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SUMMARY 

A series of h i g h l y f l u o r i n a t e d p y r i d i n e s were i r r a d i a t e d 
using u l t r a v i o l e t r a d i a t i o n , i n an attempt to detect r e 
arrangements i n these systems. The py r i d i n e s used were penta-, 
t e t r a - , t r i - and d i - s u b s t i t u t e d by p e r f l u o r o a l k y l groups. 

P e r f l u o r o - ^ - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e , 
upon prolonged i r r a d i a t i o n , i n s o l u t i o n , at both 253»7nm. and 
300nm., isomerised to an inseparable mixture c o n t a i n i n g two 
remarkably s t a b l e azaprismanes, which were subsequently i d e n t i 
f i e d from t h e i r p y r o l y s i s products. The mechanism f o r formation 
of t h i s azaprismane mixture was shown to i n v o l v e the rearrange
ment of a 2-azabicyclo[2.2.0]hexadiene intermediate t o a 1-
azabicyclo[2.2.0]hexadiene i n t e r m e d i a t e . 

I r r a d i a t i o n of perfluoro- l+-ethyl-2,6-di-isopropyl-3 )5-

d i m e t h y l p y r i d i n e , at both 253«7nm. and 300nm., f o r a short 
time, r e s u l t e d i n formation of a st a b l e l-azabicyclo[2.2.0]-
hexa-2,5-diene d e r i v a t i v e . 

I r r a d i a t i o n of p e r f l u o r o - 2 , l f , 6 - t r i - i s o p r o p y l - 3 » 5 - d i m e t h y l -
p y r i d i n e , at 253«7nm., gave a s i n g l e symmetrical azaprismane, 
the i d e n t i t y of which was confirmed from the p y r o l y s i s product. 

The p e n t a - a l k y l p y r i d i n e s , obtained from the p y r o l y s i s of 
azaprismanes, showed i n t e r e s t i n g features i n t h e i r n.m.r. 
spectra which enabled t h e i r i d e n t i f i c a t i o n . 



A transference technique vas used f o r the i r r a d i a t i o n of 
p e r f l u o r o t e t r a - and t r i - a l k y l p y r i d i n e s . 

P e r fluoro-2,6-di-isopropyl-3,5-dimethylpyridine 
isomerised, on i r r a d i a t i o n , to a moderately st a b l e 2-azabicyclo-
[2.2.0]hexadiene d e r i v a t i v e . The thermal rearrangement of t h i s 
d e r i v a t i v e was studied using d i f f e r e n t i a l scanning c a l o r i m e t r y . 

I r r a d i a t i o n of perf l u o r o - 2 , l + , 6 - t r i - i s o p r o p y l p y r i d i n e gave 
the f i r s t s table d e r i v a t i v e of 2-azabicyclo[2.2.0]hexa-2,5-
diene. A l-azabicyclo[2.2.0]hexadiene d e r i v a t i v e was also 
obtained i n low y i e l d . 

I r r a d i a t i o n of perf l u o r o - 2 5 - t r i - i s o p r o p y l p y r i d i n e gave 
a mixture containing a 2-azabicyclo[2.2.0]hexadiene d e r i v a t i v e 
(55#) and a 1-azabicyclo[2.2.0]hexadiene d e r i v a t i v e {h%). 

The valence isomers obtained were shown to rearrange upon 
f u r t h e r i r r a d i a t i o n . 

The thermal s t a b i l i t y of valence isomers i s discussed 
and the h a l f - l i v e s of some isomers, obtained i n t h i s work, 
measured. 

Valence isomers were not detected from i r r a d i a t i o n of 
e i t h e r p e r f l u o r o - 2 , 5 - d i - i s o p r o p y l p y r i d i n e or p e n t a f l u o r o p y r i d i n e 

Attempts were made t o react valence isomers w i t h NaOMe, 
bromine and f u r a n . 

I r r a d i a t i o n s were also c a r r i e d out on a few f l u o r i n a t e d 
azacyclohexadienes. Both i s o m e r i s a t i o n and fragmentation 
r e a c t i o n s were observed. 
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CHAPTER 1 

Isomeriaation I n Six Membered Aromatic Rings 

1.1 M r p g u s U p n 

Since the i d e n t i f i c a t i o n of the f i r s t example of a 
b i c y c l o [ 2.2.0 ] h e x a — 2 , 5 - d i e n e (Dewer benzene)(l) i n 
1962,^ many workers have studied the p h o t o l y s i s of aromatic 
systems. As a r e s u l t , a series of valence bond isomers, 
namely Dewar benzenes (2 ) , benzvalenes (£), and prismanes 
(3) have been i s o l a t e d . 

6 
(1) (2.) (3.) 

The intermediacy of valence bond isomers has been 
po s t u l a t e d , i n many systems, i n order t o e x p l a i n rearrange
ments observed i n the aromatic r i n g . 

1.2 The Photolysis of Benzene 

Evidence f o r production of photoproducts, from the 
i r r a d i a t i o n of benzene, was noted as e a r l y as 1955 2 but i t 
was not u n t i l 1957 t h a t tfulvene (]±) was i d e n t i f i e d as a 
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product.^ I r r a d i a t i o n of benzene, i n quartz c e l l s , was 
observed to produce fulvene (h) i n a con c e n t r a t i o n of 
O . l g / l i t r e . 

The products from p h o t o l y s i s of benzene were found to 
be dependent upon the wavelength of i r r a d i a t i o n and whether 
i t was c a r r i e d out i n the l i q u i d or vapour phase. I n the 
vapour phase, use of l80-200nm r a d i a t i o n produced fulvene 
(it ) t o g e t h e r w i t h breakdown products. 1* 

l80-200nm 
> <\ } ) +• CH2=CH-CH=CH-C=CH 

. •J pressure Yv // ^ L 

\v (J (Cis and tr a n s ) 
<15nini (4) 

+polymer+fragmentation products 

This i s i n c o n t r a s t to the i r r a d i a t i o n of l i q u i d benzene, 
using 165-200 nm r a d i a t i o n , which gave benzvalene (£), 
Dewar benzene (1 ) , and fulvene (*+), i n the r a t i o 5:1*2, 

5 
together w i t h a small amount of biphenyl. 

I r r a d i a t i o n at 25^nm, a wavelength which populates 
the s i ^ 1 b 2 U ) s t a t e of benzene, r e s u l t e d i n production of 

6 7 8 
benzvalene (2), and fulvene (h) only, ' ' so i t can be 
seen t h a t benzvalene (£) and fulvene ( i t ) are formed from 
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Si benzene; some, i f not a l l , of the fulvene formed from 
ft 

i s o m e r i s a t i o n of benzvalene. 0 

Benzvalene (£) production was shown to be enhanced i f 
benzene was i r r a d i a t e d as a d i l u t e s o l u t i o n , i n hydrocarbon 
s o l v e n t s ; t h i s appeared t o be due to the solvent a i d i n g 
v i b r a t i o n a l r e l a x a t i o n of benzvalene (2). I t was also 
shown t o be produced, from e x c i t a t i o n of the Sq-S^ band of 
benzene, w i t h a higher quantum y i e l d as the wavelength of 
i r r a d i a t i o n was decreased. This observation was explained 
on the basis t h a t a t a shorter wavelength a greater 
q u a n t i t y of energy was introduced i n t o the system and the 
excess energy gave v i b r a t i o n a l l y e x c i t e d Si benzene, which 
could rearrange t o form benzvalene (2).® 

Destruction of benzvalene (2) was shown t o be benzene 
photosensitized, i . e . benzene t r i p l e t s t r a n s f e r t h e i r 
energy to benzvalene, th e r e f o r e i r r a d i a t i o n of benzene 
vapour, using 25*+noi r a d i a t i o n , w i t h a d d i t i o n of t r i p l e t 
quenchers enabled steady-state concentrations of benzvalene 
greater than 1% t o be obtained. 

Dewar benzene (1) was produced i n the l i q u i d phase 
using l65-200nra r a d i a t i o n , a wavelength of r a d i a t i o n which 
populated both the S 2 ( 1 B l u ) and S^C^E^) st a t e s and poss i b l y 
the T i ( 3 B l n ) s t a t e . Use of a t r i p l e t t r a p , together w i t h 
s e l e c t i v e i r r a d i a t i o n of the S 0 - S 2 band of benzene, gave 
Dewar benzene (J,) which i n d i c a t e d t h a t i t was formed from 
the S 2 s t a t e . 0 (A) was also formed when the S-̂  s t a t e was 
s e l e c t i v e l y populated. 
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The photoisomerisation r e a c t i o n s of benzene have been 
summarised schematically.^ (See F i g . 1 ) . 

To date, prismane (3) has not been observed as a 
ph o t o l y s i s product of benzene. 

1.3 Synthesis of Valence Isomers of Bensene 
Synthesis of the isomers Dewar Benzene (1 ) , benzvalene 

(£), and prismane Q ) have a l l been r e p o r t e d . 

1 . 3 ( i ) B i c v c l o f ? . ? . 0 l hexa - 2 r 5 - d i e n e . (Dewar Benzene) 
Dewar benzene ( J j was the f i r s t of the isomers to be 

prepared by a s y n t h e t i c r o u t e . 1 0 I r r a d i a t i o n of c i s - 1 , 
2-dihydrophthalic anhydride (.£) gave (6) which on o x i d a t i v e 

I It 

\ Pb(OAc) \ 
0 / / 

f i l te r 

( 5 ) 0 (6) 0 (_r, 
decarboxylation gave Dewar benzene ( 1 ) . This was found to 
be unstable, w i t h a h a l f - l i f e of two days at room temperature 

1.3(H) T r l c v c l o T ^.l.O.O 2' 6] hex-Vene. (Benzvalene) 
Benzvalene (£) was synthesised i n 1971 by Katz and 

coworkers. 1 1 Cyclopentadienyl anion was shown to react w i t h 
d i c h l o r o m e t h y l l i t h i u m to give the l i t h i u m s a l t (2 ) , from 
which the carbene (£) was generated. Benzvalene (£) was 
formed by i n t e r n a l 1,2 or l,h a d d i t i o n of (8) whereas 

12 
benzene (9_) was produced on r i n g enlargement of ( & ) , i n 
a competing process. 
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+ C H 2 C l 2 f C H 3 L i —? 

HClCLi 

( 7 ) ( 8 ) 

19) 

Benzvalene (£) was found t o be h i g h l y unstable, w i t h a 
tendency to detonate when pure . 1 ^ 

1 . 3 ( i i i ) Tetracyclo[2.2.0 2> 0.0 3» 5]hexane. (Prismane) 

The same workers who prepared benzvalene (£) used i t as 
a precursor i n the synthesis of prismane ( 3 ) . 1 3 

( 2 } 

+ 
N 
I 

N 
N—Ph 

N—N 

N' 
Ph (10) 

1) KOH C H 3 0 H / H 2 0 

2) C u C l 2 H® 

3) aq NaOH 

hv 

CD3CN 78°C 

N = N 
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The mechanism f o r formation of the azo precursor (3,0) 
was determined by the use of 5,6-dideuterated benzvalene, 
which gave the adduct l a b e l l e d as i n d i c a t e d . 

0 D A D 

+ NPh Y N D \ PhN N _ © D 0 v 0 

D 
1 

N \ 

N N Ph N 
N > < Y 

0 

6 D 0 
N 
Ph 

Prismane (3) decomposed to benzene at 90°C w i t h 8 
h a l f - l i f e of 11 hours but was found t o be s t a b l e at room 
t e m p e r a t u r e . ^ 

l.h T h e o r e t i c a l Treatment of Rearrangement of 
Benzene to i t s Valence Isomers 

T h e o r e t i c a l treatments have been employed by several 
workers i n order to p r e d i c t whether i n t e r c o n v e r s i o n of 
benzene (.2) to i t s valence isomers occur v i a thermal or 
photochemical r o u t e s . 
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One t h e o r e t i c a l treatment, o f t e n used, in v o l v e d con
s t r u c t i o n of o r b i t a l and s t a t e c o r r e l a t i o n diagrams. l l + The 
rearrangement of benzene (2) t o Dewar benzene (1) has been 
covered using t h i s t r e a t m e n t 1 ^ and i s i l l u s t r a t e d i n F i g . 2a 
and 2b. 

This treatment, which i s based on the p r i n c i p l e of 
symmetry conservation, i n d i c a t e d t h a t the rearrangement of 
(1) to (2) was 'forbidden' i n the ground s t a t e i . e . not 
o c c u r r i n g by a thermal r o u t e , and t h i s method pr e d i c t e d 
th a t (1) could be formed by a photochemical pathway from 
the second exc i t e d s t a t e of benzene (2) > the B\}1 s t a t e . 
I t also predicted t h a t rearrangement could not occur from 
the f i r s t e x c i t e d s t a t e of benzene (B2 U s t a t e ) . These 
p r e d i c t i o n s turned out to be co n s i s t e n t w i t h experimental 
observations. 

O r b i t a l symmetry c o r r e l a t i o n s have also been used to 
show t h a t benzvalene (2) could be formed photochemically 
from benzene ( 2 ) } from the and S2 s t a t e s . Formation of 
(2) j from the benzene s t a t e could be considered t o occur 
v i a the formation of prevalene (11), i n a symmetry allowed 
p r o c e s s , w h i c h could then form benzvalene (2) by 
r a d i c a l recombination. 

6 <7 
1 

( 2 ) (9) (11) 
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*2g 

!2u 

! ig 

s+s 

A+A 

s * 5 n 2 3 * + n 5 6 

' 2 3 - n 5 6 

s y 2 T T 2 3 + T T 5 6 

»2u 

2 3 

^ // 
6 5 

( 9 ) ( 1 ) 
FIG. 2A) O r b i t a l C o r r e l a t i o n Diagram f o r the T C 

t r a n s f o r m a t i o n of Benzene (9) t o Dewar benzene (1) J 

energy 
b a r r i e r 

y 1 2 v 2 2 y 3 ^ 5 * 

^ 1 2 ^ 2

2 ^ 3 ^ * 

2... 2... 2 
S ^ r ^ 2 > 3 

FIG. 2B) State C o r r e l a t i o n Diagram f o r 
the transformation of Benzene (9) 

to Dewar benzene ( l ) 1 ? 
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I t has been suggested th a t formation of (£), from 
benzene, may occur v i a a species resembling c i s , c i s , -

o 
trans-cyclohexatriene (12), i n a concerted process. 

M2_) 

A second treatment of these rearrangements which has 
been employed i s the use of t h e o r e t i c a l MINDO c a l c u l a t i o n s 
i n which r e a c t i o n pathways are determined. When the 
r e a c t i o n under i n v e s t i g a t i o n i s symmetry forbidden H0M0-
LUMO crossings can be detected. Isomers which rearrange 
only v i a H0M0-LUM0 crossing have been termed Lumomers,^ 
and i t has been shown t h a t both Dewar benzene (1) and 
prismane (3) are lumomers of benzene (,2)» i.e'. the 
rearrangement of (2) to both (J,) and (3) i s symmetry 
fo r b i d d e n i n the ground s t a t e . 

