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SUMMARY 

The P r e p a r a t i o n and Reactions o f C y c l i c Organic F l u o r i n e - c o n t a i n i n g 
Compounds. 

PART I . C h l o r o f l u o r i n a t i o n and F l u o r i n a t i o n o f Hexachlorobenzene 
and Dehalogenation o f the Products. 

The l i q u i d phase r e a c t i o n o f hexachlorohenzene and c h l o r i n e t r i -

f l u o r i d e a t 240°C, gave good y i e l d s : o f the p e r c h l o r o f l u o r o c y c l o h e x e n e s , 

o f general f o r m u l a C^Cl^F.^ n , n = 3-6, and a small amount o f t e t r a ^ 

c h l o r o t e t r a f l u o r o c y c l o h e x a d i e n e . The r e t e n t i o n o f the -CC1=CC1-

s t r u c t u r e i n these cyclohexenes s t e r i c a l l y h i n d e r e d f u r t h e r a d d i t i o n , 

but a l a r g e excess o f c h l o r i n e t r i f l u o r i d e gave t h e p e r c h l o r o f l u o r o -

cyclohexanes, o f gener a l f o r m u l a C.C1 F , x = 3-7* The composition 
6 x 12 -x 

o f t h e prod u c t was o n l y s l i g h t l y changed when c a t a l y s t s were used. 

Passage o f these compounds over heated i r o n gauze, a t 200-300°C, 

gave a l l t h e p o s s i b l e p e r c h l o r o f l u o r o b e n z e n e s . The i d e n t i f i c a t i o n o f 

t h e i s o m e r i c p e r c h l o r o f l u o r o b e n z e n e s i n the dehalogenation o f the 

p e r c h l o r o f l u o r o c y c l o h e x e n e s , shed some l i g h t on the s t r u c t u r e o f t h e 

pare n t cyclohexene, and hence on t h e mechanism o f the c h l o r o f l u o r i n a t i o n . 

The l i q u i d phase r e a c t i o n o f hexachlorobenzene and f l u o r i n e at room 

temperature, i n 1 , 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e , gave e x c e l l e n t y i e l d s 

o f the p e r c h l o r o f l u o r o c y c l o h e x a n e s , o f general f o r m u l a C^Cl F. „ , 
o x 12-x' 

x = 4-7 • Passage o f t h i s m i x t u r e over heated i r o n f i l i n g s , a t 330*C, 

gave ma i n l y hexafluorobenzene, c h l o r o p e n t a f l u o r o b e n z e n e and d i c h l o r o -

t e t r a f l u o r o b e n z e n e . 
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PART I I . Some Reactions o f Chloropentafluorobenzene. 

Chloropentafluorobenzene was prepared by th e dehalogenation 

o f t h e p e r c h l o r o f l u o r o c y c l o h e x a n e s , o b t a i n e d by the f l u o r i n a t i o n 

o f hexachlorobenzene (see P a r t I ) . 

The n u c l e o p h i l i c r e a c t i o n s between chl o r o p e n t a f l u o r o b e n z e n e 

and sodium methoxide i n methanol, ammonia i n e t h a n o l , and hydrazine 

monohydrate i n ethano l were i n v e s t i g a t e d . B u c l e o p h i l i c r e p l a c e ­

ment o f a f l u o r i n e atom by the OCH^ , NH^ and NHWH^" n u c l e o p h i l e s 

occurred. 

Both the o r t h o and para p o s i t i o n a l isomers were formed; these 

were separated by p r e p a r a t i v e scale vapour phase chromatography, 

and i d e n t i f i e d by a c h l o r i n e and f l u o r i n e a n a l y s i s , and N.M.R. 

spectroscopy. The isomer d i s t r i b u t i o n o f the s u b s t i t u t e d c h l o r o -

t e t r a f l u o r o b e n z e n e d i d not a l t e r w i t h d i f f e r e n t n u c l e o p h i l e s . 

A f u r t h e r r e a c t i D n o f ch l o r o p e n t a f l u o r o b e n z e n e , where the 

c h l o r i n e atom was e l i m i n a t e d , was th e Ullmann r e a c t i o n ; t h i s gave 

a good, y i e l d o f decaf l u o r o d i p h e a y l . 
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PART I 

CHLOROFLUORINATION AND FLUORIDATION OF HEXi&CHLOROBENZENE 

AND DEHALOGENATION OF THE PRODUCTS. 

Chapter I 

HISTORICAL INTRODUCTION 



1. 

A n a t u r a l r e a c t i o n f o r the p r e p a r a t i o n o f c h l o r o f l u o r o c y c l o h e x a n e s , 

-cyclohexenes and-cyclohexadienes c o n t a i n i n g no hydrogen, i s the 

f l u o r i n a t i o n o f hexachlorobenzene. The exhaustive c h l o r o f l u o r i n a t i o n 

o f benzene and t h e f l u o r i n a t i o n o f chloro'benzenes produce o n l y the 

f u l l y s a t u r a t e d compounds, which are also prepared by t h e c h l o r i n a t i o n 

o f p e r f l u o r o b e n z e n e , p e r f l u o r o c y c l o h e x e n e and p e r f l u o r o c y c l o h e x a d i e n e . 

These f l u o r i n a t i o n s s can be mainly d i v i d e d i n t o two groups, f i r s t l y 

the r e a c t i o n w i t h f l u o r i n e and ha'.Logen f l u o r i d e s , and secondly the 

r e a c t i o n w i t h heavy metal f l u o r i d e s . The f i r s t group i s concerned 

w i t h t h e a c t i o n o f elemental f l u o r i n e , bromine t r i f l u o r i d e and s u l p h u r 

t e t r a f l u o r i d e on hexachlorobenzenss. The second group deals w i t h the 

vapour phase r e a c t i o n s u s i n g cerium t e t r a f l u o r i d e , plumbic f l u o r i d e 

and c o b a l t i c f l u o r i d e and the lower temperature r e a c t i o n w i t h antimony 

p e n t a f l u o r i d e . 

Hexachlorobenzene and F l u o r i n e . 

Bigelow and Pearson^ r e p o r t e d the i s o l a t i o n o f h e x a c h l o r o t e t r a -

f l u o r o c y c l o h e x e n e and hexachlorohexafluorocyclohexane i n small 

q u a n t i t i e s by the r e a c t i o n o f hexachlorobenzene, as a. suspension 

i n carbon t e t r a c h l o r i d e , w i t h elemental f l u o r i n e . When the s o l i d 

had disappeared i n t o s o l u t i o n , the s o l v e n t was removed l e a v i n g an o i l . 

F l u o r i n a t i o n o f Hexachlorobenzene. 

This was f u r t h e r f l u o r i n a t e d a t C°C i n a copper v e s s e l . 
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° 6 C 1 6 + r2 — ^ ( : 6 C 1 6 F 4 + C 6 C 1 6 F 6 
The amount o f known, produ c t i s o l a t e d was o n l y a v e r y s m a l l 

2 percentage o f t h e f l u o r i n a t e d p r o d u c t . L a t e r Fukuhara and Bigelow 
r e a c t e d hexachlorobenzene w i t h f l u o r i n e in. the vapour phase, u s i n g 
a copper gauze c a t a l y s t . The heavy y e l l o w o i l produced was reduced 
w i t h i r o n and g l a c i a l a c e t i c a c i d , and on f r a c t i o n a t i o n y i e l d e d twelve 
d e f i n i t e chemical i n d i v i d u a l s . The p r o p e r t i e s o f these were r e p o r t e d , 
b u t no s t r u c t u r e s were assigned, and a l t h o u g h f u r t h e r i n v e s t i g a t i o n 
was c a r r i e d o u t , t h e r e i s no r e p o r t o f t h i s work i n the l i t e r a t u r e . 

Hexachlorobenzene and Bromine T r i f l u o r i d e . 
3 4 5 

McBee, Li n d g r e n and L i g e t t ' , J r e a c t e d hexachlorobenzene and 

bromine t r i f l u o r i d e i n a s t i r r e d n i c k e l tube, t h e hexachlorobenzene 

was added i n s m a l l amounts and the tube heated t o 150°C; t h e v e s s e l 

was cooled b e f o r e each f u r t h e r a d d i t i o n . The m i x t u r e o f p r o d u c t s 

from t h i s r e a c t i o n corresponded t o t h e approximate molecular f o r m u l a 
C.Br CI F,. T h i s was f u r t h e r f l u o r i n a t e d w i t h antimony p e n t a f l u o r i d e 6 2 4 6 

a t 100°C, and a s o l i d p r o d u c t formud o f approximate m o l e c u l a r f o r m u l a 

C,BrCl,F_. 
6 4 7 150"c 100'C 

C 6C1 6 + B r F 3
 C 6 B r 2 C X 4 F 6 + ^ c 6 B r C 1 4 F 7 

Again no attempt was made t o r e a l i z e i t s c o n s t i t u t i o n and i t was 

dehalogenated u s i n g z i n c and e t h a n o l ^ , g i v i n g t h e aromatic compounds 

CgFg and CgCIF,., and t h e c y c l i c u n s a t u r a t e d compounds CgFg, C^CIF^, 

C 6C1 2F 6, CgCl^F^, and CgClgFg, C g C l ^ . The p h y s i c a l p r o p e r t i e s were 

r e p o r t e d , b u t t h e r e was no attempt t o f i n d t h e i r c o n f i g u r a t i o n s . 
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A s i m i l a r f l u o r i n e . i ; i o n process was r e p o r t e d on t r i f l u o r o m e t h y l -

pentachlorobenzene"' ' ., which gave an approximate molecular f o r m u l a 

o f C,BrCl^F„.CF_ on tre a t m e n t w i t h a bromine t r i f l u o r i d e and antimony o 5 1 3 

p e n t a f l u o r i d e . Dehaloge.T.ation w i t h zinc end ethano l gave a m i x t u r e 

o f c h l o r o f l u o r o b e n z e n e s and -cyclohexenes. 

C.F .CF 
BrF Zn °. 3 J C,C1 F.CF 

C^Cl-.CF, C £BrCl,F_.CF, s»- C,C1F,.CF, + ' 3 

6 5 3 SbP_ 6 EtOH 6 4 3 c,Cl,F,.CF. 
5 C 6CI 2P .CP ~ 

g 

F l o r i n and coworkers repeated the above work and s t r e s s e d t h e 

importance o f the temperature c o n t r o l throughout the r e a c t i o n , and 

the n e c e s s i t y o f sma l l a d d i t i o n s o f hexachlorobenzene. An attempt 

was made t o f l u o r i n a t e the i n i t i a l p r oducts o f t h i s r e a c t i o n w i t h 

c h l o r i n e t r i f l u o r i d e , however e x p l o s i o n s occurred and. the r e a c t i o n 

was n o t pursued. 

Hexabromobenzene wai3 found t o r e a c t w i t h both i o d i n e p e n t a f l u o r i d e 

and bromine t r i f l u o r i d e , t o g i v e the f u l l y s a t u r a t e d hexabromohexa-

f l u o r o c y c l o h e x a n e , and the u n s a t u r a t e d h e x a b r o m o t e t r a f l u o r o c y c l o h e x e n e . 

Hexachlorobenzene and Sulphur T e t r a f l u o r i d e . 
C) 

Smith and coworkers' w o r k i n g w i t h s u l p h u r t e t r a f l u o r i d e f l u o r i n a t e d 

hexachlorobenzene a t 200-400 C and ob t a i n e d c y c l i c C,C1 0F Q and C^Cl^F-,. 
o 2 o 0 3 7 ' 

He a l s o f l u o r i n a t e d c h l o r a n i l ^ , u s i n g s u l p h u r t e t r a f l u o r i d e and 

hydrogen f l u o r i d e a t 270*C, and i s o l a t e d the pure 1 , 2 , 4 , 5 - t e t r a c h l o r o -

t e t r a f l u o r o c y c l o h e x a - 1 , 4 - d i e n e i n a 75$ y i e l d . 
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0 Fi 
SF ~« CA rt"—"^Yi C-f " f f 1

 270 C J t l u HF 
0 

Hexachlorobenzene and Antimony F e n t a f l u o r i d e . 

T h i s r e a c t i o n was f i r s t r e p o r t e d by McBee e t a l . ^ , who heated 

hexachlorobenzene and antimony p e n t a f l u o r i d e t o 125"C o b t a i n e d 
12 1 , 2 - d i c h l o r o o c t a f l u o r o c y c l o h e x e n e i n up t o 60% y i e l d s . L a t e r work 

r e v e a l e d t h a t a t 150°C t h e y i e l d was inc r e a s e d t o 87$. T r i f l u o r o -

methylpentachlorobenzenei was a l s o t r e a t e d w i t h antimony p e n t a f l u o r i d e 

a t 150°C, t h i s y i e l d e d t h e u n s a t u r a t e d 1 , 2 - d i c h l o r o o c t a f l u o r o c y c l o -

hexene and 1 - c h l o r o n o n a f l u o r o c y c l o h e x e n e . I f t h e temperature was 

r a i s e d (up t o 300 C), and t h e r e a c t i o n time prolonged, a f u r t h e r 

p r o d u c t was produced, t h e s a t u r a t e d CgCl^F^. 

C 6 C 1 5 C F 3 + S b F 5 + ( £ ) ~ C 6 C 1 3 P 9 

S t i l m a r * 3 on h e a t i n g hexachlorobenzene w i t h antimony p e n t a f l u o r i d e 

a t 250°C, r e p o r t e d the i s o l a t i o n o f a ch l o r o f l u o r o b e n z e n e CgC^F^, 

t o g e t h e r w i t h t h e u n s a t u r a t e d c y c l i c CgClgFg, prolonged r e a c t i o n 

gave t h e f u l l y s a t u r a t e d c y c l i c C^F,-, C,C1F.. and C rCl_F i r.. T h i s i s 
O Id o 11 0 d. ±yJ 

t h e o n l y r e p o r t o f an aromatic compound found i n t h i s r e a c t i o n and 

a l t h o u g h an a n a l y s i s was quoted, no p h y s i c a l data were g i v e n . 

Recent work on t h i s r e a c t i o n has been c a r r i e d out by L e f f l e r ^ , 

who r e a c t e d hexachlorobenzene w i t h antimony p e n t a f l u o r i d e a t 160°C. 

A c a r e f u l c o n t r o l o f t h e temperature was ma i n t a i n e d , as an exothermic 

r e a c t i o n o c c u r r e d a t 160 C which r e s u l t e d i n l o s s o f some o f t h e 
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p r o d u c t . The s t r u c t u r e d e t e r m i n a t i o n s were made by i n f r a red and 

N.M.R. measurements and t h e pr o d u c t s were shown t o be 1 , 2 - d i c h l o r o -

o c t a f l u o r o c y c l o h e x e n e , 1 , 2 , 4 — t r i c h l o r o h e p t a f l u o r o c y c l o h e x e n e , 

1,2,4-,, ;4—tetrachlorohexafluorocyclcihexene and 1 , 2 - d i c h l o r o h e x a f l u o r o -

cyclopentene. 

1(7-) 20-30* " f ^ j ^ % 
160°C 

C^Clg SbF,. 

:0a 20* ° f T f < i * 
The i n f r a r e d s p e c t r a o f these compounds a l l had a s i n g l e s t r o n g , 

a b s o r b t i o n ba.nd a t 6.1^, which we.s assigned t o the -CC1=CC1- g r o u p i n g , 

N.M..R. measurements showed t h a t o n l y the pure, s i n g l e isomers were 

p r e s e n t . 

The mechanism put f o r w a r d c o n s i s t e d o f 1,4 a d d i t i o n o f f l u o r i n e and 

s u b s t i t u t i o n o f a l l y l i c c h l o r i n e by f l u o r i n e . The di e n e , so formed, 

rearranges and f u r t h e r s u b s t i t u t i o n takes p l a c e . F i n a l l y , a d d i t i o n 

o f f l u o r i n e o r c h l o r i n e m o n o f l u o r i d e , from the antimony d i c h l o r o t r i -

f l u o r i d e produced i n the l a t t e r p a r t o f the r e a c t i o n , occurs t o g i v e 

the c y c l i c monoenes. 
OF P > p 

O -5- :Q"« ̂  :Q: — :CX 

a ^ 0" :£r 
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Hexachlorobenzene and M e t a l l i c Fluorides.• 

The h i g h temperatures necessary f o r these r e a c t i o n s r e s u l t s i n 

the f o r m a t i o n o f the f u l l y s a t u r a t e d compounds be i n g formed, no 

u n s a t u r a t e d m a t e r i a l ha£i been i s o l a t e d except i n v e r y m i l d r e a c t i o n 

c o n d i t i o n s . 

The r e a c t i o n between hexachlorobenzere and c o b a l t i c f l u o r i d e , 

i n v e s t i g a t e d i n these ls.boratoriesi by Johncock and Musgrave*''' 

produced a l a r g e range e f c h l o r o f l u o r o c y c l o h e x a n e s . The h e x a c h l o r o ­

benzene was v a p o u r i z e d , and passed over c o b a l t i c f l u o r i d e a t 350"c, 

i n a c y l i n d r i c a l s t i r r e d r e a c t o r , t o g i v e good y i e l d s o f the c y c l o -

hexanes o f general f o r m u l a C^Cl F.. _ , n = l - 6 . ° o n 1:2-n7 

17 
McBee and coworkers used a s t a t i c r e a c t o r t o f l u o r i n a t e 

hexachlorobenzene w i t h cerium t e t r a f l u o r i d e a t 27r)*C. C y c l i c C^Cl-F^ 
b 3 9 

was o b t a i n e d i n good y i e l d s ; r e c y c l i n g t h e product produced the f u l l y 

f l u o r i n a t e d c y c l i c CgF.^. Lindg r e n and McBee s i m i l a r l y f l u o r i n a t e d 

hexachlorobenzene w i t h plumbic f l u o r i d e a t 300"C t o g i v e c y c l i c 

CgCl^F^ i n 8$ y i e l d . 

F l u o r i n a t i o n and C h l o r o f l u o r i n a t i o n o f Benzenes. 

Benzene has been reacted w i t h c h l o r i n e t r i f l u o r i d e by Musgrave 
19 20 

and coworkers ' . The c h l o r i n e t r i f l u o r i d e , d i l u t e d w i t h n i t r o g e n , 

and t h e vapourized benzene, were passed i n t o a r e a c t i o n v e s s e l packed 

w i t h copper c l i p p i n g s a t 260"c. P'srchlorofluorocyclohexanes o f t h e 
g e n e r a l f o r m u l a Ĉ -Cl F 1 0 , where 11*1-4. were produced, however these o n l i i — n ' 
formed complex m i x t u r e s w i t h t h e h y d r o c h l o r o f l u o r o c y c l o h e x a n e s , 
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and i s o l a t i o n was i m p o s s i b l e . 

A wide v a r i e t y o f e.romatic compounds have been r e a c t e d w i t h 
1 2 21—28 72 7^ 

elemental f l u o r i n e ' ' ' ' Normally a c o n t r o l l e d r e a c t i o n 

w i l l ensue a t 0°C, and i f the m a t e r i a l i s a s o l i d , i n carbon t e t r a ­

c h l o r i d e s o l u t i o n . A d d i t i o n , s u b s t i t u t i o n , f r a g m e n t a t i o n and 

p o l y m e r i z a t i o n a l l take place g i v i n g a wide v a r i e t y o f p r o d u c t s . 

The f l u o r i n a t i o n o f O-dichlorobenzene has been c a r r i e d out 
18 29 by Lindgren and McBee i n America., and Tatlow and Worthington 

i n Birmingham. The former used s i x s t a t i c r e a c t o r s i n s e r i e s , and 

the dichlorobenzene was r e c y c l e d t h r e e times through t h e r e a c t o r s , 

a t temperatures from ll8*C-323°C. The f l u o r i n a t i n g agents used, 

were f i r s t l y a r g e n t i c f l u o r i d e , and secondly manganic f l u o r i d e ; 

b o th produced reasonable y i e l d s o f c y c l i c C^CIF^ and CgCl^F^Q. 

Tatlow and Worthington used a s i n g l e s t i r r e d r e a c t o r a t 35^*0, 

w i t h c o b a l t t r i f l u o r i d e as t h e f l u o r i n a t i n g agent. The product was 

shown t o c o n t a i n c y c l i c C^CIF.^, C^Cl^F^^ and CgCl^F^. The 

e x i s t a n c e o f a t r i c h l o r o - compound i n d i c a t e d t h a t t h e l i b e r a t e d 

c h l o r i n e could r e - e n t e r the o r g a n i c molecule. F u r t h e r p r o o f o f t h i s 3 ^ 

was shown w i t h the c y c l i c C^Cl^F-j^, which was a m i x t u r e o f isomers. 

These on r e d u c t i o n gave the seperable d i h y d r o d e c a f l u o r o c y c l o h e x a n e s . 

C.C1F 
^50" C 

o-C 6H 4Cl 2 — m~ C 6 C 1 2 F 1 0 A ' L ^ H 4 1,2; 1,3; and 1,4; C ^ F ^ . 
CoF^ 

C6C:L3F9 

Chlorobenzene was f l u o r i n a t e d s i m i l a r l y by these workers, and 
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gave c y c l i c CgClF-^ i n 14$ y i e l d . 

C h l o r i n a t i o n o f P e r f l u o r o - Compounds. 

T h i s method a l t h o u g h e x t r e m e l y l i m i t e d g ives compounds o f known 

c o n f i g u r a t i o n . 

B r i c e and Simons"^ added c h l o r i n e t o p e r f l u o r o c y c l o h e x e n e t o 

g i v e 62$ o f 1 , 2 - d i c h l o r o d e c a f l u o r o c y c l o h e x a n e ; t h i s work was repeated 
29 

by Tatlow and Worthington , who used l i q u i d c h l o r i n e i n a sealed 
tube heated by a mercury-vapour ls.mp. A l a t e r paper by Smith and 

32 

Tatlow i n d i c a t e d t h a t the r e a c t i o n o c c u r r e d by c i s a d d i t i o n . T h i s 

was proved by r e d u c t i o n w i t h l i t h i u m aluminium h y d r i d e t o g i v e t h e 

dihydro-compound, and then examina-tion o f t h e products on dehydro-

f l u o r i n a t i o n . 

F u r t h e r work by Tatlow showed t h a t c h l o r i n e added t o 

p e r f l u o r o c y c l o b e x a - 1 , 3 - d i e n e and perfluorobenzene. t o g i v e 1,2,3,4-

t e t r a c h l o r o o c t a f l u o r o c y c l o n e x a n e , and 1,2,3,4,5*6-hexachlorohexa-

f l u o r o c y c l o h e x a n e r e s p e c t i v e l y . 

The P r e p a r a t i o n o f F l u o r i n e -' C o n t a i n i n g Aromatic Compounds. 

The Schiemann Reaction. 

The f i r s t step towards the i n t e r e s t shown i n f l u o r o a r o m a t i c 
35 

compounds was taken by Ba.lz and Schiemann i n 1927• A n i l i n e was 

d i a z o t i z e d t o form phenyl diazonium c h l o r i d e . This on t r e a t m e n t w i t h 

f l u o r o b o r i c a c i d gave an i n s o l u b l e p r e c i p i t a t e o f phenyl diazonium 



f l u o r o t o r a t e , which was f i l t e r e d o f f , and c a r e f u l l y decomposed by-

heat t o form fluorobenzene. 

C,H_NH_ -+• NaH0 o/HCl «» C,HCIT=N . 01 
o 5 2 2' 0 5 

CrH_IfsH . CI + HBF. *• C,H_5«N . BP. ( p p t . ) 
b 5 4 o p 4 

C,H.cNsN . BP. •» C,H F + l f _ + BP.. 
6 5 4 H e a t 0 5 2 3 

T h i s i s now a standard method f o r t h e i n t r o d u c t i o n o f f l u o r i n e 
35 37 

i n t o an aromatic system ' , and y i e l d s o f up t o 90% have been 

o b t a i n e d . 

The amount o f f l u o r i n e , however, t h a t can be i n t r o d u c e d i n t o 

benzene i n t h i s way i s l i m i t e d . F i n g e r " ^ - ' ^ found t h a t f l u o r i n e can 

be i n t r o d u c e d i n a stepwise manner. Thus fluorobenzene can be 

n i t r a t e d and then reduced t o form the amine, t h i s on d i a z o t i z a t i o n 

and t r e a t m e n t w i t h f l u o r o b o r i c a c i d , g i v e s the phenyl diazonium 

f l u o r o b o r a t e ; which givess the difluorobensiene on c a r e f u l h e a t i n g . 

T h i s was repeated t o give: t r i - and tetraf'luorobenzenes. 

XT — XT-~X2 F f e 

A l a r g e number o f s u b s t i t u t e d fluorobenzenes have been i s o l a t e d 

i n t h i s manner. When the 1 , 2 , 4 , 5 - t e t r a f l u o r o b e n z e n e was n i t r a t e d , 

o z y d a t i o n o c c u r r e d , and i n s t e a d o f the nitro-compound b e i n g i s o l a t e d , 

f l u o r i n e was e l i m i n a t e d , and a d i f l u o r o q u i n o n e was formed. 

H„S0 y F 

3 S 

Thus p e n t a f l u o r o - and perfluorobenzenes have t o be sy n t h e s i s e d 

by d i f f e r e n t methods. 
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General Methods o f F l u o r i n a t i o n . 

The f l u o r i n a t i o n o f aromatic compounds u s i n g v i g o r o u s reagents 

such as the m e t a l l i c f l u o r i d e s or. halogen f l u o r i d e s g i v e s i n most 

cases the f u l l y s a t u r a t e d compounds. However, a l k a l i metal f l u o r i d e s 

can r e p l a c e halogen atoms i n the n u c l e u s , i f these are s u i t a b l y 
43 44 a c t i v a t e d . Thus G o t t l i e b , and l a t e r Cook and Saunders , r e p l a c e d 

c h l o r i n e i n c h l o r o d i n i t r o b e n z e n e u s i n g potassium f l u o r i d e . 

6 " ° - cr <™» 
200° C 

45 

F i n g e r and Kruse extended t h i s method o f f l u o r i n a t i o n t o t h e 

mononitrohalogenobenzene3 and u s i n g dimethylformamide (D.M.F.) o r 

d i m e t h y l s u l p h o x i d e as s o l v e n t o b t a i n e d reasonable y i e l d s o f t h e 

cor r e s p o n d i n g f l u o r o - compound. These y i e l d s were increased when 

d i m e t h y l sulphone (D.M.S.O^.)^ was used as the s o l v e n t . 
<= 

Ci D.M. j? . 170'C 163 h r s . { T ^ J * 4 0 $ . 

D.M.S.Og. 230"C 6 h r s . l ! ^ / ^ ™ 1 6 o # * 

The f l u o r i n a t i o n o f benzene, :ln carbon t e t r a c h l o r i d e , w i t h 

c h l o r i n e t r i f l u o r i d e a t 0°C gave f J.uorobenzene i n q u i t e good y i e l d s ^ 

B e t t e r y i e l d s were i s o l a t e d when c o b a l t f l u o r i d e was used as a 

c a t a l y s t . S i m i l a r work was r e p o r t e d with, b e n z o t r i f l u o r i d e , t o l u e n e , 
'br­and chlorobenzene, when the main r & a c t i o n was again one o f s u b s t i t u t i o n . 

The c h l o r o f l u o r i n a t i o n o f benzene i n the vapour phase (250°C)^^, 

y i e l d e d some p - c h l o r o f l u o r o b e n z e n e , a l t h o u g h i t c o u l d not be i s o l a t e d 

f r o m a com p l i c a t e d m i x t u r e o f s a t u r a t e d compounds. 



49 The e l e c t r o c h e m i c a l f l u o r i n a t i o n of aromatic hydrocarbons 
and halogenohydrocarbons i s l i m i t e d due t o t h e i r i n s o l u b i l i t y i n 
hydrogen f l u o r i d e . Even on a g i t a t i o n o f t h e c e l l c o n t e n t s , the 
y i e l d s o f f l u o r i n e compounds are extremely low, a l t h o u g h some 
po l y m e r i c compounds are formed. Aromatic amines and h e t e r o c y c l i c 
bases are s o l u b l e , b u t n o r m a l l y s a t u r a t i o n occurs. 

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

A u s e f u l method f o r the p r e p e r a t i o n o f fluorobenzenes i s the 

d e h y d r o f l u o r i n a t i o n o f a l i c y c l i c f l u o r i n e - c o n t a i n i n g compounds, 

u s i n g aqueous potassium h y d r o x i d e . This method i s used f o r b o t h 

p e n t a f l u o r o - and p e r f l u o r o b e n z e n e s , as w e l l as the lower members 
"50—52 

o f t h e s e r i e s . Thus oct.ifluorocyclohexane" , o b t a i n e d from 
53 

the f l u o r i n a t i o n o f benzene , w a s r e f l u x e d w i t h 18M" aqueous 
potassium hydroxide f o r f o u r hours and gave a 45$ y i e l d o f penta-

fluorobenzene. S i m i l a r ireatment o f 1 , 2 , 4 - t r i h y d r o n o n a f l u o r o c y c l o 
34 

hexane gave perfluorobenzene as -well as a m i x t u r e o f p o l y f l u o r o -

cyclohexenes and - c y c l o h e x a d i 6X16 S « 
H Aq.. 18.N. ^ C 6 H F 7 

f i - r > y 1056 + 
KOH ^ 

C 6 H 2 F 8 
Other r e a c t i o n s w i t h h y d r o f l u o r o c y c l o h e x a n e s have produced 

p o l y f l u o r o c y c l o h e x e n e s and -cyclohexadienes. A s i m i l a r dehydro-
59 

f l u o r i n a t i o n r e a c t i o n takes p l a c e u s i n g anion exchange r e s i n s 

Perfluorobenzene. 

Perfluorobenzene was f i r s t i s o l a t e d by McBee^t by t r e a t m e n t 
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o f hexachlorobenzene w i t h bromine t r i f l u o r i d e and antimony penta-

f l u o r i d e , and consequent dehalogenation w i t h z i n c dust and e t h a n o l . 

Chloropentafluorobenzeno was a l s o produced, but l i k e perfluorobenzene 

the o v e r a l l y i e l d was low (about ~>jjL ) . When t r i f l u o r o m e t h y l p e n t a -

chlorobenzene was t r e a t e d s i m i l a r l y , v e r y much b e t t e r y i e l d s o f 

p e r f l u o r o t o l u e n e and t r : . f l u o r o m e t h y l c h l o r o t e t r a f l u o r o b e n z e n e were 

o b t a i n e d . 

C 6 C 1 5 . C F 3 C 6P 5.CP 3 ( 1 0 $ ) 

c 6 c i p .CP 3 (2056) 

C 6 C1 2F,.CF 3 ( 1 2 $ ) 

P e n t a c h l o r o h e p t a f l u o r o c y c l o h e x a n e has been d e h a l o g e n a t e d ^ w i t h 

z i n c dust and r e f l u x i n g n - b u t y l a l c o h o l , and y i e l d e d perfluorobenzene 

( 6 5 $ ) and chlorope n t a f l u o r o b e n z e n e (7 $ ) • T e t r a c h l o r o o c t a f l u o r o -

cyclohexane s i m i l a r l y y i e l d e d perf'luorobenzene ( 2 0 $ ) , o c t a f l u o r o c y c l o -

h e x a - l , 4 - d i e n e ( 2 0 $ ) and c h l o r o h e p t a f l u o r o c y c l o h e x a d i e n e ( 1 0 $ ) . 

The f i r s t p r o d u c t i o n o f perfluorobenzene i n good o v e r a l l y i e l d s 

was r e p o r t e d i n 1955 by D e s i r a n t ^ . She p y r o l y s e d t r i b r o m o f l u o r o -

methane s t 640'c i n a p l a t i n u m t u b e , and ob t a i n e d y i e l d s up t o 4 5 $ « 

P t . Tube. 
6CBr.,F C.F, + 9 B r n 

3 64o:c 6 6 2 

62 6 3 

C o n d i t i o n s f o r the p y r o l y s i s were l a t t e r improved ' , and Wall 

and coworkers u s i n g an e l e v a t e d pressure o f f o u r atmospheres at 540 C 

ob t a i n e d a 55$ y i e l d . Haszeldine repeated t h i s work ', and found 

t h a t i n a s i z e a b l e r e a c t i o n t h e amount o f bromine evolved caused 

some d i f f i c u l t y . P y r o l y & i s o f 1 - c h l o r o , l , 2 - d i f l u o r o e t h y l e n e ^ ' 5 
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avoided t h i s d i f f i c u l t y , b ut a t 600 C u s i n g a p l a t i n u m tube, o n l y 

14$ o f perfluorobenzene was o b t a i n e d . 

600" C 
CC1F = CHF 1» CCF, . ( 1 4 $ ) . 

Pt. 6 6 

I n v e s t i g a t i o n i n t o the p y r o l y s i s o f the e a s i l y obtained, 

dibromo- and dichlorofluoromethane:s by Haszeldine and c o w o r k e r s ^ 

again gave low y i e l d s of pe r f l u o r c b e n z e n e . (Normally 5-10$, a l t h o u g h 

a y i e l d o f 33$ was r e c o r d e d ) . C o n d i t i o n s used w i t h a p l a t i n u m tube 

were 600-800*C, and conta c t times o f 0 . 4-20 seconds. 

6CHP'X2 - CgFg -+• 3Xg -+- 6HX. 

(X = CI o r B r ) 

Perhaps the best method, so f a r d e s c r i b e d i n the l i t e r a t u r e f o r 

the p r e p a r a t i o n o f perf l u o r o b e n z e n e , i s t h e dehalogenation o f 

p o l y f l u o r o c y c l o h e x a n e s , -cyclohexenes and -cyclohexadienes, u s i n g 

the method d e s c r i b e d below. 

Dehalogenation u s i n g Reduced Metal Surfaces. 

U n t i l r e c e n t l y the i n t e r e s t i n s a t u r a t e d c y c l i c f l u o r i n e -

c o n t a i n i n g compounds has o n l y been i n the study o f t h e i r p h y s i c a l 

p r o p e r t i e s . Mow, however, they an; ex t r e m e l y i m p o r t a n t p r e c u r s o r s 

f o r a wide range o f aromatic compounds. 
67 

Tatlow and coworkers! d i s c o v e r e d i n 1959 t h a t i f p e r f l u o r o -

cyclohexadiene was passed over a clean n i c k e l s u r f a c e , a t 400-600*C, 

d e f l u o r i n a t i o n o c c u r r e d t o g i v e perfluorobenzene. 

( f j ) + 1 0 1 °"» ( J j ) 80$ + | f ? ) 4 $ . 
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S i m i l a r l y p e r f l u o r o - o r hy d r c f l u o r o c y c l o h e x a n e s passed over a 

clean n i c k e l s u r f a c e a t 400-600*0, d e f l u o r i n a t e d o r d e h y d r o f l u o r i n a t e d 

t o g i v e perfluorobenzene and hydro'fluoro'benzenes. I t was also 

found t h a t o t h e r metals could r e p l a c e n i c k e l as the dehalogenating 

agent, o f these i r o n gauze was the most convenient. The metal 

s u r f a c e must be regenerated a f t e r each r e a c t i o n by pa s s i n g hydrogen 

t h r o u g h the r e a c t o r a t 500*0. 

. Many aromatic f l u o r i n e compounds have now been prepared by t h i s 

method"''68-74 ̂  ^ e v e r i 3 i i i t y o f t h i s r e a c t i o n i s seen i n the 
71 72 

f o r m a t i o n o f p e r f l u o r o p y r i d i n e from p e r f l u o r o p i p e r i d i n e ' , 

p e r f l u o r o n a p t h a l e n e from p e r f l u o r o d e c a l i n b7>73^ a n a a i s 0 the 

f o r m a t i o n o f p e r f l u o r o s t y r e n e from p e n t a f l u o r o e t h y l p e n t a f l u o r o b e n z e n e " ^ , 

the d e f l u o r i n a - t i o n o c c u r r i n g i n the side c h a i n . 

560 "c. 

11 i ) (5036) 

/^CF^CF, 600" C. .^s^CFsCF,, 
L i i ) ( T O < 3 _ — ^ M 2 ( l g j 6 ) 

Although l i t t l e i s known about the exact process o f dehalo-

g e n a t i o n o f these s a t u r a t e d compounds, t h e f o r m a t i o n o f the aromatic 

m a t e r i a l must depend on i t s g r e a t e r s t a b i l i t y t o the r e a c t i o n 

c o n d i t i o n s . Work a t Birmingham and Durham suggests t h a t f o r every 

compound t h e r e should be a c e r t a i n temperature and r e a c t i o n t i m e , 

t h a t w i l l produce the best y i e l d o f aromatic m a t e r i a l . T his w i l l 

v a r y w i t h the geometry o f the dehalogenation r e a c t o r , t h e type o f 
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p a c k i n g , and a l s o the age and p r e v i o u s t r e a t m e n t o f the packing. 

I n t h e d e f l u o r i n a t i o n o f p o l y f l u o r o c y c l o h e x a n e s and - c y c l o -
68 

hexenes , i t was found t h a t no p c l y f l u o r o c y c l o h e x a d i e n e s were 

i s o l a t e d . I t would seem t h a t these compounds are extremely u n s t a b l e 

i n t h e r e a c t i o n c o n d i t i o n s used. I n f a c t the o c t a f l u o r o c y c l o h e x a d i e n e s 
P © 

were d e f l u o r i n a t e d a t temperatures between 400 C and 45^ 0 t o g i v e 

e x c e l l e n t y i e l d s o f perfluorobenzene (up t o 90$)* Temperatures o f 

550" C o r more were r e q u i r e d t o d e f l u o r i n a t e decafluorocyclohexene 

and dodecafluorocyclohexane. 
69 

I t was found by Tatlow and coworkers t h a t p o l y f l u o r o c y c l o ­

hexadienes i s o m e r i z e a t temperatures v a r y i n g between 250 C and 

600* C, t o g i v e a m i x t u r e o f 1,3- and 1,4-d.ienes. 

