) 

Assignment 

-OH 
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21. D i a n i l i n e Salt of Perfluoroaditiic Acid 

A B B A 
^ ^ NH^" 00C.CP2.CP2.CP2.CP2.C00 " NH^—^ h 

Recorded as a sol u t i o n i n Ether. 

S h i f t 
118.9 
122.6 

Assignment 
-CF2- B 
-CP2- A 

22. Perfluoro-(1-cyclopcntylcyclopentene) 

5' 

Recorded as a neat l i q u i d . 

19 P S h i f t 
107.7 (B,S) 
118.1 (K) 

123.01 (D) 
128,51 (S) 
130.73 (S) 
133.30 (S) 
181.26 (B,S) 

Assignment 
-CF2- (2,5) 
v i n y l i c -CP 2' 
-CF2- ( V ) 
-CF2- ( 5 f ) 
-CP2- ( 4 1 ) 
-CF2- (3,4) 
te r t i a r y - P 1 



APPEHDIX I I I 

FORMULA INDEX 
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c 
cu c 0) (1) CI 

CI 

c 00 (9) CI 

CI O (3) CI 00) CI 
C1 

0 
(11) 

CI CI 
c i ' c i CI CI 

OcO (6) CI 
I 

12 

0 

7 (13)(17) 
0 
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ODD ci OA) (21) 

H H a (15) (22) 
si-0 

H H 
16 (23) 

(24) i 
P//-\\c! 

/ 

H H H H >CK (ID (25) CI CI 
H I I n 

CI H 
(20) (26 

fllC I 
SOoCl 
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(27) F ? C 3 (33) CKCHjCH^OJgCI^CHjOH 

® F 7 C 3 - ^ ^ - C 3 F 7 

OCH, 

H 3 C0. ' ' 
(30) i: F 

Oft 

-a: 0°ID 
® F 7 e 3 - ^ ^ C 3 F 7 (35) C l ^ > 

\ X H -

(36) 

N 

(31) ClfcH2CH20)CH2CH2CI M 

(32) 

\ / 
(38) 
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FJ |F_ F 

H Cl CI 
H mi 0 

(47) F 

46 

OCH 

(49) F 
OCH 

•i,co r 
'A (50) 

B,C0 
OCH 
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OMe 
(51) 57) 

Ph Me 

OMe OMe •.0 0 

6 (5J) 
H 

OH OH CP 0 
to (59 

HO OH 

fed (54) F F R 

(55) (60a) F / N 

Y 

(56 (61) F 
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0 Q 0 0 (62) 

0 0 0 
0>IH 0 

CF F (63) (69) 

RO OR 
N (64) (70) F F 

(65) 71 o o 
OMe 

0 < F (22) [FWP] F>=0 (66) 

OMe OR OR 

<=> 

o 
(73 (67) 
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