When these t h e o r e t i c a l c a l c u l a t i o n s were applied to 
the Dewar benzene (J,) to benzene (2) t r a n s f o r m a t i o n the 
a c t i v a t i o n energy was c a l c u l a t e d to be Ilk.2 KJ mole'^" 
and the H0M0-LUM0 crossing was observed."'-'7 These c a l 
c u l a t i o n s also pred i c t e d an unsymmetrical t r a n s i t i o n s t a t e 
f o r the r e a c t i o n . 

When the treatment was used to study the benzvalene 

( 2 j to benzene (9J t r a n s f o r m a t i o n the r e a c t i o n was found to 

be exothermic ( A H = -85Kcal m o l e - 1 ) w i t h 8n a c t i v a t i o n 



- 11 -

energy of 21.5 Kcal mole" 1, but no HOMO-LUMO crossing was 
observed, since the c a l c u l a t e d energy f o r the r e a c t i o n 
pathway was found to be a smooth f u n c t i o n of the r e a c t i o n 
co-ordinate. As a r e s u l t of these f i n d i n g s i t was suggested 
t h a t t h i s was a thermally 'allowed* process.1® However 
other workers have disputed t h i s r e a c t i o n being termed 
'allowed' and have suggested t h a t since (£) can be 
i s o l a t e d at ambient temperatures, th a t t h i s i n d i c a t e s that 
the rearrangement to benzene (£) can only occur v i a h i g h l y 
a c t i v a t e d routes, so they concluded t h a t t h i s rearrangement 
was 'forbidden' t h e r m a l l y . ^ However recent r e s u l t s have 
i n d i c a t e d that t h i s rearrangement i s 'allowed' as benzene, 
produced from thermal rearrangement of (£), was not formed 
i n i t s t r i p l e t s t a t e . 1 ^ The fo r m a t i o n of benzene i n the 
t r i p l e t s t a t e would be expected i f the r e a c t i o n was a 
•forbidden' process. 

The o r b i t a l symmetry treatment depends t o a great 
extent upon the symmetry of the systems i n question so tha t 
i n t r o d u c t i o n of a l k y l groups i n t o the benzene r i n g , an 
operation which destroys the symmetry and perturbs the 
system, l i m i t s the usefulness of the treatments to the 
very simple cases, i . e . benzene i t s e l f and hexafluoro-
benzene.^-5 The t h e o r e t i c a l c a l c u l a t i o n s which have been 
c a r r i e d out i n d i c a t e d t h a t both rearrangement of (2)to (2) 

and Q ) to (9J i n v o l v e d unsymmetrical t r a n s i t i o n states,so 
t h a t the o r b i t a l symmetry treatment may not be wholly 
r e l i a b l e . 
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1.5 T h e o r e t i c a l Treatment of Rearrangements 
I n Aromatic Rings 

1.5CD I n t r o d u c t i o n 
I n t h i s s e ction t h e o r e t i c a l l y possible rearrangements 

of the benzene r i n g are i l l u s t r a t e d by the use of a benzene 
r i n g w i t h each carbon atom separately numbered, so th a t the 
r e l a t i v e s h i f t s of each carbon atom can be seen more e a s i l y . 
Examples of these rearrangements w i l l be given i n l a t e r 
s e c t i o n s . 

1 . 5 ( i i ) Rearrangements Proceeding Y l a 
Bensvalene Intermediates 

I n theory i f benzene rearranged v i a a benzvalene i n t e r 
mediate s i x isomers could be formed on re a r o m a t i s a t i o n and 
each one of the isomers i s a r e s u l t of the s i x possible 
1 , 2 - s h i f t s i n the r i n g . 

1 6 
1 6 +—> 

6 1 
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U 1 6 
1 

1 6 > 2 

/. 1 

1 6 
A s i n g l e rearrangement, of an aromatic system 

proceeding v i a a benzvalene in t e r m e d i a t e , would r e s u l t i n 
a 1 , 2 - s h i f t whereas i f the aromatic system thus formed 
i t s e l f rearranged v i a a benzvalene intermediate then a 
1 , 3 - s h i f t could occur. This 1 , 3 - s h i f t would be a product 
of two 1 , 2 - s h i f t s i . e . 

* 6 6 hv Rearoma hv 
t i s a t i o n 
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1 . 5 ( H i ) Rearrangements Proceeding v i a 
Prismane Intermediates 

I n theory i f benzene rearranged v i a prismane i n t e r 
mediates a t o t a l of s i x rearranged isomers could be obtained 
on r e a r o m a t i s a t i o n . I n the diagram given below, i t can be 
seen tha t these isomers are d i f f e r e n t from those formed v i a 
benzvalene intermediates (Section 1 . 5 ( H ) ) * 

KK6 

5 

3 4 

1 

5 

ilk) 

3 

i y \ 3 
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I t i s possible t o observe both 1 , 2 - and 1 , 3 - s h i f t s by 
t h i s rearrangement mechanism, e.g. I n the rearranged isomer 
(%k) carbon atom 3 has undergone a 1 , 3 - s h i f t r e l a t i v e to 
p o s i t i o n 2 but only a 1 , 2 - s h l f t r e l a t i v e to p o s i t i o n 5* 

1.6 T h e o r e t i c a l Rearrangements and Interconversions 
Of Valence Jgpffierg 

1 . 6 ( i ) I n t r o d u c t i o n 

I n t h i s s e c t i o n the possible rearrangements and i n t e r -
conversions of valence isomers are described; some of 
these occur q u i t e r e a d i l y , whereas others are q u i t e r a r e , 
but examples of a l l of them are given i n l a t e r sections. 

l . b ( i i ) I n t e r c o n v e r s i o n of Dewar Benzene and Prismane 

There are a number of documented examples of t h i s type 
21 22 30 38 

of i s o m e r i s a t i o n , mainly i n fluorocarbon systems. » » » » 
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I t i s t h e o r e t i c a l l y possible t o o b t a i n three d i f f e r e n t 

Dewar benzenes from the i n i t i a l prismane, by the routes 

i n d i c a t e d . 

1 . 6 ( i i i ) Rearrangement of Benzvalenes 
There have been a few recorded examples of a benzvalene 

rearrangement which involves a 'cope type' mechanism which 

-> 5 

A 

5 4 U 3 

i n v o l v e d 1,2-and 1 , 3 - s h i f t s . 2 6 , 3 1 I n theory i f the s i x 
intermediate benzvalenes, formed from l a b e l l e d benzene 
(Section 1 .5 (ii)),underwent t h i s type of rearrangement a 
t o t a l of twelve benzene isomers could be formed from the 
i n i t i a l l a b e l l e d benzene. 

1.6(iv) Rearrangement of Benzvalene t o Fulvene 
Some, i f not a l l , of the fulvene (h) formed by the 

ph o t o l y s i s of benzene (2) could a r i s e from i s o m e r i s a t i o n 
of i n i t i a l l y formed benzvalene (£). I t has been shown 
t h a t t h i s i s o m e r i s a t i o n i s catalysed by quartz.^ 

h v 
quar tz 

2 ) U ) 
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l . o ( v ) Isomer!satlon of Benzvalene t o Devar Benzene 

A possible example of a non-reversible i s o m e r i s a t i o n 
20 

of a benzvalene t o a Devar benzene has been reported, 
but the possible mechanism f o r t h i s rearrangement was not 
commented upon. 

6 ( C H 3 ) 6 

1 . 6 ( v i ) I s o m e r l s a t l o n of Prlsmane to Benzvalene 
There i s reported at l e a s t one example of a rearrange

ment of a prismane to a benzene d e r i v a t i v e , i n part v i a a 

benzvalene i n t e r m e d i a t e * ^ ' ^ which has been suggested t o 
i n v o l v e a symmetry allowed concerted ground s t a t e pathway.^ 

6 1 

I Q"2S+TT2Q '6 

I I 
1 
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1 .7 Photolysis of Labelled Benzenes 

1-711) I n t r o d u c t i o n 

Detection of photochemical t r a n s p o s i t i o n s of the 
aromatic r i n g has been c a r r i e d out i n many cases by 
l a b e l l i n g of the aromatic r i n g by i n e r t a l k y l groups, 
followed by determination of the t r a n s p o s i t i o n s of the 
a l k y l groups a f t e r p h o t o l y s i s ; examples of which are 
given i n t h i s s e c t i o n . 

A most s i g n i f i c a n t experiment, c a r r i e d out i n 1965, 
was the ph o t o l y s i s of mesitylene—1,3»5-C^ (1£), using 
253.7nm r a d i a t i o n , which gave l ^ W - t r i m e t h y l b e n z e n e (16) 
w i t h the Cllf l a b e l also i n p o s i t i o n s 1,2 and k . 2 ^ This 
experiment confirmed th a t rearrangement i n the benzene r i n g 

253-7nm 
i sohexane 

*CH-

iH3 

C H 3 * L ^ J * C H 3 

(15) 

occurred v i a r i n g carbon interchange r a t h e r than a l k y l 
group m i g r a t i o n s , even though no intermediate valence 
isomers were detected. 

1.7(11) L a b e l l i n g using Deuterium 
A d d i t i o n a l evidence t h a t r i n g carbon interchange 

occurred on the ph o t o l y s i s of aromatic systems was presented 
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by Kaplan and co-workers who c a r r i e d out a l a b e l l i n g 

experiment using benzene-1,3,5-d-^ (12) 2"* and showed 
t h a t i r r a d i a t i o n , i n both the vapour phase and i n 
s o l u t i o n , using 250nni r a d i a t i o n led to the formation of 
b e n z e n e - l ^ j ^ - d ^ (18 ) . 

D 

D 

D 

D <-

(17) (19) (18) 

Benzvalene d e r i v a t i v e (12) i s the intermediate believed 

to take part i n the rearrangement even though there was no 
d i r e c t evidence f o r i t s formation. I n d i r e c t evidence 
supported the theory that was indeed the i n t e r 
mediate, i n the rearrangement, as i t has been shown phet 

only benzvalene (2) and fulvene are produced on 
i r r a d i a t i o n of benzene (2) using 251+nm r a d i a t i o n ^ , and also 
the d e u t e r a t i o n i n three" p o s i t i o n s , of benzene, would not 
be expected to perturb the system too g r e a t l y , so the 
production of benzvalene (2) would t h e r e f o r e be expected 
at t h a t i r r a d i a t i o n wavelength. 

A r a r e example of i s o m e r i s a t i o n of benzvalenes was 
observed when the benzvalene d e r i v a t i v e (2J2) was i r r a d i a t e d , 
using 253»7na r a d i a t i o n , or i r r a d i a t e d i n the presence of 
t r i p l e t s e n s i t l s o r s of energy between 53 and 65 Kcal mole"*, 

36 
and gave e second dideuteriobenzvalene ( 2 1 ) . 
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(20) 

Sens ( E j < 6 5 ) 

( 21) 

i . 7 ( i i i ) Photochemical Rearrangement of 
D i - s u b s t l t u t e d Benzenes 

1 . 7 ( i i i ) A . PA-t-biAtYlbenzeneg 

I r r a d i a t i o n of di-t-butylbenzenes gave a photostationary 
mixture comprising of meta-di-t-butylbenzene (22) and para-
di-t-butylbenzene (21) i n the r a t i o l:h.2? On i r r a d i a t i o n 
of the ortho-isomer (£j+) the f i r s t isomer detected was the 
meta isomer (22) whereas, the photostationary mixture was 
only produced a f t e r a long i r r a d i a t i o n time. 

( 2h) 

h» 
vycor f i l t e r 

dil e t h e n 
so lu t ion i 

( 22 ) ( 23 ) 

The production of isomer (£3) from i s an example 

of a l , 3 - s h 1 f t , but experimental evidence i n d i c a t e d t h a t 

t h i s rearrangement proceeded v i a two 1 , 2 - s h i f t s which i n 

volved e i t h e r benzvalene or prismane intermediates (see 
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F i g . 3 ) 5 although no intermediate valence isomers were 
detected. 

(24) 

(24 ) 

(25 

(27 ) 

Ax 
( 22 ) ( 2 6 ) ( 2 3 ) 

( 2 2 ) 

F IG. 3 

( 2 8 ) (23) 

From experimental evidence n e i t h e r of the two 
mechanisms could be r u l e d out, but i f prismane i n t e r 
mediates were involved then i n theory the rearrangement of 
(2it) to (£3) could occur d i r e c t l y v i a a s i n g l e prismane 
intermediate ( 2 2 )• However t h i s was not observed. 

124) ( 29 ) I 2 3 ) 
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1.7(111) B. Xylene^ 
Xylenes have also been observed t o rearrange on 

i r r a d i a t i o n . The rearrangement of o-xylene to p-xylene 
upon i r r a d i a t i o n (\>230nm) was observed to proceed v i a 
two 1 , 2 - s h i f t s , 2 ^ possibly v i a benzvalene intermediates, 
whereas i r r a d i a t i o n of o-xylene at l60-200nm. gave 
p-xylene d i r e c t l y v i a a 1 , 3 - s h i f t 2 ^ possible v i a an 
intermediate prismane. 

1.7(iv) Photochemical Rearrangement of Trl-t-butvlbengenes 

The f i r s t Dewar benzene d e r i v a t i v e reported was obtained 
by the i r r a d i a t i o n of l ^ A - t r i - t - b u t y l b e n z e n e (3£) which 
formed a valence isomer which was i d e n t i f i e d , 8 t t h a t time, 
as 1 , 2 , 5 - t r i - t - b u t y l b i c y c l o [ 2.2.0 ] hexa-2,5-diene (?1). 
which was found to rearomatise back to (3£) on h e a t i n g . 1 

vyco r f i l t e r 

( 3 0 ) 

A more thorough i n v e s t i g a t i o n of the t r i - t - b u t y l b e n z e n e 
p h o t o l y s i s has subsequently been r e p o r t e d , 3 ^ i n which (30.) 
was shown to isomerise to 1,3>5-tri-t-butylbenzerie (32) 
v i a a benzvalene intermediate (33) which could be i s o l a t e d . 
I r r a d i a t i o n of e i t h e r of these two t r i - t - b u t y l b e n z e n e s i n 
d i l u t e s o l u t i o n r e s u l t e d i n the formation of a Dewar benzene 
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2 5 k n m + 

(31 7-1% (34) 64*8% (30) 
OR 

•+•(30) 7-3% 

+ 
+-(32) 20«6% 

( 3 2 ) (33) 0 -7% 

(31) j a benzvalene (33) and a prismane (3k) • Dewar benzene 
d e r i v a t i v e (31) was shown to be the same one as tha t 
i d e n t i f i e d e a r l i e r by van Tamelen*. 