0 £ X 0 + 0 
Ni tube N — V / 

60$ 40$ 
The compositions o f these m i x t u r e s were not g r e a t l y dependant 

on e i t h e r the temperature, o r the contact t i m e ; and i t was probable 
t h a t they were c l o s e t o e q u i l i b r i u m compositions. I t was also found 

t h a t t h e -dienes d i s p r o p o r t i o n a t e , thus p e r f l u o r o c y c l o h e x a d i e n e , 

under c e r t a i n conditions., d i s p r o p o r t i o n a t e d t o p e r f luorobenzene 

and p e r f luorocyclohexene.. 

The dehalogenation o f the mixed 1,3- and 1,4-hydroheptafluoro-
68 

cyclohexadienes i s extremely i n t e r e s t i n g . , as i t was found t h a t the 

c o m p o s i t i o n o f the producst changed due t o i s o m e r i z a t i o n competing 

w i t h t h e d e h a l o g e n a t i o n . This v a r i a t i o n o f the composition was 
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i n f l u e n c e d by t h e d i s t r i b u t i o n o f temperature along the r e a c t o r . Thus 

i f the temperature o f the i n l e t side was reduced, the e a s i e r r e a c t i o n , 

i s o m e r i z a t i o n , t o o k place and produced compounds w i t h the hydrogen 

a t t a c h e d t o a s a t u r a t e d carbon atom. 

i . e . F>- - + • It 
i s o r a e r i z a t i o n M F y v f O i s o r n e n z a t i o n WF 

I " P U F F 

This-, l o s t hydrogen f l u o r i d e and produced p e r f luorobenzene. 

F d e h y d r o f l u o r i n a t i o n 
h P r * o- | l F 

r 

I f t he i n l e t temperature was r a i s e d d e f l u o r i n a t i o n took place 

immediately and a l a r g e r p r o p o r t i o n o f pentafluorobenzene was 

produced. 

J5 d e f l u o r i n a t i o n 
u 
t Q : 'O 

F u r t h e r p r o o f o f t h i s c o m p e t i t i o n was ob t a i n e d by pa s s i n g two 

successive samples, o f the mixed 1,3- and 1 , 4 - h y d r o h e p t a f l u o r o c y c l o -

hexadienes, t h r o u g h t h e dehalogenator w i t h o u t r e g e n e r a t i n g the i r o n . 

The f i r s t sample gave perfluorobenzene ( 4 0 $ ) and pentafluorobenzene 

( 6 0 $ ) , the second sample, perfluorobenzene ( 6 0 $ ) , pentafluorobenzene 

( 4 0 $ ) . The second sample; had more time t o isomerize b e f o r e 

d e f l u o r i n a t i o n o c c u r r e d , and thus more perfluorobenzene was produced. 

C 6 H P 7 4 6<rc: C 6 F 6 O"*) + C 6HT 5 ( 6 3 $ ) 

i i ) CJ3F PjLfiauge. ^ ( 6 l ^ } + Q ^ ( 3 ^ ) 
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Dehalogenation o f p o l y f l u o r o c y c l o h e x a n e s and -cyclohexenes 

must go stepwise t o the diene sts.ge. The diene w i l l e i t h e r 

d i s p r o p o r t i o n a t e t o an aromatic compound and a cyclohexene, 

dehalogenate s o l e l y t o the aromatic s t a t e , o r i s o m e r i z a t i o n w i l l 

occur t o g i v e another diene; t h i s i n t u r n can e i t h e r dehalogenate 

o r d i s p r o p o r t i o n a t e . 

Work i n these l a b o r a t o r i e s en the dehalogenation o f c h l o r i n e -

c o n t a i n i n g f l u o r o c y c l o h e x a n e s ' , at 430 C, showed t h a t c h l o r i n e 

was p r e f e r e n t i a l l y e l l i m i n a t e d , a,nd no c h l o r o a r o m a t i c compounds 

were i s o l a t e d ; a l t h o u g h some u n s a t u r a t e d c h l o r i n e - c o n t a i n i n g 

compounds were p r e s e n t . The absence c f these compounds was again 

e x p l a i n e d by t h e rearrangement o f the c y c l o d i e n e , and e l i m i n a t i o n 

o f c h l o r i n e o r c h l o r i n e m o n o f l u o r i d e . 

The dehalogenaticn process t h e r e f o r e seems t o be f a i r l y 

s t r a i g h t f o r w a r d , a l t h o u g h some p e c u l i a r r e s u l t s have been o b t a i n e d 

by Tatlow. I n the d e f l u o r i n a t i o n o f h y d r o h e p t a f l u o r o c y c l o h e x a d i e n e , 

some t e t r a f l u o r o b e n z e n e was i s o l s ; t e d , t h e hydrogen absorbed by the 

pac k i n g d u r i n g t h e regeneration., r e - e n t e r e d the molecule a t some 

stage o f the dehalogenation process. I t was also found t h a t a f t e r 

renewal o f the p a c k i n g , e r r a t i c r e s u l t s were ob t a i n e d u n t i l t he 

metal had "aged 1. 

P o l y m e r i z a t i o n and F u r t h e r P y r o l y s i s Reactions. 

I n the p r e v i o u s l y d e s c r i b e d methods o f p r o d u c t i o n o f h i g h l y 

Cif 

XX 
F 

F 
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f l u o r i n a t e d aromatic coir..pounds, t h e r e i s "a. marked absence o f r e a c t i v e 

groupings i n the molecule. 
If) 

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

p e r f luorobenzene, by the p y r o l y s i s i o f t r i b r o m o f luoromethane, a 5$ 

i m p u r i t y o f bromopentafluorobenzer-.e was pr e s e n t . With the i n t e n t i o n 

o f i n c r e a s i n g t h i s y i e l d , t h ey copyrolysed a v a r i e t y o f bromomethanes 

w i t h t r i b r o m o f l u o r o m e t h a n e . The most s u c c e s s f u l was the c o p y r o l y s i s 

w i t h tribromomethane, at 540 0, ar.d 4 atmospheres pr e s s u r e . Good 

y i e l d s o f perfluorobenzene and bromopentafluorobenzene were o b t a i n e d , 

d i b r o m o t e t r a f l u o r o b e n z e n e was i s o l a t e d i n small y i e l d s . 

CBr 3P + CHBr, - CgPg + CgBrF,. + C
6

B r 2 P 4 
Bromopentafluorobenzene i s am extremely u s e f u l i n t e r m e d i a t e i n 

52 77—79 

the p r e p a r a t i o n o f a wide range o f s u b s t i t u t e d pentafluorobenzenes ' , 

as the Grignard reagent i s r e a d i l y made. 

Some i n t e r e s t i n g p o l y m e r i z a t i o n r e a c t i o n s have been c a r r i e d 

out w i t h f l u o r o a c e t y l e n e compounds. F l u o r o a c e t y l e n e ^ , prepared by 

the p y r o l y s i s o f f l u o r o m a l e i c anhydride, polymerized on s t a n d i n g t o 

giv e 1 , 2 , 4 - t r i f l u o r o b e n z e n e . 
CFCO 650°C. Atm. ^* 
" > ~ CF3CH (100$) p _ j r Q 

8l 
P e r f l u o r o a c e t y l e n e d i d not polymerize a l t h o u g h p e r f l u o r o , 

82 
2-butyne gave h e x a k i s t r i f l u o r o m e t h y l b e n z e n e . 

CF3CHCCF3 — ^ C F ; i i ^ t F j 



1 9 . 

Per.chlorofluorobenzenes. 

The i s o l a t i o n o f p e r c h l o r o f l u o r o b e n z e n e s has been r e p o r t e d by 

the f l u o r i n a t i o n o f hexachlorobenz,ene, b o t h w i t h elemental f l u o r i n e ' • 

and antimony p e n t a f l u o r i d e ^ " 3 . I t seems extremely d o u b t f u l however, 

from f u r t h e r work on the f l u o r i n a t i o n o f hexachlorobenzene 

(see page I ) , t h a t s u b s t i t u t i o n could occur before a d d i t i o n , t o g i v e 

an aromatic f l u o r i n e compound i n a.ny q u a n t i t y . 

Chloropentafluorobenzene was made by McBee 3 by t r e a t m e n t o f 

hexachlorobenzene w i t h bromine t r i f l u o r i d e and antimony p e n t a f l u o r i d e 

and consequent dehalogenation u s i n g z i n c dust and e t h a n o l . The y i e l d 

was low a l t h o u g h dehalogenation o f c y c l i c CgCl^Fg^''^, w i t h z i n c dust 

and a l c o h o l , improves the y i e l d s l i g h t l y . 

Pentafluorobenzene can be i o d i n a t e d and brominated t o form t h e 
52 85 

i o d o - and bromopentafluorobenzene . Mobbs u s i n g the same t e c n i q u e 

o b t a i n e d a 20$ y i e l d o f c h l o r o f l u o r e b e n z e n e . 
H2 S2°7 

C,EFC +- C l n —- 'p C.C1FC 20$. 
6 5 c A1C1 6 5 

The c h l o r i n e was bubbled i n t o a s o l u t i o n o f pentafluorobenzene, 

d i s s o l v e d i n fuming s u l p h u r i c a c i d , w i t h aluminium t r i c h l o r i d e 

p r e s e n t as a c a t a l y s t . 

The symmetrical 1 , 3 , 5 - t r i c h l o r o t r i f l u o r o b e n z e n e was prepared 

by Finger3^'^'"'"; l , 3 > 5 - t r i f l u o r o b s n z e n e was c h l o r i n a t e d u s i n g s u l p h u r 

monochloride and s u l p h u r y l c h l o r i d e . The c h l o r i n a t i o n o f 1 , 3 , 5 - t r i -

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

1 , 3 » 5 - t r i c h l o r o t r i f l u o r o b e n z e n e . 
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P B j r £ - [ | F . | Low Y i e l d s . 
en, ci 

A wide v a r i e t y o f i'luorohalohenzenes have been r e p o r t e d by 
86 

Vorozhtsov and coworkers! . These were prepared by c h l o r i n a t i o n and 

b r o m i n a t i o n o f fluorobenzenes. The p r e p a r a t i o n o f p e r c h l o r o f l u o r o -

benzenes was a l s o r e p o r t e d . The a p p r o p r i a t e fluorobenzene was brominated 

i n the presence o f aluminium, t h e perbromcfluorobenzene was then 

t r e a t e d w i t h c h l o r i n e , i n U.V. l i g h t f o r 5 -6 hours. o B r 0 . Aluminium _^ C l 0 . 120-130°C. -

f 40-60°C. U.V. 5-6 h r s . a 

The more l i g h t l y c h l o r i n a t e d p e r c h l o r o f l u o r o b e n z e n e s have been 
87 

prepared v e r y r e c e n t l y , i n reasonable y i e l d s , by P a r s h a l l . He 

re a c t e d l , 2 , 4 , 5 - " t e t r a c h l o r o t e t r a f l u o r o c y c l o h e x a - l , 4 - d i e n e w i t h 

potassium f l u o r i d e a t e l e v a t e d temperatures. The -diene i s 

c o n v e n i e n t l y made as mentioned e a r l i e r by the a c t i o n o f sulph u r 

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

The o v e r a l l y i e l d s of p e r c h l o r o f l u o r o b e n z e n e s are best a t 600°C, 

below t h i s temperature f u l l a r o m a t i z a t i o n does not occur, and above, 

the o v e r a l l y i e l d decreases r a p i d l y . 

:6: 600 c. 

KF 

C 6F 6 % . 

C 6C1F C 11$. 

C 6 C I 2 P 4 9*. 

C 6C1 3P 3 4 $ . 
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Another r e a c t i o n p r o d u c i n g these l i g h t l y c h l o r i n a t e d benzenes, 
83 

was r e p o r t e d by Maynard , who r e a c t e d potassium f l u o r i d e w i t h 

hexachlorobenzene u s i n g n - m e t h y l p y r r o l i d o n e as s o l v e n t . 
... , 6 3 3 23$. n-methyl- ^ 

KF + C 6C1 6 • D- C 6 C 1 2 F A 3 4 ^ ' 
p y r r o l i d o n e . 

C^CIF,. s m a l l , o 5 
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FLUORIDATION OF HEXACHLOROBENZENE. 

Preparation of C y c l i c Fluorine Compounds Suitable for Dehalogenation. 

The vapour phase reaction of chlorine t r i f l u o r i d e and benzene, 
19 20 

c a r r i e d out i n these l a b o r a t o r i e s by Musgrave and Banks , gave 

a complicated mixture of hydrochlorofluorocyclohexanes that were 

extremely d i f f i c u l t to soparate. The main d i f f i c u l t y was the retention 

of hydrogen within the molecule, giving a large number of hydrogen 

sub s t i t u t e d cyclohexanes. T h i s was p a r t i a l l y remedied by using a 

lower nitrogen d i l u t i o n r ate and i n c r e a s i n g the chlorine t r i f l u o r i d e , 

benzene r a t i o . This complex mixture could not be separated by 

d i s t i l l a t i o n , although d i s t i l l a t i o n f r a c t i o n s , which contained 
19 

azeotropic mixtures of cyclohexanes, were dehalogenated. Mobbs , 
using the r e l a t i v e l y new technique of passing the vapours over i r o n 

69 

gauze at an elevated temperature ' , found that perfluorobenzene 

( o v e r a l l y i e l d 5%)* pentafluorobenzene (7$), and some fluorobenzenes 

containing more hydrogen, were produced. Although the s t a r t i n g 

m aterial (benzene) i s r e a d i l y a c c e s s i b l e , the low y i e l d s of the 

dehalogenated products do not make i t an a t t r a c t i v e route to highly 

f l u o r i n a t e d aromatic compounds. 

I n order to eliminate the hydrogen from the cyclohexanes, 
16 

work was c a r r i e d out by Johncock on the r e a c t i o n between hexachloro-
benzene and cobalt t r i f l u o r i d e . I n the vapour phase r e a c t i o n , using 

89 

a modification of the reactor used by Massingham , good y i e l d s of 

the highly f l u o r i n a t e d p'srchlorofluorocyclohexanes were obtained. 
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C CI. + CoF C CI F 6 x 12-x + CoF x=l-6 3 2 
CoF 2 + C1F CoF. 3 

This r e a c t i o n involved the regeneration of the cobalt f l u o r i d e 

a f t e r each run, by passing c h l o r i n e .tr i f l u o r i d e over the f l u o r i n a t i n g 
90 

agent . This regeneration was somewhat laborious, as w e l l as 

considerable corrosion occurring within the reactor. The average 

amount of hexachlorobenzene that could be reacted i n each run was 

100 gms. 

These perchlorofluorocyclohexanes were again dehalogenated by 

Mobbs"^, to give good y i e l d s of perfluorobenzene. This i s a very 

much more a t t r a c t i v e route to perfluorobenzene. However i t was 

thought that i f the more highly chlorinated perchlorofluorocyclo-

hexanes could be formed, on dehalogenation some of the chlorine 

would remain within the aromatic product; and thus provide a 

r e a c t i v e point within ths molecule. 

The r e a c t i o n between chlorine t r i f l u o r i d e and hexachlorobenzene 

should provide such a mixture of perchlorofluorocyclohexanes, and 

t h i s work i s reported i n the f i r s t part of t h i s chapter. 

Reaction of Hexaohlorobenzene with Chlorine T r i f l u o r i d e . 

(Molar Ratio ) 

An exploratory run was c a r r i e d out using carbon t e t r a c h l o r i d e 

as a solvent, at room temperature. The chlorine t r i f l u o r i d e , 

d i l u t e d with nitrogen was passed into a s t i r r e d s l u r r y of hexachloro­

benzene. The only r e a c t i o n that ensued was the f l u o r i n a t i o n of 
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the solvent. 
O 

The reaction of molten hexachlorobenzene at 240 C. with 

chlorine t r i f l u o r i d e proceeded reasonably smoothly to give good 

y i e l d s of perchlorofluorocyclohexenes, CgCl F^Q n where n»3-6, 

tetrachlorotetrafluorocyclohexadiene and unreacted hexachlorobenzene 

(see table l ) . 

The rate of c h l o r i n s t r i f l u o r i d e addition and nitrogen 

d i l u t i o n were c o n t r o l l e d such that i g n i t i o n did not occur. In the 

i n i t i a l stages of the reaction, sublimation of the hexachlorobenzene 

often caused blockages i n the a i r condenser. 

A n a l y t i c a l V.P.C. showed that i n subsequent c h l o r o f l u o r i n a t i o n s , 

the d i s t r i b u t i o n of the products although not i d e n t i c a l , was f a i r l y 

c o n s i s t a n t . In each reaction about t h i r t e e n products were formed; 

s i x of these were i s o l a t e d and i d e n t i f i e d . These were separated by 

d i s t i l l a t i o n and f i n a l l y p u r i f i e d by preparative s c a l e vapour phase 

chromatography. 

I n f r a red spectra and N.M.R. measurements showed these 

perchlorofluorocyclohexenes to be mixtures of isomers. These isomers 

could not be separated by d i s t i l l a t i o n , or by vapour phase 
chromatography on packings so f a r used i n these l a b o r a t o r i e s . 

15 29 30 

Other workers havs shown that the perchlorofluorocyclo-

hexanes, formed by the f l u o r i n a t i o i i of chlorobenzenes with m e t a l l i c 

f l u o r i d e s , s i m i l a r l y cannot be separated by d i s t i l l a t i o n or 

chromatography. The p h y s i c a l properties of these cyclohexenes, 

i . e . b o i l i n g point and r e f r a c t i v e index, show the normal gradation 



TABLE I . Products from Chlorofluoridation of Hexachlorobenzene. 

C 6 C 1 6 C 6 C 1 6 C 6 C 1 6 C 6 C 1 6 C 6 C 1 6 C 6 d l 6 C 6 C 1 6 C 6 C 1 6 
Products l£ CIP^ 3 C1F 3 7 C1P 3 3 C1F 3 3 C1F 3 3 C1F 3 3 C1F 3 3 F 2 l£ CIP^ 3 C1F 3 

FeCl^ CoF 2 Limited 
BF 3 

Excess 
BF 3 

C^C1_F_ o j / 2% - -1-/0 
m — ~ — - 2% -

C 6 C 1 4 F 6 1 ĈS % - 2% 2% 10% -
30% A Off 

1 J/O 
- 6% 2% 123?; .15$ -

C6Ch\ 10% mm - - 18% 2% -
c 6 c l 3 F q - Trace Trace Trace - - Trace -
C 6 C V 8 - 4% 10% 3% 3% % 
C 6CI 5P ? - \% 2% 16% ' 14% 1 tf'O 24% 

C 6 C 1 6 F 6 mm 20% 1 $ 13% 3CP/0 25^ 36% 

C 6 C 1 7 F 5 - 10% 2% - 22% 

C 6 C 1 6 - - - - - 3% 

Others 
c6clk\ 

K% - - - - -
Total 
Y i e l d 81% 80% 52% 53% 29% 3W° 80% 90% 0 

• 36 Before correction. 
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on replacement of a f l u o r i n e atom by a chlorine atom. 

I n f r a Red Spectra. 

The i n f r a red spectra of thes^ compounds are extremely i n t e r e s t i n g 

as they shed some l i g h t on the nature of the e x i s t i n g double bond. 

The c h a r a c t e r i s t i c absorbtion due to the double bond occurs from 

1600 cw~^ to 1770 cm"'1'. The -CCl^CCl- grouping giving an-absorbtion 

i n the 1645-1618 cm - 1 region, -CF=0C1- at I7OO-I678 cm - 1, and 

-CF=CF- at 1757-1733 cm-"''. The reaction of antimony pentafluoride 

and hexachlorobenzene described by L e f f l e r " ^ gave perchlorofluoro-

cyclohexenes, which contained only the -CC1=CC1- s t r u c t u r e . The 

cyclohexenes, prepared from the addon of chlorine t r i f l u r o i d e on 

hexachlorobenzene, contain mainly t h i s s t r u c t u r e , however the 

presence of both -CC1=CF- and -CF-CF- groupings can also be detected. 

The l a t t e r s t r u c t u r e s are more prevalent i n the highly f l u o r i n a t e d 

cyclohexenes. From the s i z e of the absorbtion peaks, a rough idea 

of the percentage of each structure present i n each cyclohexene, 

can be deduced. (see table 2). 

Table 2. Nature of Double Bond from I.R. Spectra. 
CI CI F CI F F 

Product f> y i e l d $> -c •= c- i ~c=c- $ -c=c 

C 6 C 1 3 F 7 2 35 55 10 

C 6 C 1 4 F 6 10 50 45 5 

C 6 C 1 5 P 5 30 65 30 5 

C 6 C 1 6 F 4 35 95 0 5 
C CI F 
6 4 4 4 100 - • -



I t can be seen that where thure i s more chlorine i n the 
compound, the percentage: of the -0C1=CC1- grouping i s considerably-
more, i . e . C,Cl,_F r and C,C1,F.. These two compounds are the major 

o p 5 0 0 4 

components, and looking at the t a b l e , i t can be seen that 80$ of 

the product has the -CC1=CC1- s t r u c t u r e . 

I n f r a red spectra of the perchlorofluorocyclohexenes are 

recorded on page 137. 

Tetrachlorotetrafluorocyclohexadiene. 

The c y c l i c C^Cl^F^ i s o l a t e d i n t h i s r e a c t i o n i n 4$ y i e l d was 

shown by N.M.R. measurements to contain only one type of f l u o r i n e . 

Both l,2,4»5 -t et r a c nl o r°t e^ rafluorocyclohexa-l,4-diene ( I ) and 

1,2,3,4-tetrachlorotetrafluorocyclohexa-l,3-diene ( i l ) f u l f i l 

t h i s requirement, however from a study of the f l u o r i n e s h i f t , ( i ) 

can be seen to be the correct s t r u c t u r e . 

: 0 : :® :0 8 
a 

( I ) ( I D ( H I ) ( I V ) (V) 

Comparison of the F s h i f t s (from t r i f l u o r o a c e t i c a c i d ) i n ( i l l ) 

and ( I V ) showed that replacement of f l u o r i n e by chlorine i n the 

double bond had no e f f e c t on the X --fluorine nucleus. A s i m i l a r 

comparison of the F/* s h i f t s showed that a s h i f t occurred to low 

f i e l d of -8.7 p.p.m. This s h i f t is; due to a d i r e c t i n t e r a c t i o n 

between the chlorine and f l u o r i n e n u c l e i and can be observed in many 

other molecules to s h i f t the resonance of the f l u o r i n e to low f i e l d . 

This ortho e f f e c t of a chlorine atcm i s a d d i t i v e ; thus the s h i f t 
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of the ji - f l u o r i n e n u c l e i i n ( i ) would be expected to be approximately 

17*5 p«p-m. to low f i e l d of that i n (v) . The difference between the 

y£-fluorine n u c l e i i n ( i l j and (V) would be ^ 9 p.p.m. The observed 

s h i f t between C^Cl.F' and (V) was 21.26 p.p.m. i n d i c a t i n g that ( I ) 0 4 4 
was the correct s t r u c t u r e . 

The i n f r a red spectrum, (No. 8, pageH*>o) contains a sin g l e 

absorbtion peak at 1645 c m «̂ T h i s i n d i c a t e s that the str u c t u r e 

i s a 1 ,4-diene, as a 1 ,3-diene normally has a doublet i n t h i s region. 

The most conclusive evidence that t h i s compound i s I i s 

obtained from a study of the u l t r a v i o l e t spectrum of I and I I I 

( l ,2-dichlorooctafluorocyclohexene). As I contains two -CC1=CC1-

groupings which are not conjugated, the e x t i n c t i o n c o e f f i c i e n t 

would be expected to be twice the value f o r I I I . Also the maximum 

absorbtion \ m a x should occur at the same point as the for I I I . 

T his i s i n f a c t what happens. 

e ^max 
C^Cl.F. 13,140 208 -y* 

o 4 4 ' 

C 6 C 1 2 F Q ( I I I ) 5,659 213.5 

I f the c y c l i c C^Cl^F^ was a. conjugated diene, the maximum 
91 absorbtion X , would be s h i f t e d to the 255-265«y*- region max / 

Reaction of Hexachlorobenzene with Chlorine T r i f l u o r i d e . 
(Molar Ratio 1:3) 

T h i s reaction was very simila.r to the previous r e a c t i o n , but 

as the cyclohexenes produced i n the i n i t i a l r e action were l i q u i d s 



the f u r t h e r f l u o r i n a t i o n was c a r r i e d out at a lower temperature 

(100 CJ. The product, which again was a l i q u i d contained a mixture 

of perchlorofluorocyclohexanes and -cyclohexenes, (see table l ) . 

C.C1 F l r, where x=3-7 6 x 12-x 
C^Cl Fir, where n -3-6 6 n 10-n 

The compounds with the same number of chlorine atoms had very 

s i m i l a r b o i l i n g points and t h e i r retention times using vapour phase 

chromatography were very c l o s e , making i s o l a t i o n of the products 

very d i f f i c u l t . 

B o i l i n g Eoints.°C. 

C 6 C 1 4 F 6 : _ 1 7 8 ' 5 * C 6 C 1 5 P 5 ! : - 2 0 8 * 5 , C 6 C 1 6 P 4 : - 2 4 2 * 5 * 
C 6 C 1 4 F 8 ! " 1 7 5 " 5 ' C 6 C 1 5 F 7 S ; " 2 0 7 • 5 • C 6 C 1 6 F 6 : ~ 2 4 8 ' ° * 
The compounds were i s o l a t e d i n p a i r s by d i s t i l l a t i o n as 

previously described. Each " p a i r " was then separated into the 

cyclohexane and cyclohexane by chromatography; although f o r a. 

pure sample to be obtained, the product had to be r e c y c l e d . 

T h i s r e a c t i o n was used as a control r e a c t i o n , to compare with 

the products from the catalysed reactions of chlorine t r i f l u o r i d e 

and hexachlorobenzene, which- are mentioned l a t e r . The production 

of the cyclohexane and cyclohexene compounds, shows the e f f e c t of 

both s a t u r a t i o n and f l u o r i n a t i o n , with the l e a s t number of experiment 

Reaction of Hexashlorobenzene and Chlorine T r i f l u o r i d e . 
(Molar Ratio 1:7) 

Af t e r the i n i t i a l mixture of cyclohexenes had been prepared, 
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the temperature was again lowered to 100 C. and the f u r t h e r f l u o r i n a t i o n 

c a r r i e d out. The f u l l s a t u r a t i o n of t h i s remaining double bond 

required seven moles of chlorine t r i f l u o r i d e to one mole of hexachloro­

benzene. The t o t a l y i e l d of the perchlorofluorocyclohexanes, 

C g C l ^ F ^ x where x*3-7, was j u s t over 50$» (see table 1, page S o ) . 

These cyclohexanes contain more chlorine than the products from the 

cobalt t r i f l u o r i d e , hexachloroben2;ene r e a c t i o n " ^ , but the y i e l d was 

lower. The amount of chlorine t r i f l u o r i d e used i n the r e a c t i o n 

was about the same as that required to regenerate the cobalt 

d i f l u o r i d e . 

The perchlorofluorocyclohexan.es were separated by d i s t i l l a t i o n 

and vapour phase chromatography, and i d e n t i f i e d by a n a l y s i s . C y c l i c 

C,C1.F_, C,C1.F Q and CCC1..F_, prepared from the cobalt t r i f l u o r i d e , o i y b 4 0 b 5 f 
hexachlorobenzene r e a c t i o n , were e.vailable f o r comparisons of i n f r a 

red spectra, and r e t e n t i o n times using vapour phase chromatography. 

The heptachloropehtafluorocyclohexane could not be p u r i f i e d by 

preparative s c a l e V.P.C. as dehalcgenation occurred on the column. 

This i s quite understandable, as the temperature used had to be high 

(260*c), and c y c l i c C^Cl^F,. must contain a gem dichloro grouping. 

This must be unstable, a s - c y c l i c C.'̂ C1,_FC was i s o l a t e d as the 
o 5 5 

dehalogenation product. 

The i n f r a red spectrum of t h i s compound showed that the double 

bond present was mainly of the -CF=CC1- st r u c t u r e (absorbtion at 

1686 crn -"^). This shows that the i n s t a b i l i t y of the c y c l i c CgCl^Fp. 

i s not due to two adjacent gem dichloro groups. 

http://perchlorofluorocyclohexan.es
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CAF OF 

* CiF * F 

The Influence of C a t a l y s t s on the Reaction between Hexachlorobenzene 

and Chlorine T r i f l u o r i d e . 

I t was thought that i n the c h l o r o f l u o r i n a t i o n of hexachloro­

benzene, Lewis a c i d c a t a l y s t s would aid both f l u o r i n a t i o n , and 

s a t u r a t i o n of the cyclic; monoenes.. A 1:3 molar r a t i o of hexachloro­

benzene to chlorine t r i f l u o r i d e was used, f o r reasons already 

explained. The products were i d e n t i f i e d by a n a l y t i c a l s c a l e V.P.C., 

and i n the case of f e r r i c chloride and coblat f l u o r i d e , the product 

was d i s t i l l e d and the main components i s o l a t e d by preparative s c a l e 

V.P.C., and i d e n t i f i e d by i n f r a red spectroscopy. 

- There was some d i f f i c u l t y i n the addition of f e r r i c c hloride, 

as sublimation occurred at. the temperature required f o r i n i t i a l 

c h l o r o f l u o r i n a t i o n (240°C). This was overcome by addition, a f t e r 

the temperature was dropped to 100*C, halfway through the experiment. 

Both cobalt f l u o r i d e and boron t r i f l u o r i d e were added at the 

beginning. Aluminium t r i c h l o r i d e was found to be of no use as a 

c a t a l y s t , as i t turned the l i q u i d monoenes into s. t h i c k paste. This 

could not be e f f e c t i v e l y s t i r r e d , and the chlorine t r i f l u o r i d e i g n i t e d , 

causing considerable decomposition. The r e s u l t s of these reactions 

(see t a b l e 1, page S o ) , may be summarized as follows:-

F e r r i c Chloride. More f l u o r i n a t i o n occurred both i n the saturated 

and unsaturated compounds, although the percentage of saturated 



material i n the product i s lower. The o v e r a l l y i e l d (53$) was 

considerably reduced. 

Cobalt Fluoride. The o v e r a l l y i e l d was very poor (29$). 

Saturation was much more prevalent, only 13$ of the product was 

present as unsaturated m a t e r i a l . 

Boron T r i f l u o r i d e . Small amounts of boron t r i f l u o r i d e gave 

an extremely good y i e l d (94$)- The product contained more of the 

highly chlorinated m a t e r i a l , both saturated and unsaturated, 

i . e . CgClgFg 30$) CgClgF'^ ^®^» c o n ' P a r e < i with the uncatalysed reaction 

C 6 C 1 6 F 6 20$, C 6 C 1 6 F 4 10$. 

Large amounts of boron trif l u . o r i d e did not a l t e r the o v e r a l l 

y i e l d s of the r e a c t i o n , although the unsaturated material contained 

more of the highly f l u o r i n a t e d compounds. 

The use of f e r r i c chloride ar..d cobalt f l u o r i d e lowered the y i e l d s 

considerably, and had no r e a l advantage over the uncatalysed r e a c t i o n s . 

The cyclohexanes may be formed more quickly by using cobalt f l u o r i d e 

as a c a t a l y s t , however low y i e l d s are obtained. The use of boron 

t r i f l u o r i d e , i n l i m i t e d amounts, gave enhanced y i e l d s , and prevented 

i g n i t i o n of the hexachlcrobenzene throughout the experiment. I f the 

preparation of these compounds were required i n large amounts, i t 

would be advantageous to use boron t r i f l u c r i d e as a c a t a l y s t . 
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T h e o r e t i c a l Considerations. 

Introduction. 

The perchlorofluorocyclohexenes formed i n the c h l o r o f l u o r i n a t i o n 

of hexachlorobenzene have been shown to be mixtures of isomers which 

cannot be separated. The M.M.R. spectra of the cyclohexenes were 

too complicated to give any data on t h e i r configuration, although 

the i n f r a red spectra did show the nature of the double bond, 

(see t a b l e 2, page 31)• 

I t i s obvious that these isomers can be formed by a number of 

d i f f e r e n t routes. These would involve, f i r s t l y , the addition of 

f l u o r i n e and chlorine monofluoride across a double bond; i n the 

case of a conjugated diene both 1,2 and 1,4 addition can occur. 

Secondly, both v i n y l i c and a l l y l i c s u b s t i t u t i o n of chlorine can 

occur, s i m i l a r l y although l e s s lik.ely f l u o r i n e may be substituted 

by c h l o r i n e . 

I t i s also p o s s i b l e that at the elevated temperature of the 

r e a c t i o n , isomerization of the dienes, formed a f t e r the i n i t i a l 

addition, may occur. Also the more unstable dienes may dehalogenate, 

or more l i k e l y dechlorinate. F i n a l l y i t must be born i n mind that 

although addition occurs e a s i l y with the aromatic and diene compounds 

there i s a marked r e s i s t a n c e to f u r t h e r addition to the cyclohexenes 

so formed. 

I n i t i a l Attack in. the General F l u o r i n a t i o n of Benzenes. 

I n i t i a l addition of f l u o r i n e , or chlorine monofluoride, can 

e i t h e r occur i n the 1,2 or the 1.4 p o s i t i o n s . From a survey of the 



l i t e r a t u r e i t seems l i k e l y t h a t the 1 ,4 a d d i t i o n i s more probable. 

I t has been shown i n the f l u o r i n a t i o n o f benzene u s i n g c o b a l t 
92 

t r i f l u o r i d e t h a t the i n i t i a l a d d i t i o n occurs i n the 1 ,4 p o s i t i o n . 

The p r o d u c t s i s o l a t e d from t h i s r e a c t i o n are mainly l ^ ^ ^ - ^ e t r a -

h y d r o o c t a f l u o r o c y c l o h e z a n e , and 1 , 2 , 4 - t r i h y d r o n o n a f l u o r o c y c l o h e x a n e . 

These p r o d u c t s are a l s o formed i n the f l u o r i n a t i o n o f fluorobenzene, 

which i s p r o b a b l y an i n t e r m e d i a t e :Ln the f o r n e r r e a c t i o n . The 

e x p l a n a t i o n f o r t h e p r o d u c t i o n o f o n l y these h y d r o f l u o r o c y c l o h e x a n e s 

i s t h a t 1 ,4 a d d i t i o n must occur, '.if 1,2 a d d i t i o n occurs a 

1 , 2 , 3 , 4 - t e t r a h y d r o o c t a f l u o r o c y c l o ' h c x a n e would be formed. 

Stage 2 can e a s i l y d e h y d r o f l u o r i n a t e , whereas stage 4 cannot, 

t h e r e f o r e a d d i t i o n o f f l u o r i n e occurs. 

S i m i l a r l y , 1 ,4 a d d i t i o n o f f l u o r i n e was p o s t u l a t e d by L e f f l e r , 

t o e x p l a i n the mechanism of the r e a c t i o n between hexachlorobenzene 

and antimony p e n t a f l u o r i d e (see page 5 ) « However no evidence was 

shown f o r t h i s assumption. 

His mechanism a l s o suggested t h a t rearrangement o f the 

cyclohexadienes o c c u r r e d ; and a l t h o u g h i t i s q u i t e l i k e l y t h a t a 

temperature was reached where rearrangement c o u l d occur, no evidence 

f o r t h i s was g i v e n . The pro d u c t s ho o b t a i n e d can be e x p l a i n e d more 

sim p l y w i t h o u t t h i s rearrangement, I f we assume t h a t antimony 

FH IT F. P. 
UP 

6 HP HF o 
F. 

UF 
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p e n t a f l u o r i d e i s a good reagent f o r the s u b s t i t u t i o n o f f l u o r i n e . 

This assumption has been v e r i f i e d i n the l i t e r a t u r e "' 

Thus:- P 

Ft, ' «i 

c 6 c i 3 ^ 7 : Q * w 
* Fx 

I t i s a l s o w e l l known t h a t i n the h a l o g e n a t i o n o f 1 ,3 butadiene, 

the main product i s the l , 4 - d i h a l o ' b u t - 2 - e n e . 

Br 
CH = CH - •CH ̂ 0 H o — - o - CHr)Br - CH = CH - CH 0Br 

c. c. d. c. 

I n t h e vapour phase- c h l o r o f l u o r i n a t i o n o f benzene a t 260°C, i n 

a r e a c t o r packed w i t h copper c l i p p i n g s , i t has been suggested t h a t 

c h l o r i n e t r i f l u o r i d e disssociates i n t o f l u o r i n e r a d i c a l s and c h l o r i n e 

m o n o f l u o r i d e 

CIF^ v Clip + 2F" ( 1 ) 

The c h l o r i n e m o n o f l u o r i r i e then d i s s o c i a t e s i n t o f l u o r i n e and 

c h l o r i n e r a d i c a l s . 

GIF F' •+ CI' AH: = 60 K cals/mole. 

F x F' + F' AH = 38 K cals/mole. 

These r a d i c a l s add g.cross double bonds, and rep l a c e hydrogen 

w i t h f l u o r i n e and c h l o r i n e . T h i s sieems l i k e l y , a l t h o u g h t h e i n i t i a l 

stage ( l ) r a i s e s some doubts, as c h l o r i n e t r i f l u o r i d e i s prepared 

by h e a t i n g f l u o r i n e and c h l o r i n e monofluoride t o g e t h e r a t temperatures 

o f over 200°C. 
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I n i t i a l A t t a c k i n t h e C h l o r o f l u o r i n a t i o n o f Hexachlorobenzene. 

The mechanism o f thcj above r e a c t i o n cannot be compared w i t h 

the r e a c t i o n o f c h l o r i n e t r i f l u o r i d e w i t h hexachlorobenzene. I f 

r a d i c a l a t t a c k o c c u r r e d i n a s i m i l a r manner, the r e a c t i o n would n o t 

stop a t t h e cyclohexene !3tage, but go on t o the f u l l y s a t u r a t e d 

cyclohexane. Again i f fj.-ee r a d i c a l a t t a c k does occur, t h e products 

should be s i m i l a r t o thone o b t a i n e d from the r e a c t i o n between 

hexachlorobenzene and elemental f l u o r i n e . However no cyclohexene 

has been i s o l a t e d a t any stage i n t h i s r e a c t i o n (see page Si). 

I t i s most l i k e l y t h a t c h l o r i n e t r i f l u o r i d e , i t s e l f , i n t e r a c t s 

w i t h hexachlorobenzene t o g i v e the a d d i t i o n compound. There i s no 

evidence t o i n d i c a t e whether t h i s a t t a c k i s i o n i c o r f r e e r a d i c a l . 

t» OF 

Ci CtF 

However, i f a f r e e r a d i c a l a t t a c k does: occur the f l u o r i n e 

r a d i c a l produced must immediately be used i n the a d d i t i o n . 

< 0 + CIF^ 
OF 

I t should be noted t h a t a f t e r a d d i t i o n o f f l u o r i n e has o c c u r r e d , 

a molecule o f c h l o r i n e m c n o f l u o r i d e i s produced. S i m i l a r l y i f the 

i n t e r a c t i o n o f c h l o r i n e " t r i f l u o r i d e ! w i t h hexachlorobenzene adds a 

molecule o f c h l o r i n e m o n c f l u o r i d e , a molecule o f f l u o r i n e i s produced. 

However i f f l u o r i n e i s produced, i t w i l l form f r e e r a d i c a l s 
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(see page 53 ) ; but i t i s known t h a t the r e a c t i o n does n o t i n v o l v e 

the l a r g e scale r a d i c a l a t t a c k by f l u o r i n e . Thus i t seems most 

l i k e l y t h a t i n the a d d i t i o n r e a c t i o n o f c h l o r i n e t r i f l u o r i d e , c h l o r i n e 

m o n o f l u o r i d e i s l i b e r a t e ! and two atoms o f f l u o r i n e are added across 

the double bond. C h l o r i n e m o n o f l u o r i d e has a much h i g h e r bond 

d i s s o c i a t i o n energy, i . e . 22 K. cals/mole more. I t seems u n l i k e l y 

t h a t t h i s d i s s o c i a t e s t o give f r e e r a d i c a l s , which would again f u l l y 

s a t u r a t e the cyclohexenes. 

T h i s i n i t i a l a d d i t i o n o f f l u o r i n e must occur m a i n l y i n the 

1,4 p o s i t i o n , as the 1,2,4»5-'tetrachlorotetrafluorocyclohe3:a-l,4-cl.iene 

was i s o l a t e d uncontaminated w i t h t h e 1,3 isomer. I t i s known t h a t 

these isomers would have the same r e t e n t i o n time u s i n g vapour phase 

chromatography. T h e r e f o r e i f any o f t h i s isomer was p r e s e n t , i n d i c a t i n g 

1,2 a d d i t i o n , i t would have been i s o l a t e d as w e l l . 

Rearrangement and Dehalogenation., 

The i s o l a t i o n o f c y c l i c CgCl^F^ as a pure isomer, i n d i c a t e s t h a t 

rearrangement o f the c y c l i c dienes does n o t occur. I f rearrangement 

d i d occur w i t h i n the r e a c t i o n , i t i s h i g h l y improbable t h a t a pure 

isomer c o u l d have been i s o l a t e d . Other evidence i n the dehalogenation 

o f the p e r c h l o r o f l u o r o c y c l o h e x e n e s (see page 61 ) , also p o i n t s t o the 

f a c t t h a t the amount o f rearrangement t h a t occurs, a t t h i s temperature 

i s very, l i m i t e d . 

p. 

220°C. F 

47% + C,-C1,F, 6%. 
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Although i t i s d o u t t f u l t h a t the dienes rearrange, i t i s q u i t e 

p o s s i b l e t h a t they dehalogenate. Cyclohexadienes are g e n e r a l l y known 

t o dehalogenate at temperatures w e l l below t h a t r e q u i r e d f o r the 
67 68 69 

cyclohexenes ' ' . Thus c y c l i c : C^Cl^F^ was aromatized, u s i n g t h e 

i r o n gauze dehalogenator, w i t h o u t a t r a c e o f s t a r t i n g m a t e r i a l present 

i n the p r o d u c t , a t 230*C. T h i s is; the same temperature as used i n 

the c h l o r o f l u o r i n a t i o n r e a c t i o n . Thus we can imagine such a r e a c t i o n 

o c c u r r i n g : -
Tr F c | _ r ' " i F fp ^ x 

F« F F t 

A d d i t i o n t o t h e Cyclohe::ene. 

F u r t h e r a d d i t i o n o f f l u o r i n e o r c h l o r i n e m onofluoride t o t h e 

cyclohexadiene must occur t o g i v e t h e cyclohexene. The a d d i t i o n o f 

f l u o r i n e w i l l be as b e f o r e , i . e . as the c h l o r i n e t r i f l u o r i d e molecule, 

and n o t as elemental f l u o r i n e . The a d d i t i o n o f c h l o r i n e m o n o f l u o r i d e 

w i l l be more p r e v a l e n t i n the l a t t e r stages o f the r e a c t i o n , as i t 

w i l l b u i l d up a f t e r t h e a d d i t i o n o f f l u o r i n e from c h l o r i n e t r i f l u o r i d e 

F u r t h e r a d d i t i o n t o the monoone i s h i n d e r e d due t o s t e r i c 

c o n s i d e r a t i o n s , a l t h o u g h s a t u r a t i o n does occur w i t h prolonged passage 

o f c h l o r i n e t r i f l u o r i d e . . However the r e s i s t a n c e o f t h i s bond t o 

a d d i t i o n can be seen by the l a r g e excess o f c h l o r i n e t r i f l u o r i d e 

r e q u i r e d f o r complete s a t u r a t i o n . 

I t can be seen from f i g s , ( a ) and ( b ) , (page (|-lf-) t h a t the 

c h l o r i n e atoms 2 and 3 cause c o n s i d e r a b l e crowding i n the monoene ( a ) , 
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as they are d i r e c t e d from the carbon atoms 2 and 3> towards the 

double bond; whereas ir< the dieno ( b ) they are d i r e c t e d away. I t 

can a l s o be seen t h a t c h l o r i n e s 1 and 4 are c l o s e r t o t h e v e r t i c a l 

i n the monoene (a.), thar. i n t h e diene ( b ) ; they must t h e r e f o r e 

s h i e l d the double bond more. 

Thus the approach o f a l a r g e molecule, such as c h l o r i n e 

t r i f l u o r i d e o r antimony p e n t a f l u o r i d e , towards a double bond i s 

c o n s i d e r a b l y e a s i e r i n the diene g'.tage, than i n the monoene stage. 

A l l y l i c and V i n y l i c S u b s t i t u t i o n . 

Throughout the r e a c t i o n b o t h a l l y l i c and v i n y l i c s u b s t i t u t i o n 

can occur. The g r e a t e r r e a c t i v i t y o f an a l l y l i c g r o u p i n g t o 

s u b s t i t u t i o n , i s due t o the e x t r a s t a b i l i t y o f the i o n i c o r f r e e 

r a d i c a l i n t e r m e d i a t e . Thus i n a f r e e r a d i c a l s u b s t i t u t i o n , the 

e x t r a s t a b i l i t y i s caused by t h e f a c t t h a t the e l e c t r o n can be 

shared over the molecule. I n t h e b r o m i n a t i o n o f cyclohexene w i t h 

n-bromosuccinimide, which has been shown t o occur v i a a f r e e r a d i c a l 

mechanism, we have:-

Consequent b r o m i n a t i o n o c c u r r i n g i n t h e a l l y l i c p o s i t i o n . 

I n t h e s u b s t i t u t i o n o f a l l y l i c c h l o r i n e i n the c h l o r o f l u o r o -

dienes, e x t r a s t a b i l i t y nay be gained by the a b i l i t y o f t h e 

i n t e r m e d i a t e formed t o rearrange. 

o CM*<JO o. 
6r 

o 
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a CI 

Fa 

Fa PCI 

A l t h o u g h the l a s t step p r o b a b l y does n o t form the s u b s t i t u t e d 

1 , 3 d i e n e , as no evidenc'3 i s found f o r such a diene, i t may s t i l l 

h e l p i n the s t a b i l i t y o f the i n t e r m e d i a t e . 

The evidence t h a t i s a v a i l a b l e t o p o i n t t o the d i f f e r e n c e i n 

s u s c e p t i b i l i t y o f v i n y l i c and a l l y l i c s u b s t i t u t i o n i n t h i s r e a c t i o n , 

i s t h a t 80$ o f the r e a c t i o n p r o d u c t c o n t a i n s the -CC1=CC1- s t r u c t u r e ; 

i n d i c a t i n g t h a t v i n y l i c s u b s t i t u t i o n does n o t occur v e r y r e a d i l y . 
93 

Henne has shown q u i t e c o n c l u s i v e l y t h a t a l l y l i c c h l o r i n e i s 
s u b s t i t u t e d by f l u o r i n e f a r more r e a d i l y than v i n y l i c c h l o r i n e . 

Sb!P 
l ) c c i 2 = GC1 - c c i 3 CClg = CCl - CP^ 10056. 

o CF C C l , 2 60$ 

The second r e a c t i o n i s so v i g o r o u s t h a t 40$ decomposition 

occurs. 

Only r e c e n t l y have r e p o r t s i n d i c a t e d t h a t f l u o r i n a t i o n o f 

c h l o r i n e can occur i n t h e v i n y l i c p o s i t i o n ' ^ . 

A General Reaction Scheme. 

Alt h o u g h t o p o s t u l a t e a d e t a i l e d mechanism on the evidence put 
1 

f o r w a r d i s i m p o s s i b l e , a g e n e r a l r e a c t i o n scheme can be put f o r w a r d . 

T h i s shows the i n i t i a l 1,4 a d d i t i o n o f f l u o r i n e , the growing importance 
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o f c h l o r i n e raonofluoride' as the re'action progresses, t h e d i s a b i l i t y 

o f the cyclohexadienes t o r e a r r a n g e , a l l y l i c c h l o r i n e s u b s t i t u t i o n 

and f o r m a t i o n o f the 1 , 2 , 4 > 5 - " f c e t r a c h l o r o t e t r a f l u o r o - l , 4 - d i e n e as an 

i n t e r m e d i a t e . 

I t i s d i f f i c u l t , a t f i r s t s i g h t , t o f i n d which isomers are 

present i n the h i g h e s t p r o p o r t i o n i n each cyclohexene. I t i s , 

however, p o s s i b l e t o d i s c o v e r t h e tsxact c o n f i g u r a t i o n o f the aromatic 

compounds present i n the dehalogenated p r o d u c t . 

T h i s i s done by N.M.R. measurements (see page 60 y t a b l e 3 1 ) . 

Thus i f we know t h e aroms'.tic compounds p r e s e n t , and a l s o t h e 

mechanism o f the dehalogenation process (see page 61 ) ; i t i s p o s s i b l e 

t o p r e d i c t which isomers are present i n each cyclohexene, (see page 65"). 

As the r e a c t i o n scheme i s extremely g e n e r a l , the p r o d u c t i o n o f 

Cgd,-^ and C^Cl^F^ o n l y , i s i n d i c a t e d , ( t h i s i s 80$ o f the p r o d u c t ) . 

I t can e a s i l y be seen t h a t C,C1.F. and C,C1_F_ w i l l be formed by 
o 4 *• o j | 

f u r t h e r f l u o r i n a t i o n . 

PCI 

O" — SO ft/"" sO CI CI 
Cl >ubct-« «1 

so 
F. 

FCl 

0 XX 
F l 

F« 

'-O Fa rC4 

Fci F. 

F. ".O 
F i 

:0 SubfM Cl C l F 
Cl FCl 

FC| 
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The L i q u i d Phase Reaction between F l u o r i n e and 
Hexachlcrobenzene. 

The most i n t e r e s t i n g p r o p e r t y o f the p e r c h l o r o f l u o r o c y c l o h e x a n e s , 

-cyclohexenes and -cyclohexadienes i s t h e i r a b i l i t y t o dehalogenate, 

i n good y i e l d s , i n t o h i g h l y f l u o r i n a t e d aromatic compounds. Perhaps 

the most i m p o r t a n t o f these are perfluorobenzene and c h l o r o p e n t a -

fluorobenzene. 

A l t h o u g h the l i q u i d phase r e a c t i o n between c h l o r i n e t r i f l u o r i d e 

and hexachlorobenzene gave b o t h the u n s a t u r a t e d compounds CgCl^F^Q n' 

where n = 3 - 6 , and t h e s a t u r a t e d compounds G^Cl F n_ , where x = 3 - 7 ; 
' 6 x 12-x ' 

good y i e l d s o f the h i g h l y f l u o r i n a t e d aromatic compounds are o n l y 

o b t a i n e d w i t h the l a t t e r . The per'chlorofluorocyclohexenes r e t a i n 

the -CC1=CC1- g r o u p i n g a f t e r d e h a l o g e n a t i o n , t o g i v e aromatic 

compounds w i t h r a t h e r more chlorin-3 present than i s d e s i r e d . 

The p e r c h l o r o f l u o r o o y c l o h e x a n e s , a l t h o u g h obtained i n moderate 

y i e l d s ( 5 0 $ ) from the c h l o r o f l u o r l i i a t i o n o f hexachlorobenzene, r e q u i r e , 

f o r f u l l s a t u r a t i o n , r a t h e r a largi3 amount o f c h l o r i n e t r i f l u o r i d e , 

( 7 moles f o r 1 mole o f hexachlorobisnzene). The cyclohexanes, o b t a i n e d 

from t h e f l u o r i n a t i o n o f hexachlorobenzene w i t h c o b a l t t r i f l u o r i d e ^ , 

are much more h i g h l y f l u o r i n a t e d and do n o t , on deha l o g e n a t i o n , 
19 

r e t a i n a c h l o r i n e atom . Thus f o r p r o d u c t i o n o f c h l o r o p e n t a f l u o r o ­

benzene, t h e above methods are not e n t i r e l y adequate. 

I n o r d e r t o o b t a i n p e r c h l o r o f l u o r o c y c l o h e x a n e s s u i t a b l e f o r 

dehalogenation t o g i v e c h l o r o p e n t a f l u o r o b e n z e n e , an obvious choice, 

a f t e r u s i n g c h l o r i n e t r i f ' l u o r i d e on hexachlorobenzene, i s t o use 

elemental f l u o r i n e on hexachlorobenzene. T h i s r e a c t i o n has a l r e a d y 
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been i n v e s t i g a t e d by B a n c r o f t and j ' t f h e a r t y ^ ' ^ i n 1931» and by 
12 

Bigelow"^ i n 1934 and 1938- Both i n v e s t i g a t i o n s met w i t h l i t t l e 

success, a l t h o u g h Bigelow reported, the i s o l a t i o n o f c y c l i c CgClgFg 

and CgClgF^: however thisse represented o n l y a small amount o f the 

pr o d u c t . 

F l u o r i n a t i o n o f Hexachlorobenzene., 

Several e x p l o r a t o r y r e a c t i o n s w i t h o u t the use o f a s o l v e n t 

proved t o be o f no value.. The choice o f t h e s o l v e n t f o r t h i s r e a c t i o n 

was governed by two f a c t o r s . F i r s t l y i t must a f f e c t the course o f 

the f l u o r i n a t i o n as l i t t . ' . e as p o s s i b l e ; secondly i t must be e a s i l y 

removed from the products;. The a c t u a l s o l v e n t power was n o t taken 

i n t o c o n s i d e r a t i o n , as a s l u r r y o f hexachlorobenzene was p e r f e c t l y 

adequate f o r f l u o r i n a t i o n . 

The two s o l v e n t s a v a i l a b l e were 1 , 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e 

( i s c e o n 1 1 3 ) > and carbon t e t r a c h l o r i d e . Both s o l v e n t s would be 

removed from the r e a c t i o n v e s s e l , by f l u o r i n a t i o n , d u r i n g the r e a c t i o n . 

1 ) CgCl F b " P " 4 8 ' C * °2C12FA b,p* 3"C* 

2 ) CC1 4 b.p. 76"C. *«• CC:i3F b.p. 20°C. • *~ C C l ^ b.p. - 2 8 

Isceon 113 was chosen as l e s s f l u b r i n a t i o n o f the s o l v e n t i s 

r e q u i r e d t o remove i t from the vesssel. 

Both the s o l v e n t and the hexachlorobenzene are f l u o r i n a t e d 

s i m u l t a n i o u s l y . As the r e s u l t a n t m i x t u r e o f cyclohexanes i s a l i q u i d 

p a s t e , which can c o n v e n i e n t l y be f u r t h e r f l u o r i n a t e d w i t h o u t the 

a d d i t i o n o f s o l v e n t , the: removal o f the s o l v e n t by f l u o r i n a t i o n i s 

a d i s t i n c t advantage. 
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I 
I t i s i m p o r t a n t t h a t the r e a c t i o n should be c a r r i e d out i n the 

fume cupboard, f o r i f a. condenser was used on t h e o u t l e t s i d e , 
v i o l e n t e x p l o s i o n s o c c u r r e d . Thigi could be due t o e i t h e r f l u o r i n e 
o x i d e s , or u n c o n t r o l l e d f l u o r i n a t i o n i n the gaseous s t a t e . Most o f 
the e a r l y l i t e r a t u r e d e f l u o r i n a t i o n r e a c t i o n s w i t h elemental 
f l u o r i n e , s t r e s s t h e importance of keeping th e vapour phase present 
t o a minimum. 

The amount o f f l u o r i n e passed, i n t o the r e a c t i o n m i x t u r e was 

c a l c u l a t e d t o s a t u r a t e f u l l y t he benzene nuc l e u s , and a l s o t o 

f l u o r i n a t e the s o l v e n t . 

1 ) C 6C1 6 + 3 F 2 . C 6C1 6F 6 

2 ) C 2C1 3P 3 -H i F . *- C 2 C 1 2 F 4 

Some o f the s o l v e n t w i l l evaporate from the ve s s e l w i t h o u t b e i n g 

f l u o r i n a t e d , but t h i s is: c o u n t e r a c t e d by t h e f l u o r i n e which passes 

t h r o u g h unreacted.. The product WE.S i d e n t i f i e d by a n a l y t i c a l scale 

V.P.C. T h i s showed t h e presence o f the p e r c h l o r o f l u o r o c y c l o h e x a n e s 

C,C1 F, _ , where x - 4 - 7• See t a b l e 3. 6 x 12-x 

Table 3» 

Reaction Product f ' T o t a l 

C 6 C 1 4 P 8 • W H C 6 C 1 6 P 6 C 6 C 1 7 P 5 Y i e l d 

C 6C1 6/3P 2 5 24 36 22 9 0 a 

C 6 C l 6 / 7 i P 2 16 . 2 1 15 3 5 9 b 

a. i n c l u d i n g % CgClg b. i n c l u d i n g &$ CgCl^F^. 

For comparison o f these r e s u l t s w i t h . t h e c h l o r o f l u o r b i n a t i o n o f 



hexachlorobenzene, see ja g e 30 t a b l e 1. 

Th i s m i x t u r e o f per c h l o r o f l u c ' r o c y c l o b e x a n e s , w i t h o u t s e p a r a t i o n , 

i s e x t r e m e l y s u i t a b l e f o r the p r e p a r a t i o n o f perfluorobenzene and 

ch l o r o p e n t a f l u o r o b e n z e n e , by d e h a l o g e n t a t i o n , (see page 8 0 ) . The 

o v e r a l l y i e l d o f 90$ i s v e r y good, and the method gave e a s i l y 
1 

r e p r o d u c i b l e r e s u l t s even w i t h l a r g e amounts o f s t a r t i n g m a t e r i a l . 

The l a r g e s t amount f l u o r i n a t e d i n i t h e s e l a b o r a t o r i e s was 400 gms. o f 

hexachlorobenzene, g i v i n g 516 gms.; o f p e r c h l o r o f l u o r o c y c l o h e x a n e s . 

Both a n a l y t i c a l scale V.P.C. and an i n f r a r ed spectrum o f t h e 

pr o d u c t , showed t h a t no u n s a t u r a t e d m a t e r i a l was p r e s e n t . More 

i m p o r t a n t , a s i m i l a r a n a l y s i s o f a sample removed halfway through 

t h e r e a c t i o n , showed t h a t o n l y p e r c h l o r o f l u o r o c y c l o h e x a n e s and 

unreacted s t a r t i n g m a t e r i a l were p r e s e n t . 

F u r t h e r F l u o r i n a t i o n o f the P e r c h l f j r o f l u o r o c y c l o h e x a n e s . 

The product from the above r e a c t i o n was f u r t h e r f l u o r i n a t e d , 

t o see i f s u b s t i t u t i o n o c c urred e a i s i l y , g i v i n g more h i g h l y f l u o r i n a t e d 

cyclohexanes. These wcu3.d, on deh a l o g e n a t i o n , g i v e h i g h e r y i e l d s o f 

perfluorobenzene. 

The f l u o r i n a t i o n wasi t r i e d out a t room temperature, 100°C. and 

200 C. At each stage thss amount o f f l u o r i n e passed i n t o the v e s s e l 

was s u f f i c i e n t t o r e a c t w i t h the c y c l i c CgClgFg, and produce c y c l i c 

C 6 C 1 3 F 9 -

C 6C1 6F 6' + l i F 2 ~ C 6C1 3F 9. 

However very l i t t l e f l u o r i n a t i o n o c c u r r e d , and a f t e r the t h i r d 
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stage, the m i x t u r e was sihown t o c o n t a i n cyclohexanes o f general 

f o r m u l a C^Cl F 1 0 , where x = 3 -7• The average c o n s t i t u t i o n was ' 
6 x 12-x ° 

C^Clc-F,,. See t a b l e 3-b p f 
C 6C1 6F 6 + 4iP 2- — C 6C1 5F 7. 

I t seems t h a t a l t h o u g h f l u o r i n e i s a very e f f e c t i v e reagent f o r 

the s a t u r a t i o n o f double! bonds, i t ; i s not a. good reagent f o r the 

s u b s t i t u t i o n o f c h l o r i n e . I f a b e t t e r y i e l d o f the more h i g h l y 

f l u o r i n a t e d cyclohexanes i s r e q u i r j 3 d , the c h l o r o f l u o r o c y c l o h e x a n e s , 

( o f average c o n s t i t u t i o n CgCl^Fg) c o u l d be t r e a t e d w i t h antimony 

p e n t a f l u o r i d e . T h i s , as a l r e a d y seated i s a v e r y e f f e c t i v e reagent 
i 93 f o r the s u b s t i t u t i o n o f c h l o r i n e by f l u o r i n e . 

T h e o r e t i c a l C o n s i d e r a t i o n s . 

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

I n t h e r e a c t i o n o f hexachlorobenzene w i t h f l u o r i n e , no 

u n s a t u r a t e d m a t e r i a l was found i n the r e a c t i o n p r o d u c t , o r indeed 
1 2 

a t t h e h a l f w a y stage. The r e p o r t by Bigelow ' o f the i s o l a t i o n o f 
i i 

c y c l i c C^ClgF^ i s dubious, i t i s fa;r more l i k e l y t o be c y c l i c C^Cl^F^. 

Bigelow i d e n t i f i e d t h i s compound by an a n a l y s i s and a mo l e c u l a r 

weight d e t e r m i n a t i o n . The c h l o r i n e and f l u o r i n e a n a l y s i s o f C^Cl-F™ 
b 5 7 

and CgClgF^ are v e r y close!, and wrong i d e n t i f i c a t i o n c o u l d a r i s e 

from t h i s . 

C 6 C 1 6 F 4 C 6 C 1 7 F 5 

C h l o r i n e % 5 9 . 0 5 9 . 7 

'Fluorine $ 21 . '05 2 2 . 9 
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S i m i l a r l y , Bigelow'i; method oif m o l e c u lar weight d e t e r m i n a t i o n 

was r a t h e r i n a c c u r a t e , an shown by,the m o l e c u l a r weight d e t e r m i n a t i o n 

o f CgClgPg, which was 11$ low. Bigelow a l s o r e p o r t e d t h a t CgClgF^ 
i 

b o i l s a t h i g h e r temperatures than CgClgFg, and had a m e l t i n g p o i n t 

o f l ^ ' C . 
I t has been found t h a t the b o i l i n g p o i n t o f C^Cl^F^, i s o l a t e d 

from t h e c h l o r o f l u o r i n a t i o n o f hexa.chlorobenzene, i s v e r y s i m i l a r 

t o C Cl F and i s a l i q u i d . The CJCl^F,. has a b o i l i n g p o i n t h i g h e r 
6 6 6 p f 5 

than the b o i l i n g p o i n t o f CgClgFg, |and a m e l t i n g p o i n t o f 105-110°C. 

C 6 C 1 6 F
4
 C 6 C 1 6 P 6 C 6 C 1 7 F 5 

B o i l i n g p o i n t ' C:- . 242:. 5 248.0 270-273 

General P r i n c i p a l s . 

The f u l l s a t u r a t i o n o f hexachlorobenzene i s i n agreement w i t h 

the g e n e r a l l y accepted view t h a t reactions w i t h elemental f l u o r i n e 
96 

proceed by a chain mechanism i n v o l v i n g f r e e r a d i c a l s . The ease 

o f f l u o r i n e r a d i c a l a t t a c k i s due t o the low bond d i s s o c i a t i o n 

energy o f f l u o r i n e ( l ) . 

These r e a c t i o n s are n o r m a l l y i n i t i a t e d e i t h e r by heat o r r a d i a t i o n , 
i 

as the degree o f d i s s o c i a t i o n a t room temperature i s ext r e m e l y low ( 2 ) . 

F 2 ?F* AH = 38 £ cals/mole ( l ) 

F : = = . '?F' K = 1 0 ~ 2 0 (2) 

I n the f l u o r i n e attacic o f hydrocarbons, the a c t i v a t i o n energy 

r e q u i r e d f o r hydrogen a b s t r a c t i o n by the f l u o r i n e r a d i c a l i s low, 

and even t h i s low degree of d i s s o c i a t i o n i s s u i t a b l e f o r the 
i 

i i 
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i n i t i a t i o n o f a c h a i n r e a c t i o n . 

RH + F' — R " + HF dH= -34 K cals/mole 

R" + F 2 RF +; F" e t c . 

The a c t i v a t i o n energy r e q u i r e d f o r , c h l o r i n e a b s t r a c t i o n by t h e 

f l u o r i n e r a d i c a l i s o b v i o u s l y h i g h e r than t h a t r e q u i r e d f o r hydrogen 

a b s t r a c t i o n ; as r e a c t i o n s o f f l u o r i n e w i t h f u l l y c h l o r i n a t e d 
97 98 99 

compounds proceed w i t h c o n s i d e r a b l y l e s s v i g o u r ' ' than 

s i m i l a r r e a c t i o n s w i t h hydrocarbons!. Because o f the h i g h e r a c t i v a t i o n 

energy r e q u i r e d i n the a b s t r a c t i o n o f c h l o r i n e , i t seems u n l i k e l y 

t h a t t h e f l u o r i n a t i o n i s i n i t i a t e d by t h i s s t e p . 

I t i s more l i k e l y t t . a t i n i t i a t i o n occurs by a d d i t i o n t o the 
1 i 

double bond:- ' 

= + F" < /CF - CC 

*CF - CC + F ^CF - CFC + F' e t c . 

The degree o f d i s s o c i a t i o n o f f l u o r i n e a t room temperature 

b e i n g s u f f i c i e n t t o enable t h i s t o occur. Although M i l l e r 1 0 0 " * 0 2 

has suggested t h a t f l u o r i n e moleciiles w i l l r e a c t w i t h o l e f i n s -

;C = C C •(• F 2 — I — * ~ )CF - C< + F" 

T h i s can be supported b o t h thermodynamically and p r a c t i c a l l y . 

Thus t e t r a c h l o r o e t h y l e n e and c h l o r i n e do n o t r e a c t a t -7 °G., 

however i f a t r a c e o f f l u o r i n e i s used, an 85$ y i e l d o f h e x a c h l o r o -

ethane i s o b t a i n e d . 

Hexachlorobenzene and F l u o r i n e . 

The f i r s t stage o f the f l u o r i n a t i o n o f hexachlorobenzene i s t h e 
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i n i t i a t i o n of a free r a d i c a l chain r e a c t i o n , by ad d i t i o n to a 

double bond. 1 

CVr 5 + p- — t sQz • • • •« V 
u 

OP ' CtF 

OF 

+ F' tt-c. 

ft 

The next step i s e i t h e r f u r t h e r s aturation ( i ) or chlorine 

abstraction ( i i ) 
OF Clf : 

OF OF 

OF W 

+ F' 

Abstraction of chlorine must'occur to quite a reasonable 

extent, as both c y c l i c CgCl^Fg and CgCl^P^ were i s o l a t e d . I t must 

be noticed that chlorine abstraction of both the c y c l i c compounds ( i i ) , 

and the solvent ( i i i ) , gives r i s e t o a molecule of chlorine monofluoride. 

CF2C1CPC12 + P" *- CPg.ClCFCl + PCI . . . ( i i i ) 

CP-C1CPC1 + P 0 *- CFrClCF_Cl + P" 
2 2 e. 2 

The chlorine monofluoride w i l l e i t h e r add across a double bond, 

as described i n the reaction o f chlorine t r i f l u o r i d e and hexachlorobenzene, 

or i t can be attacked by a r a d i c a l . 
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CIF OF 

:Q: * « - — i - : 0 « 
O F . ! OP 

OP OP 

Unlike the reactiori. between hexachlorobenzene and chlorine 

t r i f l u o r i d e , the cyclohexene i s susceptible to f u r t h e r attack, to 

form the f u l l y saturated, cyclohexsme. 
OF ClP 

O F ClP 

OF I ClP 

• k ^ O F ' ! Q f ^ y O P 
O F OP 

As no unsaturated material was i s o l a t e d , i t must be more 

susceptible to r a d i c a l attack than, the s t a r t i n g m a t e r i a l , hexa­

chlorobenzene. 

! 
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EEHALOGENATION 
In the dehalogenation of f u l l y saturated c y c l i c compounds at 

elevated temperatures, using the i r o n gauze technique, no aromatic 

compound has been i s o l a t e d which contains a reactive group w i t h i n the 

molecule. The dehalogeriation of polychlorofluorocyclohexanes, c a r r i e d 
19 

out i n these l a b o r a t o r i e s , using; t h i s method, gave p e r f l u o r o - and 
i 

hydrofluorobenzenes. 

1) C 6H 6 + C1F3 — CgH^Cl^. (x <- y * z =12) 
C,E CI F J S - n ^ C,H 1'V (x = 0-3) o x y z 500 C 6 x 6-x 

2) C^Cl,. + CoP., C,C1 5' (n = 1-5) 
' 6 6 .1 o n 12-n x 

i 
]i>e 

C 6 C 1n P12-n " T i W ^ C6F<5 

No chlorine containing fluoro-aromatic compound was i s o l a t e d . 
i 

This was disappointing,! as both biromine and iodine provide reactive 

centers i n fluoro-aromatic compounds, and i t was thought t h a t chlorine 

may s i m i l a r l y provide such a grouping. Although the chlorine atoms 

i n these polychlorofluorocyclohexanes are p r e f e r e n t i a l l y eliminated, 

a more heavily chlorinated cyclohexane could aromatize t o give chloro-

fluorobenzenes. 
• 

I t i s u n l i k e l y t h a t these l i g h t l y chlorinated cyclohexanes, 

obtained from the reaction between cobalt: - t r i f l u o r i d e and hexachloro-

benzene, contain a gem dichloro grouping. This was shown by the 
15 

reduction of c y c l i c C^Cl^F-^ w i t h l i t h i u m aluminium hydride; no 
1,1-dihydrodecafluorocyclohexane iwas i s o l a t e d , although the 1,2-, 1 , 3 -



58. 

and 1,4-dihydro- isomers were present. However the presence of a 

gem dichloro grouping, w i l l not necessarily give a chloro-aromatic 

compound on dehalogenation. Rearrangement of the intermediate diene 

can occur, i f the temperature i s s u f f i c i e n t l y high. 
C I F UF C4P 

Theperchlorofluorocyclohexanes, -•cyclohexenes and -cyclohexadienes 

formed i n the f l u o r i n a t i o n of hexsichlorobenzene w i t h chlorine t r i -

f l u o r i d e and f l u o r i n e (siee before]', contain considerably more c h l o r i n e , 

which i s probably present, i n p a r t , as gem dichloro groupings. Due 

to the structure of these cyclohencenes, and the f a c t t h a t dehalogenation 

can be c a r r i e d out at much lower temperatures, (thus preventing r e ­

arrangement of the c y c l i c diene), the aromatic compounds formed, 

contain ch l o r i n e . 

Dehalogenation of Perchlorcifluorocyclohexenes and 

Tetrachlorotetrafluc irocyclohexadiene. 

I t was found from preliminary dehalogenations on the mixture of 

perchlorofluorocyclohexesnes, produced from the action of chlorine 

t r i f l u o r i d e and hexachlorobenzene;, that the temperature of the 

dehalogenator must not be too high as decomposition occurred. This 
i 

was also found w i t h the more l i g h t l y chlorinated cyclohexanes, obtained 
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from the reaction of cobalt t r i f l u j o r i d e and hexachlorobenzene. Thus 

as more chlorine entered the compound, the amount of product, obtained 

on dehalogenation at 430°C, decreased. 

C 6 C 1 4 F 8 *" C 6 F 6 

C 6 C 1 5 PT * C 6 F 6 

The temperature used to dehalogenate the perchlorofluorocyclo-

hexenes was f i x e d at 50° C above tile b o i l i n g p o i n t . However i f f u l l 

aromatization did not occur at t h i s temperature ( i . e . w i t h c y c l i c 

C,-C1-F„ and C^Cl.F^), the temperature was raised u n t i l f u l l aromatization 
o 3 7 o 4 o 

occurred. 1 

The same amount of s t a r t i n g material must be used f o r each 

dehalogenation, i f the d i s t r i b u t i o n of the various isomers formed, 

are going to be compared w i t h each other (see page "73). Table 4 

shows the d i s t r i b u t i o n of the products obtained from dehalogenating 

5 gms. of each cyclohexeme. The aromatic products that were present 

i n a reasonable y i e l d wore separated by preparative scale V.P.C., and 

the isomer r a t i o obtained by N.M.;i. measurements. 
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Table IV. Aromatisiation of ]?erchlorofluorocyclohexenes 
and -hexadiene. 

Reactant Temp, of 
reaction "C 

Total 
Y i e l d \ 

Product ($) and D i s t r i b u t i o n of 
Isomers. 

C 6 C 1 3 P 7 315 73 

1 

c 6 P 6 ( n ) C 6CIF 5 ( 2 7 ) C 6 C I 3 F 3 ( 5 ) 

C 6 C 1 4 F 6 260 84 
1 

i c 

C6B'6(5) C6C1F 5(32) C 6Cl 4F 2 ( 2 - 5 ) 

C 6Cl GP A ( 3 3 ) C 6C1 3F 3 ( 1 2 ) 

^ (5«) « us) ( 1 S) a C6) («So) r W 

C 6 C 1 5 F 5 . 
260 83 C 6C1F 5 (3) C 6C1 4F 2 ( 3 ) C 6C1 5F(1) 

C 6C1 2F 4 ( 5 8 ) C 6C1 3F 3 ( 1 8 ) 

3r04<& "«C> Ha'ST, 
( 7 ^ ) 0 Ort 0.) ct (.j) C91) tt (•*> 

C6C 16:F4- 300 8 5 

u 

C 6C1 2F 4 ( 6 ) C 6C1 5F (16) 

C 6C1 3F 3 ( 3 0 ) C 6C1 4F 2 ( 3 3 ) 

c< («•) (8»1 61 (3) O t a o j c> (S7) L«; 

C 6 C 1 4 F 4 230 56 
1 C 6C1 3F . 3 (6) C 6C1 4F 2 ( 4 7 ) C 6FC1 5 (3) 

* C 6 C 1 3 F 7 315 83 c 6F 6 ( 7 . ) C 6CIP 5 ( 1 5 ) c 6 c i 3 F 3 ( 3 ) 

c 6 c l 2 F 8 ( 5 3 - 5 ) 
(97) (3) 

* C 6 G 1 2 F 8 
Decomposes befons de hal 0 gen at i n g. 

* C 6 G 1 2 F 8 

. 

Obtained from the reaction of antimony pentafluoride and hexa­
chlorobenzene • 

1 
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Theoretical Considerations. 

I n the maj o r i t y of "hese dehalogenation reactions, although the 

exact nature of the product can be found,, the structure of the reactant 

i s unknown. I n order to be able to obtain a knowledge of the de­

halogenation process, a :study must be made of reactions where both 

reactant and products have known configurations. Three reactants of 

a suita b l e and known configuration' were a v a i l a b l e , (the reactant must 

necessarily be a perchlorofluorocyclohexene or -diene). 
i 

Two of these were the main products from the reaction between 

antimony pentafluoride a:.id hexachlorobenaene, 1 , 2-dichlorooctafluoro-

cyclohexene(l) and l , 2 , 4 - t r i c h l o r o h e p t a f l u o r o c y c l o h e x e n e ( l l ) . The 

t h i r d reactant was l , 2 , 4 , 5 - t e * r a c h l o r o t e t r a f l u o r o c y c l o h e x a - l , 4 - d i e n e ( l I l ) , 

prepared i n the c h l o r o f l u o r i n a t i o n of hexachlorobenzene. 