Over a very long i r r a d i a t i o n time small q u a n t i t i e s of 
fulvenes were detected,and a photostationary mixture 
obtained w i t h the prismane (3k) found to be the major 
c o n s t i t u e n t . Quantum y i e l d s and composition of the photo
s t a t i o n a r y mixture were' r e p o r t e d . ^ 

However t h i s d i d not prove to be the complete p i c t u r e 
f o r t h i s series of rearrangements as f u r t h e r work r e s u l t e d 
i n the i d e n t i f i c a t i o n of a second benzvalene ( 3 £ ) . 3 * 

O r i g i n a l l y , suspicion t h a t a second benzvalene was involved 
was based on the observation t h a t p h o t o l y s i s of ( 3 Q ) , i n 
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methanol, g8ve a high y i e l d of an adduct, i d e n t i f i e d as 
lf-methoxy - 2, lf , 6-exo-tri-t-butylbicyclo [ 3«l « 0]hex - 2-ene 
( 3 6 ) . 3 1 , 3 2 

H 

MeOH 

\ OMe / 

( 3 5 ) ( 3 0 ) (J36) 

The second benzvalene was subsequently shown t o be 

l , 2 , 1 + - t r i - t - b u t y l t r i c y c l o [ 3 . 1 . 0 . 0 2 > 6 ] - h e x - 3 - e n e (31) 

which rearranged to (39J w i t h a h a l f l i f e of 17 minutes 

at 2 5°C I r r a d i a t i o n of benzvalene d e r i v a t i v e (35) 

isomerised i t t o benzvalene (33) i n a s i m i l a r process to 

3 1 + ( 3 0 ) 4- (32 

(35) ( 3 3 ) 

t h a t observed when 5 , 6-dideuteriobenzvalene (2PJ was 

i r r a d i a t e d . 2 ^ 1 (Section 1.7(11)). Furthermore i t was shown 

t h a t these benzvalenes were only Isomerised photochemically, 

as the p y r o l y s l s of bonzvalener. ( 3 3 ) and ( 3 5 ) r e s u l t e d i n 

tho formation of benzenes (32) and (3ij) r e s p e c t i v e l y . 
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Quantum y i e l d s f o r these interconversions were reported so 
an o v e r a l l scheme could be w r i t t e n . 

0=0-43 0=0-05 

0 = 0-05 0=0-15 

33 (31 

32 

0=0-2 0 = 0-06 0=0-35 0 / 
0=0-02 0=0-01 0=0-02 0=0-01 

v 

0=0-6 

0=0-12 

( 3 5 ) ( 3 £ ) ( 3 4 ) 

P y r o l y s i s of prismane (3k) gave a mixture c o n t a i n i n g 
Dewar benzene d e r i v a t i v e (31) and both benzene d e r i v a t i v e s 
(3fi and 32) and the p y r o l y s i s of the Dewar benzene (31) 

gave the isomer (32)• A l l these r e s u l t s could be e a s i l y 
explained i . e . 
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30) 

A 
34 

131) (32 ) 

These r e s u l t s showed t h a t (30.) rearranged on p h o t o l y s i s t o 
(32) v i a benzvalene intermediates (35 and 33) whereas the 
reverse i s o m e r i s a t i o n proceeded v i a the same benzvalene 
intermediates, (33) and ( 35 )j w i t h the added p o s s i b i l i t y 
t h a t a second mechanism which involved the Dewar benzene 

(31) and prismane (3it) could also occur simultaneously. 

1.7(v) Photochemical Rearrangement of 
T e t r a - s u b s t l t u t e d Benzenes 

1.7(v) A. Tetra-t-butvlbenzenes 

On i r r a d i a t i o n of 1,2,^,5-tetra-t-butylbenzene ( 3 2 )j 
i n s o l u t i o n , using 253»7nn; r a d i a t i o n the production of 
1,2,3,5-tetra-t-butylbenzene (3&) was observed, together 
w i t h a Dewar benzene d e r i v a t i v e 1 3 2 ) ^ and since a Dewar 
benzene d e r i v a t i v e (32) had been i s o l a t e d i t was suggested 
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t h a t the rearrangement of (32) to (i£) proceeded v i a a 
prismane i n t e r m e d i a t e , as opposed to a mechanism which 
involved benzvalene intermediates, although the l a t t e r 
could not be r u l e d out. The extent to which these r e 
arrangements are r e v e r s i b l e was not determined. 

V / "(39) > < 

25£nm v 
* NOT DETECTED 

( 3 8 ) 

This c o n t r a s t s w i t h the di - t-butylbenzene i r r a d i a t i o n 2 ? 
( s e e Section 1 . 7 ( i l l ) ) where rearrangement was thought t o 
proceed v i a benzvalene interm e d i a t e s , but once again the 
a l t e r n a t i v e prismane mechanism cou^d not be completely 
r u l e d out. ;., 

1 . 7(v)E. T e t r a k i s ( t r i m e t h v l s i l v l ) - b e n z e n e s 

I r r a d i a t i o n of l ^ A ^ - t e t r a k i s C t r i n i e t h y l s i l y l ) -

benzene (ifcOj gave f i v e isomeric products which consisted of 

two benzvalene d e r i v a t i v e s (it£ and k3), two fulvenes 
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(kh and 1+5 a or b) and an isomeric benzene d e r i v a t i v e (k\) 

R R 6 6 R R R R 

R R 
R e ther 

(41 ( 4 2 ) s o l u t i o n ( 43 R 

(40) 

RriR R,,R 
OR 

R = Me^Si 

\ // R\\ / R 

R R 

(45b) ( 45a (44) 
I n i t i a l i r r a d i a t i o n of benzene d e r i v a t i v e (ItPj gave a 

mixture c o n t a i n i n g two benzvalenes ()+£ and h3),whereas 
prolonged i r r a d i a t i o n also produced benzene isomer (*+l) 

together w i t h the isomeric fulvenes (M± and VJ) while the 
conce n t r a t i o n of (it£) decreased. 

An i n t e r e s t i n g r e s u l t , not discussed by the authors, 
was obtained when benzvalene was i r r a d i a t e d , as t h i s 

r e s u l t e d i n the formation of benzvalene d e r i v a t i v e 
and fulvene d e r i v a t i v e (Mf) together w i t h traces of the 
aromatic isomers (ho and i t l ) . I t , has already been shown 
that benzvalenes on photolysis can i s o m e r i s e 2 ^ ' ^ ( s e c t i o n 
1.6.dii)) but (iQ) could not be formed from (kz) by t h i s 
type of mechanism unless two such rearrangements occurred 
i . e . 
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R 

R 
R R R R 

( 4 2 ) R = M e 3 S i - ( 4 3 ) 

However i n t h i s p h o t o l y s i s traces of benzene d e r i v a t i v e 
(hi) were detected so the p o s s i b i l i t y t h a t t h i s rearrangement 
in v o l v e d i n i t i a l formation of (1+1) which then was isomerised 
to (i+3) i s perhaps the more l i k e l y . I r r a d i a t i o n of benz
valene d e r i v a t i v e (V}) gave ( k l ) > ( k l a or h5b) and a t r a c e 
of (k2) > but none of the benzene d e r i v a t i v e (kQ_). From 
these observations i t was deduced t h a t benzvalene d e r i v a t i v e 
(b£) could be an intermediate i n the formation of a l l the 
other isomers and a scheme f o r the isomerisations could be 
w r i t t e n . 

R R..R 6 R R R 

R R 
R R 

R 
(40) ( 4 4 ) 42 

? 
R 

R 

R 
R 

R 

< 
OR (43) 

41) 
R 

\ / / R \ \ A 
R=Me->Si 

R R R 
(45a) (45b) 



- 30 -

U n f o r t u n a t e l y t h e scheme c o u l d be I n c o m p l e t e as the 

r e s u l t o f p h o t o l y s i s of benzene d e r i v a t i v e ( | t l ) was not 

r e p o r t e d . I t must be noted t h a t t h e r e was no evidence 

f o r f o r m a t i o n of any Dewar benzene o r prismane d e r i v a t i v e s . 

T h i s i s a c o n t r a s t t o t h e s i t u a t i o n t h a t o c c u r r e d when 

1 , 2 , ^ , 5 - t e t r a - t - b u t y l b e n z e n e (32) was i r r a d i a t e d ( S e c t i o n 

1 . 7(v)A . ) . 3 3 

1 . 7 ( v i ) Valence Isomers of Hexamethylbenzene (j+6) 

Hexamethylbenzene (h6) i s i n s u f f i c i e n t l y l a b e l l e d f o r 

any rearrangements t o be d e t e c t e d but i t s v a l e n c e isomers 

can be formed e a s i l y and i t i l l u s t r a t e s some i n t e r e s t i n g 

i s o m e r i s a t i o n s . H e x a m e t h y l b i c y c l o [ 2 . 2 . 0 ] hexa - 2 , 5-diene 

(*»8) was s y n t h e s i s e d by t h e b i c y c l o t r i m e r i s a t i o n of 2-

butyne (h2) i n a process c a t a l y s e d by A1C1^35>36> Hexa-

methylprismane (J+2) was o b t a i n e d , i n low y i e l d , by t h e 

p h o t o l y s i s o f hex a m e t h y l b i c y c l e [ 2 . 2 . 0 ] h e x a - 2 , 5 ~ d i e n e (^-8) 

i n e t h e r solution. 3 7 , 3 8 

2 CH3OCCH3 
AICI3 (5% by weight ) H3 C ^ H 3 

b e n z e n e solvent 
35 °C 5 - 7 h r s . 

AICI 
( 4 7 J H,C CH 

CH 0C=CCHo s low 

CHo) 
AICI 

(CHo 

( 46 ) U 8 ) 6 0 - 7 0 % 
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( C H . ) 3'6 
254nm 

« C H 3 ) 6 

+ (.46) + (48 ) 

14% 8 0 % 
170hrs 3°C 

e the r 

( 4 8 ) (49 ) 5 % 

The t h e r m a l rearrangement of was observed t o 
21 22 ^9 

proceed v i a two paths s i m u l t a n e o u s l y . >">->7 one p a t h 

i n v o l v e d t h e Dewar benzene d e r i v a t i v e (iiS) as an i n t e r 

m ediate whereas the o t h e r path was thought t o i n v o l v e t h e 

i n t e r m e d i a c y o f a benzvalene d e r i v a t i v e (10.) . The r a t e 

c o n s t a n t s f o r t h e two processes were such t h a t t h e con

c e n t r a t i o n o f (ifc&) b u i l t up ( i . e . K
2

< K l ^ w n e r e a s * n e 

r^T>^H3)6 

(CH,), 3'6 

( 5 0 ) 

c o n c e n t r a t i o n o f remained s m a l l ( i . e . K i ^ K ^ ) and 

never exceeded a molar f r a c t i o n of 0.03. T h i s i l l u s t r a t e d 

a rearrangement o f a prismane t o a benzvalene. Rearrange

ment of (SPjto (]±fi) has a l s o been o b s e r v e d . 2 0 (See 

S e c t i o n 1.6 (v)) . 
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1.8 Rearrangement o f H e t e r o c y c l i c Systems 

1 . 8 ( i ) P y r i d i n e s 

P y r i d i n e has been p h o t o i s o m e r i s e d t o 2 - a z a b i c y c l o -

[ 2 . 2 . 0 ]hexa - 2 , 5-diene (£1), which was shown t o be an 

u n s t a b l e s p e c i e s , w h i c h was c h a r a c t e r i s e d by r e d u c t i o n , 

u s i n g aqueous sodium b o r o h y d r i d e , and h y d r o l y s i s 

M N 

H 

2 5 3 7 n m H 

N (51) t i =2min 
V, 

N 

OH 
\ 
H 

H 2 N - C H = C H - C H = C H - C ; H ? N - C H = C H - C H = C H - C f 
L H 

The gas and l i q u i d phase p h o t o c h e m i s t r y o f 2- and 1+-

p i c o l i n e has been s t u d i e d . 1 + 1 , 1 + 2 I s o m e r i s a t i o n o f 2 - p i c o l i n e 

(52) t o U - p i c o l i n e ( 53 ) , and v i c e v e r s a , o c c u r r e d w i t h 25hniu 

r a d i a t i o n , w i t h a c o n v e r s i o n of a p p r o x i m a t e l y 2%> T h i s 

1 , 3 - s h i f t c o u l d be accounted f o r by t h e f o r m a t i o n o f an 

u n s t a b l e prismane i n t e r m e d i a t e . Under these c o n d i t i o n s 

3 - p i c o l i n e d i d n o t i s o m e r i s e . 
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N 

( 5 2 ) 

Me 

Me 

N 

( 5 3 ) 

hv 

Me r 
N. 

L u t i d i n e s v e r e a l s o shown t o i s o m e r i s e on i r r a d i a t i o n 

i n t h e vapour phase, u s i n g 253«7nixj r a d i a t i o n , but once 

aga i n l a r g e q u a n t i t i e s o f polymers were formed and o n l y 

1-2% c o n v e r s i o n a c h i e v e d . 1 * 1 The 3»*+- 2,5- and 2,3-

isomers were shown t o be i n t e r c o n v e r t i b l e as were t h e 

2,1*-- and 2,6- isomers, however t h e 3 > 5 - l u t i d i n e c o u l d not 

be i s o m e r i s e d t o any of the o t h e r isomers. 

Me 

Me 

Me 
N 

Me 
N 

Me 

Me 

hv r ^ ^ ^ M e Me 

Me 
N 

Me h v 

N 4> 
^ No 

i s o m e r i s a t j o n 
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The observed rearrangements o f l u t i d i n e s were e x c l u s i v e l y 

1,3- s h i f t s and a suggested mechanism i n v o l v e d i n t e r m e d i a t e 

azaprismanes. However i f t h e rearrangement mechanism 

i n v o l v e d azaprismanes as i n t e r m e d i a t e s then 1 , 2 - s h i f t s 

c o u l d o c c u r . These a r e not observed. 

hV 

M e s . k l <^MG 

1 ,2 -sh i f t 

Me 
<-

Me 
N' 

NOT 
O B S E R V E D 

The p r o d u c t i o n o f para-bonded s p e c i e s was demonstrated 

t o occur i n these systems as t h e p h o t o l y s i s o f 3 , 5 — l u t i d i n e 

(5k) i n aqueous NaBH^ gave a d i h y d r o product** 0 i n an 

analogous process t o t h a t r e p o r t e d f o r i r r a d i a t i o n o f 

p y r i d i n e under t h e same c o n d i t i o n s . 