:0 p. ."05 
PL 

CU- I I Cl 

Decomposition and Jehalogenation. 

I n the dehalogenation of 1 , 2-dichlorooctafluorocyclohexene, 

i t was found that decomposition occurred before a temperature was 
68 

reached high enough f o r d e f l u o r i n a t i o n to occur. Other workers have 

found t h a t to def l u o r i n a t e perflucrocyclohexene a temperature of 550°C 

i s required, but no decomposition occurred. I t seems that the 

in c l u s i o n of a chlorine i n the cyclohexene, lowers i t s s t a b i l i t y 
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towards high temperatures. Thus at 360*0, 1,2-dichlorooctafluoro­

cyclohexene decomposed. 

However as 1,2,4-trichloroheptafluorocyclohexene dehalogenated, 

at lower temperatures, without decomposition. The presence of a 

chlorine atom on a saturated carbon atom must f a c i l i t a t e the dehalo­

genation. Thus dehalogenation must take place by removal of chlorine 

monofluoride to form the cyclohexadiene, and t h i s defluorinates to the 

aromatic product. The perfluorocyclohexadienes d e f l u o r i n a t e at 

temperatures about 100 "C below the temperature required to d e f l u o r i n a t e 
68 1 

perfluorocyclohexene. i 

'<£) + 0 J f f i O 9or-

0 0 ,00'i 

I t appears th a t t h i s must s i m i l a r l y be so i n the p e r c h l o r o f l u o r o -

series 

I t has been established i n the dehalogenation of the f u l l y 

saturated perchlorofluorocyclohexenes, prepared from the action of 

cobalt t r i f l u o r i d e on hexachlorobenzene, that the e l i m i n a t i o n - o f 

chlorine i s preferred; t h i s i s also seen throughout a l l these 

experiments. 

Vi i 
Rearrangement. 

I t i s extremely important t o j f i n d out i f rearrangement occurs 
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w i t h i n the molecule during the process of dehalogenation, as has "been 

suggested i n the d e f l u o r i n a t i o n and dehydrofluorination of c y c l i c 

CgFg, CgF^H, etc. (see page 15). 

From the i n i t i a l reaction w i t h 1 , 2-dichlorooctafluorocyclohexene, 

i t i s evident t h a t rearrangement of the cyclohexene does not occur, 

r a i s i n g the temperature of the reactor simply causes greater decomposition. 

F u l l aroraatization of 1 , 2 , 4-trichloroheptafluorocyclohexene d i d 

not take place u n t i l the temperature was raised to 315°C, the products 

from t h i s reaction are shown i n Table IV- The main product was 1,2-

dichlorotetrafluorobenzene, the two chlorine atoms present i n the 

cyclohexene remaining at the end of the double bond. However both 

perfluorobenzene and chloropentafluorobenzene were formed. This 

indicates t h a t rearrangement must occur, although only to a l i m i t e d 

extent, i . e . 

0:: - -XX - i& - :& - =6: 
F*. <T. ft F* F 

ti 

0 F C tF b 77. 5̂ 

... Only 3$ of the c y c l i c CgGl^F^ was i s o l a t e d , again i n d i c a t i n g 

that the chlorine atom attached tc a saturated carbon atom, which 

also contains a f l u o r i n e atom, i s p r e f e r e n t i a l l y eliminated. 

The temperature used f o r this; reaction was 315"C, t h i s was the 

highest used f o r a l l the perchlorcfluorocyclohexenes. I t would seem, 
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therefore, that isomeriz;ation would be less prevalent i n the other 

dehalogenations. This i;s shown in; the dehalogenation of c y c l i c 

CgCl^F^; at 230*C the miiin product was 3. ,2,4>'5-'tetrachlorodifluoro-

benzene, only 6$ of CgCl.^F^ was i s o l a t e d . 

Pi. P» 

" { F T MIL <<P3F3 6% 
• l 

The t o t a l o v e r a l l y i e l d was low, probably due to the f a c t t h a t the 

dehalogenation was c a r r i e d out at a temperature l i t t l e above the 

b o i l i n g point of the proc.uct, some of which must have remained 

inside the reactor. 

At temperatures higher than those used i n these dehalogenations, 

more rearrangement w i l l occur, and the more hig h l y f l u o r i n a t e d 

compounds w i l l be produced. However the o v e r a l l y i e l d w i l l decrease, 
I 

as more decomposition w i l l occur. 

I n the dehalogenation of perfluorocyclohexadiene, di s p r o p o r t i o n a t i o n 

takes place. • 
C 6 P 8 - 4 5 2 ^ C 6 F 6 8 0 * + C6 F10 4 * 

However t h i s happens to only a very l i m i t e d extent, and no 

indication, of such a reaction i s shown i n the dehalogenation of the 
chl o ro f 1 uo r o cy c 1 ohe xen e s . 
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Thus the str u c t u r e o f the aromatic product r e f l e c t s the structure 

of the parent cyclohexer.e. The chlorine present i n the aromatic 

compound must have been present e i t h e r i n the double bond, or 

associated w i t h a gem dichloro grouping. The p o s i t i o n of the double 

bond i n the cyclohexene i s shown by two adjacent chlorine atoms. The 

other chlorines present i n the aromatic compound show the p o s i t i o n of 

gem dic h l o r o groupings. 

i 
Dehalogenation of Perchlorcifluorocyclohexenes. 

Trichloroheptafluorocyclohexeme and tetrachlorohexafluorocyclo-

hexene, obtained from the reaction between chlorine t r i f l u o r i d e and 

hexachlorobenzene, are ridxtures of isomers which contain both the 

-CC1=CC1- and the -CP-=CC1- st r u c t u r e s , (shown by i n f r a red data, see 

Table 2 ) . They are only formed ir . i low y i e l d s , and i t i s impossible t o 

obtain the structure of the parent cyclohexene from a study of t h e i r 

dehalogenation products. i 

However i t can be seen th a t the products, from the dehalogenation 

of CgCl^F^, are more h i g h l y f l u o r i n a t e d than those from the 1,2,4-

isomer. This confirms the i n f r a red evidence of the existance of 

the -CP=CC1- grouping. 

Also i n the dehalogenation of C^Cl^F^ the structure of the 

cyclohexene, which dehalogenates to 1,2,4- t r i c h l o r o t r i f l u o r o b e n z e n e , 
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i s e a s i l y found. 

F 
Cl 

The major "products from the c t i l o r o f l u o r i n a t i o n of hexachloro-

benzene are c y c l i c C g C l ^ (30$) and C g C l ^ (35#)- These are 

composed mainly of isomers containing the -CC1=CC1- grouping (see 

Table 2 ) , and from a study of t h e i r dehalogsnation products, a general 

pi c t u r e of the parent cyclohexenes |can be obtained. 

Pentachloropentafluorocyclohexene. 

The main component of the dehalogenated product i s d i c h l o r o -

tetrafluorobenzene (58$), most of which i s the 1,2- isomer. Thus 

three c h l o r i n e atoms are Bliminated from the cyclohexene, where they 

must have been present as }CFC1 groupings.. The removal of one f l u o r i n e 

atom shows that a gem d i f l u o r o grouping was also present. 

The dehalogenation product also contains 18$ of the 1 , 2 , 4 - t r i c h l o r o -

trifluorobenzene. This, by s i m i l a r reasoning, must have come from:-

F a 

Fa 

ox - * o * 
F. F * 

PCI Deha toa 

Cl 
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He xachlo ro t e t r a f l u o r o cyc1ohe xene. 1 

The main components of the dehalogenation product are c y c l i c 

CgCl^F^ 30$ and C g C l ^ (33$). This former i s composed of 83$ of 

1 , 2 , 4 - t r i c h l o r o t r i f l u o r o b e n z e n e , aiid the l a t t e r of 57$ of 1,2,3>5-

tetrachlorodifluorobenzene. Again s i m i l a r reasoning shows:-

PCI 

<xo.cL 

PC4. 

3)fcKa.^09<iaja.Wnq a j f ^ S Cl 

«»l CI 

Dehalogenation of Mixed Perchlorofluoro-cyclohexanes 

and -cycloheyenes. 

P a r t i a l s aturation of the percihlorof luorocyclohexenes, w i t h 

chlorine t r i f l u o r i d e , occurs f a i r l y r e a d i l y to give a mixture of the 

cyclohexenes and cyclohexanes, (see page 3 3 ) . These were separated 
by d i s t i l l a t i o n i n t o p a i r s , each p a i r contains the cyclohexane and 

i 

cyclohexene w i t h the same number of chlorine atoms. Each p a i r was 

dehalogenated at $0*0 above i t s b o i l i n g p o i n t . The r e s u l t s are shown 

i n Table 5» 5 gms. being used i n each dehalogenation. 



Table V. Dehalogenation of cyclohexanes and cyolohexenes. 

Reactant. Ratio. Temp, of 
Reaction C. % of Product. 

1 

- A 
1 

230°C C 6P 6 (2fo) C 6C1F 5 (1($) C 6 C1 2F 4 (12/O) C g C l ^ (20#) 

CgCl^Fg (i^/o) ^0^3*7 0^) Starting Material (20$) 

C 6 C 1 5 F 5 

w ? 

1 

1 

260°C CgP6 (I7fc) CgClF5 (21??) C g C l ^ (32JS) C 6 C1 3F 3 (24fo) 

C g C l ^ (2%) 

°6Gh\ 
C 6 C 1 6 P 6 

1 

2 

300°C C^Fr (?&) LVC1F^(25#) C^ClJ?. (Wo) (30??) & & & 5 o ^ — ' b 3 3 ' ' ' 

c 6 F 2 c i 4 (736) 

ON 
00 
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|| 
Ho d i r e c t comparisons can be obtained from these r e s u l t s as:-

i ) ^gCl^Fg/CgCl^Fg contains jjonly 54$- of aromatic m a t e r i a l , 

i i ) The r a t i o s of cyclohexenel/cycloheicane are d i f f e r e n t . 

However i t can be seen that the, i n c l u s i o n of a f u l l y saturated 

compound gives more hi g h l y f l u o r i n a t e d products. However the aromatic 

compounds are spread over a wide range, i . e . from Ĝ Fg to C^Cl^F^, 

and there i s no preponderance of any one chlorofluorobenzene. 

Dehalogenation of PerchloriDfluorocyclohexanes. 

The f u l l s aturation of hexachlorobenzene w i t h chlorine t r i f l u o r i d e , 

gave compounds of molecule.:? formula C^Cl^F^ ̂  ^ where x =• 5> 6 and 1. 

They were prepared by using a f o u r f o l d excess of chlorine t r i f l u o r i d e , 

and were obtained i n a 50$ y i e l d . These cyclohexanes were separated 
i 

by d i s t i l l a t i o n , and dehalogenated under a v a r i e t y of conditions. 

(See Table 6a) . I n each deihalogenatiion 5 gms. of s t a r t i n g material were 

used. 

When the temperature f o r dehalogenation was 50*C above the b o i l i n g 

point of the reactant, good y i e l d s of aromatic material were obtained. 

The good y i e l d s of chloropentaf luoro-i- and dichlorotetrafluorobenzenes 

were encouraging, although the low y i e l d of perfluorobenzene was 

disappointing. 



Table 6a. Dehalogenation of Perohlorofluorocyolohexanes 

Reactant Temp. 
°C 

Flow Rate 
N 2 ccs/min. 

Introduction 
Rate mins/gm. 

Total 
Yield % Product 

C 6 C 1 5 P 7 
260 60 hr 72 CgFg 219S CgClF5 29$ C 6 C 1

2

F 4 8 ^ C6C' l3 ] ?7 1 ^ 

C 6 C 1 5 P 7 
60 h 19 CgFg 13$ C6C1F5 6f0 

C 6C1 5F 7* 430 30 9 12 CgFg 12$ (20$ of product non-aromatic) 

C 6 C 1 6 F 6 300 60 76 C6Ffi 2% C6ClF 538-5f 0 C 6C1 2F 4 33'5^ CgCl^ 2% 

^ 1 C 1 6 P 6 * "30 9 tori CgFg 0*1% (80$ of product non-aromatic) 

C 6 G 1 7 F 5 
60 • 

4- 71 CfiClF,.11% Ĉ CiLF,. 46$ C^Cl^F, 11% C g C l ^ 3$ 

430 30 9 - 0*1 gms. ( a l l non-aromatic) 

* These conditions are i d e n t i c a l with the dehalogenations of perchlorofluorocyclohexanes , 
(obtained by the reaction of hexachloro.benzene and cobalt f l u o r i d e ) carried out by Mobbs. 

o 



Pentachl o rohept a f l u o r o cy c l ohexane« '. 

When the temperature of t h e dehalogenation o f CgCl^P^ was r a i s e d 

from 26o"C t o 430"C, the o v e r a l l y i e ' l d o f aromatic m a t e r i a l dropped 

c o n s i d e r a b l y , from 72$ t o L9$. However the more h e a v i l y c h l o r i n a t e d 

aromatic product had disappeared. T h i s i s o b v i o u s l y due t o i s o -

m e r i z a t i o n o f the diene o c i 3 u r r i n g , g i v i n g more e l i m i n a t i o n o f the 

c h l o r i n e . 
i 19 

I n the dehalogenation o f CgCl^F^, o b t a i n e d from t h e r e a c t i o n 

o f hexachlorobenzene and c o b a l t f l u o r i d e , the n i t r o g e n d i l u t i o n r a t e 

was 30 ccs/min. and the i n t r o d u c t i o n r a t e was one gram every nine 

minutes. The product from t h i s r e a c t i o n c o n t a i n e d p e r f l u o r o b e n z e n e , 

i n a 43$ y i e l d , and a s m a l l amount o f an u n i d e n t i f i e d compound. This 

compound was thought t o be a c h l o r o f l u o r o d i e n e , however t h i s i s u n l i k e l y 

as c y c l o d i e n e s have been found t o defcialogenate v e r y much more r e a d i l y 

t han the cyclohexanes. I t i s f a r more l i k e l y t o be a p e r c h l o r o f l u o r o -

cyclohexene. 

Dehalogenation o f CgCl^F^ ( o b t a i n e d from the r e a c t i o n o f hexa­

chlorobenzene and c h l o r i n e t r i f l u o r i d e ) , under s i m i l a r c o n d i t i o n s gave 

perfluorobenzene 12$, and a small amount o f m a t e r i a l h a v i n g a s i m i l a r 

r e t e n t i o n t i m e , on a n a l y t i c a l V.P.C., t o t h a t mentioned above. 

Hexachlorohexafluorocyclonexane,'dehalogenated under s i m i l a r 

c o n d i t i o n s , gave ah ext r e m e l y low y i e M o f p e r f l u o r o b e n z e n e , and 



72. 

h e p t a c h l o r o p e n t a f l u o r o c y c l o h e x a n e geive none a t a l l . The same i m p u r i t y 

was present, i n "both these '.products. , 

I t can be seen from these experiments t h a t the p e r c h l o r o f l u o r o -

cyclohexanes, or t h e i r i n t e r m e d i a t e s i n the dehalogenation process, 

become l e s s s t a b l e t o h i g h temperatures, as t h e i r c h l o r i n e content i s 

i n c r e a s e d . 

S t r u c t u r e s o f Perchlorofluorocyclohe:canes. 

Prom a comparison o f the dehalogenation p r o d u c t s o f C^Cl^F^ 

(CgClg/CoF^) and CgCl^F^ (CgClg/ClF., ]', i t i s p o s s i b l e t o see the main 

d i f f e r e n c e i n t h e i r s t r u c t u r e s . Thus; CgCl^F^ (CgClg/CoF^) gave much 

l e s s o f the c h l o r o f l u o r o a r o m a t i c p r o d u c t than CgCl^F^ (CgClg / c i F ^ ) . 

See Table 6b. As rearrangement does not occur a t t h i s temperature 

(260°C), t h i s i n d i c a t e s t h a t t h e r e are more gem d i c h l o r o groupings 

present i n the CgCl^F^ (CgC.'Lg/ClF^). Other evidence p o i n t i n g t o t h e 

presence o f gem d i c h l o r o groupings i n . the c h l o r o f l u o r i n a t i o n product 

o f hexachlorobenzene, i s setm i n the dehalogenation o f C^Cl^F^, where 

C^Cl.F. was i s o l a t e d . T his i n d i c a t e s the presence o f t h r e e such 
° 3 3 

groupings. 

The presence o f more gem d i c h l o r o groups, i n t h i s p r o d u c t , i s t o 

be expected. Cobalt f l u o r i d e w i l l o n l y add f l u o r i n e t o double bonds, 

whereas c h l o r i n e t r i f l u o r i d e can add b'oth f l u o r i n e and c h l o r i n e 

m o n o f l u o r i d e . 
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CiF :[ CtF 
.OF 

The d i f f e r e n c e i n the, two types| o f p e r c h l o r o f l u o r o c y c l o h e x a n e s 

e x p l a i n s t h e d i f f e r e n c e i n , the y i e l d s o f p e r f l u o r o b e n z e n e , when 

C,-C1_F„ i s dehalogenated a t 430*C. 
° 5 i 

C 6 C 1 5 P 7 ( c 6 C 1 6 / C o F 3 ) C 6 P 6 4 3 * 

C 6 G 1 5 P 7 (C 6
CV C 1 P 3 } ~ ~ r ^ ° 6 P 6 1 2 * 

The cyclohexanes c o n t a i n i n g more gem d i c h l o r o g r o u p i n g s , o r the 

more h i g h l y c h l o r i n a t e d i n t e r m e d i a t e d formed d u r i n g the d e h a l o g e n a t i o n , 
i 

must be more r e a d i l y decomposed a t e)|evated temperatures. 
'! 

i 

Size o f Sample t o be Dehalcgenated. ,', 

I t has been n o t i c e d i n the dehalogenations o f the p e r c h l o r o f l u o r o -

cyclohexanes, -cyclohexenes and -cyclphexadiene, t h a t t h e s i z e o f the 

sample w i l l i n f l u e n c e the d i s t r i b u t i o n o f the p r o d u c t s . Thus i f a 
II 

l a r g e amount o f m a t e r i a l i s dehalogeriated, t h e product c o n t a i n s 
i 

compounds w i t h considerably! more c h l o r i n e p r e s e n t , than i f a small 

amount had been dehalogenatsd. T h i s 'is o b v i o u s l y due t o t h e f a c t t h a t 

the f r e s h l y reduced i r o n i s s e l e c t i v e 1 i n t h e deha l o g e n a t i o n , removing 
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m a i n l y c h l o r i n e and c h l o r i n e m o n o f l l i o r i d e . 

However as the s u r f a c e o f the j.ron gauze "becomes coated w i t h i r o n 

h a l i d e s , the s e l e c t i v i t y i s decreased. 

Table 6b. Dehalogenation o f CgCl F. 

Amount Product * ( 56 F6 C.C:LFC 

6 1! 5 

C ; 6 G 1 2 P 4 C 6 C 1 3 F 7 Others 

I ) 2.5 gms.* 70 
.1 

25 5 - -
I I ) 2.5 gins. 40 46 10 10 -

I l l ) 5 gms. 35 10 20 -
I V ) 10 gms. 20 2C| 

'i 
5 40 St.Mat. 10 

C 6 C 1 4 P 6 5 

C y c l i c C^Cl^F^ o b t a i n e d from t h e r e a c t i o n o f hexachlorobenzene and 
c o b a l t f l u o r i d e . 

A l l dehalogenations were; c a r r i e d o;iit a t 260"c, w i t h a n i t r o g e n f l o w 
r a t e o f 60 ccs/min. and an i n t r o d u c t i o n r a t e o f 1 gm. i n 4 minutes. 



•I 75 . 

T h i s e f f e c t i s demonstrated in'.Table 6b , where CgCl^F^ was 

dehalogenated, u s i n g d i f f e r e n t sample s i z e s but keeping t h e c o n d i t i o n s 

e x a c t l y t h e same. As t h e sample sizje i s i n c r e a s e d , the y i e l d o f 

p e r f l u o r o - and chloropentafluorobenz'ene decreases and the y i e l d o f 

C^Cl.F,, i n c r e a s e s . ' o 3 f 

T h i s dehalogenation technique i s t h e r e f o r e v e r y l i m i t e d i n the 

l a r g e s c ale p r e p a r a t i o n o f the more !j i i g h l y f l u o r i n a t e d c h l o r o f l u o r o -

benzenes. I f the s i z e o f 'iihe sample1', t o be dehalogenated i s increased 

above 5*0 gms, the more h i g h l y c h l o r i n a t e d compounds are produced i n 
ii 

i n c r e a s i n g y i e l d s . 

i 

The p e r c h l o r o f l u o r o c y c l o h e x a n e s ^ l (^g^^ x^22 x w ^ e r e x ~ 4-7)» 

ob t a i n e d i n e x c e l l e n t y i e l d s from the' r e a c t i o n o f elemental f l u o r i n e 

and hexachlorobenzene, were dehalogen'ated w i t h o u t b e i n g separated. • 

The r e s u l t s are shown i n Table 6c . 

Table 6c . 

Amount gms. Y i e l d $ Product $ 

I ) 5 61 C 6F 6 14$, I? 6C1F 5 28$ , C 6C1 2F 4 14$, CgC^Fj 5$ 

I I ) 20 73 0 6 F 6 19$, <?6C1F5 21$, C 6C1 2F 4 16$, C g C l ^ n # 
C 6C1 4F 2 5$ , C 6C1 5F 1$ 

The h i g h temperature o f 330*C had. t o be used, as the b o i l i n g p o i n t 

o f CgCl^F^ i s 280*C. Th i s would n a t u i i a l l y cause some decomposition, 

which e x p l a i n s the lower o v e r a l l y i e l d ! o b t a i n e d . The y i e l d s o f t h e 
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more highly f l u o r i n a t e d aromatic compounds are, however, an 
improvement on the dehalogenated products of the cyclohexanes, obtained 

by the c h l o r o f l u o r i n a t i o n of hexachlorobenzene. This i s probably due 
i 

to the s l i g h t l y elevated temperature, enabling more rearrangement to 
i 

occur, and thus e l i m i n a t i n g more chlorine•• 

A New Technique of Dehalogenation. 
'i 
i' 

The method of dehalogenation described above s u f f e r s from two 

s e r i o u s f a u l t s . F i r s t l y i;he amount of material that can be dehalogenated, 

without the regeneration of the iron gauze, i s very low. As t h i s 

regeneration uses large amounts of hydrogen,, the preparation of 

aromatic m a t e r i a l , by thisi method, i s both c o s t l y and time consuming. 

Secondly, a v a r i a t i o n i n the re a c t i o n conditions, i . e . s i z e of sample, 
i 

introduction r a t e , w i l l cs.use a d i f f e r e n t d i s t r i b u t i o n of products. 

I t was suggested that these d i f f i c u l t i e s could be avoided, i f 

the vapourized reactant could be parsed through a large amount of iron 

f i l i n g s . Consequently a s t i r r e d "cobalt f l u o r i d e " reactor (see page 128) 

was f i l l e d with 3 k«g« of coarse iron f i l i n g s . 

The perchlorofluorocyclohexanes! obtained from the re a c t i o n of 

elemental f l u o r i n e and hexachlorobenzene, were dehalogenated, without 

separation, u s i n g t h i s method. (See' Table 7 a ) . The temperature of the 
i J v r e a c t o r , f o r a l l the dehalogenations; 1, was 330 C., and the nitrogen flow 

r a t e was 60 ccs/min. 
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Table 7a . Dehalogenai;ion U s i n g ' I r o n F i l i n g s . 

Amount I n t r o d u c t i o n 
r a t e mins/gm., Y i e l d i k 

i 
Product 

1) 5 gms. 4 43-5 C 6F g 14£ C 6C1F 5 18$ 

G 6C1 2P 4 9 .5^ C 6 C 1

3

P 3 2 # 

2) 10 gms. 4 47 CgFg I53C CgClF^ 20$' 

C 6 C 1 2 P 4 IO36 C 6C1 3F 3 2$ 

3) 20 gms. 4 • 50 .5 ° 6 P 6 l 6 * C 6 C 1 P 5 

C 6 C I 2 P 4 n j t C 6 C I 3 P 3 2 . 5 * 

4 ) 20 gms. 2 50 C 6 P 6 C 6 C 1 F 5 2 1 # 

C 6C1 2F 4 l l j t C 6G1 3P 3 5# 

5 ) 20 gms. 1 55 c 6 F 6 1556 C 6 C 1 F

5

 2 1 # 

C ( SC1 2F 4 1396 C 6 C 1 3 P 3 6# 

The r e s u l t s show q u i t e c o n c l u s i v e l y t h a t b o t h v a r i a t i o n o f t h e 

i n t r o d u c t i o n r a t e , and sample size,'does not a l t e r the produ c t 

d i s t r i b u t i o n . When samples o f 5» 10 and 20 gms. were i n t r o d u c e d , 

( a l l a t 4 mins./gm.), the d i f f e r e n c e i n the amounts o f p e r f l u o r o -

benzene, i s a t the most yjL. 

The o v e r a l l y i e l d o f 50$ i s lower compared w i t h the dehalogenation 
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I 

u s i n g i r o n gauze ( 7 0 $ ) . However the; d i f f e r e n c e l i e s i n t h e more 

h i g h l y c h l o r i n a t e d compounds, which i s not so i m p o r t a n t . 
i 

When the i n t r o d u c t i o n r a t e was ^changed from 4 mins./gm. t o 

2 mins./gm. , and then t o 1 min./gm.. ;j the y i e l d o f aromatic m a t e r i a l 

rose s l i g h t l y , b ut the product d i s t r i b u t i o n d i d not change. However 

the amount o f non-aromatic m a t e r i a l i n c r e a s e d . Thus when th e i n t r o d u c t i o n 

r a t e was i n c r e a s e d f r o m 2 .mins./gm.. t o 1 min./gm. the amount o f 

i m p u r i t y p r e s e n t increased from 15$ 'to 20$. 

E r r a t i c r e s u l t s were o b t a i n e d when th e f i r s t 15-30 gms. o f 

m a t e r i a l were dehalogenated. T h i s i s g e n e r a l l y found when u s i n g a new 

metal s u r f a c e . A f t e r 700 gms. o f m s j t e r i a l had been passed th r o u g h 

the r e a c t o r , i t was found t h a t b o t h . t h e amount o f more h i g h l y c h l o r i n a t e d 

benzenes, and the amount o f non-aromatic i m p u r i t i e s , were i n c r e a s i n g . 

The i r o n f i l i n g s must be covered w i t h i r o n h a l i d e s , thus d e a c t i v a t i n g , 

th e s u r f a c e . The f i l i n g s were removed and r e p l a c e d by 5 Kg. o f f i n e 

i r o n f i l i n g s . Table 7b shows the d i f f e r e n c e i n the p r o d u c t s from u s i n g 

f i n e and coarse i r o n f i l i n g s . 

Again i t can be seen q u i t e c o n c l u s i v e l y t h a t the f i n e i r o n f i l i n g s 

are a v a s t improvement, "he y i e l d increases from 50$ "to 65$, and t h i s 

i n c rease i s w i t h the p e r f l . u o r o - and | ch l o r o p e n t a f l u o r o b e n z e n e s , e x a c t l y 

where i t i s wanted. The amount o f non-aromatic m a t e r i a l p r e s e n t was 

v e r y much l e s s , and af t e r . 1 0 0 0 gms. o f m a t e r i a l had been dehalogenated, 

a l t h o u g h the packing showed s l i g h t [signs o f d e t e r i a t i o n , good y i e l d s 

were s t i l l o b t a i n e d . 
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Table 7b• 

Reactant Y i e l d Fine o r 
coa.rse 
f i l i n g s 

il i 
Product 

1) c 6 c i 6/3P 2 50 cogvrse C;F. 13$ 

C;[CI 3F 3$ 

C GIF 21$ GVC1 F 11$ 
6 5 ^ 6 2 4 ^ 

2) course 
i 

C|LF6 29$ C 6C1F 5 23$ C 6C1 2F 4 4$ 

3) C 6 C1 6 /3C1F* 62 coarse CvFg 8$ G 

C£C1 3F 3 9$ 

6C1F 5 22$ C 6C1 2F 4 20$' 

C 6C1 4F 2 3$ 

4) C 6C1 6 / 3 P 2 64 f i n e C 6F 6 22$ 

C 6 C 1 3 P 3 # 

C 6C1F 5 27$ C 6C1 2F 4 12.5$ 

5) C 6C1 6/3P 2* 62.5 f i n e C 6F 6 18$ 

C:6C13F3 3$ 

C 6C1F 5 26.5$ C 6C1 2F 4 15$-

For comparison an average m o l e c u l a r weight o f 380 was taken. 
'1 

* A f t e r 1 Kg. had been dehalogerlated. 

The m i x t u r e o f p e r c h l o r o f l u o r o c y c l o h e x a n e s and -cyclohexenes, 
ii 

o b t a i n e d from the c h l o r o f l u o r i n a t i o n o f hexachlorobenzene, was a l s o 

dehalogenated under s i m i l a r c o n d i t i o n s . The o v e r a l l y i e l d o f aromatic 

m a t e r i a l was good, and c o u l d be i n i j r e a s e d , as the coarse f i l i n g s were 

used. However the y i e l d o f perfluorobenzene was poor, compared w i t h the 
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p r o d u c t s from the dehalogemated cyciiohexanes, o b t a i n e d from t h e s t r a i g h t 

f l u o r i n a t i o n o f hexachlorobenzene. 'The i n c r e a s e d y i e l d comes from t h e 

more h i g h l y c h l o r i n a t e d aromatic p r o d u c t . 

The second r e a c t i o n i n Table 7? shows t h e dehalogenation o f t h e 

cyclohexanes o b t a i n e d f r o i n the prolonged a c t i o n o f f l u o r i n e on hexa­

chlorobenzene. (Average molecular c o n s t i t u t i o n C^Cl^F^). T h i s g i v e s 

good y i e l d s o f p e r f l u o r o - and c h l o r d p e n t a f l u o r o b e n z e n e s , which c o u l d 

be i n c r e a s e d i f the f i n e i r o n f i l i n g s were used. However these 

cyclohexanes are o n l y produced i n 6,4»5$ y i e l d from hexachlorobenzene. 

P r e p a r a t i o n o f Perfluorobenzene and Chloropentafluorobenzene. 

The dehalogenation o f the p e r c h l o r o f l u o r o c y c l o h e x a n e s , o b t a i n e d 

from the r e a c t i o n between hexachlorobenzene and f l u o r i n e , i s p r o b a b l y 

the best method f o r t h e p r o d u c t i o n o f perfluorobenzene. Both 

perfluorobenzene (20$ o v e r a l l y i e l d ) and c h l o r o p e n t a f l u o r o b e n z e n e 

(25$ o v e r a l l y i e l d ) , o b t a i n e d i n t h i s r e a c t i o n , can be used as p r e ­

c u r s o r s t o f l u o r o - a r o m a t i c compounds. Chloropentafluorobenzene 

( s i m i l a r t o t h e i o d o - and. bromo-anjilogues) has been shown i n these 

l a b o r a t o r i e s t o form a G r i g n a r d r e agent. "*,<">"' 
Et <) 

CgClF,. + Mg - • — C g P , J J g C l . 

The advantages i n t h i s method o f p r e p a r a t i o n are g i v e n below:-

i ) The s t a r t i n g m a t e r i a l , hexachlorobenzene, i s r e a d i l y 



a c c e s s i b l e and r e l a t i v e l y ,5heap. The f l u o r i n a t i o n t o the 

cyclohezane stag<3 (average:, molecular f o r m u l a CgCl^Fg), 
I 

o n l y r e q u i r e s t h e o r e t i c a l 'amounts o f f l u o r i n e , t o g i v e 
i 

e x c e l l e n t y i e l d s (90$). Some f l u o r i n e i s l o s t , however, i n 

the f l u o r i n a t i o n o f the s q l v e n t . 

i i ) Both the f l u o r i n a t i o n and dehalogenation steps can be 
i 

c a r r i e d out on a l a r g e s c a l e . 
! 

i i i ) P r o v i ded t h a t a source o f f l u o r i n e and a c o b a l t f l u o r i d e 

r e a c t o r are a v a i l a b l e , the'jse compounds can be made q u i c k l y , 

cheaply, v e r y simply and i n good y i e l d s , 

i v ) The advantage i n u s i n g the c h l o r o f l u o r o c y c l o h e x a n e s as t h e 

p r e c u r s o r t o these aromatijc compounds, i s t h a t t h e c h l o r i n e 

and n o t the f l u o r i n e ' i s e l i m i n a t e d . There i s , t h e r e f o r e , 

l i t t l e wastage o f f l u o r i n e * . 

c 6 c i 6 + 3F^ - |< 

v ) Chloropentafluorobenzene i s produced. T h i s p r o v i d e s a 

r e a c t i v e g r o u p i n g i n the p e r f l u o r o - n u cleus. 

I t was found t h a t changing freim coarse f i l i n g s t o f i n e f i l i n g s , 

i n the dehalogenation steip, increased the y i e l d o f aromatic m a t e r i a l 

15$. A f u r t h e r incres.se may be found i f t h e p a c k i n g was changed 

t o i r o n powder. The iro-iii powder would l e n d i t s e l f t o a more simple 

method o f replacement; i . e . t h e powder c o u l d be blown o u t , and new 

powder r e p l a c e d i n a s i m i l a r manner. 

C 6 C 1 6 P 6 C 6 P 6 + C 6 C 1 P 5 ' 

http://incres.se


I II 

Chapter 3l« 

EXPERIMENTAL WORK 

I 
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FLUORIDATION OF HEXACHLCHQBENZENE. 

The L i q u i d Phase Reaction between C h l o r i n e T r i f l u o r i d e 
s.nd HexachJlorobenzene. 

Hexachlorobenzene ws.s r e a c t e d ,in the l i q u i d phase, w i t h c h l o r i n e 

t r i f l u o r i d e , d i l u t e d w i t h n i t r o g e n * and produced a c h l o r o f l u o r o c y c l o -

hexadiene, CgCl^F^, C h l o r o f l u o r o c y c l o h e x e n e s ( o f g e n e r a l f o r m u l a 

CgCl nF^Q n= 3 - 6 ) , and o h l o r o f l u o l o c y c l o h e x a n e s ( o f general f o r m u l a 

C,C1 F._ x « 3 - 7 ) « 6 x 12-x 
The products were separated b;r. d i s t i l l a t i o n and p r e p a r a t i v e 

scale vapour phase chromatography, and analysed f o r c h l o r i n e and 

f l u o r i n e . T h e i r i d e n t i t y . w a s confirmed by a n a l y t i c a l vapour phase 

chromatography, ( G r i f f e n and Georg^ Mk. I I a . ) ; i n f r a r e d 

spectroscopy, (Grubb Pansons G.S. I l a . ) ; molecular weight 

d e t e r m i n a t i o n , ( V i c t o r Meyer method.); and r e f r a c t i v e index, 

( B e l l i n g h a m and Sta n l e y Abbe type r e f r a c t o m e t e r . ) . 

The hexachlorobenzene used was t e c h n i c a l grade, made by B r i t i s h 
i 

Drug Houses; the c h l o r i n e t r i f l u o r i d e was s u p p l i e d i n lOOOgm. 

c y l i n d e r s from I . C . I . ; a i d the f l u o r i n e was generated from an I . C . I , 

f l u o r i n e c e l l capable o f a t e n amp'!, l o a d . 

E x p l o r a t o r y Run. 

Hexachlorobenzene (lOOgms. O.35 M.) was placed i n a one l i t r e , 

m i l d s t e e l p o t , w i t h carbon t e t r a c h l o r i d e ( 5 0 0 m l s ) . T h i s was 

me c h a n i c a l l y s t i r r e d , and the c h l p r i n e t r i f l u r o i d e , d i l u t e d w i t h 

- n i t r o g e n , bubbled i n t o the s l u r r y a t room temperature. 



; 84 . 

C h l o r i n e t r i f l u o r i d e a d d i t i o n r a t e 'was 25gms/hr.5 n i t r o g e n f l o w 
r a t e was 10 l i t r e s / h r . 

1 i 

The r e a c t i o n was con t i n u e d for; t h r e e and a h a l f hours, a t o t a l 

o f 84 gms. ( 0 . 9 M), o f c h l o r i n e t r i l f l u o r i d e b e i n g added. The produc t 

was washed once w i t h sodium hydroxide s o l u t i o n ( 0 . 5 N) j and t w i c e 

w i t h water. The s o l i d was f i l t e r e d , o f f and d r i e d t o g i v e h e x a c h l o r o ­

benzene (84 gms.). T h i s was confirmed by m e l t i n g p o i n t (226°C.) and 

mixed m e l t i n g p o i n t (227 C.). The ; i n f r a r ed spectrum was i d e n t i c a l 

w i t h a u t h e n t i c hexachlorcbenzene. 

The f i l t r a t e was d r i e d (anhydrous MgSO^) and d i s t i l l e d t o g i v e 

carbon t e t r a c h l o r i d e (290 m i s . ) , b,;p. 7© C. , l e a v i n g a re s i d u e o f 

hexachlorobenzene (10 gmsi.). 

Reaction o f Hexachlorobenzene w i t h ; C h l o r i n e T r i f l u o r i d e . 

(Molar R a t i o 1 :!-£-). 

Hexachlorobenzene (!L00 gms., 0 .35 M. ) was placed i n a t h r e e 

necked 25O cc. f l a s k and> heated to,i240*C.. u s i n g an i s o m a n t l e , the 

c h l o r i n e t r i f l u o r i d e , d i l u t e d w i t h n i t r o g e n , was l e d i n t o the v e s s e l 

by a. gas le a d d i p p i n g below t h e mo :lten, s t i r r e d , hexachlorobenaene. 