Me 

N 
( 54) 

Me 254nm 
N a B H Z f / H 2 0 
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Bergen and K e l l o g g have r e p o r t e d t h e p h o t o l y s i s o f a 

f u l l y a l k y l a t e d p y r i d i n e (55.) i n which s k e l e t a l r e a r r a n g e 

ment o f t h e s u b s t i t u e n t groups was observed. (55.) c o n t a i n e d 

no fewer than f o u r l a b e l l i n g groups ( i n c l u d i n g r i n g 

n i t r o g e n ) and on p h o t o l y s i s t h r e e d i f f e r e n t isomers (.56), 

(52) and were o b t a i n e d . ^ 

( 55 ) 

a = C H ( C H 3 ) 2 

b = C O O C 2 H 5 

c = C H 3 

b W b 

N 
( 5 7 ) 

^ N b 

( 6 0 ) ^ C f | ^ l 

( 5 8 ) 
S C H E M E 1 

The s u b s t i t u t i o n p a t t e r n , on t h e p y r i d i n e s o b t a i n e d , 

was such t h a t t h e rearrangement was thought t o proceed v i a 

i n t e r m e d i a t e azaprismane d e r i v a t i v e s (52) and (6Q) and 

a z a b i c y c l o [ 2 . 2 . 0 ] h e x a — 2 , 5 - d i e n e s . The s y m m e t r i c a l 

azaprismane d e r i v a t i v e (52.) c o u l d l e a d t o one new p y r i d i n e 

d e r i v a t i v e (.56) upon r e a r o m a t i s a t i o n whereas t h e 
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u n s y m m e t r i c a l azaprismane d e r i v a t i v e (6Q) p o s t u l a t e d c o u l d 

l e a d t o two new p y r i d i n e d e r i v a t i v e s (52) and (5S), as w e l l 

as f o r m i n g t h e s t a r t i n g p y r i d i n e d e r i v a t i v e (5S), i n each 

case. N e i t h e r t h e azaprismane nor para-bonded i n t e r m e d i a t e s 

were d e t e c t e d i n t h i s rearrangement, a l t h o u g h t h e v e r y 

s p e c i f i c l a b e l l i n g observed i n the r e a r r a n g e d p y r i d i n e s 

was a d e q u a t e l y accounted f o r i n terms of these i n t e r m e d i a t e 
v a l e n c e isomers. 

1 . 8 ( i i ) The P h o t o l y s i s of P y r l d i n l u m Ions 
I t has been suggested t h a t h e t e r o c y c l i c analogues of 

benzvalene were formed as i n t e r m e d i a t e s i n t h e p h o t o l y s i s 

of p y r i d i n i u m i o n s as i r r a d i a t i o n , u s i n g 25^rmi r a d i a t i o n , 

of m e t h y l p y r i d i n i u m c h l o r i d e (6J.) i n water gave 

6-methylazabicyclo[3.1.0]hex-3-en-2-exo-ol (6>2j and t h e 

i r r a d i a t i o n of >+-picoline m e t h o c h l o r i d e (63) gave t h r e e 

N-Me 

25Anm. 
H.O 

©1 OH Me C I 0 

(61 ( 62 

Me 
Me N N-Me N Me a V 254nm 

> Me +• Me HoO 

© I 0 Me CI OH OH OH 

( 6 3 ) 2 : 1 1 
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i s o m e r i c p r o d u c t s i n the r a t i o 2 : 1 : 1 . There was evidence 

f o r a 1 , 2 - s h i f t of n i t r o g e n which i n d i c a t e d t h e f o r m a t i o n 

o f a 1-methylazoniabenzvalene (61+) which c o u l d r e a r r a n g e 

t o one of two a z a b i c y c l o h e x e n y l c a t i o n s (65) , (6£) from 

w h i c h t h e observed p r o d u c t s c o u l d be o b t a i n e d , by h y d r a t i o n , 

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

Me N—Me 
254nm 

Me e 
64 

Me 

N-Me N-Me 

Me 

Me \ ( 6 5 
(66) 

H^O 

N-Me N-Me N-Me Me a 7 7 V Me + Me 

OH OH OH 

2 1 1 

1 . 8 ( i i i ) P h o t o l y s i s of Pvrones and P v r v l i u m C a t i o n s 

Both pyrones and p y r y l i u m c a t i o n s have been demonstrated 

t o undergo p h o t o i s o m e r i s a t i o n s . 2 , 6 - D i s u b s t i t u t e d k-H-

pyron-^-ones (62) on i r r a d i a t i o n , i n s o l u t i o n , gave head 
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t o t a i l dimers (68J u n l e s s the p h o t o l y s i s was c a r r i e d out 

on v e r y d i l u t e s o l u t i o n s 1 * ^ when a rearrangement t o a 2-H-

pyrane-2-one(62) was observed whereas i n t h e presence 

of a c i d , f u r a l d e h y d e d e r i v a t i v e s (2£) were formed. 

4R2 
U o 

( 6 8 ) n 2 

1 
R R 1 R 1 hv. d i lu te 1 

s o l u t i o n R R R 0 

( 6 7 ) 
( 6 9 

CHO 

0 

These rearrangements were shown t o occur v i a an i n t e r 

mediate W,5-epoxycyclopent-2-ene-l-one (2 i ) w h i c h was 

th o u g h t t o have o r i g i n a t e d by t h e mechanism shown (see o v e r ) . 

Rearrangement of *+,5-epoxycyclopent-2-eneones t o 2-H-pyran-

2-ones, on p h o t o l y s i s , has been observed.*4^»^9 

I t has been suggested t h a t oxygen analogues of benz-

v a l e n e were p r e s e n t as i n t e r m e d i a t e s i n p h o t o i s o m e r i s a t i o n s 

of p r o t o n a t e d ^-pyrones ( p y r y l i u m c a t i o n s ) . P h o t o l y s i s of 

the p y r y l i u m s a l t L f - t - b u t y l - 2 , 6 - d i m e t h y l p y r y l i u m p e r c h l o r a t e 
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e o o o 

R R R R •flR 1 1 hv 1 1 

R R R R R 2 \ 7 x ^ R 2 2 \ « / n 2 0 

Ph R 1 
R 0 = P h , Me 

0 
0 0 

R 6 R R 1 h v 

R + 1 0 

71 

R 2 R 

< £ 3 
H 1 

CHO 
Ro= Me, Ph 

(2£) gave s m i x t u r e o f f o u r p r o d u c t s (23> 2k a + b, 25) 

I t was suggested t h a t t h e mechanism f o r t h i s r e a c t i o n i n 

v o l v e d an oxianobenzvalene i n t e r m e d i a t e (2k)» which arose 

f r o m rearrangement of an i n i t i a l l y formed ' p r e v a l e n e ' (22)• 



- ho -

OH OH OH 
( 73 ) (74 g + b ) 2 isomer 

S e v e r a l h-hydroxypyryliuai c a t i o n s have been demonstrated 

t o p h o t o i s o m e r i s e t o 2 - h y d r o x y p y r y l i u a . c a t i o n s , ^ a s 

i l l u s t r a t e d below. 

OH R 1 

3 h v R. 

1 ^ 0 ^ 

© 
R-

R. 

R 2 ^ o ^ ° H 

a ) R 1 = M e R 2 = R 3 = P h 

b) R«j = Me R 2 = P h R 3=H 

c) R 1 = R 2 = R 3 = M e 

d) R =Me R 2 = R 3 = H 
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The p y r y l i u m c a t i o n s were generated f r o m t h e c o r r e s 

ponding pyrones by d i s s o l v i n g the pyrone i n c o n c e n t r a t e d 

a c i d ; t h i s was r e v e r s i b l e on n e u t r a l i s a t i o n . The r e 

arrangements were b e l i e v e d t o occur v i a t h e f o r m a t i o n of an 

o x a b i c y c l o h e x e n y l c a t i o n (2&) which r e a r r a n g e d v i a a 1 ,3-

s h i f t . There was a l s o the p o s s i b i l i t y of t h e i n v o l v e m e n t of 

an oxianobenzvalene (22) as a p r i m a r y p h o t o p r o d u c t 5 3 

OH 

Me 13*. 

sh i f t 

( 8 0 ) 

2-Hydroxypyrylium c a t i o n (&£) was shown t o p h o t o i s o m e r i s e , 

i n a r e v e r s i b l e rearrangement, t o 5 , 6 - d i m e t h y l - 2 - h y d r o x y p y r y l i u m 

c a t i o n ( 8 1 ) . The rearrangement mechanism was th o u g h t t o i n 

v o l v e the i n t e r m e d i a c y o f two b i c y c l o - f l - l a c t o n e s w h i c h were 

i s o i u e r i s e d v i a an i n t e r m e d i a t e c a r b o x y l c y c l o b u t e n y l c a t i o n (82) 

as i l l u s t r a t e d . B i c y c l o - ^ - l a c t o n e s were oxygen analogues of 

Dewar benzene. 
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Me Me Me 

Me Me h-\) 
/ > 

^ 0 0 HO 
0 (82) 

( 8 0 ) A 

Me 

Me Me 0 ® 

Me 
OH 0 

© 
(81) 
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l . S ( i v ) P h o t o i s o m e r i s a t i o n of Pv r a z i n e s 

I r r a d i a t i o n of p y r a z i n e was c a r r i e d out I n t h e 

vapour phase u s i n g 25*+nu. r a d i a t i o n and gave p y r i m i d i n e 

and under t he same c o n d i t i o n s 2 - m e t h y l p y r a z i n e i s o r a e r i s e d 

t o a m i x t u r e of t h r e e products, h- and 5 - m e t h y l p y r i m i d i n e 

w i t h t h e t h i r d isomer thought t o be 2 - m e t h y i p y r i m i d i n e . 

N 
254nm. 

Me 

N 
Me 

N 

4-
N N 

? 

Me 

However 2 - m e t h y l p y r a z i n e was i n s u f f i c i e n t l y l a b e l l e d 

f o r a mechanise f o r t h i s rearrangement t o be suggested so 

p h o t o l y s i s of d i s u b s t i t u t e d p y r a z i n e s was c a r r i e d o u t . 

Vapour phase i r r a d i a t i o n , u s i n g 25Vniii r a d i a t i o n , of 2,5-

d i m s t h y l p y r a z i n e gave U,6- and 2 , 5 - d i m e t h y l p y r i m i d i n e 

(8>+, 85) i r r a d i a t i o n o f 2 , 6 - d i m e t h y l p y r a z i n e (86) gave 

!+, 5 - d i m e t h y l p y r i m i d i n e ( f i Z ) ^ as t h e o n l y d e t e c t a b l e 

p r o d u c t . 
Me 

Me 
N 

Me 

N 

254nm 
v a p o u r p h a s e 

( 8 6 ) 

N 

( 8 7 ) 

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

1 , 2 - s h i f t s were i n v o l v e d and t h a t t h e i n t e r m e d i a t e s i n 

these p h o t o i s o m e r i s a t i o n s were diazabenzvalenes and not 

dia z a p r i s m a n e s . The rearrangement o f 2 , 5 - d i m e t h y l p y r a z i n e 
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( 8 ^ ) v i a prismane i n t e r m e d i a t e s v o u l d r e s u l t i n the 

f o r m a t i o n o f 2 , V - d i m e t h y l p y r i m J d 1 n e ( $ S ) * n d W ,5-dimethyl 

p y r i m i d i n e (&2) • These p y r i m i d i n e s were n o t t h e ones 

observed. 

N 

Me 
N 

(83) 

M 2 5 4 n m 
Me v a p o u r 

h a s e 

Me 

Me 

Me 

( 8 4 ) 

Me 
N 

( 85 ) 

Me 

jMe 

( 88 ) 

MerT^^N 
MeU 

(89) 

The i n t e r m e d i a t e s i n these rearrangements were n o t d e t e c t e d . 
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1.9 F l n o r t n a t e d Systems 

I n g e n e r a l 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 o r per-

f l u o r o a l k y l groups i n t o an a r o m a t i c system has the e f f e c t 

o f making i t s v a l e n c e isomers n.ore s t a b l e . 

1.9(1) F l u o r i n a t e d Benzenes 

The i r r a d i a t i o n of 1 , 2 j ^ - t r i f l u o r o b e n z e n e u s i n g 

253»7nji. r a d i a t i o n , i n the vapour phase has been shown t o 

y i e l d o n l y two of the t h r e e p o s s i b l e para-bonded s p e c i e s . 

F F 

F 2 5 3 - 7 n m > 

v a p o u r 
p h a s e 

(90) 

NOT D E T E C T E D 

N e v e r t h e l e s s isomer (9J)) has been made f r o m h e x a f l u o r o -

b i c y c l o [ 2.2.0] hexa-2,5-diene and shown t o be m o d e r a t e l y 

s t a b l e . ^ Also t h e i r r a d i a t i o n of p e n t a f l u o r o b e n z e n e (91) 

gave a para-bonded species i n 3$ y i e l d . 56 

253-7nm > F 
vapour _ 
p h a s e h 

NOT 
D E T E C T E D 



- »*5 -

I n c o ntrast to the ph o t o l y s i s of benzene, which 
y i e l d e d Dewar benzene, benzvalene and f u l v e n e J ' ' ' ' , the 

i r r a d i a t i o n of hexafluorobenzene gave only the para-bonded 
isomer.^,57,58 There were no benzvalenes, fulvenes or 

prismanes detected i n these examples. 

254nm. 
P vapour phase p 

6 0 % 

1.9(H) Valence Isomers From P e r f l u o r o a l k v l a t e d Benzenes 
The ph o t o l y s i s of o c t a f l u o r o t o l u e n e (.22) gave two 

para-bonded isomers \n the r a t i o 2:1. 

25Anm. 
p vapour phase 

( 92 ) RATIO 2 1 

I r r a d i a t i o n of hex 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 (9^,) 
i n s o l u t i o n , using a medium-pressure mercury lamp (X>200nm) 
gave three valence isomers59»oO } a prismane (2it), a benz
valene (.9_II), and a para-bonded isomer (9j5) which were the 
same products t h a t could be obtained by p h o t o l y s i s of (S!3) 

i n the vapour phase at 25^nm,^^ whereas i r r a d i a t i o n 
(X>270niii) i n s o l u t i o n gave only the benzvalene (9_5). 

I r r a d i a t i o n (A>2CCnm) of the i n d i v i d u a l isomers, i n 
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9° 
( C F , ) C oc 

(CFo) ( C F , 

+• 4 ( 9 5 ) 

(94) (96) 

^ 0 C F 0 ) (93) 

(95) 

s o l u t i o n , was c a r r i e d out and showed t h a t benzvalene (91?) 
was converted to (23), and the para-bonded isomer (26) gave 
both prismane d e r i v a t i v e (2k) and (22). The pho t o s t a t i o n a r y 
s t a t e , i n s o l u t i o n (A>200niL), approached 100/t • prismane (2k) 

whereas i n i t i a l l y the benzvalene (25) and para-bonded 
isomer (26) were produced i n a r a t i o of ca 5s1• The y i e l d 
of (25) and (26) reached a maximum a f t e r 7 hours and kO 
hours r e s p e c t i v e l y . 

S i m i l a r l y the i r r a d i a t i o n of h e x a k i s ( p e n t a f l u o r o e t h y l ) -
benzene (22) has been reported to y i e l d a prismane (2fi)> a 
para-bonded isomer (22) but no benzvalene derivative,5 9 ,60 
at wavelengths greater than 200nm , whereas when\2»270nm 
then only the para-bonded isomer (22) * a s obtained. 

The thermal s t a b i l i t i e s of a l l these valence Isomers 
has been determined and found t o range from h a l f l i v e s of 
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' C2 F5>6 

(99) X < 2 7 0 n m (98) 

(P 2
F5»6 

9 hours f o r benzvalene (f£5) t o 135 hours f o r para-bonded 
isomer at 170°C so t h i s i n d i c a t e d that these valence 

isomers were very stable species. The thermal s t a b i l i t i e s 
were found to be i n the order (5&) >(2k) >(2fi) >(22)>(25) « 5 7 

The f a c t o r s which a f f e c t valence isomer s t a b i l i t i e s are 
discussed l a t e r . 