A wide a i r condenser prevented t h e 1 s u b l i m i n g hexachlorobenzene from 
1 

l e a v i n g t h e apparatus, and a h e a t i n g tape prevented blockage i n t h e 

condenser (see f i g . i ) . A t r a p cobled i n water t o c o l l e c t any low 

b o i l i n g p r o d u c t , and a bub b l e r ( u s i n g carbon t e t r a c h l o r i d e ) , were 

connected t o the end o f the a i r condenser. 

C h l o r i n e t r i f l u o r i d e was i n t r o d u c e d a t 20-25 gms/hr., and the 

n i t r o g e n f l o w r a t e was 5 l i t r e s / h n . , f o r t h e f i r s t hour; the c h l o r i n e 
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1 

t r i f l u o r i d e f l o w r a t e was: then cut, ;to 10-15 gms/hr., and the n i t r o g e n 

f l o w r a t e t o 2.5-3*0 l i t r e s / h r . The r e a c t i o n was stopped a f t e r 56 gms. 
. . . I 

o f c h l o r i n e t r i f l u o r i d e 1,0.60 M) h;a.d been added, the n i t r o g e n was 
1 

stopped a f t e r a f u r t h e r ] i a l f hour. 1 

I g n i t i o n o f the c h l o r i n e t r i f l u o r i d e occurred d u r i n g the r e a c t i o n , 
•1 

t h i s caused decomposition o f the hexachlorobenzene and r e s u l t e d i n 

carbon c o n t a m i n a t i o n o f t h e p r o d u c t . When t h i s o c c u r r e d the c h l o r i n e 

t r i f l u o r i d e a d d i t i o n was stopped, 'and the system swept w i t h n i t r o g e n 
b e f o r e p a s s i n g more c h l o r i n e t r i f l i u o r i d e . 

'i 

The r e a c t i o n p r o d u c t , which w'as a l i q u i d , was d i l u t e d w i t h e t h e r , 

and f i l t e r e d t o remove carbon u s i n g h y f l o s u p e r c e l l (Johns M a n d e r v i l l e 

& Co.Ltd.-) as the f i l t r a t i o n pad. ' The e t h e r i a l s o l u t i o n was washed 

w i t h sodium hy d r o x i d e s o l u t i o n (ST-I and then w i t h w ater, d r i e d 

(anhydrous MgSO^), and the e t h e r d i s t i l l e d . The produ c t was d i s t i l l e d , 

w i t h o u t a d i s t i l l a t i o n column, t o give an o i l y c o l o u r l e s s l i q u i d 

(85 gms..), w i t h a pungent s m e l l . 

T h i s r e a c t i o n was j.*epeated seven t i m e s , u s i n g v a r y i n g amounts 

o f hexachlorobenzene and c h l o r i n e t r i f l u o r i d e . D e t a i l s are giv e n 

i n t a b l e 8. 

11 
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'i 
T a b l e 8. 

wt. c 6 c i 6 

gms. 
Temp. :' C. Wtj| C1F 

•ignis." 

Time o f 
R e a c t i o n , 

h r s . 
P r o d uct 

gms. 

1. 100 240 , 56 4 85 

2. .100 2 4 0 * '! 55 3 f 90 

3 . 100 250 62 4 i 92 

4 . 100 240 1 56 3 72 

5- 200 240 '.' 121 7 178 

6 . 250 240 ,128 10 193 

7 . 125 240 80 3 i 138 

The temperature was lowered g r a d u a l l y throughout the r e a c t i o n 

to I50°c. 

1 . 

A t y p i c a l run gave a vapour plhase chromatogram a s shown i n f i g . i i ; 

t h i s shows f i v e major components arid some e i g h t minor components. 

The compounds i s o l a t e d and c h a r a c t e r i z e d have been g i v e n a peak 

number to a i d i d e n t i f i c a t i o n . I 

The p r o d u c t s from runs 1-4 were combined, and d i s t i l l e d u s i n g 

a c o n c e n t r i c tube column, w i t h a h e a t i n g j a c k e t . T h i s a p p a r a t u s 

was s e t up to g i v e a maximum plata,ge o f 18 u s i n g a m i x t u r e of 
1 

n-heptane and m e t h y l c y c l o h e x a n e , f o l l o w i n g the method o f B r o m i l e y 
101). 1 

and Q u i g g l e . The r e f r a c t i v e indes; of the s t i l l pot and the d i s t i l l a t e , 

were found a f t e r e q u i l i b r i u m had b'een a t t a i n e d . The p l a t e a g e o f t h e 

column was then r e a d o f t from the 'Itable o f r e f r a c t i v e i n d e x a g a i n s t 
1 off 

t h e o r e t i c a l p l a t e s , w hich was consstructed by Lecky and E w e l l . 
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i 
The d e t a i l s o f the d i s t i l l a t i o n arejj shown i n t a b l e 9* and f i g . i i i . 

T a b l e 9» D i s t i l l a t i o n 1. 

: ! S i z e o f 
F r a c t i o n B o i l i n g F r a c t i o n C o n t a i n i n g . 

Ho. Range C. gms. Components No. 

1 142-145 ' 3-7 1. 

2 175-180 21 - 6 2 ,3 -

3 205-209 107.5 4 . 

4 2^.5-248 j 101.0 5. 

5 273 -283 36.0 6. 

1 
R e s i d u e 5*0 gms. I n t e r m e d i a t e f f a c t i o n s 49 gms. Re c o v e r y 96$. 

1 

F r a c t i o n a l D i s t i l l a t i o n o f the R e a c t i o n Product from Hexachlorobenzene 
and C h l o r i n e T r i f l u c r i d e (Molar R a t i o l t l - j - ) . 

I a. 

F r a c t i o n 1. T h i s c o n t a i n e d m a i n l y component 1. A.S.V.P.C. u s i n g 
b 

a T.C.P. column, showed i t t o hsiyp a c o i n c i d e n t r e t e n t i o n time 
w i t h C.C1 F o b t a i n e d from the h e x a c h l o r o b e n z e n e , antimony p e n t a -

6 3 7 
iil-

f l u o r i d e r e a c t i o n . 3•75 gms. o f f r a c t i o n 1 gave 2.1 gms. o f 

component 1. (P.S.V.P.C. C T.C.P,. column a t 150"C; F.T)t AO cms. o f Eg; 

n i t r o g e n 200 c c s / m i n . ) . 

M o l e c u l a r weight, found: 323> c a l c . f o r C ^ C l ^ F ^ : 3 1 1 . 5 « 

B.p. I48 C. L e f f l e r gave 140 C., McBee 145-5 C. n j 1.4050, 

a. A n a l y t i c a l s c a l e vapour phase chromatography, 
b- T r i c r e s y l phosphate. >| 
c- P r e p a r a t i v e s c a l e vapour phase j3hromatography. 
i - P r e s s u r e d i f f e r e n c e . ! 
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nj 0' 1 . 4 0 0 6 . L e f f l e r gave: n j * 0 1.3995, McBee I . 4 O I 3 . 

A n a l y s i s gave: C I , 34*2, F, 42.5$;'! c a l c . f o r C,C1,F_: C I , 34-2 , 
o 3 ( 

F, 4 2 . 7 $ . 

An i n f r a r e d spectrum o f somponent 1 (No. 3« see page showed s t r o n g 

a b s o r b t i o n a t 1633 cm ^ a;ad 1693 cm. wh i c h i n d i c a t e d t h e p r e s e n c e 

o f t h e u n s a t u r a t e d s t r u c t u r e s -CC1=CC1- and -CF=CC1- . The former 
1 lit 

s t r u c t u r e i s p r e s e n t i n 1 , 2 , 4 - t r i c h l o r o h e p t a f l u o r o c y c l o h e x e n e , and 
1 

an i n f r a r e d spectrum o f t h i s (No. 2) i n d i c a t e d t h a t some o f t h i s 

compound i s p r e s e n t i n component l . ^ 

F r a c t i o n 2 . T h i s c o n t a i n e d about .60$ o f component 2 , and 30$ o f 

component 3- 20.0 gms. o f f r a c t i o n ' 2 gave 7-0 gms. o f component 2, 

and 2 .3 gms o f component 3 . ( P . S . l j . P . C . Ed .El.*"column a t 175°C; 

P.D. 30 cms. Eg; n i t r o g e n 175 ccs/min.; r e c y c l e d o n c e ) . 

Component 2 . M o l e c u l a r weight, found: 334 , c a l c . f o r C^-Cl.F^: 328. 
1 o 4 P 

B.p. 178 .5 JC. L e f f l e r gave 95 c /6j i mm. n j 1 .4367, n^ 1-4327. 

L e f f l e r gave n^° 1.4313- ' 

A n a l y s i s gave: C I , 4 3 i , F, 34-0$; j c a l c . f o r C^Cl F ^ : C I , 4 3 . 3 , 
1 

F, 34-7$-

The i n f r a r e d spectrum o f component 2 (No. 5) showed s t r o n g a b s o r b t i o n s 

a t 1637 cm * and 1695 cm w h i c h vindicated the p r e s e n c e o f the 

s t r u c t u r e s -CC1=CC1- and -CF=CC1- ,! 

Component 3 . M o l e c u l a r w e i g h t , found: 295, c a l c . f o r C ^ C l . F . : 290. 
6 4 4 

W ''• - c 

M.p. 46 .5 C. Smith e t a l . g i v e s 46.0 C. 

A n a l y s i s gave: C I , 49*8, F, 26 .0$; c a l c . f o r C g C l ^ : C I , 4 9 . 0 , 

F, 26 .2$ . <K. S i l i c o n e e l a s t o m e r . 



The i n f r a r e d spectrum o f component' 3 (No.. 3 ) had a s t r o n g a b s o r b t i o n 

r -1 :i a t 1642 cm , c o n s i s t a n t w i t h t h e -CC1=CC.L- grouping, t h e spectrum 

was s i m p l e which i n d i c a t e d a s y m m e t r i c a l m o l e c u l e . T h i s was shown 

by N.M.R. to be 1, 2 , 4 « 5 - t ' 3 t r a c h l o r o j t e t r a f l u o r o c y c l o h e x a - l , 4 - d i e n e . 

An u l t r a v i o l e t spectrum i n methanol, u s i n g an O p t i c a C.F . 4 « 

s p e c t r o p h o t o m e t e r , gave: )v 2 0 8 * ^ l o g e 4 . 119* ( 0 . 0 1 0 2 4 g m s / l i t r e ) . 

F r a c t i o n 3* T h i s c o n t a i n e d mainly 1component 4* 1 0 . 0 gms. o f 

f r a c t i o n 3 gave 4« 3 « gms. o f component 4« (P.S.V.P.C. S i . E l . column 

a t 200*0 ; P.D. 35 cms. Hg-; n i t r o g e n 175 c c s / m i n . ; r e c y c l e d o n c e ) . 

M o l e c u l a r weight, found: 352 , c a l c . f o r C^C1_F_: 3 4 4 « 5 « 
° 5 5 

o 9 0 
B.p. 2 0 8 . 5 C. n* 1 .4699. . 

A n a l y s i s gave: C I , 5 1 * 7 , F, 2 7 . 3 $ ; c a l c . f o r C.Cl.-F e: C I , 5 1 . 5 , 
fa 5 5 

F, 2 7 . 6 $ . 

The i n f r a r e d spectrum (No. 6 ) showjsd s t r o n g a b s o r b t i o n a t 1623 cm~^, 
,1 

and weak a b s o r b t i o n a t I69O cm - ; t i a i s i n d i c a t e s a preponderance o f 

the -CC1=CC1- gr o u p i n g . 

F r a c t i o n 4 . T h i s c o n t a i n e d mainly!component 5* 1 0 . 0 gms. o f f r a c t i o n 

4 gave 2 . 8 . gms. o f component 5 . (1P.S.V.P.C. S i . E l . column a t 230 C; 

P.D. 40 cms. Hg; n i t r o g e n 200 ccs/miLn. ; r e c y c l e d t w i c e ) . 
i 

M o l e c u l a r weight, found: 36O, c a l c . f o r C^-ClgF : 3 6 1 . 

B.p. 2 4 2 . 5 ° C . n^° 1 . 4 9 9 8 . 

A n a l y s i s gave: C I , 5 9 « 8 , F, 2 1 . 7 $ ; c a l c . f o r C g C l g F ^ C I , 59*0 , 

F, 2 1 . 1 $ . 

The i n f r a r e d spectrum (No. 7 ) showed s t r o n g a b s o r b t i o n a t 1620 cm \ 
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and no a b s o r p t i o n i n the 1690 cm ^'jr e g i o n ; t h i s i n d i c a t e s t h a t 
component 5 c o n t a i n e d none o f the 4CF=CC1- s t r u c t u r e , but t h a t t h e 

u n s a t u r a t i o n was caus e d o n l y by th«| -CC1 SCC1- grouping. 
1 

F r a c t i o n 5« T h i s was a s u s p e n s i o n c o n t a i n i n g m a i n l y component 6 , 

A.S.V.P.C., u s i n g a s i l i c o n e e l a s t o m e r column, showed i t to have a 

c o i n c i d e n t r e t e n t i o n time; w i t h h e xuchlorebenzene. O . 5 gms. were 

i s o l a t e d a f t e r t w i c e r e c r y s t a l i z i n < j from d i e t h y l e t h e r . 
! 

O o 

M.p. 227 C; mixed m.p. w i t h h e x a c k l o r o b e n z e n e : 227 C. 

A n a l y s i s , gave: C I , 74 .0 , , F, 1 . 4 $ ; , c a l c . f o r CgClgt C I , 7 4 - 7 $ . 

The i n f r a r e d spectrum ( l i b . 20 see.| pageMt-ff) had a b s o r b t i o n s a t 

1343> 1300 and 696 cm ^, • i d e n t i c a l l j w i t h h e x a c h l o r o b e n z e n e . 

A l l m o l e c u l a r w e i g h t s were determined by the V i c t o r Meyer 

method, which gave r e s u l t s w i t h s t a n d a r d s t h a t were c o n s i s t a n t l y 

2 - 3 $ h i g h . 
1 

R e a c t i o n o f He.xachlorobenzene with'! C h l o r i n e T r i f l u o r i d e . 

(•Molar R a t i o 1' 1 s 3 ) • 

Hexachlorobenzene (100 gms., ;p.35 M.) was r e a c t e d w i t h c h l o r i n e 

t r i f l u o r i d e (55 gnis., O.o Mj a t 24p C, u s i n g the same c o n d i t i o n s and 

ap p a r a t u s a s s t a t e d b e f o r e . A f t e r . t h i s s t a g e the temperature was 

lowered to 100°C, and c h l o r i n e t r i f l u o r i d e , (45 gms., O . 5 M) 

d i l u t e d w i t h n i t r o g e n (3 l i t r e s / h r . ) , was p a s s e d i n t o t h e r e a c t i o n 

v e s s e l f o r two h o u r s . The r e s u l t i n g l i q u i d was d i l u t e d w i t h e t h e r 

(50 m i s . ) , f i l t e r e d , washed and d r i e d a s b e f o r e . A f t e r an e t h e r 

d i s t i l l a t i o n , t he pro d u c t was d i s t i l l e d t o g i v e a c o l o u r l e s s l i q u i d 

1 
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! 

, i 

(95 gms.) ,j 

:l 
A vapour phase chromatogram oi| a t y p i c a l r e a c t i o n i s shown i n 

i 

f i g . i v . The compounds i n d i c a t e d by the numbers 1,2,4 and 5> have 

the same r e t e n t i o n t i m e s , u s i n g A.£5.V.P.O. under v a r y i n g c o n d i t i o n s , 

a s t h o s e mentioned before!; i . e . c j ! c i , F _ , C,C1.F,, C z r C l r F r a n d C,C1,F. 
t> 3 7 6 4 6 6 5 5 6 6 4 

r e s p e c t i v e l y . I n o r d e r to i s o l a t e t h e s e compounds f o r d e f i n i t e 

i d e n t i f i c a t i o n , and a l s o to determine the n a t u r e of the compounds 

c l o s e l y a s s o c i a t e d w i t h «sach one (ishown i n f i g . i v by t h e peak 

number and s u f f i x a ) ; a s u f f i c i e n t q u a n t i t y o f r e a c t i o n product was 
i 

o b t a i n e d f o r a f r a c t i o n a . t i o n . See It-able 10. 

T a b l e 10. Time o f 
wt. o f CgClg wt. o f G I F 1 R e a c t i o n Product 

gms. i%ms. hrs.. gms. 

100 100 4* 
,! "2 

95 

100 103 5 98 

250 256 1 11 244 

The p r o d u c t s from the above r e a c t i o n s were combined and 

d i s t i l l e d , u s i n g t h e c o n c e n t r i c tube column p r e v i o u s l y d e s c r i b e d . 
1 

The t e m p e r a t u r e range and the weight of e a c h f r a c t i o n i s g i v e n 
> i 

i n t a b l e 11. ! 
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T a b l e 1 1 . D i s t i l l a t i o n 2 . 

F r a c t i o n 
No. 

B o i l i n g 
Range"C. 

Size; o f 
F r a c t i o n 

gms. 

C o n t a i n i n g 
Component 

Nos. C o n s t i t u t i o n 

1 1 7 7 - 1 7 8 ' ] |5 2 , 2a 1:1 

2 2 0 7 - 2 0 8 
'1 
<jo 4 , 4 a 1:1 

3 2 4 0 - 2 4 3 50 5 , 5a 1:2 

4 2 7 0 - 2 7 3 <4 6a — 

R e s i d u e 3 gms. I n t e r m e d i a t e F r a c t i o n s 250 gms. Recovery 9 6 $ . 

E a c h d i s t i l l a t i o n f r a c t i o n c o n t a i n e d two components, both 

h a v i n g s i m i l a r b o i l i n g p o i n t s and R e t e n t i o n t i m e s . P.S.V.P.C. was 

used to o b t a i n a pure specimen o f oach component, and i n each 

s e p e r a t i o n , the component had to be* r e c y c l e d a t l e a s t once. The amount 

of e a c h component i s o l a t e i d was s m a l l , however t h e i n f r a r e d spectrum 

was o b t a i n e d , and compared w i t h s t a n d a r d compounds. These were :-

i ) t h e perchlorof luorocyclohex3ii.es, o b t a i n e d from t h e r e a c t i o n 
i 

between hexachlorobenzene! and c h l o r i n e t r i f l u o r i d e , w i t h a molar 
'I 

r a t i o o f 1:1^-; 

i i ) t h e p e r c h l o r o f l u o r o c y c l o h e x a n e s , o b t a i n e d from a s i m i l a r 

r e a c t i o n , w i t h a molar r e i t i o o f 1:7. 

F r a c t i o n 1 . T h i s c o n t a i n e d 5^$ °f component 2 and 5^$ o f component 

2 a . Pure specimens were i s o l a t e d . (P.S.V.P.C. S i . E l . column a t l8o'>C; 

P.D. 30 cms. Hg; nitrogem 175 ccs/min.; r e c y c l e d o n c e ) . I n f r a r e d 

s p e c t r a and A.S.V.P.C. showed component 2 to be C^Cl^Fg, and 

component 2a to be C,C1 F a . 

http://luorocyclohex3ii.es


F r a c t i o n 2 . T h i s c o n t a i n e d 50$ o:f component 4 and 50$ o f component 

4 a . Pure specimens were i s o l a t e d . I (P.S.V..P.C. S i . E l . column a t 195 0 

P.D. 40 cms. Hg; n i t r o g o n 200 ccs/min.; r e c y c l e d t w i c e ) . I n f r a 

r e d s p e c t r a and A. S.V.P.(3.: showed j;omponent 4 to he CgCl^F^, and 

component 4 a to he CgCl,.]^. 

F r a c t i o n 3» T h i s c o n t a i n e d 30$ o:f component 5 and 60$ o f component 

5 a . Pure specimens were' i s o l a t e d . "(P.S.V.P.C. S i . E l . column a t 235 0 

P.D. 40 cms. Hg; n i t r o g e n 200 c c s / m i n . ; r e c y c l e d t w i c e ) . I n f r a 

r e d s p e c t r a and A.S.V.P.G. showed component 5 to be CgClg.F^ , and 

component 5& to be CgClgFg. 

F r a c t i o n 4» T h i s c o n t a i n e d component 6 a . A pure specimen c o u l d 
i 

not be i s o l a t e d a s d e h a l c g e n a t i o n o c c u r r e d on t h e column. An i n f r a 

r e d spectrum and A.S.V.P.C. showed .component 6a to be C g C l ^ F ^ . 

R e a c t i o n o f Hexachlorobenzene w i t h ' b h l o r i n e T r i f l u o r i d e . 

(Molar R a t i o 1:7) 

Hexachlorobenzene (100 gms., C . 3 5 M'.) was r e a c t e d w i t h c h l o r i n e 

t r i f l u o r i d e ( 55 gms** 0 . 6 M) a t 240i°C, u s i n g the same c o n d i t i o n s 

and a p p a r a t u s as s t a t e d b e f o r e . The temperature was t h e n lowered 

to 100*C, and c h l o r i n e t r i f l u o r i d e (184 gins., 2 . 0 M) d i l u t e d w i t h 

n i t r o g e n ( 2 . 5 l i t r e s / h r . ) , was p a s s e d i n t o the r e a c t i o n v e s s e l f o r 

e i g h t e e n h o u r s . The product was d i s s o l v e d i n e t h e r (50 m i s . ) , 

f i l t e r e d , washed and d r i e d as b e f o r e . A f t e r an e t h e r d i s t i l l a t i o n , 

t he product was d i s t i l l e d to g i v e a w h i t e s o l i d (62 gms.). 
1 

T h i s r e a c t i o n was r e p e a t e d t h r e e t i m e s . D e t a i l s a r e g i v e n 
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. i n t a b l e 1 2 . 

T a b l e 1 2 . 

wt. o f CgClg 

100 

125 

125 

wt. o f C1F. 
gms. 

239 

300 

296 

Time o f 
R e a c t i o n 

h r s . 

20 

27 

27 

Product 
gms. 

62 

84 

79 

A vapour phase chrom'atogram ofj| a t y p i c a l r e a c t i o n i s shown i n 

f i g . v. The p r o d u c t s from the above r e a c t i o n s were combined, and 
1 

d i s t i l l e d u s i n g t h e c o n c e n t r i c tube.column p r e v i o u s l y d e s c r i b e d . 

The d e t a i l s o f the d i s t i l l a t i o n areij shown i n t a b l e 13* 

T a b l e 1 3 . D i s t i l l a t i o n 3 . 

F r a c t i o n 
Ho. 

1 

2 

3 

4 

5 

B o i l i n g 
Range 0 C. 

' 0 - 1 5 0 

173-176 

204 -208 

247-250 

265 -275 

Size o f 
F r a c t i o n 

gms. 

1 . 5 

10 

40 

25 

C o n t a i n i n g 
Component No. 

l a 

2a 

4a 

5a 

6a 

R e s i d u e 3 « 0 gms. I n t e r m e d i a t e F r a c t i o n s 91 gins. Recovery 

F r a c t i o n 1. T h i s c o n t a i n e d m a i n l y "component l a . 1 . 5 gms. of f r a c t i o n 

1 gave 0 . 6 gms. o f component l a . (P.S.V.P.C. S i . E l . column a t 147 C; 

P.D. 30 cms. Hg; n i t r o g e n 175 ccs/mjLn.). A.S.V.P.C. i n d i c a t e d 
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>! 

component l a to be C^Cl.E' . 

B.p. 142"C. T a t l o w and ¥orthingtori! gave 141 C. 
il 

A n a l y s i s gave: C I , 31 .0 , ' F, 4 8 - 5 $ ; c a l c . f o r C ^ C l ^ F ^ : C I , 3 0 . 4 , 

F, 48.956. 
1 1 

F r a c t i o n 2 . T h i s c o n t a i n e d m a i n l y component 2 a . 3 « 0 gms. o f 

f r a c t i o n 2 gave 2 . 1 gms. of component 2 a . (P.S.V.P.C. S i . E l . column 

a t 165*C; P.D. 40 cms. Hg: n i t r o g e n 200 c c s / m i n . ) . An i n f r a r e d 

spectrum (No. 9« see p a g e l ^ l ) , and A.S.V.P.C. i n d i c a t e d component 

2a to be CgCl^Fg. 

B.p. 1 7 5 . 5 C Johncock gave 1 7 4 - 0 C. 

A n a l y s i s gave: C I , 39*6 , F, 4 1 . 0 $ ^ calc.. f o r CgCl^Fg: C I , 3 8 . 8 , 

F, 4 1 . 5 $ . 1 

F r a c t i o n 3« T h i s c o n t a i n e d mainly,component 4 a . 5*3 gms. of 

f r a c t i o n 3 gave 3 « 7 gms. o f component 4 a . (P.S.V.P.C. S i . E l . column 

a t 190°C: P.D. 40 cms. Hg; n i t r o g e n 175 c c s / m i n . ) . An i n f r a r e d 

spectrum (No. 1 0 ) , and A.S.V.P.C. i n d i c a t e d component 4 a to be 

C 6 C 1 5 F 7 -

B.p. 2 0 7 . 5 C; m.p. 7 4 - 7 6 C. Johncock gave 'b.p. 209 C. 

A n a l y s i s gave: C I , 4 6 . 1 , F, 3 4 . 5 $ ; 1 c a l c . f o r Cg C l ^ F ^ : C I , 4 6 . 4 , 

F, 3 4 . 8 $ . 

F r a c t i o n 4« T h i s c o n t a i n e d m a i n l y 'component 5 a . 5 ' 0 gms. of 

f r a c t i o n 4 gave 1 . 7 gms. o f component 5 a . (P.S.V.P.C. S i . E l . column 

a t 230*C; P.D. 50 cms. Hg; n i t r o g e n I 5 0 ccs/min.; r e c y c l e d o n c e ) . 

B.p. 248*C: m.p. 103-105"C. Godsel e t . a l ^ g a v e b.p. 1 3 7 * 0 / 3 0 mm. 
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m.p. 101-102'c. 

A n a l y s i s gave: C, 1 7 - 9 » C I , 5 2 - 9 , 'Jf, 2 7 - 6 $ ; c a l c . f o r CgClgFg: 

C, 1 8 . 0 5 , C I , 5 2 . 1 , F, 2 7 . 9 $ . 

An i n f r a r e d spectrum (No. 11 ) showed no u n s a t u r a t i o n . 

F r a c t i o n 5» This, c o n t a i n e d m a i n l y component 6 a . P u r i f i c a t i o n by 

P.S.V.P.C. was i n e f f e c t i v e due to d e h a l o g e n t a i o n o f the compound 

on the S i l i c o n e E l a s t o m e r column. 

B.p. 270-273°C; m.p. 105-110"c. 

A n a l y s i s o f f r a c t i o n .5 gave: C.I, 55-3, F, 2 2 - 9 $ ; c a l c . f o r C,C1„F,.: 
0 / 5 

C I , 5 9 - 7 , F, 2 2 - 9 $ . 

An i n f r a r e d spectrum (No. 1 2 ) showed no u n s a t u r a t i o n . 

The i m p u r i t y caused by dehalogeination o f component 6a was 

s e p a r a t e d . (P.S.V.P.C. S i . E l . columii! a t 245°C; P.D. 50 cms. Hg; 

n i t r o g e n 150 c c s / m i n . ) . An i n f r a r e d spectrum and A.S.V.P.C. showed 

i t to be CgCl-Fj-; the spectrum showjed s t r o n g a b s o r b t i o n a t 1695 cm-''", 

which i n d i c a t e d the p r e s e n c e o f the r C F s C C l - grouping. 

Samples o f C g C l ^ F ^ , C , C l ^ F g ' and'! C ^ C l ^ F ^ , p r e p a r e d by the r e a c t i o n 

o f h e xachlorobenzene and c o b a l t f l u o r i d e w e r e a v a i l a b l e f o r i n f r a 

r e d spectrum and A.S.V.P.C.. comparisons. 

The I n f l u e n c e o f C a t a l y s t s . o n t h e R e a c t i o n between Hexachlorobenzene 
1! 

and C h l o r i n e l - r i f l u o r i d e . 
• 1 

i 

a ) F e r r i c C h l o r i d e . 

S e v e r a l r e a c t i o n s between hexsichlorobenzene and c h l o r i n e 
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t r i f l u o r i d e , u s i n g f e r r i c i c h l o r i d e a s c a t a l y s t , were i n v e s t i g a t e d . 

C o n d i t i o n s were the same EI S t h o s e d e s c r i b e d b e f o r e , t h e f e r r i c 

c h l o r i d e b e i n g i n t r o d u c e d a t t h e b e g i n n i n g . I t was found however, 

t h a t due to s u b l i m a t i o n , f e r r i c c h l c i r i d e c o u l d not be used a t 240°C. 

S i n c e t h i s t emperature wad: n e c e s s a r y f o r t h e s t a r t o f the r e a c t i o n , 
i 

the c a t a l y s t must be i n t r o d u c e d a t e. l a t e r s t a g e . 

Hexachlorobenzene (100 gms., 0.;35 M) was r e a c t e d w i t h c h l o r i n e 
' i 

t r i f l u o r i d e (55 gins., 0.6 M) a t 240°iC, u s i n g the same c o n d i t i o n s and . 
I 

a p p a r a t u s a s p r e v i o u s l y d e s c r i b e d , (Isee page 9 ^ ) . The .temperature 

was then lowered t o 100°C, and f e r r i c c h l o r i d e (10 gms., 0.06 M) 

added. C h l o r i n e t r i f l u o r i d e (45 gms;., 0.5 M), d i l u t e d w i t h n i t r o g e n 

(3 l i t r e s / h r . ) , was p a s s e d i n t o t h e - r e a c t i o n , v e s s e l f o r two ho u r s . 

The p r o d u c t was d i l u t e d w i t h e t h e r , and th e carbon f i l t e r e d o f f . 

A f t e r w ashing a s b e f o r e , t!ae p r o d u c t 1 was d r i e d and the e t h e r d i s t i l l e d . 

F i n a l l y t he product was d i s t i l l e d to' g i v e 68 gms. o f a c o l o u r l e s s 
1 

l i q u i d . The vapour phase ijhromatogr'am i s shown i n f i g . v i . The 
:i 

product was d i s t i l l e d u s i n g the c o n c e n t r i c tube column p r e v i o u s l y 

d e s c r i b e d ( s e e page 87 ) . The d e t a i l s o f the d i s t i l l a t i o n a r e shown 

i n t a b l e 14« 
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T a b l e 14- D i s t i l l a t i o n '4» 

F r a c t i o n 
No. 

B o i l i n g 
Range " C1. 

S i z e o f 
F r a c t i o n 

gms. Components 

1 140-160^ 5 ° 6 C 1 3 F 7 ' 
( C 6 C 1 3 F 9 

2 175-178 13 
• 

C 6 C 1 4 F 6 ' C 6 C 1 4 F 8 

3 198-208 .20 • C 6 C 1 5 F 5 , C 6 C 1 5 F 7 

4 247-252' 
1 

4 C 6 C 1 6 F 6 

R e s i d u e 1 g m. I n t e r m e d i a t e F r a c t i o n s 23 gms. Recovery 96%. 

The compounds i n f r a c t i o n s 2-4|were p u r i f i e d by P.S.V.P.C. The 

c o n d i t i o n s f o r t h i s were i d e n t i c a l •Jpo t h o s e used f o r t h e p u r i f i c a t i o n 
' i 

of the compounds i n t h e f r a c t i o n s fvom d i s t i l l a t i o n 2 ( s e e page 95). 

The compounds were i d e n t i f i e d by comparison o f t h e i r i n f r a r e d 

s p e c t r a , and t h e i r r e t e n t i o n t i m e s ( u s i n g A.S.V.P.C.), w i t h compounds 

from t h e u n c a t a l y s e d r e a c t i o n s . • 

F r a c t i o n 1. T h i s c o n t a i n e d m a i n l y !component 1. A pure specimen 

was s e p a r a t e d . (P.S.V.P.C. S i . E l . ejolumn a t 145°C; P.D. 30 cms. Hg; 

n i t r o g e n 200 c c s / m i n . ) . The i n f r a i;ed spectrum was i d e n t i c a l w i t h 

C/.C1_.F„ produced i n the u n c a t a l y s e d ' r e a c t i o n . R e t e n t i o n t i m e s u s i n g 
o 3 1 

A.S.V.P.C. showed f r a c t i o n 1 c o n t a i n s d m a i n l y C g C l ^ y , but a t r a c e 

o f C ^ C l . F ^ was a l s o p r e s e n t . 
0 3 9 

b) C o b a l t F l u o r i d e . 
1 

C o b a l t d i f l u o r i d e (15 gms., 0.15 M) and hexachlorobenzene 
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ii 
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(100 gms. , O.35 M) were heated to 240*0 and reacted w i t h chlorine 
j 

t r i f l u o r i d e (55 gms., 0.6 M) using the same conditions and 

apparatus as previously d'escribed (see page 9 1 * ) • The temperature 

was then lowered to 100°C and a f u r t h e r 45 gms. of chlorine 

t r i f l u o r i d e (0.5 l i ) , d i l u t e d w i t h nitrogen (3 l i t r e s / h r . ) , were 

passed i n t o the vessel fox* two houris. The product was worked up as 

before, and gave 45 gms. of a white s o l i d . The vapour phase 

chromatogram i s shown in. f i g . v i i . |The prooluct was d i s t i l l e d using 

the concentric tube columr. previously described; the d e t a i l s are 

given i n table 15« I 

Table 15. D i s t i l l a t i o n 5. 

Size of 
Fraction B o i l i n g Fraction. Components. 

No. Range ° C. ,;gms. 
1 140-174 '. 2.7 CgCl^F-j, (Trace) 

2 174-180 i! 3-1 C 6 C 1 4 P 6 ' C 6 C 14 F 8 

3 208.5 7-5 C 6C1 5F 5, C 6C1 5F 7 

4 239.0 11.7 C 6 C 1 6 F 6 

5 265-270 ! 4.0 
C6 C 1 7 F 5 

Residue 1 gm. Intermediate f r a c t i o n s 12 gras. Recovery 92$. 

The compounds i n f r a c t i o n s 2-4 were p u r i f i e d by F.S.V.P.C.. The 

conditions f o r t h i s were i d e n t i c a l tcj those used f o r the p u r i f i c a t i o n 

of the compounds i n the f r a c t i o n s frc'm d i s t i l l a t i o n 2 (see page 9 5 " ' ) . 
. 1 

The compounds were i d e n t i f i e d by compjarison of t h e i r i n f r a red spectra 
1 

and t h e i r r e t e n t i o n times (using A.S..V.P.C.), w i t h compounds from 

1 
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i 
the uncatalysed reactions,. Trichlciroheptafluorocyclobexene was 

i! 
i d e n t i f i e d by A.S.V.P.C. only, as i n s u f f i c i e n t was present to i s o l a t e 

a pure sample f o r an i n f r a red spectrum. 

c) Boron T r i f l u o r i d e . | 

The e f f e c t as a cat a l y s t of both l i m i t e d and excess amounts 

of boron t r i f l u o r i d e was .investigated. I n both cases boron 

t r i f l u o r i d . e was added to the reaction vessel as a gas, mixed with 

the chlorine t r i f l u o r i d e and nitrogen. The flow rate was kept constant 

throughout the experiment,, j 

i ) Limited Amount of Boron T r i f l u o r i d e . Hexachlorobenzene 

(100 gms., 0.35 M) was heated to 240°C and reacted w i t h chlorine 

t r i f l u o r i d e (55 guis., 0.6 M) using the same apparatus and conditions 
'I 

as before (see page d l f ). The temperature was then lowered to 100 C 

and a f u r t h e r $0 gms.- of chlorine t r i f l u o r i d e (0«55 M) were passed 

i n t o the reaction vessel f o r two hours. 7*5 gms. of boron t r i f l u o r i d e 
:! 

(0.1 M) were used g i v i n g 122 gms. of a colourless liquid.. 

i i ) Excess Amount of Boron T r i f l u o r i d e . Hexachlorobenzene 

(100 gms., O.35 M) was heated to 24Cfc and reacted w i t h chlorine 

t r i f l u o r i d e (56 gms., 0.6 M) using the previously described 

apparatus and conditions. The temperature was then lowered to 100 C 

and a f u r t h e r 44 gms. of chlorine t r i f l u o r i d e (0.5 M) were passed 

i n t o the reaction vessel f o r two hours. 342 gms. of boron 

t r i f l u o r i d e (5 M) were used g i v i n g 95 gms. of a colourless l i q u i d . 
1 

The compounds from th.15 above reactions were i d e n t i f i e d by 
1 



105. 

fili cent f a i ^ m * * 

c u m 

A 
so OS 

o l C^Cv, a>^* C\F.j . li-nAt-d S o v o n T » ^ l « o v i d VIK 

St 
tuni\ o> l i o c A uu v. 

1 1 • r — i — — r 
S1 '° *• V> j r "M. MV S i MiMS. 



1 , 106. 

comparison of t h e i r r e t e n t i o n times (using A.S.V.P.C.), w i t h 

compounds from, the uncatalysed reactions. The vapour phase 

chromatograms are shown i n f i g s , v i i i and i x . 

d) Aluminium T r i c h l o r i d e . 

The i n i t i a l temperature rieceissary f o r the c h l o r o f l u o r i r i a t i o n 

of hexachlorobenzene was i;oo high f p r the addition of t h i s c a t a l y s t , 

as sublimation occurred. However, ris w i t h f e r r i c c h l o r i d e , the 

c a t a l y s t could be added when the temperature was lowered to 100°C. 

Aluminium t r i c h l o r i d e was added to a mixture of perchlorofluorocyclo-

hexenes at room temperature, on heading to ?0°C, an exothermic 

reaction appearedoto take place leaving a t h i c k paste, which could 

not be successfully stirresd. This resulted i n i g n i t i o n of the 

chlorine t r i f l u o r i d e and f u r t h e r reaction was impossible. 

A mixture of perchlorofluorocyclohexenes (25 gms.) was heated 

to 170°C w i t h aluminium t r i c h l o r i d e ,(5 gms.,. 0.04 M<), t h i s formed 

a t h i c k paste which remained on cooiling. The organic product was 

removed w i t h alcohol (40 c:cs.), dri<|d (anhydrous MgSO^), and the 

alcohol d i s t i l l e d o f f to give 15 gmsi. of s t a r t i n g m a t e r i a l . 

(A.S.V.P.C. Si.El. column,at 210°c). 
• 
1 

The L i q u i d Phase Reaction betweem Fluorine and Hexachlorobenzene. 

Fluorine Generator 

The general appearance of the generator i s shown i n f i g s , 

x and x i . I t consisted of an e l e c t r o l y t e container mounted on 
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cooling f i n s , one of which acted as the cathode connection. The 
anode connection was made to an insuls.ted plug on the top of the 
generator, the top being insulated from the body of the generator. 
Both the f l u o r i n e o u t l e t and the hydrogen f l u o r i d e i n l e t tubes 
were in s u l a t e d , as was the hydrogen o u t l e t tube which was made from 
alkathene. 

A pressure l u t e was f i t t e d on tha f l u o r i n e o u t l e t to prevent 

pressures, w i t h i n the c e l l , of greater than 2 i n s . of water. The 

hydrogen e x i t contained a cross piece f i t t e d w i t h an access plug, 

which was used f o r sampling., and f o r f i n d i n g the e l e c t r o l y t e l e v e l . 

Hydrogen f l u o r i d e was added through a dip pipe (HF i n l e t ) which was 

connected, through a valve (HF vent valve ) , to the hydrogen e x i t . 

The container was f i t t e d w i t h t h e r m o s t a t i c a l l y c o n t r o l l e d heating 

u n i t s , and contained pocket;? i n the top f o r a thermostatic c o n t r o l , 

and a thermometer. The generator was supplied with the e l e c t r o l y t e , 

which had the approximate composition KF.2HF. I t had a maximum 

f l u r o i n e output of 6.5 gms/hr. (4 l i t r e s / h r . ) , running at the 

maximum load of 10 amps. 

Operation of Fluorine Generator. 

The e l e c t r o l y t e was kept molten at a l l times as fr e e z i n g would 

cause damage to the anode. The thermostatic control was adjusted 

to give a temperature of 82^5*0. A power pack provided a variable 

D.C. voltage of 4-10 v o l t s , at 2-10 amps., f o r the anode. For 

production of f l u o r i n e the anode current was switched on at 2-3 amps., 



and a f t e r two minutes adjusted to any desired value up to 10 amps. 
As f l u o r i n e and hydrogen were produced, the amount of hydrogen 

f l u o r i d e i n the e l e c t r o l y t e , and therefore the volume of the 

e l e c t r o l y t e , decreased. The e l e c t r o l y t e composition must be 

maintained w i t h i n the range 40-42$ of hydrogen f l u o r i d e (by weight), 

and thus i t was necessary to add anhydrous hydrogen f l u o r i d e at 

i n t e r v a l s . The l e v e l ' o f the e l e c t r o l y t e , and thus the percentage 

of hydrogen f l u o r i d e was found by using a dip s t i c k . This was 

introduced at the crosspiece of the hydrogen e x i t . A true reading 

could only be obtained when the generator was producing f l u o r i n e , 

because when the generator was stopped, the anode tended to absorb 

the e l e c t r o l y t e . 

The amount of hydrogen f l u o r i d e i n the e l e c t r o l y t e was checked 

every 1000 amp. hours. About 1 gm. of e l e c t r o l y t e was taken and 

dissolved i n 100 mis. of b o i l i n g water, and t i t r a t e d against normal 

sodium hydroxide, using phenol phthalein as i n d i c a t o r . When the 

hydrogen f l u o r i d e concentration f e l l from 425?' to 40$ the l e v e l of 

the e l e c t r o l y t e f e l l by O.25 i n s . , thus i t was possible to determine 

the hydrogen f l u o r i d e concentration by use of the dip s t i c k . These 

levels were used f o r an everyday guide t o the hydrogen f l u o r i d e 

content of the e l e c t r o l y t e . 

When anhydrous hydrogen f l u o r i d e was added the generator was 

always producing f l u o r i n e . The cylinder used, which was maintained 

at 25-35"C, was connected to the hydrogen f l u o r i d e i n l e t tube. 

VThen a steady stream of hydrogen f l u o r i d e issued from the end of 
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the hydrogen e x i t tube, the hydrogen f l u o r i d e vent valve was closed. 

The course of the a d d i t i o n was followed by frequent measurements of 

the e l e c t r o l y t e l e v e l , and was normally completed i n twenty minutes. 

The vent valve was then opened and thtj hydrogen f l u o r i d e addition 

stopped. The rate of addition was suoh th a t the generator temperature 

di d not r i s e above 30°C. 

The pressure l u t e was checked monthly to see that the c e l l was 

operating at the correct pressure. A f u l l and accurate record of 

a l l operations was kept i n the l o g book provided. A face shield 

and rubber gloves were worn when working on the generator and the 

hydrogen f l u o r i d e supply. 

Reaction of Fluorine w i t h Hexachlorobenzene. 

Several exploratory reactions between hexachlorobenzene and 

f l u o r i n e were investigated before a s a t i s f a c t o r y method was found. 

The d i r e c t r e a c t i o n , w i t h no solvent present., resulted i n i g n i t i o n 

of the f l u o r i n e , both at 240°C, when the hexachlorobenzene i s 

molten, and at room temperature. D i f f e r e n t rates of add i t i o n of 

f l u o r i n e and nitrogen were investigated, but i g n i t i o n occurred 

unless the rate of f l u o r i n s a d d i t i o n was below 2 gms/hr., which was 

considered too low. The use of a solvent was next investigated. 

Hexachlorobenzene i n a s l u r r y of carbon t e t r a c h l o r i d e , at room 

temperature, exploded soon a f t e r addition of f l u o r i n e began, 

however 1, 1,2-tricblorotrifluoroeth.Etfie proved to be a most successful 

solvent. 
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Hexachlorobenzene (200 gms., 0.7 M) was placed i n a three 

necked 5^0 c c* f l a s k w i t h 1,1,2-trichj.orotrifluoroethane (250 mis., 

2 M:). This was s t i r r e d i n t o a s l u r r y and reacted at room temperature 

w i t h f l u o r i n e (125 gnis., 3-3 M), d i l u t e d w i t h nitrogen (3 l i t r e s / h r . ) . 

The f l u o r i n e was added f o r 32 hours at 3*9 gms/hr. The solvent 

(b.p. 48*0) was conveniently f l u o r i n a t e d to dichlorotetrafluoroethane 

(b.p. 3"C) which was led to a fume disposal u n i t . The solvent 

tended to evaporate from the vessel during the r e a c t i o n , however 

any form of condenser caused explosions. As the reaction was c a r r i e d 

out i n a fumes cupboard the e x i t from the vessel was l e f t open. 

256 gms. of product, a whits pastey l i q u i d , gave a vapour phase 

chromatogram as shown i n f i g . x i i . 

Table 16. 

Wt. Vol. of Wt. Time of 
of Cgdg solvent of F,, Reaction Product, 

gms. mis. gnis. hrs. gms. 
1. 200 250 125 32 256 

2. 200 250 144 37 267 

3. 400 500 272 49 510 

4. 400 500 292 45 516 

An i n f r a red spectrum of the product showed no absorbtion 

from 5*5-6«5y- which indicated that no unsaturated material was 

present. 

Analysis gave: CI, 54-9» F, 27.6$i calc. f o r CgClgFg: CI, 5 2 i l , 

F, 27-9$-
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The product contained mainly CgCl^F^., C^ClgPg, C^Cl^F^. and some 

CgCl^Pg. These were i d e n t i f i e d by comparison of t h e i r r e t e n t i o n 

times (using A.S.V.P.C.), with compounds obtained from the reaction 

between hexachlorobenzene and chlorine t r i f l u o r i d e . 

An i n f r a red spectrum of a sample taken h a l f way through the 

re a c t i o n , indicated t h a t no unsaturated compounds were present, 

except the s t a r t i n g m a t e r i a l . This was v e r i f i e d by A.8.V.P.C. 

Further F l u o r i n a t l o n of Perchlorofluorocyclohexanes. 

The above reac t i o n product (128 gms. of average c o n s t i t u t i o n 

CgClgFg) was reacted w i t h f l u o r i n e (20 gms., 0.5 M), d i l u t e d w i t h 

nitrogen (2-g- l i t r e s / h r . ) , f o r 5 hours at room temperature. A.S.V.P.C. 

showed that the product had not changed. The above reaction was 

repeated ..at 100° C, and the c o n s t i t u t ion of t h i s product had changed 

to CgCl,. (.Fg ̂ . Further a d d i t i o n of f l u o r i n e (20 gms., 0.5 M) at 

200*C. gave 84 gms. of the! product, which was shown by A.S.V.P.C. 

(see f i g . x i i i ) t o have an average c o n s t i t u t i o n of C,C1_F„. The 

y i e l d of CgCl^F^ based on the conversion of CgClgFg was 68.5$. 
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DEHALOGESTATIOKS BY HEATED IRON. 

Apparatus. 

The general appearance of the dehalogenator i s shown i n 

f i g . , x i v . A stee l tube, 44" long and 2" i n diameter, was packed w i t h 

a t i g h t l y wound r o l l of i r o n gauze (approx. 1250 gms.). The i n l e t 

of the reactor was sealed by using a steel disc which contained 

a i t " copper i n l e t tube, and a 2" inset aluminium washer. This was 

bolted to a. steel r i n g whi'3h was h a r i soldered a short distance from 

the end of the reactor. The sharpened ends of the reactor embedded 

i n t o the aluminium, forming a perfect seal. The apparatus was then 

tested f o r leaks by sealing one end and evacuating the system. The 

pressure was checked a f t e r t h i r t y minutes. 

The reactor was placed i n an a.l;iminium box l i n e d w i t h f i r e b r i c k s , 

the ends supported the tub<3, which was heated by using three r o d - l i k e 

1 kw. heating elements. These were placed underneath the reactor 

and were also supported by the ends of the box. Each heater was 

i n d i v i d u a l l y c o n t r o l l e d by a simmerstat. The temperature was 

measured by using three chromel-alumel thermo- couples cemented to 

the tube i n the pos i t i o n s (shown i n f i g . x i v . Along the major part 

of the reactor the temperature was co n t r o l l e d to w i t h i n 15°C. 

The copper tubing at i;he i n l e t and the o u t l e t of the reactor 

was heated using heating tapes, the connections of t h i s tubing w i t h 

glass apparatus were made w i t h s i l i c o n e rubber. The emergent gases 

were condensed i n a trap cooled i n l i q u i d s i r . 
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Experimental Procedure. 

Samples were introduced using:the system shown i n f i g . x i v . 

The dropping funnel was wound w i t h e l e c t r i c a l heating ribbon and 

surrounded by a glass jacket. This! enabled a s o l i d to be melted and 

introduced at the desired r a t e . A t e f l o n tap was used so that i t 

could be flame heated, and thus present any s o l i d i f i c a t i o n occuring 

i n the bore of the tap. 

The reactor was set at the desiired temperature, and purged w i t h 

n i t r o g e n , at a flow rate of about three l i t r e s / h o u r , f o r one hour 

before a run, the nitrogen was then set at the desired r a t e . 

A weighed sample was placed in. the graduated dropping funnel, 

and the Woods metal bath heated to a temperature about ^0°C above 

the b o i l i n g point of the sample. The l i q u i d was then dropped i n at 

a steady r a t e . A weighed t r a p , connected at the o u t l e t end of the 

reactor, was cooled i n l i q u i d a i r to c o l l e c t the product. Emergent 

nitrogen from the trap was c o l l e c t e d over water; t h i s checked the 

flow rate., and gave an immediate i n d i c a t i o n i f a leak occurred or 

the trap blocked. The nitrogen flow was continued f o r ninety 

minutes a f t e r the a d d i t i o n of the sample was completed. 

The volume of the tube w i t h the gauze was 1500 ccs., and therefore 

the contact time f o r nitrogen, at a. flow rate of 60 ccs/min., would be 

25 minutes. However white fumes often appeared 10 minutes a f t e r the 

a d d i t i o n of the sample and continued up to one hour a f t e r . Thus the 

vapour must expand through the reactor under i t s own vapour-.pressure 

The i r o n gauze was regenerated a f t e r each dehalogenation by 
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passing hydrogen over i t at ̂ 00°C, u n t i l no fumes of hydrogen 

f l u o r i d e showed i n the emergent gases. This normally took 4-8-

hours at a flow rate of 20 l i t r e s of hydrogen/hour. 

Dehalogenation of Perchlorofluorocyclohexenes and Tetrachloro-
t e t r a f l u o ro cy elohe xadi en e• 

Berchlorofluorocyclohexenes of the general formula C,C1 F,-
o x 10-x 

(x-3-6), prepared by the; action of chlorine t r i f l u o r i d e on 

hexachlorobenzene, were dehalogenated using the method previously 

described. I t was important f o r the comparison of the dehalogenation 

products of two d i f f e r e n t cyclohexenes t h a t the same amount of 

s t a r t i n g material was used. I f d i f f e r e n t amounts of the same 

material were dehalogenated, a d i f f e r e n t product r a t i o was produced. 

The products were analysed by a n a l y t i c a l scale V.P.C., and the 

major compounds from each dehalogentaion were separated by preparative 

scale V.F.C., and an i n f r a red spectrum was obtained. The spectrum 

and the r e t e n t i o n time (by A.S.V.P'.C.) were compared w i t h standards 

which had been i d e n t i f i e d by molecular weight determinations, 

r e f r a c t i v e index, and chlorine and f l u o r i n e analysis. 

Isomers of aromatic compounds present i n the dehalogenated 

product had s i m i l a r r e t e n t i o n times and could not be separated by 

vapour phase chromatography. The isomer r a t i o was measured by KT.M.R. 

Exploratory Runs. 

The product from the c h l o r o f l u o r i n a t i o n of hexachlorobenzene, 



! 118. 

containing a l l the perchlorofluorocyclohexenes, was dehalogenated 
at varying temperatures. 

At 430°C. almost complete decomposition occurred. 

At 330°C. 10 gms. of s t a r t i n g material gave 2.5 gms. of product. 

A.S.V.P.C. showed th a t no s t a r t i n g material was present. 

At 300°C. 10 gms. of s t a r t i n g material gave 4«3 gms. of product. 

A.S.V.P.C. showed t h a t no s t a r t i n g material, was present. 

I t was inconvenient to lower the reaction temperature f u r t h e r , 

as both the product and the s t a r t i n g material would remain w i t h i n 

the reactor. The reactor temperature was normally set 50°C. above 

the b o i l i n g point of the compound to be dehalogenated. I f f u l l 

dehalogenation d i d not take place, the temperature was raised u n t i l 

no s t a r t i n g , material was present i n the product. 

Trichloroheptafluorocyclohexene. 

4 gms. were dehalogenated i n 16 minutes ( i n t r o d u c t i o n time). 

Reactor temperature 315°C; nitrog&n 60 ccs/min. . 1.95 gms. of 

product were shown by A.S.V.P.C. to be C.F- 11$, C,C1F,_ 27$, 
D O ' © 5 

CgCl 2F 4 30$, CgCl^F^ 5$, t o t a l y i e l d 73$. Pure specimens of CgCIF,. 

and CgCl 2F^ were separated. (P.S.V'.P.C. Si.El. column at 135°C; 

P.D. 25 cms. Hg; nitrogen 180 ccs/min.). I n f r a red spectra 

confirmed t h e i r i d e n t i t y . CgClgF^ was shown by N.M.R. to be a 

mixture of isomers. (see table i v page 6 0 ) . 

Tetrachlorohexafluorocyclohexene. 

5 gms. were dehalogenated i n 20 minutes. Reactor temperature 
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260°C; nitrogen 60 ccs/min. Two >?uns gave 5*95 gms. of product, 

which were shown by A.S.V.P.C. to be CgFg 5$, CgClF,. 32$, CgClgF^ 33$, 

C g C l ^ 12$, C^Cl^Pg 2$, t o t a l y i e l d 84$. Pure specimens of CgCIF,., 

C^Cl^F. and C^Cl.F, were separated. (P.S.V.P.C. S i . E l . column at 6 2 4 6 3 3 

150°C; P.D. 30 cms. Hg; nitrogen 200 ccs/min.). 

. Chloropentafluorobenzene.. Moleculnr weight, found: 206; c a l c . f o r 

C,C1F C: 202 .5 . B.p. 117"5°C. n?°•I .4I88 . 
o p i) 

A n a l y s i s gave: CI , 17-5 . F> 47• 2^'; c a l c . f o r CgClF^: CI, 17«5> 

F, 46 .9$ . 

For i n f r a red spectrum s;3e page '̂ "3 (No. 14). I n f r a red spectra, 

confirmed the i d e n t i t y of C^CI^F^ and CgCl^F^, and N.M.R. showed that 

both were mixtures of isomers ( t a b l e i v ) . 

Pentachloropentaf luorocyjjlohexene..' 

5 gms. were dehaloganated i n 20 minutes. Reactor temperature 

260°C; nitrogen 60 ccs/mn. 2 .75 g™s. of product were shown by 

A.S.V.P.C. to be CgClF^ 3$, C6C1?F^ 58$, C g C l ^ 18$, C 6 C 1 4 F 2 3$, 

C^C1 CF 1$, t o t a l y i e l d 83$. Pure specimens of C,C1„F„ and C-C1_,F., 
0 5 0 2 4 0 3 3 

were separated. (P.S.V.P.C. S i . E l . column at 160*0: P.D. 35 cms. Hg; 

nitrogen 175 ccs/min.). 

Tric h l o r o t r i f l u o r o b e n z e n e . Molecular weight, found: 245» c a l c . f o r 

C g C l j P j i 235.5*C. M.p. 23.5*C. 

Analysis gave: CI, 44*6, F, 25.0$; c a l c . f o r CgCl^F^: CI, 4 5 . 2 , 

F, 24 .2$ . 

For i n f r a red spectrum see page 14.1̂  (No. 17)« An i n f r a red spectrum 
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confirmed the i d e n t i t y of CgClgF^ smd N.M.E. showed that both C g C l ^ 

and C^Cl-F. were mixtures, of isomers (table i v ) . 6 3 3 

26 .5 gms. were dehalogenated i n 106 minutes. Heactor temperature 

2 5 5 * c ; nitrogen 60 ccs/min. 16.0 gms. of product were shown by 

A.S.V.P.C. to be CgClP^ 2%, CgClg'F^ 35$, C 6 G 1 3 F 3 3 5 $ ' C 6 C 1 4 P 2 

CgCl^F % , t o t a l y i e l d 8556. Pure {specimens of CgClgF^, C g C l ^ and 

CgCl^Fg were separated. (P.S.V.P.C. Si.Grease column at 200°C; 

P.D. 25 cms. Hg; nitrogesn 200 ccs/min., re c y c l e d once). I n f r a red 

spectra confirmed t h e i r i d e n t i t y . 

Hexachlorotetrafluorocyclonexene. 

5 gms. were dehalogenated i n 20 minutes. Heactor temperature 

295°C; nitrogen 60 ccs/niin. Thre« runs gave 6.95 gms. °f product 

which were shown by A.S.V.P.C. to be CgClgF^ 6$, CgCl^F^ 30$, 

CgCl^Fg 33$, C 6 C 1 5 F t o t a l y i e :'-d 85$. Pure specimens of CgCl^Fy 

C,C1.F 0 and C,C1_F were separated. (P.S.V.P.C. S i . E l . column at o 4 0 5 

205 C; P.D. 45 cms. Hg; nitrogen 200 ccs/min.). 

Tetrachlorodifluorobenzene. M.p. 62"C. 

Anal y s i s gave: CI, 56 .3i F, 14• 3/&;; calc. f o r CgCl Fg: CI, 56-3, 

F, I5 .I36. 

For i n f r a red spectrum of 1 , 2 , 4 > 5 - isomer, see page llt-if (Ho. 1 6 ) . 

Pentachlorofluorobenzene i M.p. 134 C. 

Analysis gave: CI, 66.1, F, 7*1$; oalc. f o r C^Cl^F: CI, 66.1, F, 7-1^-

For i n f r a red spectrum see page I if S f No. 19)« An i n f r a red spectrum 

confirmed the i d e n t i t y of C^Cl.F, and H.M.R. showed that both C,C1,F, 
" 3 3 " 3 3 
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and CgCl^Fg were mixtures of isomers (t a b l e i v ) 

30 gms. were dehalogenated i n 120 minutes. Reactor temperature 

295*C; nitrogen 60 ccs/ijiin. 17-0. gms. of product were shown by 

A.S.V.P.C. to be C g C l ^ ' l ^ , C g C l ^ 7$, C 6 C 1 4 F 2 1 0 ^ ? C 6 C 1 5 F 4 ° ^ ' 

CgClg 16%, t o t a l y i e l d 7^$. Pure ispecimens of CgCl^F 2, C^Cl^F and 

C^Clg were separated. (P.S.V.P.C..Si.El. column at 235°C; P.D. 

50 cms. Eg; nitrogen 150 ccs/min.l. I n f r a red spectra confirmed 

t h e i r i d e n t i t y . 

Tetrachlorotetrafluorocyolohexadiene. 

2*35 gms. were dehalogenated i n 10 minutes. Reactor temperature 

230 C; nitrogen 60 ccs/nan. 1.15 gms. of product were shown by 

A.S.V.P.C. to be CgCl^F^ 60, C^Cl^ 41$, C^Cl^F 3$, t o t a l y i e l d 56$. 

The i n f r a red spectrum (Ho. 16) confirmed the i d e n t i t y of CgCl^F^, 

and N.M.R. showed that i t contained. 100$ of the 1 , 4-tetrachlorodifluoro-

benzene. 

Dehalogenation of 1 , 2-Dichlorooctafluorocyclohexene and 

1 , 2 , 4-Trichloroheptafluorocyclohexene. 

The f l u o r i n a t i o n of hexachlorobenzene with antimony pentaf luoride'^ 

gave the pure perchlorofluorocyclohexenes 1 , 2-dichlorooctafluorocyclo­

hexene and 1 , 2 , 4-trichloroheptafluOrocyclohexene. These were 

separated. (P.S.V.P.C. S i . E l . column at 130*C: P.D. 30 cms. Hg; 

nitrogen 200 ccs/min.). 

C^ClgFg. 13.0 gms. Analysis gave: CI , ?4-3''» F, 5 1 . 3 $ . c a l c . f o r 

CgClgFg': CI, 2 4 . 1 , F, 51 ;.5#. For i n f r a red spectrum see page 137 (No.l). 



CgCl F ^ . 11 gins. Analysis gavet CI, 34-2 , F, 42 . 7 $ ; c a l c . f o r 

CgCl^F^: CI, 34*6, F, 4'2.9#- For i n f r a red spectrum see page 137 (No.2) 

Exploratory Runs. 

The product from the above rel i c t i o n , which contained CgCl^Fg 52$» 

CgCl^F^ 40$ and C^Cl^F^ 8$, was dehalogenated with an introduction 

rate of 5 S 1 1 1 3* i * 1 20 minutes and a nitrogen flow rate of 60 ccs/min. 

i ) Reactor temperature 200*C. 4-15 gms. of product shown by 

A.S.V.P.C. to be a l l s t a r t i n g m a t e r i a l . 

i i ) Reactor temperature 260 C. .4*0 gms. of product shown by 

A.S.V.P.C. to be mainly C',C1 0F Q with some C,C1,F_. C ^ V , C.CIF^, 
o 2 o o 3 7 o o 6 5 

C,C1 F and C-Cl F . 
6 2 4 6 3 3 

i i i ) Reactor temperature 315°C 3*2 gms. of product shown by 

A.S.V.P.C. to be mainly C.CI^Fq and .C^Cl-F. with some C^F,-, C^CIF,. 
" 6 2 o 6 2 4 6 6 ' 6 5 

and C^Cl.F,. 
o 3 3 : 

i v ) Reactor temperature 370°C. 2.5 gms. of product shown by 

A.S.V.P.C. to be i d e n t i c a l to rea c t i o n i i i , see above. 

v) Reactor temperature 1 395°C. 0.2 gms. of product shown by 

A.S.V.P.C. to be mainly CgClgFg. 

v i ) Reactor temperature 4 3 5°C Total decomposition occurred. 

1,2-Dichlorooctafluorocyclonexene. 

5 gms. were dehalogens.ted i n 20 minutes. Reactor temperature 

360 5C; nitrogen 60 ccs/min. 2 .25 gnis. of product were shown by 

A.S.V.P.C. to be CgClgPg 43$; CgFg, C g C l F ^ C g C l ^ ( t r a c e of each), 

t o t a l y i e l d 43$« An i n f r a red spectrum confirmed the i d e n t i t y of 
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1,2-dichlorooctaf luorocyclohexene. 

1,2,4-Trichloroheptafluoj.-oc,yclohexi3ne. 

4 gms. were dehalogenated i n 16 minutes. Reactor temperature 

315*C; nitrogen 60 ccs / n i n . 2.30 gms. of product were shown by 

A.S.V.P.C. to be CgFg 7$, C^IF^ 15$, C 6 C 1
2

F
4 53$, C 6 C 1

3
P 3 3$, 

t o t a l y i e l d 78$. A pure specimen of CgClgF^ was separated. (P.S.V.P.C. 

S i . E l . column at 135*C; P.D. 25 cms. Hg; nitrogen 180 ccs/min.). 
1 

Dichlorotetrafluorobenzene. Molecular weight, found: 230, c a l c . f o r 
i 

C,C1„F„: 219. B.p. 150.0°C. n^ 1.4659' 
o d d 

A n a l y s i s gave: C I , 32.8, F, 35'2$; c a l c . f o r C 6 C 1 2 F 4 : CI, 32.5, 

F, 34.7$. 

For i n f r a red spectrum see page (No. 15)« This was shown by N.M.R. 

to be 1,2-dichlorotetrafluorobenzer.ie. 

Dehalogenation of mixed Perchlorofluorocyclohexenes and Perchloro-
fluorocyclohexanes. 

The product from the rea c t i o n between hexachlorobenzene and 
1 

chlorine t r i f l u o r i d e (molar r a t i o 1:3) contained a mixture of 

cyclohexenes and cyclohexanes (see page 9 1 ) . • 

The compounds with the same number of chlorine atoms per molecule, 

i . e . C.-Cl-.F,. and C,:C1|:.F„, could not- be separated by d i s t i l l a t i o n , 0 5 5 0 5 ( 

as t h e i r b o i l i n g points w;3re very near each other. Thus the 

i n d i v i d u a l "pairs", were dehalogenatsd. 
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Tetrachlorohexafluorocyclohexene a i d Tetrachlbrooctafluorocyclohexane. 

5gms. were dehalogenated i n 20 minutes. Reactor temperature 

230*C; nitrogen 60 ccs/min. 2.8 ,5ms. of product were shown by 

A.S.V.F.C. to contain CgFg 2$, CgClF,. IO56, CgClgF^ 12$, C g C l ' ^ 20$, 

C,C1.F_ 10%, s t a r t i n g material 20$, C,C1,F_ 10$, impurity 16$. ($ of o 4 ^ o i l 

product). 

Pentachloropentafluorocyclohexene and Pentachloroheptafluorocyclohexane. 

5 gms. were dehalogenated i n 20 minutes. Reactor temperature 

260*C; nitrogen 60 ccs/min. 2.5 gpns. of product were shown by 

A.S.V.P.C. to contain CgFg 17$, CgCllF 21$, CgClgF^ 35$, C 6 C 1
3

F 3 24$, 

C g C l 4 F 2 2$. 

Hexachlorotetrafluorocyclohexene and Hexachlorohexafluorocyclohexane. 

5 gms. were dehalogenated i n 20 minutes. Reactor temperature 

300*C; nitrogen 60 ccs/min. 2.37 gms. of product were shown by 

A.S.V.P.C. to contain CgFg 3$, C 6C1F 5 25$, C g C l 2 F 4 35$, C5CI3F3 30$, 

c 6 c i 4 F 2 7$. 

Dehalogenation of Perchlorofluorocyclohexanes. 

The product from the. reaction between hexachlorobenzene and 

chlorine t r i f l u o r i d e (molar r a t i o 1:7) contained the f u l l y saturated 

perchlorofluorocyclohexanes. These were separated by d i s t i l l a t i o n . 

The conditions were v a r i e d i n (iach separate dehalogenation, 

i n order to understand the dehalogenation process more f u l l y . 

Pentachloroheptafluorocyclohexane obtained from the vapour phase 
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rea c t i o n of hexachlorobenzene, with cobalt t r i f l u o r i d e , was also 

dehalogenated. 

Pentachloroheptafluorocyslohexane. 

i ) 2.5 gins, (obtained from CgClg/CoF.^) were dehalogenated i n 

10 minutes. Reactor temperature 260 C; nitrogen 60 ccs/min. 

1.05 gms. of product were shown by1 A.S.V.P.C. to be CgCg 60$, CgClFj. 

20$, CgClgP 3«5$> t o t a l y i e l d 63.556. 

i i ) 2.5 gms. (obtained from CgClg/ClF.^) were dehalogenated i n 

10 minutes. Reactor temperature 2oO°C; nitrogen 60 ccs/min. 

0.9 gms. of product were shown by A.S.V.P.C. to be CgFg 30$, 

CgClF 5 25$, C 6 C 1 2 F 4 8$, C g C l ^ 3.;?$, t o t a l ' y i e l d 66.5$. 

i i i ) 5 gms. were dehalogenated i n 20 minutes. Reactor temperature 

260°C; nitrogen 60 ccs/min. 2.1 ,5ms. of product were shown by 

A.S.V.P.C. to be CgFg 21$, CgCIF,. 29$, C g C l ^ 8$, C g d ^ 14$, 

t o t a l y i e l d 72$. Pure samples of SgFg and CgClF^ were separated. 

(P.S.V.P.C. S i . E l . column at 130"C; P.D. 25 cms. Eg; nitrogen 175 ccs/min). 

I n f r a red spectra confirmed t h e i r identity.. 

i v ) 10 gms. were dehaLogenated :Ln 40 minutes. Reactor temperature 

260*C; nitrogen 60 ccs/nin. 5-85 gros. of product were shown by 

A.S.V.P.C. to be CgFg 24#, CgCIF,- ;>2$, CgClgP^ 5$, C g C l ^ 28.5$, 

CgCl^Fg 3»5$» s t a r t i n g material 10$, t o t a l y i e l d 93$- Pure samples 

of CgFg, CgCIF,- and CgCl.;^ were separated- (P.S.V.P.C. S i . E l . 

column at 140*C; P.D. 30 cms. Hg: nitrogem 150 ccs/min.) 

I n f r a red spectra..of CgFg and CgClF^ confirmed t h e i r i d e n t i t y . 

Trichloroheptafluorocyclohexene. Molecular weight, found: 317» 



c a l c . f o r C.C1-.F,: 311.5- B.p. 149°C. n£° 1.4022. 
o i l v 

A n a l y s i s gave: CI, 34-2, F, 42.9$? c a l c . f o r C g C l ^ : CI, 34*2, 

F, 42-7$. 

The i n f r a red spectrum of CgCl^F^, see page '3® (Wo. 4)> showed no 

absorbtion i n the I64O cit~^ region, which corresponds with the 

cyclohexenes produced i n the hexachlorobenzene, chlorine t r i f l u o r i d e 

r e a c t i o n . However absorbtions near t h i s region occurred at I687 cm ̂  

and 1724 cm - 1 which correspond with the -CC1=CF- and -CF=CF-

s t r u c t u r e s . 

v) 4.75 gms. were dehalogenated i n 20 minutes. Reactor temperature 

430*C; nitrogen 60 ccs/min. 0.5 gms. of product were shown by 

A.S.V.P.C. to be C f iF 6 13$, CgClF 5 6$, t o t a l y i e l d 19$. 

v i ) 5 &ras. were dehalogenated i n 45 minutes, Reactor temperature 

430*C5 nitrogen 30 ccs/min. ( i d e n t i c a l conditions used by Mobbs"* 

i n dehalogenation of percjiloroflucrbcyclohexanes obtained from the 

r e a c t i o n between hexachlorobenzene and cobalt t r i f l u o r i d e ) . 0.4 gms. 

of product were shown by A.S.V.P.C. to be CgFg (8°$ of product), 

and two compounds having Jbhe same retention times as the imp u r i t i e s 

i n the dehalogenation of O^Cl^F^ under s i m i l a r conditions. 

Hexachlorohexafluorocyclohexane. 

i ) 5 gms. were dehalogenated in. 20 minutes. Reactor temperature 

300*C; nitrogen 60 ccs/min. 2.0 gus. of product were shown by 

A.S.V.P.C. to be CgPg. 2$, C g C ^ 38.^5$, C

6

C 1

2

P 4 33-5$, C 6 C 1 3 P 3 2#> 

t o t a l y i e l d 76$. Pure samples of C^ClF^'and CgClgF^ -were separated 



(P.S.V.P.C. S i . E l . column at 145*C'; P.D. 30 cms. Hg; nitrogen 

175 ccs/min.). I n f r a red spectra confirmed t h e i r i d e n t i t i e s . 

i i ) 5 gms. were dehalogenated i n 45 minutes'. Reactor temperature 

425*05 nitrogen 30 ccs/rjiin. 0.1 (jms. of product were shown by 

A.S.V.P.C. to contain C^F^ (20$ of product), and two compounds, i n 

equal proportions, having the same retention times as the imp u r i t i e s 
lb 

i n the dehalogenation of CcCl-Fn under s i m i l a r conditions. 

Heptachloropentafluorocyclohexane. 

i ) 5 gms. were dehalogenated i n 20 minutes. Reactor temperature 

330*C; nitrogen 60 ccs/min. 2.0 gms. of product were shown by 

A.S.V.P.C. to be C 6C1F 5 11$, CgClgl^ 46$, CgCl^F^ 11$, C g C l ^ 3$, 

t o t a l y i e l d 71$« A pure sample of CgCl^S'^ was separated. (P.S.V.P.C. 

S i . E l . column at 155°0; P.D. 30 cms. Hg; nitrogen 200 ccs/min.) 

An i n f r a red spectrum confirmed i t s i d e n t i t y . 

i i ) 5 gms. were dehalogenated i n 45 minutes. Reactor temperature 
1 

430 C; nitrogen 30 ccs/min. O.O5 gms. of product were shown by 

A.S.V.P.C. to contain only the two compounds having the same retention 

times as the im p u r i t i e s i n the deha.logenation of C^-Cl^F^ under 
lb 

s i m i l a r conditions. 

Dehalogenation of mixed Porchlorofluorocyclohexanes from the Reaction 
between Fluorine and Hexachlorobenzene. 

A l l dehalogenations were c a r r i e d out on the crude mixture of 

cyclohexanes obtained from the l i q u i d phase reaction between f l u o r i n e 

and hexachlorobenzene. This had an average c o n s t i t u t i o n of C^Clz-F/;. 
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i ) 5 gms. were dehalogenated ir. 20 minutes. Reactor temperature 
330°C; nitrogen 60 ccs/min. 1.6 gms. of product were shown by 
A.S.V.P.C. to be CgFg 14$ , CgClP^ 28$, CgClgF 14$, C 6 C 1 3 F 3 5$> 
t o t a l aromatic y i e l d 61$. 

i i ) 20 gms. were dehalogenated i n 80 minutes. Reactor temperature 

330°C; nitrogen 60 ccs/min. 8.7 gins, of product were shown by 

A.S.V.P.C. to contain CgFg 19$, CgdF^ 21$, CgClgF^ 16$, C g C l ^ 11$, 

C,C1 P 5$, C^-Cl F 1$, i m p u r i t i e s 10$, t o t a l aromatic product 73$. 

A New Method of iDehalogenation.. 

The previously described dehalugenation process was inadequate 

as a source of highly f l u o r i n a t e d clilorobenzenes. The regeneration 

of the i r o n gauze, which took 4-8 hours, made the preparation too 

laborious. I f large amounts of material were dehalogenated 

( i . e . g r eater than 10 gms.), a l a r g e r proportion of the more highly 

c h l o r i n a t e d benzenes were formed. 

Apparatus. 

The apparatus was a cobalt f l u o r i d e r e a c t o r , s i m i l a r to that 
lot> 

described by Barbour and others, and consisted of a s t e e l c y l i n d e r , 

32" long and 2js" i n t e r n a l diameter, f i l l e d with iron f i l i n g s . Both 

the i n l e t and the ou t l e t ends consisted of heated towers, 10" high, 

one 1" i n diameter, the other 1-̂ " i n diameter. The ends of these 

towers and the ends of the reactor were closed using aluminium 

$ Assuming an average c o n s t i t u t i o n of C^-Cl^Fr- f o r the s t a r t i n g m a t e r i a l . 
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knife edge s e a l s . 

The s t i r r i n g mechanism had a n e t a l - t e f I o n bearing, which was 

sealed using compressed asbestos wool, which had been t r e a t e d with 

t e f l o n . The s t i r r e r consisted of sin a x i a l shaft f i x e d with 6" 

paddles, driven by a -j h.p. motor sit 6 revs/min. The reactor was 

heated by three rod l i k e 1 k.w. heating elements which were wound 

round the reactor and the two towers. A g l a s s wool ja c k e t was used 

to i n s u l a t e the apparatus. The teaperature was recorded by a movable 

thermocouple i n a g l a s s sheath i n s i d e the s t i r r e r s h a f t , t h i s gave the 

temperature at any desired point along the a x i s of the reactor. 

The samples were introduced and c o l l e c t e d as before. No 

regeneration was necessary as spent, iron f i l i n g s were discarded and 

replaced with new i r o n f i l i n g s . 