Production of valence isomers thermally has been 
achieved from both hexakis(pentafluoroethyl)benzene°2 
and the lesser crowded p e r f l u o r o - l , 2 , 3 » 5 - t e t r a e t h y l - l f , 
6-dimethylbenzene (100)^3 i n s f l o w system at temper
atures of k00°C and 550°C r e s p e c t i v e l y . The intermediate 

l c2 F5>6 
Flow pyrolysis ^ 

(97) 

40CTC 

C2 F5*6 

(99) 
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CF C F 

2 5 A ° 2 r 5 

5 5 0 t U y \ CF 
C ^ F , r' F c CF 

+ CF 

Not isolated 

(100) RATIO 20 1 

i n t h i s rearrangement has been suggested to be a non-planar 
p a r a - d i r a d i c a l ^ , which on r a p i d quenching would f o r t the 
para-bonded species obtained. 

1 . 9 ( i i i ) Rearrangements i n F l n o r i n a t e d Benzenes 

Perfluoro -1,3,5-trimethylbenzene (101) and p e r f l u o r o 
- l ^ A - t r i m e t h y l b e n z e n e (102) have been shown to be i n t e r 
c o n v e r t i b l e on i r r a d i a t i o n (\>230nm) i n the presence of 
argon i n the vapour phase. The mechanism f o r t h i s 
rearrangement has been shown unambiguously t o i n v o l v e two 
para-bonded isomers and a prismane d e r i v a t i v e as i n t e r 
mediates, since the para-bonded isomers were i s o l a t e d and 
the prismane detected, but found t o be too unstable to 
p u r i f y . ^ Photolysis of (102) however only y i e l d e d one 
para-bonded species d i r e c t l y i . e . none of isomer (10^) 
W8S detected. 

Photolysis of perfluoro-p-xylene (10*0 was o r i g i n a l l y 
r e ported to y i e l d a mixture c o n t a i n i n g two para-bonded 
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CF-

C F S ^ C F 

(101) 

\ > 230n 

Detected 

m 

V 
r r 

(103) 

species (105) and (106) which were characterised by i n f r a 
red, mass spectrometry, thermal i s o m e r i s a t i o n and i n the 

hV 
A 

(104) (105) 1% (106) 2% 

C8se of (IQ6) also by i t s NMR spectrum.^ However l e t 
workers i n t h i s f i e l d cast doubts on these assignments, as 
these r e s u l t s were i n c o n s i s t e n t w i t h t h e i r own f i n d i n g s . ^ 
A l l three perfluoroxylenes ( 1 0 ^ ) , (107) and (108) have now 
been i r r a d i a t e d and each of these gave a complex mixture 
of products. 

er 
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C F 

hv 

F y ^ L F 3 yield 

(107) 

C F 3 F 
F ^ T \ C F 3 F 3 C ^ T ^ C F : 

+ 
F F 

3 8 % 1% 1% 

+ (104) , 2 2 % + ( 1 0 8 ) , 5 % 

C F . 
F r ^ C F 3 hv 

F 

(108) 

81% 
yield F F 

50% 

F * 
F ^ T > ? F 3 

C F 3 F C F , 
4% 1% 

+ (104) ,15% + (107), 13% 

CF . 

(104) 

30% 
yield 

CF* 
F ^ 1 N C F 3 

F F 
12% 

CFo 

+ 
CF-

8% 

CF-

+ 

(106).9% 

F 3 C r T ^ C F 3 

F F 

1% 

Xr Tentative identification R E F : 66 
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I r r a d i a t i o n (\>230nm) of the xylenes was c a r r i e d out 
i n the vapour phase, i n the presence of argon, and the ortho 
and meta isomers were shown t o photoismerise t o mixtures 
c o n t a i n i n g a l l three xylenes, whereas para-xylene (IQh) only 
gave para-bonded species on p h o t o l y s i s . The rearrangement 
of the xylenes was thought t o occur v i a prismane i n t e r 
mediates, and the para-bonded isomers were also thought to 
be involved i n the rearrangements, which could be r a t i o n a l 
i s e d i n t o a scheme*"^ (See F i g . k). There was no evidence 
f o r the formation of benzvalene intermediates. 

1 . 9 ( i v ) Pyridines 
The photochemistry of a series of p e n t a f l u o r o e t h y l 

Cry 

s u b s t i t u t e d p y r i d i n e s has been i n v e s t i g a t e d and these 
have y i e l d e d some remarkably s t a b l e azaprismane and para-
bonded d e r i v a t i v e s . I r r a d i a t i o n (X>200nm) of pentakis 
( p e n t a f l u o r o e t h y l ) p y r i d i n e (109) i n s o l u t i o n gave a 
mixture of pent a k i s ( p e n t a f l u o r o e t h y l ) - l - a z a p r i s m a n e 
(110) and p e n t a k i s ( p e n t a f l u o r o e t h y l - l - a z a b i c y c l o [ 2 . 2 . 0 ] -
hexa-2,5-diene ( H I ) > whereas when l i g h t of A>270nm was 
used only (111) was formed. 

(C^Fc) 
N + (111) 

(110 

20n ( C o F c 109) 
N 

(111) 

(111) 
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F 

? F 3 4/^7 

iF 

CF . 

CFo 

F r ^ F 

F k ^ C F 3 

F 

F 

C F 3 

F 

* 
G F 3 

F 

CF- CF , 

CF-

F 

F 

CF^ 
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F 

F CFr 

C F 3 

F CF-

CFo 

F ^ F 

C F 3 

C F 3 

F 

F 

F 

F 

F 

F 

CF-

CF-

\ > C F 3 
F r ^ C F 

F k ^ F 

F 

F 

F 

C F , 

C F , 

"^Tentative 
Identification 
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Although valence isomers could be i s o l a t e d from t h i s 
system there was no op p o r t u n i t y f o r s k e l e t a l rearrangements 
to be detected as (109) was i n s u f f i c i e n t l y l a b e l l e d . 

Neither azaprismanes nor a z a t i c y c l o [ 2.2.0 ] hexadiene 
d e r i v a t i v e s vere obtained from the ph o t o l y s i s of 
p e r f l u o r o t e t r a - or p e r f l u o r o t r i e t h y l p y r i d i n e s (112) or 
(113). 6 7 

C 2 F 5 \ N ^ C 2 F 5 

(112) 

C,F« 

C 2

F 5 

F 
N ^ C 2 F 5 

(113) 

( 1 U ) 

CH< 

C F 3 ^ 1 CF-

C H 3 k N ^ C H 3 

(115) 

A 1-azabicyclo [ 2.2.0] hexa-2,5-diene d e r i v a t i v e (Hit) 
68 

was reported t o be a stab l e species, obtained by ph o t o l y s i s 
of p y r i d i n e d e r i v a t i v e (115). which contained a s i m i l a r 
s u b s t i t u t i o n p a t t e r n to tha t i n Scheme 1 (page 35) w i t h 
a = c = CH^ and b = CF^. 
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1.9(v) Rearrangement of F l u o r i n a t e d Pvridazines 
Several p e r f l u o r o a l k y l pyridazines have been reported 

to undergo photoisomerisation to pyrazines.k9>?0,71 

F 

R 

N 

a) R 1 = C F ( C F 3 ) 2 R 2 = F 

b) R 1 = R 2 = C F ( C F 3 ) 2 

F c ) R 1 = C 2 F 5 
d) R 1 = R 2 = C 2 F 5 

R 2 =F 

F \ N ^ R 2 e) R r = C F ( C F 3 ) C 2 F 5 R 2 =F 

f) R 1 = R 2 = C F ( C F 3 ) C 2 F 5 

g) R 1 = R 2 =F 

R 

F 

N ^ R a) R = C F ( C F 3 ) 2 

b) R = C F ( C F 3 ) C 2 F 5 

i= 254 or 300nm : vapour p h a s e 

The mechanise f o r these rearrangements was shown to 
in v o l v e intermediate 1,2-diazabicyclo [ 2.2.0] hexa-2,5-dienes 
(116) and 2,5-diazabicyclo [ 2.2.0 ] hexa -2,5-dienes ( 1 1 7 ) . 7 2 

as examples of both types of para-bonded isomers were 
detected, and i s o l a t e d , and rearrangement of para-bonded 
species (Hit) to (115) demonstrated to occur, both photo-
chemically and th e r m a l l y . Examples of valence Isomer (116) were 

R 

R 

F 

N 

254nm 

^2^N F 

(117) * V o F l > 
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only I s o l a t e d where Rj_ = R 2 = CFCCF^ and R̂  = R2 -
Ci , 1(CF^)C 2F^. This type of rearrangement i n v o l v e d s p e c i f i c 
1 , 3 - s h i f t s , and the d r i v i n g f o r c e behind rearrangement of 
para-bonded species (116) to (117) was thought to be the 
removal of a weak N-N bond. 

1 N 

Thermal rearrangement of p e r f l u o r o a l k y l p y r i d a z i n e s to 
pyrimidines has been d e m o n s t r a t e d . T h e s e rearrange
ments were thought to proceed v i a diazabenzvalene i n t e r 
mediates, even though no intermediates were i s o l a t e d , or 
detected. I n c e r t a i n cases pyrazines were also formed and 
i n t h i s case a l s o , diazabenzvalene intermediates were 
thought to be involved (see o v e r ) . However these 
rearrangements only occurred i n s p e c i f i c examples whereas 
w i t h some other pyridazlnes, n i t r o g e n e l i m i n a t i o n has been 
demonstrated.^5 
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*1 

R 

AN f l ash 
p y r o l y s i s 

A 650-815°C 

F 

a) R 1 = R 2 = C F ( C F 3 ) 2 

b) R 1 = R 2 = C 2 F 5 

c) R 1 = C 2 F 5 R 2 =F 

d) R = C F ( C F 3 ) 2 R 2 = F 

b) R 1 = R 2 = C 2 F 5 

R 2 

NT 

1 

NT ' 

"2 

" 1 

N 
a) R 1 = R 2 = C F ( C F 3 ) 2 

b) R 1 = R 2 = : C 2 F 5 

c-1) R f C 2 F 5 R 2 =F 

c - 2 ) R 1 = F R 2 = C 2 F 5 

d-1) R 1 = C F ( C F 3 ) 2 R 2 =F 

d - 2 ) R 1 = F R 2 = C F ( C F 3 ) 2 

-N R ^ F 

F k - N ^ R 2 

a) R 1 = R 2 = C F ( C F 3 ) 2 

1.9(vi) Photoisomerisation of F l u o r l n a t e d Pvrazlnes 
I r r a d i a t i o n of pe r f l u o r o - 2 , 5 - d i - i s o p r o p y l p y r a z i n e 

(118) i n s o l u t i o n , using 25*+nm r a d i a t i o n , gave small 
q u a n t i t i e s of a second pyrazine (119) and a pyrimidine 

71 
(120.). The pyrazine (119) was also shown to rearrange 
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back to (118) under the same c o n d i t i o n s . The rearrange
ments were thought ^o involve the intermediacy of 
diazabenzvalenes, which could rearrange to give the 
observed products, although no diazabenzvalenes were 
detected or i s o l a t e d . 

N N N 

\ N 

R 254nm R > R solution 
R N N N 

(118 ) 

N R = C F ( C F J R N 

R 
N N 

(1J9) (120) 

1.10 BicYclPPrppenYls 
Eicyclopropenyls are another type of valence isomer 

of benzene, but u n l i k e the other valence isomers,there have 

been no reported examples of formation of them from a benzene 
by e i t h e r thermal or photochemical means. Bicyclopropenyls 
are the thermodynamically l e a s t s t a b l e of the benzene 
valence isomers' 7^ and can be rearranged to other valence 
isomers, both on photolysis and p y r o l y s i s e.g. p e r f l u o r o -
hexatLethylbicyclopropenyl (121) on gas phase p h o t o l y s i s , 
using the f u l l mercury arc, gave a mixture of fo u r other 
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isomers,?° however the exact, order i n which they were 

formed was not determined. Isomer (121) was shown to be 

CF,.) (CF„ 

+ + (121 

C F 3 3 hv 

CF (93 94 
CF 

\ C r r ) j ( C F 0 ) (121) 

+ 

(96) (95) 

the most k i n e t i c a l l y stable of t h i s series of isomers, 
w i t h a h a l f - l i f e greater than 2 h r s . at 360°C. 

The mechanism f o r the thermal rearrangement of 
bicyclopropenyls was i n i t i a l l y thought to i n v o l v e prisraane 
intermediates, since t e t r a s u b s t i t u t e d bicyclopropenyl 
(122) gave two benzenes, on he a t i n g , which could be formed 
from a prisraane intermediate (12^)P^ (See over) 

However the same p r o p o r t i o n of products were obtained 
when the r e a c t i o n was Ag 1 catalysed, and i t had been 
demonstrated th a t these reactions only involved para-
bonded i n t e r m e d i a t e s . ^ Rearrangement of pe n t a s u b s t i t u t e d 
bicyclopropenyl (12J+), i n b o i l i n g CK 2C1 2, gave a mixture 
of two benzenes and one para-bonded species (125)« which 
was shown to rearrange to benzene d e r i v a t i v e (126), on 
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Ph 

Ph 

(122) 

Ph A 

Ph 

(123) 

Ph 

P h r r ^ ^ 

Ph 

Ph 

\ 

h e a t i n g , so the i d e n t i f i c a t i o n of (l£5J i n d i c a t e d t h a t 
thermal rearomatipation of bicyclopropenyls proceeded v i a 

Phi 

Ph 

<Ph 
A 

Me Boiling 

Ph 

P h r f ^ ^ M e Ph 

Me 

C H 2 C I 2 Ph 
+ 

Ph 
Ph 

Ph 

Me 

Ph 

Ph 

(124) 
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Dewar benzene intermediates. Other workers have detected 
intermediate Dewar benzenes, i n t h i s rearrangement, by the 
use of chemiluminescence.^ I t was found t h a t of the 
isomers benzvalene, prismane, and Dewar benzene only 
Dewar benzene was capable of g i v i n g i n d i r e c t chemi-
luminescence. The chemiluminescence detected from thermal 
rea r o m a t i s a t i o n of (127) was consis t e n t w i t h formation of 
an intermediate Jewar benzene d e r i v a t i v e . 

Me Me 
Me 

Me 
(127) 

I t has been suggested that the rearrangement mechanism 

in v o l v e d r i n g opening, to give d i r a d i c a l s , f o l l o w e d by 
r i n g expansion and then r i n g closure to give the Dewar 
benzene intermediates which themselves r i n g open t o give 
the benzene derivative.^° (See over) 

Formation of Dewar benzene d e r i v a t i v e s from b i c y c l o -
propenyls has been demonstrated to be Ag~ catalysed. Both 
(129) and (HO) have been i d e n t i f i e d as products from the 
Ag catalysed rearrangement of (128). 

Me 

Me 

A g C i o ^ 

CDCI3 

-20°C 

Me Me 

(129) 7-5% (130) 2-5% 

(128) 
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Me M H H H Me 

Ref:80 
Me 

(128) 

Me Me v > V > + Me 

H 
Me 

Me 

Me Me 

Me 

Mechanism Proposed f o r B i c v c l o p r o p e n v l 
T hermal R e a r o m a t l s a t l o n 

Bicyclopropenyls have been shown to undergo both 
thermal and photochemical Cope rearrangements. Dimethyl-
bicyclopropenyl (127) gave a mixture of stereoisomers of 

8 l 
(128) i n a flow p y r o l y s i s system, and on s t a t i c p y r o l y s i s 
gave a mixture c o n t a i n i n g a l l three xylenes, of which the 
formation of the ortho and para isomers could be explained 

fin 
by the mechanism proposed by Bergman et a l , but the meta 
isomer could only have been formed from (128). Tt was also 
shown that meta- and para-xylene were formed on p y r o l y s i s 
of (128). 
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i 

Flow 
system 

meso 

Me Me Me 

+ 4-
Mo 

Me 

< (127) 

128 

Photochemical rearrangement of bicyclopropenyls to 

benzenes was i n i t i a l l y thought to Involve prismane i n t e r 
mediates, but there was no conceivable prismane intermediate 
which could account f o r the photochemical rearrangement of 
l-methyl-2,2 1 ,3,3*-tetraphenylbicyclopropenyl ( H I ) to 

82 
benzene d e r i v a t i v e s (H2) and (133)• I t was also shown 
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t h a t b icyclopropenyl d e r i v a t i v e (131) underwent a photo
chemical Cope rearrangement, which was r e v e r s i b l e on 

Ph Me 

Ph 
(131) 

Ph y 

ph ^ 

Ph 

Ph 

Ph 
(132) 

Ph Ph Ph 

Me Ph 

Ph + Ph 

Ph 

Ph 
(133) 

Me 

+ (131) ¥ (132) 

Me Ph 

heating.®3 j \ s a r e s u l t of these f i n d i n g s the exact mechanism 
by which photochemical rearomatisation of bicyclopropenyl 
(131) occurred was not f u l l y understood. 

1.11 Ring Transpositions: a Suggested Notation 
I t has been suggested t h a t t r a n s p o s i t i o n s i n s i x -

membered rin g s could be anrlysed i n terms of a set of 
twelve permutation patterns ( F i g . 5 ) ^ * r a t h e r than specu
l a t i o n on valence isomer intermediates. Jn the proposed 
n o t a t i o n the outer hexagon represents i n i t i a l r i n g 
connections, whereas the i n t e r n a l p a t t e r n shows connections 
i n the product e.g. A r i n g t r a n s f o r m a t i o n which involved a 
benzvalene intermediate would fce represented by (see o v e r ) . 
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1 

12 10 1 

FIG. 5 

1 1 6 
S i m i l a r l y i t can be shown t h a t transformations which 

i n v o l v e prismane intermediates (Section 1 . 5 ( i i i ) ) a r e Pi+ 
types, whereas rearrangements which proceed v i a rearrange 
ment of para-bonded species would be Pg types (see o v e r ) . 
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4 

1 

5 

1.12 2 TVdiazabicvclo[2.2.Q]hexa-2.5-diene ( l V t ) 
Photolysis of pyridazines has been shown to produce 

1,2-diazapara-bonded isomers, i n some f l u o r i n a t e d systems, 
but not the 2,3-diaza isomer. However (H 1*) has been sugg
ested to be an unstable intermediate, formed on m i l d 

85 
o x i d a t i o n of ( H 5 ) . which r e a d i l y loses n i t r o g e n to give 
butadiene. 

72 

H 
aq. sodium 

H h y p o c h l o r i t e 

(135) (134) 4" N-
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CHAPTER 2 

The Synthesis of P o l v f l u o r o a l k y l p y r i d i n e s 

2.1 I n t r o d u c t i o n 
I n t h i s chapter the preparation of the p e r f l u o r o a l k y l 

p y r i d i n e s which are photolysed, i n t h i s work, are described 

2.2 P e n t a f l u o r o p y r i d i n e 

P e n t a f l u o r o p y r i d i n e (136) was prepared, by t e c h n i c a l 
s t a f f , by halogen exchange between pentachloropyridine and 
KF,using a method described i n the literature.®*3 

CI F 

CI 

CI 

C l KF A80°C F 

Cl 17 hours 

(136) 

F 

F 
66% 

2.3 P e r f l u o r o p o l y i s o p r o p y l p y r l d l n e s 
A l k y l a t i o n r e a c t i o n s between p e n t a f l u o r o p y r i d i n e (1^6) 

and hexafluoropropene, i n the presence of f l u o r i d e i o n , 
were c a r r i e d out using an atmospheric pressure s t a t i c gas 
system, developed at these l a b o r a t o r i e s by previous workers 

P e n t a f l u o r o p y r i d i n e ( H b ) undergoes n u c l e o p h i l i c sub
s t i t u t i o n by the h e p t a f l u o r o - i s p r o p y l anion generated from 
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hexafluoropropene and f l u o r i d e i o n . This type of r e a c t i o n 
i s complementary to the F r i e d e l - C r a f t s r e a c t i o n , i n hydro
carbon chemistry. 

F"+F2C=C » CF^-C- -^^CFo-C-Ar +F" 
^rK 

H++H2C=C » CHy£- ——»CH^-C-Ar +H + 

Reactions between (1^6), an excess of hexafluoropropene 
i n sulpholan, i n the presence of KF, gave a good y i e l d of 
perf l u o r o - 2 , 1 * , 5 - t r i - i s o p r o p y l p y r i d i n e (l~\7) ? c o n t a i n i n g some 
of the 2,^,6 isomer ( H 8 ) . 

F CF(CF 3 ) 2 CF(CF 3 ) 2 

F A F ^ ^ n F . F ^ F 
F 80°C 

2Ahrs F \ N ^ C F ( C F 3 ) 2 (CF 3 ) 2 CF X N^CF(CF 3 ) 2 

(136) (137) Ca.60% (138) Ca. 9°/c 0 

P e r f l u o r o - 2 , 1 * , 6 - t r i - i s o p r o p y l p y r i d i n e ( H 8 ) was formed 
i n greater y i e l d by heating a mixture c o n t a i n i n g ( H 7 ) . and 
some ( H 8 ) f at 170°C, i n sulpholan, i n the presence of CsF 
as c a t a l y s t . ^ The inter m o l e c u l a r r e a c t i o n which takes 
place at t h i s temperature r e s u l t s i n formation of the more 
thermodynamically s t a b l e of the t r i - i s o p r o p y l d e r i v a t i v e s , 
i . e . (138J, as i n i t i a l formation of ( H 7 ) was as a r e s u l t 
of k i n e t i c c o n t r o l , which i n d i c a t e d that the 5 p o s i t i o n 
was wore susceptible to attack by C^Fj'> i n t h i s system. 

P e r f l u o r o - 2 , 5 - d i - i s o p r o p y l p y r i d i n e (1^.9) was also 

obtained from ( H 7 ) by heating w i t h p e n t a f l u o r o p y r i d i n e 
(136), i n sulpholan, at l65°C i n the presence of CsF. 
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( C F J X F r ^ ^ 
CF(CF 3J 2 

(CF 3 ) 2 

CF CF(CF 3 ) 2 

3'2 

F ^ N ^ C F ( C F Q ) 

(137) 

CF(CF 3) 2 

F r ^ i F 

V2 
F ^ N / ^ ^ N ^ C F ( C F 3 ) 2 

C F | C F 3 ) 2 

CF(CF 3 ) 2 

(CF 3 , 2CF 

CF(CFoU 

F ^ F 

( C F 3 ) 2 C F k v N ^ l C F ( C F 3 ) 2 

(138) 

(CF 3 ) 2 CF 

F ^ k N ^ C F ( C F 3 ) 2 

(CF 3 ) 2 CF 

At t h i s temperature an e q u i l i b r i u m war set up between 
(122), (122) *nd (CF-^CF - anion, which was displaced hy 
f u r t h e r r e a c t i o n of CCF^gCF" w i t h (136) to forn. p e r f l u o r o -
^ - i s o p r o p y l p y r i d i n e (IhQ) 

C 3 F 7 

F 7C 7 U 3 r ^ % F F r ^ F + 
CsF 

165°C F„C 
F k N ^ C 3 F 7 F ^ M ^ J F sulpholan 

17hrs 

7^3 

(137) 

Rat io 1 

(136) 

1-2 

r ^ F 
| + (136) 

F ^ N ^ C 3 F 7 
(139) 

C 3 F 7 C 3 F 7 

+ F r T ^ 
F k N ^ C 3 F 7 F k ^ F 
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^ 3 F 7 

F _L_^C3F7 

C3F? 

C 3 F 7 

F k v N ^ C 3 F 7
 F V ^ C 3 F ? 

F + C 3 F 7~ 

H^SF 

This d i f f e r e d from the reported synthesis of ( H 9 ) 
i n t h a t p e n t a f l u o r o p y r i d i n e (136) was used instead of 
p e r f l u o r o q u i n o l i n e , as a t r a p f o r (CF^gCF" anion. 

88 

2 A Reactions of Pentaf l u o r o p y r i d i n e ( H 6 ) 
and P o l y t e t r a f l u o r o e t h y l e n e 

Depending upon the conditions used the p y r o l y s i s of 
P.T.F.E. and ( H 6 ; gave e i t h e r p e r f l u o r o - 3 , 5 - d i m e t h y l p y r i d i n e 
(1^2) or perfluoro-3-methylpyridine ( I V } ) , as major pro-
d u c t s . 8 ? ' 8 ? ' * 0 

N 

+ ( U 3 ) Trace 

( U 2 ) 58% 

F ^ CF-
NT 

( U 3 ) 40% 

CF-

N 
( 1 U ) 4% 

+ (U2) 
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Under the con d i t i o n s at which (l*+3) was the major 
component of the products ca.k% of perfluoro-U-methylpyridine 
(Ikk) was detected, by ^Fn.a,.r. and i d e n t i f i e d by comparison 
w i t h l i t e r a t u r e ^Kn.m.r. d a t a , ^ 1 but no perfluoro-2-methyl-
p y r i d i n e (li+5>) wflS observed. Previous rep o r t s of t h i s 
r e a c t i o n have been c o n f l i c t i n g i n t h a t some workers detected 
a l l of the possible p e r f l u o r o m e t h y l p y r i d i n e s ( IU3), ( l ¥ 0 

and (l]+£)89, whereas others only detected ( l M ) fit 

I t was suggested that t h i s r e a c t i o n involved a d d i t i o n 
of d i f l u o r o c a r b e n e to p e n t a f l u o r o p y r i d i n e ( H 6 ) ^ since 
p o l y t e t r a f l u o r o e t h y l e n e was a convenient source of d i -
fluorocarbene at the r e a c t i o n temperature (500°C). However 
the suggested mechanism, v i a an intermediate ( l h 6 ) , could 
not account f o r the formation of (lMO . 
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The formation of both (Hi3) and ( l l t l t ) could occur v i a 
an analogous mechanism which involves (l*+7) as an i n t e r 
mediate and under c e r t a i n c o n d i t i o n s both routes could 
occur simultaneously to give (11+3) as the major product, 
w i t h ( ] M ) and (11+5.) also formed. 

2.5 Reactions between Perfluoro-3.5-dimethylpyrldlne (l*+2) 
and Hexafluoropropene i n the Presence of F l u o r i d e I o n 

Nucleophilic s u b s t i t u t i o n of perfluoro-3j5-dimethyl-
p y r i d i n e (l*+2) w i t h h e p t a f l u o r o - i s o p r o p y l anion has been 
reported to y i e l d perf luoro-2, l+,6-t;ri-isoprop.vl-3> 5-dimethyl-
p y r i d i n e (l*+8) and perfluoro-2,6-di-lsopropyl-3,5-dimethyl-

87 
p y r i d i n e (11+2), however t h i s r e a c t i o n was repeated on 
numerous occasions i n an attempt t o i s o l a t e samples of (l*+8). 
but only a few of these gave small samples of (l*+8), although 
good y i e l d s of (l*+9) were obtained from these r e a c t i o n s . 

F 3 C r ^ f F 3 C 3 F 6 C F , ^ ^ C F 

N 
^ F K F 

3 + 
CF(CF 3) 2 

120°C (CFg^CF^N^CFlCF^ (CF^CF Nr CFfCF^ 
(U2J s u l P h o l a n (ug) 7 0 % (U8) 6% 

The reason f o r the f a i l u r e to i s o l a t e (l*+8) from most 
attempted reactions i s not understood but the reported 
y i e l d i s low (6%Q?) which i s an i n d i c a t i o n of the d i f f i c u l t y 

of i n s e r t i o n of the t h i r d h e p t a f l u o r o - i s o p r o p y l group at 
p o s i t i o n k i n the p y r i d i n e . The r e a c t i o n c o n d i t i o n s were 
v a r i e d i n an attempt to i s o l a t e (1U8) but other c o n d i t i o n s 
also gave unsuccessful r e a c t i o n s . 
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Reaction between hexafluoropropene and (1W2) i n the 
molar r a t i o 2:1, using CsF as the f l u o r i d e ion source, 
gave a mixture containing (1^9) and p e r f l u o r o - 2 - i s o p r o p y l -
3,5-dimethylpyridine (190). 

1 su lpholan 
80°C, 2hrs 

C F 3 + 

f r k \ N ^ , C F ( C F 3 ) 2 

( U 9 ) 
68% 

( U 2 ) (150) U % 

The s t r u c t u r e of (150) was r e a d i l y confirmed by ^ F 
n.u..r. as signals due to f l u o r i n e at po s i t i o n s C-h and 
C-6 were observed at 88.0 and 55-5 p.p.m. ( U p f i e l d of 
CFCl-j) and mass spectrometry i n d i c a t e d a mono-isopropyl 
s u b s t i t u t e d d e r i v a t i v e . A la r g e through spaoe coupling 
(50Hz) was observed between the t e r t i a r y f l u o r i n e , of 
C^Fr;, and the adjacent r i n g CF^ s u b s t i t u e n t , compared to 
a coupling of only 3Hz between the t r i f l u o r o m e t h y l of 
C^Fy group and r i n g C F V This would appear to i n d i c a t e 

t h a t the average conformation 
adopted by C^Fy i s tihat shown 
w i t h the CF^ groups f l a n k i n g 
r i n g n i t r o g e n . The various 
couplings, i n (150). are shown 
(couplings are i n Hz) . The ^ F 
n.c.r. spectra of s u b s t i t u t e d 

p y r i d i n e s (132)> (1^8) and (lifO) have i n d i c a t e d t h a t 
p e r f l u o r o - i s o p r o p y l s u b s t i t u t e d at p o s i t i o n s C-2 and C-6 

CF3 CF 3 
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adopt conformations w i t h the CF3 groups f l a n k i n g r i n g 
nitrogen,^2 flncj t h i s f e a t u r e occurs i n other p y r i d i n e 
d e r i v a t i v e s . (Discussed l a t e r ) . 