Perchlorofluorocyclohexani3s. (Ay. c o n s t i t u t i o n CgClgFg). 

The reactor was charged with 3000 gms. of course iro n f i l i n g s , 

and 574 gms. of perchloro^luorocyclohexanes., obtained from the-
t 

r e a c t i o n of f l u o r i n e and hexachlorobenzene, were dehalogena.ted to 

give 211.8 gms. of product. 

The f i r s t two runs, (5 gms. and 10 gms. r e s p e c t i v e l y ) , gave 

anomolous r e s u l t s , and although some aromatic material was formed, 

a large amount of i m p u r i t i e s were-.present. After the i n i t i a l 15 gms. 

a l l runs gave predominantly aromatic: product. 

i ) 5 gms. were dehalogenated i n ,20 minutes. Reactor temperature 

330*C; nitrogen 60 ccs/min. 1.3 gms. of product were shown by 
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A.S.V.P.C. to contain CgFg 14$ , C

( ; C 1 F 5 18$, C g C l ^ 9 .5$ , 

CgCl^P^ 2$, i m p u r i t i e s were 15$ of the product, t o t a l aromatic 

y i e l d 43 .5$ . 

i i ) 10 gms. were dehalogenated i n 40 minutes. Reactor tempere.ture 
O t 

330 C; nitrogen 60 ccs/min. 2 .9 gms. of product were shown "by 

A.S.V.P.C.. to contain CgFg 15$, CgClF^ 20$, CgClgF^ 10$, CgCl^F^ 2$, 

impurities.we re 15$ of the product, t o t a l aromatic y i e l d 47$« 

i i i ) 20 gms. were dehalogenated i n 80 minutes. Reactor temperature 

330°C; nitrogen 60 ccs/min. 6.0 gais. of product were shown by 

A.S.V.P.C. to contain CgF, 16$, CgClF^ 21$, CgClgF 11$, CgCl-jF^ 2 .5$ , 

i m p u r i t i e s were 15$ of the product, t o t a l aromatic y i e l d 50«5$« 

i v ) 20 gms. were dehalogenated i n 40 minutes. Reactor temperature 

330*C; nitrogen 60 ccs/min. 6.2 gias. of product were shown by 
A.S.V.P.C. to be C F 13$, C GIF 21$, C CI F 11$, C CI F 5$, 

6 6 ' 6 5 ' 6 2 4 6 3 3 

i m p u r i t i e s were 15$ of the- product, t o t a l aromatic y i e l d 5^$* 

v) 20 gms. were dehalcgenated i c 20 minutes. Reactor temperature 

330 C; nitrogen 60 ccs/min. 7*0 gms. of product were shown by 

A.S.V.P.C. to be CgFg 15$, CgClF^ 21$, C g C l ^ 13$, C g C l ^ 6$, 

i m p u r i t i e s were 20$ of the product, t o t a l aromatic y i e l d 55$» 

Perchlorofluorocyclohezanes. (Av. c o n s t i t u t i o n C,C1._F„) 5 tj ( 

The product from the r e a c t i o n between f l u o r i n e and hexachloro-

benzene was fu r t h e r f l u o r i n a t e d at rDom temperature, at 100*C and at 

200 C to give an average c o n s t i t u t i o n of CgCI^P^. SO gms. of t h i s 

# Assuming an average c o n s t i t u t i o n o f C.C1,.F,. f o r the s t a r t i n g material. 
6 6 b 
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were dehalogenated to give 28.6 gms. of product. 

i ) 20 gms. were dehalogenated i n 80 minutes. Reactor temperature 

330*C; nitrogen 60 ccs/min. 6.85 gms. of product were shown by 

A.S.V.P.C. to be CgFg 28$*, CgCIF,. 22$, CgClgF^ 4$, i m p u r i t i e s were 

18$ of the product, t o t a l aromatic: y i e l d 54$» 

i i ) 20 gms. were dehalogenated i n 40 minutes. Reactor temperature 

330*C; nitrogen 60 ccs/min. 7«0 gms. of product were shown by 

A.S.V.P.C. to be CgFg 29$, CgCIF,- 23$, C g C l , ^ 4$, i m p u r i t i e s were 

18$ of the product, t o t a l aromatic y i e l d 56$. 

Perchlorofluorocyclohexenos and Eerohlorofluorocyclohexanes. 

The product from the reac t i o n between hexachlorobenzene and 

chlorine t r i f l u o r i d e (molar r a t i o 1;:3)» gave a mixture of cyclohexenes 

and cyclohexanes. 60 gms. of t h i s was dehalogenated to give 24«8 gms. 

of product. 

20 gms. were dehalogeoiated i n AO minutes. Reactor temperature 

330°C; nitrogen 60 ccs/min. 7»7 gnis. of product were shown by 

A.S.V.P.C. to contain CgF^ 10$*, CgCilP^ 30$, C g C l ^ 30$, C g C l ^ 15$, 

CgCl^F 2 5$, i m p u r i t i e s 10$. 

Replacement of Iron F i l i n g s . 

I t was found that a f t e r about 700 gms. of material had been 

dehalogenated, i t was necessary to change the iron f i l i n g s , as the 

amount of nonaromatic material present was inc r e a s i n g . 

>f Assuming an average c o n s t i t u t i o n of CgCl^F.^ f o r the s t a r t i n g m a t e r i a l . 
t $ of product. 
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Fine iron f i l i n g s (5000 gms. ,1 were introduced, and 993 gms. 

of perchlorofluorocyclohexanes were dehalogenated to give 339 gms. 

of aromatic product. 

T y p i c a l Dehalogenations. (Av. c o n s t i t u t i o n CgClgFg) 

i ) 20 gms. were dehalogenated i n 40 minutes. Reactor temperature 

340°C; nitrogen 60 ccs/min. 6 .8 gms. of product were shown by 

A.S.V.P.C. to be CgFg 22%, CgClF^ 27$, C g C l ^ 12 .5$, CgCl^F^ 3$, 

i m p u r i t i e s were 5$ of the product, t o t a l aromatic y i e l d 64.5$-

i i ) 80 gms. were dehalogenated i n 160 minutes. Reactor temperature 

345°C; nitrogen 60 ccs/min. 27-5 gms. of product were shown by 

A.S.V.P.C. to be CgFg 22..'?$, CgClF^ 27-5$, O^Cl^ 13$, C 6 C 1 3 F 3 3$, 

i m p u r i t i e s were 5$ °f the product, t o t a l aromatic y i e l d 66$. A 

t y p i c a l chromatogram i s shown i n fi,-y. xv. 

After 900 gms. of t h i s material were dehalogenated, the y i e l d 

of the more highly chlorinated compounds rose. 

100 gms. were dehalogenated i n 200 minutes. Reactor temperature 

340*C; nitrogen 60 ccs/min. 33«7 ijms. of product were shown by 

A.S.V.P.C. to be CgFg 18$, CgClF^ £ 6 . 5 $ , 0^-01^15$, C g d ^ 3$, 

C,Cl..F n ( t r a c e ) , i m p u r i t i e s were 5$ °f product, t o t a l aromatic y i e l d 

62.5$. 

D i s t i l l a t i o n of Dehalogenation Material. 

A concentric tube d i s t i l l a t i o n column with a heating jacket 

was set up, using a mixture of n-heptane and methylcyclohexane to 

obtain the platage (see page 87 ) . A platage of 22 was found. 
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The products from the dehalogenation of perchlorofluorocyclo-

hexanes, prepared from the reac t i o n of f l u o r i n e and hexachloro­

benzene, were combined, washed with sodium hydroxide (N) and water, 

and dried (Ann. MgSO^). The b o i l i n g range and weight of each 

f r a c t i o n i s given i n table 17* 

Table 17. D i s t i l l a t i o n 6. (see f i g . x v i ) 

F r a c t i o n 
No. 

Hoiling 
Range ' G. 

Size of 
Fr a c t i o n 

gms. Component 

1 77-5 I 8 . 9 C 6 F 6 

2 112 .5 25 .9 C 6C1F 5 

3 150-153 12 . 5 C 6 C 1 2 P 4 

Residue - 15.7 C 6 C 1 3 F 3 

Intermediate f r a c t i o n s 19«9 gins. Recovery 93$. 

Each f r a c t i o n was shown by A.S.V.P.C. to be pure. A pure 

sample of C,C1.F. was separated (P'. S. V.P. C. S i . E l . column at 170°C; 0 3 3 

P.D. 45 cms. Hg; nitrogen 175 ccs/min.). I n f r a red spectra 

confirmed t h e i r i d e n t i t y . 

C a l c u l a t i o n of Y i e l d s . 

I n a l l the reactions c a r r i e d out to give perchlorofluorocyclo-

hexanes, -cyclohexenes and -benzenes, the y i e l d s quoted assume 

equimolar response on the a n a l y t i c a l s c a l e vapour phase chromatography. 

This assumption was v e r i f i e d by making standard s o l u t i o n s 

containing weighed samples of each compound i n a s e r i e s . These 
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were chromatographed, and the area of each "peak" found by c u t t i n g 

i t out and weighing i t . . There was a s l i g h t trend f o r the more highly 

f l u o r i n a t e d compounds to give smaller peak areas for equimolar 

amounts; t h i s trend, however, was small and within experimental 

e r r o r ( ± 1 0 $ ) . ! ' 

Correction f a c t o r s f o r : -

i ) Perchlorofluorobenzenes. 

CCF, C . C 1 F C C ,C1_P. C ,C1,P. C , C 1 CP C,C1, 
6 6 6 5 6 2 4 6 3 3 6 5 6 ^ 6 

1 . 0 8 1 . 0 8 I.05 1 .00 O .96 O .98 

i i ) Perchlorofluorocyolohexenes. 
C 6 C 1 3 P 7 ° 6 C 1 4 P 6 °6CV5 C 6 C 1 6 P

4 

1 .08 1 .10 1 .00 1 .04 

i i i ) Perchlorof luorocyc-.lohexanes.. 

C 6 C 1 4 P 8 C 6 C V 7
 C 6 C 1 ( i P 6 C 6 C 1 7 P 5 

1 .00 0 . 9 4 0 . 9 7 0 . 8 9 
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PART I I 

SOME REACTIONS OP CEtLOROPMTAPLUOROBPJUZENE. 

Chapter 4 

INTRODUCTION 



1 4 7 -

Nucleophilic Reactions of Highly F'Luorinated Benzenes. 

Two main routes are a v a i l a b l e f o r the synthesis of highly 

f l u o r i n a t e d aromatic compounds containing a r e a c t i v e grouping. The 

f i r s t route i s v i a e l e c t r o p h i l i c attack on hydrofluorobenzenes, and 

then using the r e a c t i v i t y of th:'Ls group i n f u r t h e r r e a c t i o n s . 

The most widely i n v e s t i g a t e d example of t h i s i s the e l e c t r o p h i l i c 

attack on pentafluorobenzene by iodine or bromine, to form iodo- or 
1 2 

bromopentaf luorobenzeries. ' These are r e a d i l y formed into the 
Grignard reagents, and from t h i s i . a wide v a r i e t y of mono-substituted 

i 1 ^ 6 pentafluorophenyl compounds can be formed. ' An extension of 

t h i s method involves the preparation of pentafluorophenyl l i t h i u m 

by the r e a c t i o n between n-butyl-lithium and a halopentafluorobenzene. 

The second route I t o s u b s t i t u t e d polyfluoro aromatic compounds 

i s by the nucleophilic; replacement of f l u o r i n e , and i t i s these 

reactions which are summarized below. Many mono-substituted 

pentafluorobenzenes ha've been formed i n t h i s manner by n u c l e o p h i l i c 

attack on hexafluorobenzene. The fu r t h e r attack by nucleophiles 

on these compounds i s textremely i n t e r e s t i n g , as various p o s i t i o n a l 

isomers may be formed. 

Hexafluorobenzene. I 

The n u c l e o p h i l i c attack on hexafluorobenzene has been thoroughly 

i n v e s t i g a t e d , and a summary of these reactions i s given below. 

Almost a l l the r e a c t i o n s occur under moderate reaction conditions, to 

give good y i e l d s of the mono-substituted product. 
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ffucleophile Reaction 
Conditions Product Reference 

OCE„ 

OC 2H 5 

OH" 

SH 

NH„ 

NHCH, 

CH, 

a) CH"3OH, CH3ONa 

Reflux 
1 

b) With pyridine 

CHJDH, CoHc0N:a 2 5 c. 0 

a) KOH,,; Pyridine. 
"ii 

Reflux 

b) KOH, t^butyl 

a l c o h o l , r e f l u x . 

(3 6P 5OCH 3 60^ 

p-C 6F 4(OCH 3) 2 3$ 

C^F c0CH. o 5 3 

C.P c0C_H c 

0 5 2 5 
C F OH 20$ 
6 5 

C 6F 5OH 7136 

H 0S, jllaOH, Ethylene C ^ S H 70$ 

g l y c o l , Pyridiiie.-

a) NaNH . liq.NH-
A' -i 

b) NH 3,]Ethanol, 

167'0. 

i1 

Ethahol, reflu:c. 
. i 

a) CHjITHg, Ethanol 

H|5*C 

b) CH3NF|2, Ethanol, 

170 °C 

a) CH 3Li, Ether. 

Reflux. 
!! 

b) CH3Mg;Br 

C 6 F 5 W H 2> 

( C 6 F 5 ) 2 N H 2$ 

C 6F 5NH 2 70^ 

9 

10 

9 

10 

11 

12, 13 

13 

C^i- NHNHg 73$ 13, 14 

C,.FJJHCH. 13 

p-C 6F 4(NHCH 3) 2 6O5S 13 

C 6F 5CH 3 69?£ 3 , 15" 

p - C 6 F 4 ( C H 3 ) 2 . 10% 

C 6 F 5 G H 3 3 # ' 9 

i 
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R- a) n-|C 4H 9Li C 6 P

5

C

4

H 9 ^ ^ 

° 6 3 P 4 ( C 4 V 2 2 ° * 

b) PhLi C 6 F V C 6 H 5 1 6 

c) CH,CH=CHLi C^F CH-CHCH 10$ . 17 

2CH^CH=GHLi p-CgF^CR^CHCfLj 82$ 17 
i 

[HJ Pt.H^,300"c. C 6 P 5 H 1 8 

C..F.H- 10$ ' 5 4 2 ^ 

1 

The pentafluorophenyl compounds summarized above have the 

normal chemistry a s s o c i a t e d with .these f u n c t i o n a l groupings, and i n 

many cases d e r i v a t i v e s have been formed to a i d i d e n t i f i c a t i o n . 

Further r e a c t i o n s , on lithe f u n c t i o n a l groups of these compounds, 

which are of more s y n t h e t i c importance s.re mentioned below. 
Reactant Conditions 

ii 

Product References 

C , F OCH 
6 5 3 

A1C1 ,1 120* C C P OH 
6 5 

9, 19 

C 6 F 5 S H Diazoraethane C 6 P 5 S C H 3 45$ 11 

C 6 P

5

N H 2 
C F 3 C O 3 ' H C6V ° 2 85^ 20 

C 6 F 5 N H 2 

HC03H j 
6 5 21 

c 6 F 5 r a 2 Diazotised i n C 6 F 5 X 16 

H F . Cu 2X 2. (X - C I , B r , I ) 

C 6 F 5 N H I H 2 Heat 1 8 0 °C C . F H 
6 5 

39*' 14 

•1 
C 6 F 5 N H 2 44$ 

i 
Reduction C 6 P 5 1 I H 2 14 

C 6 F 5 N M H 2 

.1 

Oxidation i n 
1 

c 6 p

5 
14 

Benzene 
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CgSjGH = CHMe 

0 6 F 5 C P 3 

KMnO, 

Fuming HgSO^ 

CgF^COOH 

C,Pc.C00H 6 5 

17 

22, 23 

Pentaf'luorophenyl d e r i v a t ive s * 

Nucleophilic attack on mono-substituted pentafluorobenzenes 

has r e c e n t l y been investigated, by Birmingham workers. The attack 

by a nucleophile i s of considerable i n t e r e s t , as d i f f e r e n t p o s i t i o n a l 

isomers can be formed1. Although nuclear magnetic resonance spectra 

can determine the o r i e n t a t i o n of these d i s u b s t i t u t e d d e r i v a t i v e s , 

i t i s necessary to compare them with tetrafluorobenzene d e r i v a t i v e s 
i 

of a known s t r u c t u r e . 

The compounds a v a i l a b l e fo;? t h i s work were the dihydrotetra-

fluorobenzenes, whichjwere synthesised by the d e f l u o r i n a t i o n and 
24—2 6 

dehydrofluorination of polyfluorocyclohexanes. Their 
s t r u c t u r e s were confirmed by comparison with the compounds prepared 

27 28 1 29 by Finger ' and Walil. Another compound which was a v a i l a b l e , 

was tetrafluoro-p-benaoquinone, prepared by the h y d r o l y s i s of 

octafluorocyclohexa - 1 ,'4-diene with sulphuric a c i d . " ^ The 
J 
i 

n u c l e o p h i l i c attack on| pentafluprophenyl d e r i v a t i v e s i s summarized 

i n the table below. 
Reactant 

HC 6F 5 

Wucleophilic 
Reagbnt 

LiAlH 

Product 

p-HC 6F 4H 8356 

o-6# m-lf> 

References 

31 



Reactant 

H C 6 F

5 

CH-OC,Pc 3 D 5 

C H 3 S C 6 F 5 

CH 3S0 2C 6P 5 

NH 2C 6P 5 

NH2NHC6P5 

CH-NHC.F.. 
3 6 5 

CH.CONHCrPc 3 o 5 

i s o 4 ~ . 5 2 c 6 P 5 

N0 2C 6P 5 

CH 3C 6P 5 

CF,C,F C 5 D 0 

Nucleolphilic 
Reagent 

NH2NB2 

NH 

NaOCH, 

NaSH 

KSPh 

I 
3 

p-HC.F.SK 
6 4 

NH2NH2 

NH^ I 

NH„ 

NH. ' 

NH NH 

NH2NH2 

NaSH j 

NaOH 
I 

NH, 

CH^Li 

LiAlH 4 

I Product 

P-HC 6 P 4 H:EJNH 2 6356 

o-2# ra-0.35£ 

p-HC,P NH 62$ 

; HCgP^OMe 47$' 

(929S p-) 

jD-HC^ S H 85^ 

p-HC^SEh 46% 

' (P-HC 6E' 4) 2S 

c 6 P 5 O N 2 H 5 

p-CH3OC6P4NHNH2 24$ 

p-CH 3SC 6F 4NH 2 

P-CH 3S0 2C 6P 4NH 2 

ni-NH2C6P4NH2 3456 

m-lffl^gF^NHNH^ 24$ 

m R NH 2 NHC 6P 4 NHNH 2 O.55& 

p;-CH 3NHC 6F 4NHCH 3 24^ 

p-CH.CONHGVP.SH 
3 6 4 

p-NH2C6F'4OH 

o-!-N02C6F4NH2 6756 

p4-295̂  

P - C H 3 C 6 F 4 C H 3 8 3 # 
1 

p-CF3CgP^H 50^ 

151. 

References 

31, 13 

31, 13 

32, 33 

11 

11 

16 

19, 33 

16 

16 

13 

33 

33 

33 

16 

16 

20, 33 

3 

34 



Reactant 

C F 3 C 6 F 5 

C1C 6F 5 

Nuclepphilic Product 

152. 

References 
ReajE^ent 1 

CH,Li p-CF. JC 6P 4CH 3 40^' 34 

N H 2 I I H 2 | p-CP. iC 6P 4NHNH 2 36^ 34 

p-CF.,C6F4NH2 825S 34 

NaSH i p-CF,G 6P 4SH 32% 34 

NaOcJlL. p-CF 3C 6F 4OC 2H 5 90% 34 

[H]i C 6 F 4 H 2 ' ° 6 F 3 H 3 18 

NaOGHj^ 

1 

p-ClC 6F 4OCH 3 50# 35 

NH31|. 
I 
•1 

P-cic 6F 4 ] srH 2 41$ 

0-155S 

35 

i 

! p-GlC6F4NHWH2 45$ 
1 

G-l6# 

35 

LiAlH^i , C
6

F
5

H > P-C1G 6F 4H 

o-ClC.F.H 6 4 

35 

Further r e a c t i o n s on these fuinctional groups, as described 

before, provide an even 'wider v a r i e t y of d i s u b s t i t u t e d t e t r a f l u o r o -
} 

benzenes with known s t r u c t u r e s . ]Some general observations have been 

made about the o r i e n t a t i o n of the product, from the nuoleophilic attack 
j + * i -u i;6,20,34 , , . . on pentafluorobenzenes, j ' however no mechanisms are given. 

The o r i e n t a t i o n of the products appears to depend l i t t l e on 

the reagent used; and i f the substituent has no powerful e l e c t r o n i c 

e f f e c t s , the f i v e f l u o r i n e atoms dilrect the attack to the para 
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p o s i t i o n . Powerful e l e c t r o n donating substituents d i r e c t attack 
1 

into the meta p o s i t i o n , and deactivate the nucleus. Powerful electron 

accepting substituents\render this ortho p o s i t i o n more susceptible to 
i 

n u c l e o p h i l i c attack, arid a c t i v a t e the nucleus. 
1 

Multiple Nucleophilic .Alttack. 
1 

The previous examples of n u c l e o p h i l i c attack have been concerned 

with a s i n g l e replacement of f l u o r i n e . However i f the substituent 

i n a pentafluorophenyl d e r i v a t i v e can a c t i v a t e the system to 
1 

n u c l e o p h i l i c attack by the withdrawal of e l e c t r o n s , multiple 

n u c l e o p h i l i c attack i s more l i k e l y . This i s i l l u s t r a t e d by the r e a c t i o n 
20 

of ammonia on pentafluoronitrobenwene, where at room temperature 

i n ethanol s o l u t i o n both1 a d i - and triamine were produced. 

12' 

S i m i l a r l y the penta.f luorophenyl diazonium ion i s unstable i n 

n e u t r a l or a l k a l i n e conditions, and one or more f l u o r i n e atoms are 

displaced by the hydroxy! group. 
ii 

Although an a c t i v a t i n g group does help the multiple n u c l e o p h i l i c 

attack, i f the reactant i s submitted to n u c l e o p h i l i c attack e i t h e r 
under d r a s t i c conditions^: or f o r prolonged periods, t h i s a c t i v a t i o n 

1 
i s not necessary. 
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I 
Thus potassium thiophenoxide pn hexafluorobenzene,^'"^ under 

normal conditions, gave a disulpbide (p-RgP^CsCgH^)^), under f o r c i n g 
conditions 1,4-difluorotetrakis.tl]v.;Lophenyll)enzene was formed. Simi­
l a r l y i f an excess of potassium hydroxide i n methanol i s reacted with 
trifluoromethyldichlorotrifluorobenzene, three f l u o r i n e atoms are 

36 displaced. 

CP^C^C1„F^ + !KOH 
Reflux 

I 
I 
I 
J 

The n u c l e o p h i l i c attack on octafluoronaphthalene has been i n v e s t i ­

gated,"^ and f l u o r i n e displacement iDccurs i n the fi p o s i t i o n to give 

good y i e l d s of the heptafiuoronaphthalene d e r i v a t i v e s . (Reagents used 
i 

were NĤ NĤ ., CH^Li, LiAlH|, KOH and UaOCH,). 
i 

Hexachlorobenzene w i l l also undergo n u c l e o p h i l i c attack, i f 

pyridine i s used as the solvent. This s u b s t i t u t i o n does not occur 

so r e a d i l y , compared with jhexafluorobenzene, although good y i e l d s of 
ll ! 

the ether, thioether, thiophenpl and amine are obtained. 
! : C.Cl OR 

*55; b 5 
I. Nu.OH.ftSH-

H aJ C-Cl^SR 6 U . L - V 
5 

NCLOH 

J 
»h C,.C:J NH,, i 6 5 2 

C 6C1 5SH 

http://Nu.OH.ftSH-
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Orientation i n Substituted Pentafluorobenzenes. 
~ i i — — — — — — — — — — 

I 

Mono-Substituted Benzenes. 

Sub s t i t u t i o n r e a c t i o n s i n v o l v i n g benzene normally occur by the 

a t t a c k of e l e c t r o p h i l i c reagents, and i t i s only i f a p o s i t i o n can 

be s u i t a b l y a c t i v a t e d that n u c l e o p h i l i c attack w i l l occur. 

I t i s ge n e r a l l y accepted that i n e l e c t r o p h i l i c attack on C^H^X, 

the p o s i t i o n of attack i s co n t r o l l e d by the substituent, and not by 

the entering e l e c t r o p h i l e . The o r i e n t a t i o n powers of t h i s substituent 

can be broadly divided i n t o two. F i r s t l y where X has el e c t r o n donating 

powers, which w i l l a c t i v a t e the rizkg towards e l e c t r o p h i l i c attack, and 

the p o s i t i o n s of s u b s t i t u t i o n w i l l be ortho and para to the f i r s t 

s u b s t i t u e n t . 

i , e * OH OH OH O * £t — O + Oe 

E 

Secondly where X has e l e c t r o n withdrawing powers, which w i l l 

d eactivate the r i n g towards e l e c t r d p h i l i c attack, and the p o s i t i o n of 

s u b s t i t u t i o n w i l l be meta to the f i r s t substituent* 
N O N O o. o i . e 

The n u c l e o p h i l i c attack on mono-substituted benzenes r e s u l t i n g i n 

the displacement of hydrogen i s not w e l l known. However the presence 

of a strongly electron-withdrawing 'substituent might be expected to 
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i help attack by a nucleophile, i f the withdrawal from the nucleus i s 
s u f f i c i e n t l y great. I n f a c t , the fusion of potash with, nitrobenzene, 
i n the presence of a i r , w i l l give'o-nitrophenol. 
NO, 

O O" ° + ° " 

o Qf« — _ Q No,. 
,OH 

The n i t r o group i s able to s t a b i l i z e the t r a n s i t i o n s t a t e , i f the 

hydroxyl ion enters the ortho or para p o s i t i o n s . 

Nucleophilic attack on substituted benzenes normally involves the 

replacement of some group other than hydrogen. This substituent i s 

u s u a l l y a c t i v a t e d i n a s i m i l a r manner to that described above. The 

i n d u s t r i a l preparation of phenol, iis an exception to t h i s , although 

very vigorous conditions have to be used. 

Steam 
C,H_C1 *~ C,HrO.E 

6 5 330-c 6 5 

The n i t r o substituent i s the moist common a c t i v a t i n g group, and 

n u c l e o p h i l i c replacements of halogemi i n halobenzenes containing one, 

two and even three n i t r o groups, i n the ortho and para p o s i t i o n s , are 

w e l l known. One of the most i n t e r e s t i n g a p p l i c a t i o n s of t h i s type of 

rea c t i o n i s the degradation of polypeptides with 2 , 4 - d i n i t r o f l u o r o -

benzene." N 02-

(f̂ )N01
 + R - C H - C O N H — R - C H - C O N H 

Ha HjO 

ON O , I 
- N H - C H C O O H + N H j 



160 

The replacement of the f l u o r i n e atom by the nitrogen atom of a 

f r e e amine group occuring under very mild conditions. 

Thus the n u c l e o p h i l i c attack {on substituted benzenes w i l l not 

only r e l y on the a c t i v a t i o n e f f e c t s of the various substituents i n the 
i 

r i n g , but a l s o on the group which i s replaced. For the r e a c t i o n to 

occur under mild conditions, the group which i s displaced by the 

nucleophile must be a good lea v i n g group, i . e . i t must have a reasonably 

high e l e c t r o n a f f i n i t y . The most e a s i l y replaceable group i s the 
i 

f l u o r i n e atom, followed by the n i t r p group Emd then the other halogen 

atoms. The p o s i t i o n of o r i e n t a t i o n 'in these r e a c t i o n s i s unambiguous, 

as there i s normally only one replaceable group. 

Pentafluorobenzenes. 

I n the past d i s c u s s i o n i t has been shown that f l u o r i n e i s a very 

e f f e c t i v e l e a v i n g group. Also, because of i t s high e l e c t r o n e g a t i v i t y , 

i t has a very strong e l e c t r o n withdrawing e f f e c t on the benzene 
1 

nucleus. Thus i t can a c t i v a t e the riiv.g system towards n u c l e o p h i l i c 

a t t a c k . 

F 

C^) Dipole! Moment 1 I.5D. 4 1 

Therefore an aromatic r i n g system (containi:ng a number of f l u o r i n e 
1 

atoms, must be very s u s c e p t i b l e to nucl'sophilic attack; and the 

question of the p o s i t i o n of suck an attack must enter the d i s c u s s i o n . 
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Perhaps the most i n t e r e s t i n g compounds to study are the mono-

subst i t u t e d pentafluorobenzenes (CgF^X). I t i s of great i n t e r e s t to 

f i n d i f the p o s i t i o n of attack i s c o n t r o l l e d by the f i v e f l u o r i n e 

atoms, by the substituent ( X ) , or in f a c t by both. 

I t has been found that n u c l e o p h i l i c attack on- mono-substituted 

pentafluorobenzenes, normally occurs i n the para p o s i t i o n (see page 150). x x 0 • N- Q + F-
N 

In a few cases a very small percentage of the ortho and meta 

isomers have a l s o been i s o l a t e d . However, i f the substituent (X) 

i s e i t h e r very strongly e l e c t r o n withdrawing oi- very strongly 

e l e c t r o n donating, the o r i e n t a t i o n of n u c l e o p h i l i c attack i s a f f e c t e d . 

I n the r e a c t i o n g i v i n g meta s u b s t i t u t i o n ( l ) the r i n g i s 

deactivated by the powerful el e c t r o n donating power of the amine 

grouping, and a high temperature has to be used f o r attack to occur. 
i 

However i n the s u b s t i t u t i o n of pentafluoronitrobenzene, the n i t r o group 

i s able to withdraw e l e c t r o n s from the r i n g . T h i s a c t i v a t i o n towards 

n u c l e o p h i l i c s u b s t i t u t i o n allows the r e a c t i o n to occur at room 

temperature. 

Nucleophilic r e a c t i o n s or.i pentafluorobenzene, pentafluoro-N-
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I 
1 

raethylaniline, pentafluorotoluenej octafluorotoluene and pentafluoro-

p h e n y l diazonium Bulphate give onl>y the para substituted d e r i v a t i v e s . 
i 
i 

Thus i t seem that the f i v e f l u o r i n e atoms control the r e a c t i o n , and 
I 

s u b s t i t u t i o n occurs i n the para p o s i t i o n , unless the substituent has 

s u f f i c i e n t l y strong el e c t r o n donating, or withdrawing powers to 

overcome t h i s e f f e c t . 
Pentafluorobenzene. 

The f i r s t case which w i l l be considered i s pentafluorobenzene 

(CrP,.H). This should be the simplest case as hydrogen should have b 5 

no e l e c t r o n i c e f f e c t on the r i n g system. The e l e c t r o n d i s t r i b u t i o n 

i n pentafluorobenzene can be found by considering the d i s t r i b u t i o n 

i n hexafluorobenzene, and then considering the e f f e c t of removing 

one f l u o r i n e atom, and r e p l a c i n g i t with a hydrogen atom. The 

e l e c t r o n i c e f f e c t s of a f l u o r i n e atom on an aromatic r i n g system must 
41 

therefore be considered . 

I t i s w e l l known that f l u o r i n e has a large e l e c t r o n e g a t i v i t y and 

can withdraw el e c t r o n s from an aromatib r i n g (-ve inductive e f f e c t ) . 

However f l u o r i n e can a l s o donate el e c t r o n s from i t s f u l l p o r b i t a l s , 

i n t o the empty antibonding o r b i t a l s of^the aromatic r i n g system. This 

e f f e c t (+ve mesomeric e f f e c t ) i s quite 'strong, as both o r b i t a l s are 
i 

of the same energy l e v e l and symmetry. 6 (-I 

The dipole moment of fluorobenzene '.is 1.5D, t h i s i s 0.3D l e s s than 

methyl f l u o r i d e (1.8D), where the mesomeiric e f f e c t cannot operate. 
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Thus the mesomeric e f f e c t i s considerably l e s s than the inductive 
e f f e c t , i n the ground s t a t e of this fluorobenzene molecule. However 
e l e c t r o p h i l i c attack on fluorobenz;ene occurs mainly i n the para 
p o s i t i o n , at a rate s l i g h t l y greater than the e l e c t r o p h i l i c attack 
on benzene. This i s explained by the f a c t that the f l u o r i n e atom has a 
•very much more powerful mesomeric e f f e c t , at the demand of the 
reagent; t h i s i s c a l l e d the electromeric e f f e c t . 

F + 
i.e. O ̂ + — Q> - 0 - 0 

E VI E H E H 

Therefore the o v e r a l l e f f e c t of the f l u o r i n e atom, i n the electro­

p h i l i c attack on fluorobenzene, must be the donation of e l e c t r o n s 

into the r i n g system, mainly i n the ;para p o s i t i o n . This electromeric 

e f f e c t can only occur with e l e c t r o p h i l l i c attack, and the o v e r a l l 

e f f e c t of the f l u o r i n e atom i n n u c l e o p h i l i c attack i s , therefore, the 

strong withdrawal of the electrons from the r i n g system. 

I f one f l u o r i n e i s removed from hexafluorobenzene and replaced 

by hydrogen, both the inductive and messomeric e f f e c t s on the r e s t 

of the molecule must be considered. 

Inductive e f f e c t . Fluorine removes electrons mainly from the ortho 

p o s i t i o n s . Thus on replacement by hyilrogen, we have:-
Ifcss +vfc H 

CD ^ f ? 
>^,*- IfeSS +Vfe 
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Mesomeric e f f e c t . This i s not such a strong e f f e c t as the inductive, 

but i t i s f e l t by donation of e l e c t r o n s to the ortho and para po s i t i o n s 

equally. Therefore on replacement by hydrogen, we have:-

H ; S l i g h t l y more + ve 

S l i g h t l y more + ve 

The e l e c t r o n i c e f f e c t of the fi|i/-e f l u o r i n e atoms on the carbon-

hydrogen bond must also be considered. I t i s probable that as the 

r i n g i s depleated of el e c t r o n s by the f l u o r i n e atoms, that the hydrogen 

atom w i l l " 1 be electron-donating. However t h i s donation of electrons 

to the r i n g system w i l l probably be tiiken up by the f l u o r i n e atoms i n 

positions 2 and 6 ( i . e . the ortho p o s i t i o n s ) . 

Thus the o v e r a l l e l e c t r o n i c p i c t u r e of the r i n g system can be 

shown thus:-

Therefore considering the e l e c t r o n i c d i s t r i b u t i o n i n pentafluorobenzene, 

n u c l e o p h i l i c attack should occur i n the '^para p o s i t i o n . However the 

nucleophile should also attack i n a p o s i t i o n where the extra electron 

can be shared most p r o f i t a b l y i n the t r a n s i t i o n istate. Prom the 

( * Successive i s i n d i c a t e smaller q u a n t i t i e s ) . 
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e l e c t r o n i c p i c t u r e of the r i n g isystem, i t can be seen that carbon 
i 

atoms 1, 2 and 6 are almost n e u t r a l , whereas carbon atoms 3, 4 and 

5 are p o s i t i v e . Thus attack should occur i n po s i t i o n 4, where the -ve 

charge, i n the t r a n s i t i o n state,' can be shared equally by carbon atoms 

3 and 5. 

** N F N F N 

I f n u c l e o p h i l i c attack occurred i n the meta p o s i t i o n , only one 

carbon atom can share t h i s e l e c t r o n . 

d + - F 

The n u c l e o p h i l i c attack on peiitaf lucrobenzene i s summarized on 

page ISO, and i t can be seen that attack occurs almost e x c l u s i v e l y i n 

the para p o s i t i o n . 

The e f f e c t of other substituents can be found, although i t 

i s necessary to consider each i n turn. The examples given below 

are the most i n t e r e s t i n g and cover the widest range p o s s i b l e . 

P e n t a f l u o r o a n i l i n e . 

The inductive e f f e c t of the nitrogen i n the amine group i s f a i r l y 

small, and i s counteracted by the nitrogen atoms pronounced a b i l i t y to 

re l e a s e e l e c t r o n s , mesomerically, into the aromatic system. I t w i l l 
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do t h i s , equally, i n the ortho, and para, po s i t i o n s * 

NH NH 

i . e 

Therefore pentafluoroaniline should be very much l e s s s u s c e p t i b l 

to n u c l e o p h i l i c attack than pent.afluorobenzene. The p o s i t i o n of 

such an attack should be i n the jaeta p o s i t i o n , with r e l a t i o n to the 

amine group. These observations are borne out i n p r a c t i c e (page iffl ) 

Pentafluoronitrobenzene. 

The n i t r o group, due to the niesomeric e f f e c t , i s very powerfully 

ele c t r o n a t t r a c t i n g . Thus the o v e r a l l charge on the carbon atoms 

can be sho.wn thus:- N 0 

The r i n g system i s , therefore, greatly a c t i v a t e d towards 

n u c l e o p h i l i c attack, and attack should occur i n the ortho and para 

p o s i t i o n s . The electromeric effect', (the supply or withdrawal of 

electrons at the demand of the reager.it), i s probably operating, 

and the t r a n s i t i o n s t a t e i s s t a b i l i z e d by such resonance s t r u c t u r e s 

as 

i 
F 

and M F 

( a ) (b) 

http://reager.it
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However i t can be seen from these structures that the carbon 
atom containing the n i t r o group' must be i n the same plane as the 
r i n g . The para quinoid structure (a) cannot very e a s i l y a t t a i n t h i s 
p l a n a r i t y , due to s t e r i c hinderence from the two planar ortho 
f l u o r i n e atoms. The ortho quinoid structure (b) should be more 
stable as one ortho f l u o r i n e atom i s no longer planar. The reaction 
between pentafluoronitrobenzene and ammonia (page 15*) occurs very 
r e a d i l y at room temperature to give mainly ortho aminotetrafluoro­
nitrobenzene. 