Compounds ( l h Q ) , (1*4-9) and (150) were a l l used i n 
phot o l y s i s experiments. 

2.6 Nucleophilic S u b s t i t u t i o n of Perfluoro-|-met'hylpyrldlne 
(l*+3) by Heptaf l u o r o - l s o p r o p y l Anion 

Nucl e o p h i l i c s u b s t i t u t i o n on perfluoro-3-methylpyridine 
( i V j y , using hexafluoropropene and potassium f l u o r i d e i n 
sulpholan, gave good y i e l d s of p e r f l u o r o - 2 , l + , 6 - t r i - i s o p r o p y l -
3-methylpyridine (151) and perfluoro- 1+,6-di-isopropyl-3-
methylpyridine (152) which were i d e n t i f i e d by comparison of 
data w i t h t h a t from authentic samples, which have been pre
pared i n an analogous manner.®? 

F CF(CF 3 ) 2 CF(CF3)2 

F r ^ C F . C .F f i KF
 F f ^ l C F 3 F f ^ ] C F 3 — > I J + i J 

F \ N ^ F s u l P h o l a n (CF 3 ) 2 CF^N/CF(CF 3 ) 2 ( C F ^ c r ^ F 

( U 3 ) (151) (152) 

Both (151) and (152) were used i n l a t e r p h o t o l y s i s 
experiments. 

2.7 rteflCUpn between PernuQro-2|6-^-^89PrpPYA-^,9-
d l m e t h v l p v r i d i n e ( l W and Tetr a f luoroethvlene 
i n the Presence of Flu o r i d e Ion 

Formation of p e n t a f l u o r o e t h y l anion from t e t r a f l u o r o -
ethylene and f l u o r i d e i o n may be achieved by the use of a 
f l u o r i d e i o n i n an a p r o t i c s o l v e n t . I t ha«? been shown 
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tha t caesium f l u o r i d e i n tetraglyme was most e f f e c t i v e i n 
generation of p e n t a f l u o r o e t h y l anion and subsequent 
n u c l e o p h i l i c a t t a c k by the anion. These c o n d i t i o n s were 
used to e f f e c t s u b s t i t u t i o n i n the vacant p o s i t i o n h i n 

(lit2), by the san.e method reported, to give perf luoro- 1*-
ethyl-2,6-di-isopropyl-3,5-dimethylpyridine ( 1 5 3 ) f i 7 

C F 3 

(CF 3 ) 2 CF 

F C 2 F 5 
C F 3 ^2Fl* Csr- CF 3 

CF(CF 3 ) 2 TGtraglyme' (CF 3 LCF 
80°C Ahrs 

CF 3 

CF(CF3)2 

" N " 80"C Ahrs 

( U 9 ) (153) 36% 

The y i e l d of (153) was v a r i a b l e and an attempt to 
scale up the preparation from the scale reported i n the 
l i t e r a t u r e r e s u l t e d i n an o v e r a l l lower y i e l d of (153). 
However the c o n s i s t e n t preparation of (153) r e f l e c t s on 
the r e l a t i v e ease of i n t r o d u c t i o n of p e n t a f l u o r o e t h y l i n t o 
p o s i t i o n V, i n ( 1 ^ 9 ) . as compared to the b u l k i e r , and less 
^reactive h e p t a f l u o r o - i s o p r o p y l anion. 

2.8 Reaction between Perfluoro-3,5-dlmethylpyridlne (lM-2) 
and P e n t a f l u o r o e t h y l Anion 

An attempt, to introduce C2F5 l a b e l i n t o ( I k ? ) using 
caesium f l u o r i d e and t e t r a f l u o r o e t h y l e n e , i n tetraglyme 
solvent, gave a small y i e l d of a mixture of i n v o l a t i l e 

components of high molecular weight and s i m i l a r g . l . c . 
r e t e n t i o n times, so t h a t separation of the components could 
not be achieved. Some reactions of p e n t a f l u o r o e t h y l anion 
have led to poor y i e l d s of products and production of high 
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molecular weight o i l s , and i t has been suggested t h a t these 
o i l s are formed by some process which couples p e r f l u o r o -
a l k y l a t e d rings,^3 possibly due to e l e c t r o n t r a n s f e r from 
the p e n t a f l u o r o e t h y l anion to the p y r i d i n e r i n g . This 
r e a c t i o n was accompanied by a deep red c o l o u r a t i o n i n the 
r e a c t i o n m i x t u r e , so i t i s suggested that i n t r o d u c t i o n of 
t r i f l u o r o m e t h y l groups i n t o p e n t a f l u o r o p y r i d i n e to form 
(1^2) has the e f f e c t of making the system a b e t t e r e l e c t r o n 
acceptor than pentaf l u o r o p y r i d i n e (H6). 



- 76 -

The Photochemistry of some P e r f l u o r o a l k v l Pyridines 

3.1 I n t r o d u c t i o n 

The aim behind t h i s work i s an i n v e s t i g a t i o n of photo
chemical rearrangements i n the p y r i d i n e system. Many 
rearrangements of l a b e l l e d benzenes are recorded i n the 
l i t e r a t u r e but much less i s known about rearrangement of 
h e t e r o c y c l i c systems. However some ph o t o l y s i s of p y r i d i n e 
d e r i v a t i v e s has been c a r r i e d out, by e a r l i e r workers i n 
t h i s f i e l d . 

L u t i d i n e s and p l c o l l n e s have been shown t o rearrange 
on p h o t o l y s i s 1 * 1 »**2 and 2-azabicyclo[2.2.0]hexa-2,5-diene 
(51) was obtained as an unstable species from the p h o t o l y s i s 
of p y r i d i n e . ^ (Section 1.8(D). Rearrangement of a 
h i g h l y l a b e l l e d p e n t a - a l k y l p y r i d i n e (H) was observed by 
Bergen and Kellogg 1*^ although no intermediates were detected 
i n t h i s rearrangement. Other workers have obtained valence 
bond isomers from f l u o r i n a t e d p y r i d i n e s ^ ? a n d p y r a z i n e s ^ 
(see Chapter 1 ) . 

I n t h i s work a series of p b l y f l u o r o s l k y l p y r i d i n e s , 
i n c l u d i n g d i - , t r i - , t e t r a - and p e n t a - a l k y l s u b s t i t u t e d 
p y r i d i n e s , were i r r a d i a t e d . The main requirement f o r the 
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study of r i n g rearrangements i s the use of systems which 
contai n a high degree of s u b s t i t u e n t l a b e l l i n g : i n t h i s 
study p e r f l u o r o a l k y l groups have been used as passive 
l a b e l l i n g s u b s t i t u e n t s , and pyr i d i n e s c o n t a i n i n g up to four 
d i f f e r e n t l abels ( i n c l u d i n g r i n g N) have been i r r a d i a t e d . 
The preparation of these pyridines i s contained i n Chapter 
2. The f o l l o w i n g contains a discussion of these i r r a d i a t i o n s . 

3.2 The Photochemistry of P e r f l u o r o p e n t a - a l k v l p v r l d i n e s 

3.2(i)A. I r r a d i a t i o n of Perfluoro-U-ethvl-2 f6-dl-
l s o p r o p y l - ^ , 5 - d l m e t h y l p y r i d l n e (153) 

Compound (15"3) contains no fewer than f o u r d i f f e r e n t 
l a b e l l i n g groups on the r i n g so amply s a t i s f i e d the c r i t e r i a 
r e q u i r e d f o r 'the study of rearrangement i n p y r i d i n e s . 
I r r a d i a t i o n of (153) was c a r r i e d out at both 253«7nm and 
ca.300nm. 

At 253.7nm a f t e r i r r a d i a t i o n of a s o l u t i o n of (15*0 i n 
CF2CICPCI2, f o r ca.200 hours, g . l . c . analysis showed d i s 
appearance of s t a r t i n g m a t e r i a l (153) and formation of one 
new component. A f t e r d i s t i l l a t i o n , t o remove sol v e n t , and 
preparative g . l . c . a colourless l i q u i d was i s o l a t e d . The 
U.V. spectrum of the l i q u i d showed only end absorption 
( A max ca.2l2nm. 6^300) and the i n f r a - r e d spectrum i n d i c a t e d 
the absence of C=C and C=N i n the molecule. The n.m.r. 
spectrum i n d i c a t e d t h a t a mixture of two compounds had been 
obtained whereas U.V. and i . r . data r u l e d out azabicyclo-
[2.2.0]hexadiene, azabenzvalene and p y r i d i n e s t r u c t u r e s , so 
th a t the compounds were i d e n t i f i e d as having azaprismane 
s t r u c t u r e s . 
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2537nm 
C F 3 [ ^ ] C F 3 2QQhrs > 2 A z a p r i s m a n e s 

( C F 3 ) 2 C f L ^ ^ C F ( C F 3 ) 2

C F 2 C l C F C I 2 (50:50 mixture) 

(153) 
Ca. A0°C 

The s t r u c t u r e of the azaprismanes i n the mixture could 
19 

not be deduced from the F n.ui.r. spectrum alone, although 
the data appeared to i n d i c a t e the presence of one symmetrical 
isomer, and i n t e g r a t i o n of the signa l s i n d i c a t e d t h a t the 
two components were present i n equal p r o p o r t i o n s . The 
presence of a mixture of isomers was confirmed by c a r e f u l 
d i s t i l l a t i o n of the mixture; a small q u a n t i t y of d i s 
t i l l a t e was obtained t h a t was enriched by ca....lÔ  of the 
unsymmetrical isomer (as shown by ^ F n.m.r.). The aza
prismanes were i d e n t i f i e d from t h e i r p y r o l y s i s products. 
(See l a t e r . ) . 

At ÔOnm i r r a d i a t i o n of a s o l u t i o n of (153) i n 
CF2CICFCI2 gave a mixture containing f o u r components, a f t e r 
ca.21* hours, i n which the most v o l a t i l e complement was 
i d e n t i f i e d as perfluoro- 1+-ethyl-2,6-di-isopropyl-3,5-
dimethyl-l-azabicyclo[2.2.C]hexa-2,5-diene H5h) from 

19 
i n f r a - r e d and F rwn.r. spectra. 

The other components i n the mixture were i d e n t i f i e d as 
s t a r t i n g m a t e r i a l (15*0 and the same mixture of szaprismanes 
as from the 25l+nii. i r r a d i a t i o n of (152). 
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fitter p y r e * 

\ 

CF CF 3 71°/ 
N 

CF(CFo) C F o U C F 
154) 

C F 3 | ^ C F 3 

+ (153) 
4- 2 A z a p r i s m a n e s 

( C F 3 ) 2 C F S ^ N X C F ( C F 3 ) 2 
C F 

CF CFn) 

CF 
CF(CFo) 

ED 
( 155) 

NOT 
D E T E C T E D 

Only one para-bonded species ( w a s i s o l a t e d which 
showed a s i n g l e absorption i n i t s i n f r a - r e d spectrum i n the 
region expected f o r C=C, at 1693cm"1 (Cf. 1691cm"1 i n ( H I ) 6 7 ) 
The u l t r a v i o l e t spectrum showed an absorption at 2l8nm 
( l o g £ max 3.36). (Appendix 3 contains f u l l d e t a i l s of u.v. 
spectra from azaprismanes, azapera-bonded species and 
py r i d i n e s . ) 

The symmetry of the 1 ^ f n.m.r. spectrum of (15k) con-
19 

fi r m e d i t s s t r u c t u r e . The 7 n.M. showed resonances at 
6 k . 5 p . v . m . (2 x CF3, i n t e n s i t y 6 ) , 8U-.5p.p.m. (CF2CP3., 
i n t e n s i t y 3), 118.2 p.p.m. (CF2CF3, i n t e n s i t y 2) and 188.2 
p.p.m. (2 x C£(CF3)2, i n t e n s i t y 2 ) . This spectrum r u l e d 
out the p o s s i b i l i t y of azabenzvalene formation as signals 
observed from both CF3 and t e r t i a r y f l u o r i n e i n d i c a t e d a 
high degree of symmetry i n the molecule. However one 
i n t e r e s t i n g f e a t u r e i n the n.m.r. spectrum of (15*0 was the 
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non-equivalence of geminal CF^ groups on C3F7, which gave 
two broad s i n g l e t s at 77^1 and 78.6 p.p.m. A possible 

explanation of the non-

C F 2 C F 3 

CF CF CF- CF 

(154) 

equivalence of the 
geminal CF^ groups i s t h a t 
due t o the crowded nature 
of the molecule r o t a t i o n 
of the C^F^ group only 
occurs slowly on the n.m.r. 
time-scale so on average 

each CF^ group i s i n a d i f f e r e n t magnetic environment so 
would have d i f f e r e n t chemical s h i f t s . The 

19 F n.m.r. spectrum 
of (15k) was run at a high temperature, 150°C, but no 
change i n the spectrum was observed. 

I n t h i s p h o t o l y s i s the 2-azabicyclo[2.2.0]hexadiene 
d e r i v a t i v e (155) was not detected. This r e s u l t i s i n 
agreement w i t h the i r r a d i a t i o n of p e r f l u o r o p e n t a e t h y l p y r i d i n e 
(109) from which the 1-azapara-bonded d e r i v a t i v e (111) was 
i s o l a t e d . ^ A possible reason f o r these r e s u l t s i s tha t 
less s t e r i c i n t e r a c t i o n s occur between bulky p e r f l u o r o a l k y l 
groups i n (15J±) than (155) f since (15*f) only contains three 
s u b s t i t u e n t s i n each f o u r membered r i n g whereas (155) con
t a i n s f o u r groups i n one fou r membered r i n g and three i n 
the other. 
3 . 2 . ( i ) B . P v r o l v s l s of Azaprismane Mixture 

As mentioned previously the s t r u c t u r e of the azaprismane 
mixture, obtained from p h o t o l y s i s of (15"0 at both 251* and 
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300nm. could not be deduced d i r e c t l y from n.m.r. data. 
P y r o l y s i s of t h i s azaprismane mixture gave three isomeric 
p y r i d i n e s , as 3*+%, h8% and 12.5% obtained from a 50:50 
mixture of azaprismanes. These were separable by g . l . c . 
and were i d e n t i f i e d as p e r f l u o r o - 2 - e t h y l - 3 , 6 - d i - i s o p r o p y l -
k,5-dimethylpyridine (156). p e r f l u o r o - 2 - e t h y l - 5 , 6 - d i -
isopropyl-3, l+-diiuethylpyridine (15?) and pe r f l u o r o - 3 -
ethyl-2,6-di-isopropyl- l+,5-dimethylpyridine (158). 

48 

CF-, F CF 3 \ 

r 3 CF 3 50 23 23 - > \ , F N 
/ / / 3-2V / 

CFo CF C F CFo C F 

(156) J values in Hz (157) 

The n.m.r. spectra of these isomeric pyridines con
t a i n e d some i n t e r e s t i n g features which enabled t h e i r 
s t r u c t u r e s to be deduced. 