Both pe n t a f l u o r o a n i l i n e and pentafluoronitrobenzene have extremely 

powerful e l e c t r o n i c e f f e c t s on the aromatic r i n g system. I t i s 

n a t u r a l l y of i n t e r e s t t o study pentafluorophenyl compounds where the 

substituent i s not quite so powerful; but where these e f f e c t s are 

s u b s t a n t i a l l y d i f f e r e n t from the hydrogen atom present i n pentafluoro-

benzene. 

Octafluorotoluene. 

I t has been shown tha,t the e l e c t r o n i c d i s t r i b u t i o n of the 

pentafluorophenyl r i n g system can be represented as ( l ) below. 

a ^ H ^ J a * CD M * ^ ) * * * (2) 
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The t r i f l u o r o m e t h y l group, |which has a strong inductive e f f e c t 

but no mesomeric e f f e c t , can withdraw electrons from the ortho 

p o s i t i o n s , g i v i n g the electron d i s t r i b u t i o n as shown i n (2). I t has 

been suggested^ t h a t the t r i f l u o r o m e t h y l group has a hyperconjugative 

e f f e c t on the aromatic r i n g system. 
CR. F CF. F 0+ 0 

+ 
and 

+ 

Although there i s no d e f i n i t e proof of t h i s , the ortho and para 

positions would become more p o s i t i v e , accentuating the above 

e l e c t r o n i c d i s t r i b u t i o n (2). The nucleophile should therefore attack 

i n both the ortho and para p o s i t ions. However i t has been observed 

(see page I5"l ) t h a t attack occurs t almost exclusively i n the para 

p o s i t i o n . This i s probably due'to s t e r i c hindrance, i n the ortho 

p o s i t i o n s , by the large t r i f l u o r o m e t h y l group. 

i 

Pentafluoroanisole and Pentafluoro-Nr-methylaniline. 

Both these substituents can 'back donate electrons i n t o the system, 
i 

which should' be deactivated towa.r;is n u c l e o p h i l i c attack. This 

donation should not be as great aa the amine group.^ The e l e c t r o n i c 

d i s t r i b u t i o n i n the r i n g system xi3 given below.. 
OMe NttMfc © © 
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I 
The n u c l e o p h i l i c r e a c t i o n s of these compounds have not been 

i 
thoroughly i n v e s t i g a t e d ; however jthe r e a c t i o n of the a n i s o l e with 

i 

f u r t h e r methoxide ion, and the methylaniline with methylamine, gave 

mainly the para orientated substitiient (see page 15l)» although i t 
i 

i s p o s s i b le that some meta s u b s t i t u t i o n occurred* 

The main p o s i t i o n of attack (as explained before), occurs i n 

such a p o s i t i o n that the negative charge, i n the t r a n s i t i o n s t a t e , 

can be removed most e a s i l y . T h i s ib the para p o s i t i o n as the 

negative charge can be shared equally by the two meta f l u o r i n e atoms. 

Chloropentafluprobenzene. 

The e l e c t o n i c e f f e c t s of the chllorine atom are very s i m i l a r 
i 

to those of the f l u o r i n e atom. Thus, the n u c l e o p h i l i c attack should 
I 

be more of a random nature than i n f o r example, pentafluorobenzene. 

The inductive e f f e c t of c h l o r i n e and'fluorine are almost i d e n t i c a l ; 

however, the mesomeric back donation of the c h l o r i n e e l e c t r o n s i s 

s l i g h t l y l e s s than i n f l u o r i n e . This w i l l make both the ortho and 

para p o s i t i o n s more p o s i t i v e . The e l e c t r o n i c d i s t r i b u t i o n i n the 

r i n g system should be as shown below:--
ci 
las-* 

\\ F I 
1 

Therefore, attack should occur iri both the ortho and para 

p o s i t i o n s . I t w i l l be seen from the f a l l o w i n g d i s c u s s i o n that 



n u c l e o p h i l i c attack on chloroperjtafluorobenzene gives both the ortho 

and para orient a t e d substituents. The nature of the nucleophile 

seems to have l i t t l e a f f e c t on t'he d i s t r i b u t i o n of the isomeric 
i 

d e r i v a t i v e s . 



171. 
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Discussion of Experimental Work 
i 

Chloropentafluorobenzene and Sodium Methoxide. 

The reaction between chloropentafluorobenzene and a s l i g h t 

excess of sodium methoxide gave a good y i e l d (70$) of the c h l o r o t e t r a -

f l u o r o a n i s o l e s . The a n a l y t i c a l scale vapour phase chroraatogram of 

the product i s shown i n Fig. XVII page I90o., and has three peaks. The 

two major components were i s o l a t e d by preparative scale V.P.C., and 

shown by N.M.R. to be o-C^ClF.OMei and p-C-ClF.OMe. " 6 4 b 4 

The separation i n any quantity of the pure isomers, by t h i s 

method, was extremely laborious, as the r e t e n t i o n times were almost 

i d e n t i c a l . The pure compounds, tincontaminated by other isomers, 
l 

could only be obtained i f the material was recycled three times. 

The chromatogram,as we l l as showing the two major components, contained7; 

a small peak i n between the two major ones. This could be the meta 

isomer, however i t was present i n ,very small q u a n t i t y and could 

not be i s o l a t e d f o r i d e n t i f i c a t i o n . 

The p o s s i b i l i t y of t h i s u n i d e n t i f i e d material being pentafluoro-

anisole, or tetrafluorodimethoxybehzene (i..e. by removal of c h l o r i n e ) , 

was eliminated by preparing these compounds by the reaction of 
; g q 

hexafluorobenzene w i t h sodium methoxide. 

C 6F 6 + CĤ ONa — G^FJMe + CgF^OMe^ 
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These had r e t e n t i o n times, using a n a l y t i c a l scale V.P.C., 
very d i f f e r e n t from the c h l o r o t e t r a f l u o r o a n i s o l e s . The p o s s i b i l i t y 
of s u b s t i t u t i o n of the chlorine aifcom, was also checked by t r e a t i n g 
the a c i d i f i e d water e f f l u e n t (produced i n the working up procedure), 
w i t h s i l v e r n i t r a t e s o l u t i o n . No p r e c i p i t a t e was formed i n d i c a t i n g 
t h a t no chloride ion was present„ 

Thus i f we assume the minor component to be m-CgClF^OMe, the 

isomer d i s t r i b u t i o n can be given. , I t must be borne i n mind th a t t h i s 

d i s t r i b u t i o n d i f f e r s s l i g h t l y due ;to the amount and r a t i o of the 

reactants. 

Average d i s t r i b u t i o n : - o-CgClF^OMe 25$ 

m-CgClF OMe 5% 

p-CgClJ^OMe 70$ 

This i s i n agreement w i t h the postulate that n u c l e o p h i l i c attack 

on chloropentafluorobenzene w i l l give the ortho and para isomers, 

rather than j u s t the para isomer foiind i n most nu c l e o p h i l i c reactions 

of pentafluorobenzenes. (see pageil5o). Similar n u c l e o p h i l i c attacks 

on chloropentafluorobenzene described i n the f a l l o w i n g pages, show 

that t h i s isomer d i s t r i b u t i o n i s not, a l t e r e d . 

The chlorine atom present i n chloropentafluorobenzene appears to 

be considerably more stable t o nucl e o p h i l i c attack than the f l u o r i n e 

atoms. However work i n these l a b o r a t o r i e s ^ has shown that a considerable 
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amount of chlorine can be removed'in the reaction of chloropentafluoro-
benzene and l i t h i u m aluminium hydride. This i s a r e l a t i v e l y powerful 
n u c l e o p h i l i c r e a g e n t , ^ and w i l l replace the halogens w i t h hydrogen. 
The product has been shown to contain pentafluorobenzene and para 
dihydrotetrafluorobenzene, as well as the ortho and para isomers of 
chlorotetrafluorobenzene. The amount of chlorine removed was found 
by t i t r a t i o n to be 44$« 

C,C1FC + LiAlH »- G,HF + pr-C^H^F, -+ o-C HC1F, + p-CJEC1F, 
6 5 4 6 5 * 6 2 4 6 4 * 6 4 

Two other reactions have been found where the chlorine can be 

eliminated; f i r s t l y the Ullmann r e a c t i o n , which i s described on page 179; 

and secondly by the formation of th'3 G-rignard reagent and consequent 
42 

hydrolysis. Thus chloropentafluorobenzene, gives pentafluorophenyl 

magnesium c h l o r i d e . Hydrolysis of t h i s gives a 65$ y i e l d of 
pentafluorobenzoic acid. 

EtpO T.H.F. 
GgCIF + Mg *~ CgF MgCl — »• CgF COOH. 

Para Chlorotetrafluoroanisole. 

This was i s o l a t e d by preparative scale V.P.C. more ea s i l y than the 

ortho isomer, as i t was present i n l a r g e r proportions (70$). 

i ) The p o s i t i o n of the substituants was v e r i f i e d by a chemical 

method. The p-CgClF^OMe was reacted w i t h magnesium to form the 
i 

Grignard reagent, consequent hydrolysis gave the p - t e t r a f l u o r o a n i s o l e , 
32 

which was i d e n t i f i e d by i t s i n f r a red spectrum. 
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i i ) Further reaction w i t h sodium methoxide gave the c h l o r o t r i -

fluorodimethoxybenzene (59$). Fr'om the previous discussion (see 

page 163), i t was shown that chloropentafluorobenzene w i l l d i r e c t 

n u c l e o p h i l i c attack mainly to the ortho and para p o s i t i o n s , and 

pentafluoi-oanisole to the meta and para p o s i t i o n s . However both 

the para positions are f i l l e d i n p-ichlorotetrafluoroanisole, so the next 

s u b s t i t u t i o n would be expected to occupy the ortho p o s i t i o n to the 

c h l o r i n e . 

a CJ 0 OMfe 
I F 

The a n a l y t i c a l scale vapour phase chromatogram showed the presence 

of mainly one isomer (95$)• This wjas i s o l a t e d and shown by 

N.M.R. to be 1-chlorotrifluoro-2,4-d;Lmethoxybenzene. 

N.M.H. shows tha t a f l u o r i n e atom ortho to a methoxy group can 

couple w i t h the three hydrogen atoms. I n the chlorotrifluorodimethoxybenz-

ehe prepared above, the N.M.R. spectium shows that one f l u o r i n e present 

couples w i t h s i x hydrogens, i . e . i t must have two ortho methoxy groups. 

There are only two structures where the f l u o r i n e can have two methoxy 

groups i n .the ortho p o s i t i o n . 
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The spectrum also shows thatlone f l u o r i n e present does not couple 

w i t h any hydrogens. This shows that l-chlorotrifluoro-2,4-dimethoxy-

benzene i s the compound prepared e'.bove. 

Further reaction of Chloropentafluorobenzene w i t h Sodium Methoxide. 
i 

Pyridine has been used.~a-s a solvent to f a c i l i t a t e n u c l e o p h i l i c 
9 11 "̂8 

s u b s t i t u t i o n reactions i n h i g h l y halogenated benzenes. ' ' I t was 
i 

thought that the reaction between chloropentafluorobenzene and sodium 
methoxide i n p y r i d i n e s o l u t i o n , mijjht aid the removal of chlorine and 

! 

produce pentafluoroanisole. However a n a l y t i c a l scale V.P.C. showed 

that t h i s reaction product contained only the c h l o r o t e t r a f l u o r o a n i s o l e 

and unreacted s t a r t i n g m a t e r i a l . ' 

The reaction of chloropentaflAorobenzene w i t h excess sodium 

methoxide (see Fig. X V I I I page I80a.]>, gave the l - c h l o r o t r i f l u o r o - 2 , 4 -

dimethoxybenzene (46$), and a f u r t h e r substituted chlorodifluorotrimethoxy-

benzene (37$)- The l a t t e r .compound was shown by a n a l y t i c a l scale 

V.P.C. to contain mainly one isomer. This i s probably the 1-chloro-

difluoro-2,4,6-trimethoxybenzene. 

Ct Cx 

i . e . 0 0 MfeO OMfc 

OMfc 

1 
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Chloropentafluorobenzene and Calcium Hydroxide* 

I t was noticed i n the hy d r o l y s i s of p-bromofluorobenzene with 

aqueous calcium hydroxide, at elevated temperatures and pressures, 

and i n the presence of a copper c a t a l y s t , that p-fluorophenol was 

produced.^ The bromine was p r e f e r e n t i a l l y eliminated and no 

p-bromophenol was produced. 1 

O + * + 0E : £»•„. • O 1%-
F F 

Chloropentafluorobenzene was reacted under s i m i l a r conditions, 
i 

to eliminate chlorine i n preference to f l u o r i n e , and produce penta-
i 

fluorophenol. However a n a l y t i c a l i s c a l e V.P.C. in d i c a t e d the absence 

of t h i s compound i n the r e a c t i o n product. An authentic sample was 
i 

prepared by the action of potassium hydroxide and t e r t i a r y butyl 

alcohol on h e x a f l u o r o b e n z e n e . ! 

Chloropentafluorobenzene and Sodium Iodide. 

The r e a c t i o n of chloropentafluorobenzene and sodium iodide i n 

acetone s o l u t i o n was investigated.! 

i . e . C 6 C 1 P
5
 + N a I , A c e t o n e ^ c ^ I p ^ + N a C 1 

The i n s o l u b i l i t y of sodium chloride should f a c i l i t a t e t h i s r e a c t i o n . 

A n a l y t i c a l s c a l e V.P.C. ind i c a t e d lonly the presence of unreacted 

1 
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i 
s t a r t i n g m a t e r i a l . 1 

Chloropentafluoro"benzene and Ammonia. 
i 

Chloropentafluorobenzene was reacted w i t h a large excess of 
i 

ammonia at 175 * C, to produce c h l o r o t e t r a f l u o r o a n i l i n e (58$). The 
amine group w i l l deactivate thd molecule to f u r t h e r n u c l e o p h i l i c 

i 

attack, and thus the d i s u b s t i t u t e d amine would only be formed at 

higher temperatures. j 

The c h l o r o t e t r a f l u o r o a n i l i n e was shown by a n a l y t i c a l scale V.P.C. 

to contain two main and one minor component. The two major 
components (see f i g . XIX page 1617*-) were i s o l a t e d by preparative 

1 
scale V.P.C., and shown by N.MJR. to be the ortho and para isomers. 

The minor component could not i e separated, however assuming t h i s 
1 1 

to be the meta isomer, the product d i s t r i b u t i o n was:-

o-C6C1P4BH2; 25$ 

m-C6ClP4NH2
! 5# 

p-C6ClF4NH2| 70# 

The presence of a small aiaount of impurity (5$)> found i n the 
! 

r e a c t i o n where a temperature 0:* 210 C was reached, i s rather i n t e r e s t ­

i n g . A n a l y t i c a l scale V.P.C. 1 (see Fig. XIX) showed th a t 
1 

i t was composed of three compounds present i n the same r a t i o as the 
1 

ortho, meta and para c h l o r o t e t r a f l u o r o a n i l i n e s . I m p u r i t i e s present 

i n the amination of other h i g h l y f l u o r i n a t e d compounds'^'^ have 
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been shown to be due to the n u c l j i o p h i l i c attack, by the solvent 
i 

ethanol.. The amination of chloropentaf luorobenzene does not form 
i 

the p e n t a f l u o r o a n i l i n e , as no chloride ion can be detected. Thus 

the i m p u r i t i e s present are probably due to nuc l e o p h i l i c attack by the 

solvent 

0£t 

a 

25$ 

CL a 
I F 

Chloropentafluorobenzene and Hydrazine. 

The reaction between chloropentafluorobenzene and hydrazine hydrate 

gave a white c r y s t a l l i n e s o l i d , phlorotetrafluorophenylhydrazine ( 6 5 $ ) , 
1 

which was found' to be water soluble. The compound decomposed on 
1 
1 

heating to i t s melting p o i n t , anjl thus the isomers could not be 
separated by preparative scale Vj.P.C. However pentafluorophenylhydrazine 

1 

had been reduced by aqueous hydr'iodic acid t o pe n t a f l u o r o a n i l i n e . 
1 

Thus the chlorotetrafluorophenyLhydrazine was reduced by t h i s method, 

to give the c h l o r o t e t r a f l u o r o a n i l i n e s . The isomer r a t i o of t h i s was 

determined by a n a l y t i c a l scale V.P.C., and thus the o r i g i n a l isomer 
d i s t r i b u t i o n of the c h l o r o t e t r a f Luorophenylhydrazines found. 

0-C ,C1F,HIETH 0 6 4 j 2 

6 4 2 

•O-C^CIF m m 
- 6 4 1 2 

22$ 

6.5$ 

71.5$ 
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i 

Chloropentafluorobenzene and Copper Powder. 

The r e a c t i o n between chloropentafluorobenzene and copper powder 
gives good y i e l d s of decafluorodiphenyl. However the reaction time 
was s u b s t a n t i a l l y longer than that required f o r the condensation of 
bromopentafluorobenzene*. 



I 

I 

Chapter 6. 

EXPERIMENTAL WOBK 
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Chloropentafluorobenzene and Sodium Methoxide. 

l ) Chloropentafluorobenzene i(2Qgms, 0.1M) was ref l u x e d w i t h 
i 

sodium methoxide (8.1 gms, O.I514) i n dry methanol (120 mis) f o r two 

hours. The reaction product was poured i n t o water (25O mis) and 

ether extracted (three times w i t h 75 nils of d i e t h y l e t h e r ) . The 
1 

e t h e r i a l extract was dried (anhjjdrous MgSO^), and the ether and 

methanol d i s t i l l e d . The residue (I6.4 gms) was shown by A.S.V.P.C. 

(see f i g . XVII) to contain unreacted C^CIF,. 7$; CgClF^OMe 90$, 

(mainly the ortho and para isomers, although a small peak w i t h a 

re t e n t i o n time inbetween these isomers, could be the meta isomer); 

C 6ClP 3(OMe) 2 3$. 

The mixture of isomers was^separated, ( P.S. V.P.C. T.C.P. column 

at 150°C; P.D. 15 cms. Hg; nitrogen 200 ccs/min. ) . 

Analysis gave: CI, 16.3, F, 35J 3$; calc. f o r C.ClFXMe: CI, 16.5, 
1 b 4 

F, 35.4$. i 

The two main isomers were sieparated, ( P.S. V.P.C. T.C.P. column 

at 150*0; P.D. 15 cms Hg; nitrogen 200 ccs/min; recycled t w i c e ) . 

They were shown by N.M.R. measurements to be the ortho and para 

c h l o r o t e t r a f l u o r o a n i s o l e s . 1 
20 o Ortho c h l o r o t e t r a f l u o r o a n i s o l e . ( n^ I.448O5. B.p. 176°C. I n f r a 

j 

red spectrum no. 21, page 192. 

Analysis gave: CI, 15.7? F, 35j-7#; calc. f o r CgClF^Me: CI, I6.5, 

F, 35.456. ; 
1 20 a 

Para c h l o r o t e t r a f l u o r o a n i s o l e . j n ^ 1.45534. B.p. 177.5°C. I n f r a 
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red spectrum no. 2 2 . 

Analysis gave: CI, 1 6 . ^ P, 3 5 - 2 # j i Calc. f o r CgClF^OMei CI, 1 6 . 5 , 

F , 3 5 « 4 # . 
I 

The overall y i e l d of the mired isomers was 7 0 $ « The re la t ive 
1 

response of each isomer on the A J S . V . P . C . was found by in j ec t ing 

weighed samples. The isomer d i s t r ibu t ion i n the product, assuming 

the middle peak to be the meta isomer, was:-
o-CgCLF^Me • 2 0 $ 

m-C^ClF.OMe 6 4 
p-C6ClF4OMe 7 6 $ 

2 ) The above reaction was repeated using chloropentafluorobenzene 

( 5 gms, 0 . 0 2 5 M ) and sodium methoxj.de ( 2 . 7 gms, O . O 5 M ) i n dry methanol 

( 3 0 mis). T h i s was refluxed for l th ree and a hal f hours to give 3 * 6 gms. 
1 

of product, which was shown by A«S. V.P.C. to contain CgClF̂ OMe 9 1 $ 

and C6ClF3(OMe)2 % . \ 

Addition of s i lve r n i t r a te to 

showed only a very s l ight cloudyne'.3s. This indicated that no 

chlorine had been removed. The ijsomer d i s t r ibu t ion showed:-
1 

o-C6ClF40Me , 3 1 $ 
1 

m-C6ClF4OMe j 1$ 

p-C6ClF4OMe I 6 6 $ 

I 
the ac id i f i ed water e f f luant 

http://methoxj.de
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i 

Para Chlorotetrafluoroanisol.e and Magnesium. 

Magnesium ( l « 5 gms., O.O65 M),j i n die thyl ether (15 mi s . ) , was 

ref luxed wi th ethylene bromide (1 .0 mis.) f o r twenty minutes. 

p-Chlorotetrafluoroanisole ( 1 .0 gms'., O.OO5 M) was then added to the 

re f lux ing mixture. The addition of ethylene bromide ( 0 . 5 mis.) was 
i 

repeated a f t e r twenty minutes and oiie hour. The reaction mixture 

was cooled a f t e r f e f l u x i n g f o r a fu r the r one and a ha l f hours. The 

l i q u i d , which formed two layers, wai3 decanted and ac id i f i ed wi th 

sulphuric acid (10 mis. , 2 N). Thejetherial layer was separated, 

dried (anhydrous MgSO^), and the ether d i s t i l l e d . 

The product ( 0 .7 gms.) was shotm by A.S.V.P.C. to contain s ta r t ing 
1 

material 7$, and CgHF̂ OMe 85$ (yielcl 50$) . The anisole was separated, 
using the G r i f f i n and George V.P.C.|M.E.2a. (S i . E l . column at 1 3 0 ° c ) , 

1 

and shown to be 2,3>5>6-tetrafluoroanisole by comparison of the i n f r a 

red spectrum (No. 25) with the spectrum of 2 ,3,5,6 - te t raf luoroanisole 
i 32 42 prepared by the reaction of sodium methoxide on pentafluorobenzene ' . 

Para Chlorotetrafluoroanisole and Solium Methoxide. 
i 

p-Chlorotetrafluoroanisole ( l » 5 | gos»» 0.007 M) was refluxed wi th 

sodium methoxide (2 .0 gms., O.O35 M)j i n dry methanol (10 mis.) f o r 

seven hours. The reaction product w!is poured into water (50 mi s . ) , 
i 

and ether extracted. The extract wais dr ied, (anhydrous MgSO ) and 

i 



I 183. 

the ether and methanol d i s t i l l e d . j The residue ( l . l gms) was shown 
by A.S.V.P.C. to contain p-CgClF^OMe 10$, CgClF^OMeJg 80$ (y ie ld 
56$, t h i s consisted of two peaks present i n 20:1 r a t i o , they were 
probably two isomers), GgClFgCOMeil̂  10$. 

The major isomer was separated ( P.S. V.P.C. S i . E l . 'Column at 

210*C; P.D. 10 cms Hg; nitrogen'250 ccs/min. ) , and shown by N.M.R. 

to be l-chlorotrifluoro-2,4-dimetb.oxybenzene. This was twice recrys ta l l -

ized from petroleum ether (40-60"(j:). 

CzrClF..(0Me)_. M.p. 25°C. Infra, red spectrum no. 23. 
0 3 2 

Analysis gave:- CI, 16.0, F, 24.4$; calc. f o r CgClF^OMe^: CI , 15»7, 

F, 25.2$. 

Other Reactions wi th Sodium Methoxide. 

i ) Chloropentafluorobenzene (2.p gms, 0,0111) in. pyridine (10 mis) 

was added slowly to sodium methoxijie (O.54 gms, 0.01M) i n dry methanol 
i 

(2.5 mis), and refluxed f o r one bojir. The reaction product was made 

s l i g h t l y acidic, ( d i l . HoS0^) and jsther extracted. The etherial 

extract was dr ied, and the ether d i s t i l l e d to give 0.8 gms of product. 

This was shown by A.S.V.P.C. to contain CgGlF,. 15$, and CgClF̂ OMe 85$ 

(as a mixture of isomers). ! 

i i ) Chioropentafluorobenzene (5|gms, O.O25M) was refluxed wi th 

excess sodium methoxide (10.8 gms,, !o.2M) i n dry methanol (30 mis), f o r 

seven hours. The reaction producij was poured into water (100 mis), 



184', 

and ether extracted* The extract yas dried, and the ether and 

methanol d i s t i l l e d . The residue (4«3 gins.; was shown by A.S.V.P.C. 
i 

(see f i g . XVII I ) to contain CgClF̂ OMe 3$, CgClF^OMeJg 60$, (y i e ld 4656V 

t h i s consisted of 93$ of the major isomer), CgClF^OMe)^ 37#» (y i e ld 

28%, t h i s consisted of two peaks i t i 1:5 r a t i o , they were probably 

two isomers). 
Cz:ClF-(OMe)- was separated, (P.S.VlP.C. S i . E l . column at 210°C; 
b i d 

P.D. 40 cms. Hg; nitrogen 170 ccs/j'min.) and shown by N.M.R. 

measurements to be l-chlorotrifluoro-r2,4-dimethoxybenzene. 
I 

C i fClF-(0Me). was separated by d i s t i l l a t i o n as a mixture of isomers 
0 2 3 j 

(at Q. l mm. of mercury). I n f r a rec. spectrum no. 24* 
Analysis gave: C, 45*1» CI , 14*6, 

c , 45-3, c i , 14.9, F , 15.9£. 

F, 16.5$; calc. f o r CgClFgtOMe)^: 

i i i ) Hexafluorobenzene (1.86 gmsi, 0.01 K) was refluxed wi th sodium 
8 

methoxide (O.54 gms., 0.01 M) i n diy methanol (12 mis.) f o r one hour . 

The reaction mixture was worked up,as before to give I .90 gms. of 

product, which was shown by A.S.V.P.C. to contain methanol 13$> 

CgFg If and CgF^Me 80$. 

A similar reaction wi th hexafluorobenzene (0.93 gms., O.OO5 M), 
1 

sodium methoxide (O.54 gms., 0.01 ¥..) and methanol (8 mis.) was refluxed 
i 

f o r one and a ha l f hours to give 0J4 gms. of product. This was shown 
! a 

by A.S.V.P.C. to contain Cg F OMe 8056 and C,F (0Me)2 20$. 
The retention times (using A.S.V.P.C.) of pentafluoroanisole and 
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tetrafluorodimethoxybenzene, were used to determine i f these compounds 

were formed i n the reactions het-vjeen chloropentafluorobenzeme and 
i 

sodium methoxide. However i n no reaction could the sl ightest trace 

of ei ther compound be detected. 

i 

Chloropentafluorobenzene and Aqueous Calcium Hydroxide. 

Chloropentafluorobenzene (2.:63 gms, 0.013M), calcium hydroxide 

(O.96 gms, 0.013M), water (9mls) land cuprous oxide (0.026 gms) were placed 

in a revolving autoclave (50 ml cjapacity). The autoclave was heated 

at 25O*C f o r two and a hal f hours. 

The product was washed out wjlth ether (10 mis) and water (10 mis), 

f i l t e r e d and a c i d i f i e d . The organic product was extracted wi th 
j 

ether, dried (anhydrous MgSO )̂ anil the ether d i s t i l l e d . The product 

(O.65 gms) was shown by A.S.V.P.cj. and an i n f r a red spectrum to contain 

only s ta r t ing mater ial . j 
i 

i 
Hexafluorobenzene and Potassium Hydroxide. 

Hexafluorobenzene (1.86 gms, 0.01M) and potassium hydroxide 

(1.4 gms, O.O3M) were refluxed f o r one hour i n t e r t i a r y butyl alcohol 

(15 m i s ) . 1 0 Water (30 mis) was added to the product and the 
j 

alcohol d i s t i l l e d . The cooled suspension was f i l t e r e d and the i 
1 

f i l t r a t e ac id i f i ed with sulphuric I acid (20 mis, 2.ON). The organic 

product was extracted with ether, taried (anhydrous MgSO )̂ and the 



186. 
i i 
i 

ether d i s t i l l e d . The product (1.35 gms) was shown by A.S.V.P.C. to 

contain t e r t i a r y butyl alcohol 3̂ '$ and pentafluorophencci 70$. 

The retention time (using A.S.V.P.C.) of pentafluorophenol was 

used, to determine i f i t was formed in the reaction between 

chloropentafluorobenzene and aqueous calcium hydroxide. 

Ghloropentafluorobenzene and Sodium Iodide. 

Chloropentafluorobenzene (1.2 gms, 0.006 M.) was placed i n a Garius 

tube wi th sodium iodide (O.87 gms;, 0,006M.) and dry acetone (10 mis) . 

The tube was sealed and shaken f o r twelve hours at 70°C. The product 
i 

was poured into water (50 mis) arid ether extracted. The extract 

was dried and the ether d i s t i l l e d to give 0.9 gms of product. This 

was shown by A.S.V.P.C. and an i n f r a red spectrum to be only 

unchanged s ta r t ing material . 

Chloropentafluorobenzene and Ammonia. 

Two Carius tubes were separately charged wi th chloropentafluoro-
i 

benzene (5.0 gms, 0.025 M), '880* ammonia (10 mis, 0.25 M) and ethanol 

(20 mis). They were heated f o r | sixteen hours, one at 165*C, the 

temperature of the other inadvertently rose to 210° C. I t was not 

thought necessary to work up the [reaction product separately. The 

contents of both tubes were poured into ether (25O mis) and dried 

(anhydrous MgSO.). The ether arid ethanol were removed by d i s t i l l a t i o n 
4 ! 
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to give 7*45 gms. of a l i q u i d , shojm by A.S.V.P.C. (see f i g . XIX) to 

contain ethanol 20$, CgCIF^NH^ 75$| (mainly the ortho and para isomers, 

although a small peak, wi th a retention time i n between these isomers, 

could be the meta isomer), and 5$ of an unident i f ied material . 

The two main isomers were separated (P.S.V.P.C. S i . E l . column 

at 160 *Cj P.D. 10 cms. Hg; nitrojsjen 250 ccs/min. 5 recycled twice) , 

and shown by N.M.R. to be the orthjo and para isomers of CgClF^NH^ 

o-CgClF^NHg. Further p u r i f i e d usijag the G r i f f i n and George V.P.C. 

He. 2a . (S i . E l . column at 150°C).: M.p. 22-23°C. I n f r a red 

spectrum no. 26. 

Analysis gave: CI , 17-6 , F, 37«6$;$ calc. f o r CgC^NHg: CI, 17 .8 , 

F, 38 .1$ . 

p-CgClF^ETHg. Twice recrystal l ized from carbon te trachlor ide. 

M.p. 55 -56°C. I n f r a red spectrum no. 27, 

Analysis gave: CI , 17 .6 , F, 38.2^; calc. f o r CgClF^NI^: CI , 17 .8 , 

F, 38 .1$ . 

The overal l y i e l d of CgClF^NBg was 58$. The isomer d i s t r i bu t ion 

i n the product, i f the small middle peak was the meta isomer, was 

o-CgCIF NH2! 25$. 
1 

m-C6ClF4NH2 5$. 

P - C 6 C I F 4 N H J 75$-

A similar experiment was carried out using chloropentafluorobenzene 

1 
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(2.0 gms., 0.01 M), "880" ammonia j.4 mis. , 0.1 M) and ethanol (8 mis . ) . 
The tube was heated at 175°C. f o r (seventeen hours. The contents of the 

i 

tube were poured into ether (15° mi-S.), and the small water layer tested 

f o r chloride ion , (a sample was a c i d i f i e d wi th d i l u t e sulphuric acid, 

and s i lve r n i t r a t e was added). No\ precipi tate of s i lve r chloride was 

formed. I 
i 

The two layers were treated wjlth anhydrous MgSO ,̂ and the ether 
d i s t i l l e d from the f i l t r a t e . The product was then d i s t i l l e d at 

f 
100-130 C , at 0.1 mm. of mercury, to give 0.8 gms. of a white so l id , 

which slowly turned black i n a i r . , This was sublimed to give CgClF^NH^ 

(mixture of isomers). Melting ranjje 50-70"C. 

i 

Chloropentafluorobenzene and Hydrazine Hydrate. 

i ) Chloropentafluorobenzene (|j.O gms.., 0.025 M ) and hydrazine 

hydrate (15 gms., 0.3 M) were refluxed together i n water (10 mis.) and 

ethanol (30 mis.) f o r twelve hours. The product was poured in to ice 

water (100 mi s . ) , and the precipi tate formed was f i l t e r e d to give 

1.6 gms. of CgClF̂ NHNHg i n a 35$ yi leld. When twice recrysta l l ized from 

absolute alcohol a white c rys ta l l ine so l id was formed. M.p. 173°C. 

(decomposes). j 

i i ) Chloropentafluoi-obenzene (20.0 gms., 0.1 M) and hydrazine 

hydrate (60 gms., 1.2 M) were refl i ixed together i n water (40 mis.) 

and ethanol (120 mis.) f o r f i f t y hours. The product was poured into 

ice water (400 mi s . ) , and the precipi tate formed was f i l t e r e d o f f to 

give C.CIF̂ NHNRV, (1.1 gms.). ! 
0 4 2 I 
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ie aqueous extract by d i s t i l l a t i o n 

rHNH2- M.p. 159°C. The t o t a l y i e l d 

recrysta l l ized from absolute alcohol 

The water was removed from t 

to give 11.0 gms. of crude CgClF^ 

of C.CIF.NHNH,, was 65$. This was 6 4 2 
to give a white c rys ta l l ine solid! 

I 
C^CIF-NMEL. Twice recrysta l l ized from absolute alcohol. M.p. 173 C o 4 c 

(decomposes). I n f r a red spectrumjNo. 28. 

Analysis gave: C, 33-7 , CI , 16.1 j. F, 36.2$; calc. f o r CgC^NHNE^: 

C, 33.6, CI , 16.5, F, 35.4$. ! 

Chlorotetrafluorophenylhydrazine iind Aqueous Hydiodic Acid. «. 

Chlorotetraf luorophenylhydrajiine (2.0 gms., 0.01 M) and aqueous 

hydriodic acid (55$> 12 mis. , 0.lj> M) were refluxed f o r three hours. 
i 

The solution was treated wi th sodilum metabisulphite (10 gms.) and 

steam d i s t i l l e d . The d i s t i l l a t e Iras ether extracted, dried 
1 

(anhydrous MgSO )̂ and the ether di-.stilled to give 0.24 gos. of a black 

residue. This was sublimed to give a white so l id (0.2 gms.) which 

was shown by A.S.V.F.C. (see f i g . xx) , and an i n f r a red spectrum, 

to be a mixture of isomers of C^Cj'.F.NH.. I f the middle peak i n the 
6 i 4 2 

•1 

chromatogram i s the meta isomer, i;he isomer d i s t r ibu t ion of the amine, 
i 

and thus of the chlorotetrafluorophenylhydrazine, was:-
o-C,ClF„NHNH„ 22$. 6 4j 2 ' 
m-C.ClFjrHNEL 6.5$. 6 41 2 
p-CgClP îlHHHg 71.556-
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Chloropentafluorobenzene and Copper Powder* 

i ) Chloropentafluorobenzene (2-10 gms., 0 .01 M) and copper powder 

(2.0 gms., 0.03 M) were reacted i n a sealed tube f o r s ixty hours at 

210*C. The product was extracted with ether, f i l t e r e d to remove the 

copper, dried (anhydrous MgSO )̂ and! the ether d i s t i l l e d . The product 

(1.7 gms.) was shown by A.S.V.P.C. jto contain s ta r t ing material 90$, 

together wi th 10$ of a compound with, the same retention time as 

decafluorodiphenyl obtained by the jreaction of bromopentafluorobenzene 

and copper powder^-. I 

i i ) Chloropentafluorobenzene (5.^ gms.., 0.025 M) and copper powder 
1 

(5 gms., 0.075 M ) were reacted i n a sealed tube f o r 280 hours at 
o .1 

230 C. The product was extracted a\s above to give 2.85 gms. of a 

s o l i d , crude M.p. 60-62"c. This wai3 shown by an i n f r a red spectrum 

to be decafluorodiphenyl. Twice rejsrystallized from benzene. M.p. 69°C. 

Bromopentafluorobenzene and Copper Powder. 

Bromopentafluorobenzene (1.0 giis. , 0.004 M) and copper powder 

(1.0 gms., 0.015 M<) were reacted in! a sealed tube f o r s ix ty hours at 
1 

a 1 I 

200 C. Decafluorodiphenyl (0.4 gmts.) was isolated as above. 

Recrystallized from benzene. M.p. {>7°C. Tsitlow et . al.^gave 

68-69°C. ' 

1 



REFERENCES 
^ 3NOVI9SJ J 

191. 

39* Geissman, 

40. idem, 

41 . Pavlath and L e f f l e r , 

'Principles of Organic Chemistry, 
1959* 608. Freeman, San Francisco. 

i b i d , 447. 

Aromatic Fluorine Compounds, 
1962, 19 et seq., Reinhold, New Tork. 

42. Brooke, Unpublished work. 

1 

I 



192. 

K :,J..! F 
>ii. 

0(1" 

! 

I 
! § 1 
a 7f T T T TT 

No. l l 

< 

OCH-, 
I '"quid 

C w t T w t f i t 

-
1M 

• a:. • . I 

1/ in; 

V 

V / 
1 

F I 

C.iS 

! 
Li 



\ 

if 
I-

I 
i c 

0 
• 

I 

; i 
r 

•' 

C 3 

C 

r - • .XI 

! 

£61 



1 9 4 . 

) 

: 

P. 

5" 

2 

1 

3 



195 

s 

) 

s 

i 

s 

s 