I n the ̂ F n.m.r. spectrum of (156) sharp signals of 
r e l a t i v e i n t e n s i t i e s 6 and 3 were observed i n the CF^ 
re g i o n , at 72.h and 78.8 p.p.m.(upfield of CFCl^) which 
were assigned to CFCCP^.^ and CF^F^. The lack of 
coupling on these signals i n d i c a t e d t h a t i n (156) t h a t 
the s u b s t i t u e n t groups adjacent to n i t r o g e n were C2Fej and 
C3F7 w i t h the CF^ groups flanked around r i n g n i t r o g e n . ^ 2 

The methylene f l u o r i n e s , of C2F5, appeared as a septet which 
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was due t o through space coupling w i t h an adjacent C 3 F 7 , 

t h e r e f o r e s u b s t i t u t e d at C-3, and i n the o r i e n t a t i o n shown 
above. The only s t r u c t u r e which f i t s the data i s (156), 
which was confirmed by the presence of through space 
coupling between and adjacent C F 3 groups. Further 

c o n f i r m a t i o n of t h i s s t r u c t u r e was obtained from chemical 
s h i f t data and w i l l be discussed l a t e r . 

The second isomeric p y r i d i n e showed uncoupled signals 
i n the CP^ r e g i o n , i n the ^ F n.m.r., assigned to C F 2 C F 3 

and CF(CF^) 2 which once again i n d i c a t e d t h a t the s u b s t i t 
uents adjacent to r i n g n i t r o g e n were C3F7 and CgFj. The 
CF2CF3 s i g n a l appeared as a qu a r t e t (J=23Hz) due to 
through space coupling w i t h pn adjacent CF^ group, hence 
at C-3, whereas t e r t i a r y f l u o r i n e s i g n a l s had septet and 
quartet f i n e s t r u c t u r e . These data lead to the s t r u c t u r e 
(157) w i t h o r i e n t a t i o n and coupling constants as above. 

)100/37 

/ \ 
CF3CF3 CF3CF3 

3^B= ca . 300Hz 

7 values in Hz 

19 

( 156) 

The t h i r d isomeric p y r i d i n e gave a more complicated 

F n.m.r. spectrum. A r e l a t i v e l y sharp s i g n a l ( i n t e g r a t i o n 
of 12) was observed i n the CF} region and was assigned to 
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2xCF(CF3) 2 w i t h both C3F7 groups adjacent to n i t r o g e n 
( a t C-2 and C-6), since i t has been established t h a t both 
C3F7 and C^Fg groups adjacent to n i t r o g e n give sharp sign a l s 
i n the ^ F n.m.r. The only s t r u c t u r e which f i t s these data 
i s (15Q) as only two isomeric p y r i d i n e s , c o n t a i n i n g the 
c o r r e c t l a b e l s , which have both C3F7 groups adjacent t o 
n i t r o g e n can be postulated, these are (15^) and (158), and 
i t was r e a d i l y established t h a t the symmetrical isomer (15^) 
had not been produced. The ^ F n.m.r. spectrum of (158) 
contained the i n t e r e s t i n g f e a t u r e of a locked C2Fc group 
which r e s u l t s i n non-equivalence of the methylene f l u o r i n e s 
to give an AB s i g n a l (J^pA30CH^) i n the n.m.r. spectrum. 

C F 

7®r 
F F F C F 3 C F 3 F 

(156a ) (158b) (158c) 

F I G . 6 

The a l t e r n a t i v e o r i e n t a t i o n s f o r the C^Fc group i n 

(158) are shown i n F i g . 6 , and of the three o r i e n t a t i o n s 
(158a) i s the one which occurs. This i s apparent from 
the coupling constants observed, ?s each of the methylene 

f l u o r i n e s couples w i t h only one of the adjacent p e r f l u o r o -

a l k y l groups whereas coupling of CF3 to both adjacent 
groups i s observed. The ^ F n.m.r. spectrum of (158) was 
un a l t e r e d when run at 150°C. 
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A s i m i l a r f e a t u r e , namely non-equivalent geminal 
CF_2CF^ f l u o r i n e s , was observed i n p e r f l u o r o p e n t a e t h y l -
p y r i d i n e (10? )67 and i n t h i s compound also J/y^ = ca.30CHz. 

3.2.(i)C. ] 9 F n.m.r. Spectra of P e n t a - a l k v l p v r l d l n e s ; 
Chemical S h i f t s 

As mentioned previously confirming evidence f o r the 
s t r u c t u r e s of p e r f l u o r o p e n t a - a l k y l p y r i d i n e s (1,56)-(158) 
was obtained from chemical s h i f t data. I n these compounds 

the p e r f l u o r o a l k y l s u b s t i t u e n t s are i n an e s s e n t i a l l y 
planar environment around the p y r i d i n e r i n g so as a r e s u l t 
large s t e r i c i n t e r a c t i o n s occur between adjacent p e r f l u o r o -
a l k y l s u b s t i t u e n t s . These i n t e r a c t i o n s probably r e s u l t i n 
d i s t o r t i o n of the a l k y l groups and i n a d d i t i o n repulsions 
between the e l e c t r o n clouds surrounding the f l u o r i n e 
n u c l e i r e s u l t e d i n the f l u o r i n e n u c l e i experiencing a 
c e r t a i n degree of d e s h i e l d i n g , an e f f e c t which showed i n 
the values of chemical s h i f t observed f o r these n u c l e i . 
The magnitude of t h i s e f f e c t depended upon the number of 
bulky b u t t r e s s i n g a l k y l groups. 

I t was also found that i n t e r a c t i o n between adjacent 
bulky p e r f l u o r o a l k y l groups r e s u l t e d i n each of the 
p y r i d i n e s (156)-(158) being shov/n to e x i s t i n one p r e f e r r e d 
conformation, at room temperature, w i t h other higher energy 
conformations not detected by 19}' n.ui.r. 

I n t e r a c t i o n between p e r f l u o r o a l k y l groups r e s u l t e d i n 
deshielding of f l u o r i n e atoms, so th a t the chemical s h i f t 
of these f l u o r i n e atoms was s h i f t e d downfield. This 
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downfield s h i f t was especially large f o r -CFJCF^. A 
compound which i l l u s t r a t e s t h i s point i s (lh8) i n which 
the chemical s h i f t s of t e r t i a r y fluorines are l 8 l . 3 ( 2 a ) , 

I8l.8(6a) and l*+3.6(Va) 
87 

p.p.m. so that the 
result of having two 
neighbouring a l k y l groups, 

3 

( H 8 ) 

. F 2a 

/ \ 
CF3CF3 

to CF(CF 3) 2 at C-k i s a 
net deshielding of ca.38 
p.p.m. r e l a t i v e t o 
f l u o r i n e s 2a and 6a. 

This e f f e c t occurs, to a lesser degree w i t h p e r f l u o r o -
pentaethyl p y r i d i n e (109) as the chemical s h i f t of CZ2 C F3 

C F 2 C F 3 

C F 3 C F 2 C F 2 C F 3 

C F 3 C F 2 k N ^ C F 2 C F 3 

(109) 

- C F 2 -
U) 82-8 

3 " ! {HI 
2&6) 107-5 

- C F 3 

70- 3 p.p.m. 

71- 1 p. p. m. 

79*5 p.p.m. 

Ref : 67 

a t C-W i s ca.25 p.p.m. downfield from the equivalent 
f l u o r i n e resonance at C-2. 

Chemical s h i f t data f o r compounds (156)-(158) gave 
a d d i t i o n a l c o n f i r m a t i o n f o r the s t r u c t u r e s . I n (156) 
sig n a l s assigned to CFCCF^ were observed at 179.9 and 
153.1 p.p.m. The former s i g n a l was a t t r i b u t e d t o C3F7 
w i t h one adjacent neighbour, i . e . s i n g l y buttressed so 
at p o s i t i o n C-2 or C-6, whereas the downfield s h i f t 
observed at 153*1 p.p.m. was assigned to a C3F7 sub-
s t i t u e n t w i t h two adjacent bulky groups i . e . s u b s t i t u t e d 
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at p o s i t i o n s C-3, C-k or C-5 i n the p y r i d i n e r i n g . The 
CP^CF^ resonance, observed at IO8.3 p.p.m. confirmed t h a t 
t h i s group was s u b s t i t u t e d at C-2 or C-6 as t h i s s h i f t 
corresponds to values f o r 8 s i n g l y buttressed group ( c f . 
107.5 p.p.m. i n (1P^)). 

Use of the same reasoning shows tha t i n (158) only 
one p e r f l u o r o i s o p r o p y l s u b s t i t u e n t i s adjacent to n i t r o g e n 
since (CF^^QF resonances were observed at 178.1 and 151-3 
p.p.m. which correspond to s i n g l y and doubly buttressed 
groups r e s p e c t i v e l y . I n a d d i t i o n c o n f i r m a t i o n that penta-
f l u o r o e t h y l was adjacent to n i t r o g e n was obtained as a 
chemical s h i f t of IO8.3 p.p.m. was observed f o r CF 2

C F3 
resonance i . e . a s i n g l y buttressed p o s i t i o n . 

I n (157) resonances from s i n g l y buttressed CF(CF3)2 
are found at 178.W and 179.6 p.p.m. i . e . adjacent to 
n i t r o g e n , whereas resonances f o r CF2CF3 were found as an 
AB s i g n a l at 80.6 and 90.1 p.p.m. ( J A E ±.300Hz) ; a s i m i l a r 
f e a t u r e was observed from C 2Fc at C-3 and C-5 i n (109)^?. 
I n a d d i t i o n the CF^CF^ resonance was also found s h i f t e d 
downfield, at 71*3 p.p.m. which provides f u r t h e r proof of 
s u b s t i t u t i o n of C2F<5 at C-3, C-k or C-5 and i s i n f u l l 
agreement w i t h s t r u c t u r e (157)• 

This e f f e c t i s not confined to p e r f l u o r o p e n t a - a l k y l -
p y r i d i n e s and can be also observed i n less h i g h l y s u b s t i t u t e d 

Q6 
p y r i d i n e s . 7 

I t has also been shown, i n a series of perfluoromethyl-
benzenes, that downfield chemical s h i f t s occur as a r e s u l t 
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of i n t e r a c t i o n s between adjacent t r i f l u o r o m e t h y l s u b s t i t u e n t s 
f o r two adjacent CF3 groups t h i s appears to be of the order 
of 3 p.p.m. whereas f o r a CF^ w i t h two neighbouring sub
s t i t u e n t s t h i s i s of the order of 3 p.p.m.̂ 1'' 

3.2.(i)D. P y r o l y s i s of Azaprlsmane Mixtures of 
Varying Composition 

As mentioned pr e v i o u s l y the three p y r i d i n e s (156), 
(157) and (158) were produced from p y r o l y s i s of a mixture 
of azaprismanes. Mixtures of vary i n g proportions of the 
azaprismanes were pyrolysed, the r a t i o of azaprismanes i n 
the mixture were estimated f r o i L ^b' n.m.r. and the r a t i o of 
pyri d i n e s (1^6), (15_7_) and (15.8) determined by g . l . c . The 
r e s u l t s obtained from some of these pyrolyses are tabu
l a t e d below. 

Composition of 
azaprismane mixture Y i e l d of p y r o l y s i s 

Products {%) 

(156) (157) (158) 

Conversion 
(%) Symmet

r i c a l 
isomer(50 

Unsym-
m e t r i c a l 
isomer(%) 

Y i e l d of p y r o l y s i s 
Products {%) 

(156) (157) (158) 

Conversion 
(%) 

50 50 3,h *+8 12.5 9̂ .5 
50 50 3h hS 13 95 
h5 55 38 hi 15.5 9h.5 
h2 58 ho ho 16 96 

These r e s u l t s show t h a t , w i t h i n experimental e r r o r , as 

the r a t i o of syuiinetricaliunsymmetricsl azaprismane decreases 
a corresponding decrease occurs i n the y i e l d of (157) which 
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demonstrates t h a t isomer (152) was produced on p y r o l y s i s 
of the symmetrical azaprismane, whereas both (156) and (158) 
were formed from the unsymmetrical isomer. 

The azaprismane s t r u c t u r e s were deduced on t h i s basis. 

3 . 2 . ( i ) E . Deduction of Azaprlsmane Structures 
I n theory i f rearomatisation proceeded v i a a mechanism 

which involved para-bonded species as intermediates then 
(156), (157) and (158) could each have been formed from one 
of three d i f f e r e n t azaprismanes, which are i l l u s t r a t e d i n 

Fi g . 7. I t i s also i l l u s t r a t e d i n F i g . 7 that there i s 
only one azaprismane which could rearomatise to give both 
(156) and (158) and tha t i s azaprismane (159). Of the three 

azaprismanes which could i n theory rearomatise to (157) 
only (160) i s symmetrical. I t was the r e f o r e deduced tha t 
p h o t o l y s i s of (15^) gives a mixture of azaprismanes (159) 

19 
and (l6c). Furthermore F n.m.r. data was consistent w i t h 
the formation of (152) and (160). 

C 2 F 5 
CoF. 

F 3 C CF< 254nm C F 3 F3Cj 
CF-

200hrs. 

(153) 

C 3 F 7 C 3 F 7 

(160) (159) 

C 2 F 5 

3 . 2 . ( i ) F . Rearomatisation of Azaprismanes (159) and (160) 
Rearomatisation of azaprismanes has been reported to 

proceed v i a benzvalene or para-bonded species as i n t e r 
mediates, however i n t h i s work no intermediates were 
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3 C 3 P 7 

3*~ 7 (159) ° 2 F 5 

3 ' (160) 3 7 

5 3 ^ 7 

C 3 F 7 

1156) 

CF-

C 3 F 7 

C 3 F 7 ^ C 2 F 5 

(157) 

CF-

C 2 F 5 
C F . 

C 3 F 7 V M ^ C 3 F 7 

(158) 

F I G . 7 
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detected i n the s t a t i c p y r o l y s i s of ? mixture c o n t a i n i n g 

(152) *nd (160_). 
The p y r o l y s i s was also c a r r i e d out 1n a flo w system, 

under high vacuum, i . e . short contact time, at 350°C, and 
the products c o l l e c t e d i n a l i q u i d a i r t r a p but t h i s also 
f a i l e d to give intermediates as products. 

The two possible rearomatisation mechanisms are now 
discussed. 

3 . 2 . ( i ) F . ( l ) Rearomatisation v i a Benzvalene Intermediates 
I n p r i n c i p l e rearrangement of azaprismanes to pyridines 

could occur v i a azabenzvalene intermediates. As previous 
r e s u l t s have shown t h a t (156) and (158) were obtained from 
the same azaprismane i t i s probable that i f rearrangement 

proceeded via azabenzvalene intermediates t h a t (156) and 
(15ft) would be formed from the fame azabenzvalene which 
would have s t r u c t u r e ( l 6 l ) . 

C F 3 / I V n ^ J l F3 
F 3 C r " ^ C ^ - 7 - r 3 ° r / ^ C 2 F 5 

F 7 C 3 k N ^ c 2 P 5 F 7 C ^ C 3 F 7 

(156) (161) (158) 

I n theory the intermediate benzvalene ( l 6 l ) could be 
formed from one of two azaprismanes by the -(2TTa+2<rs) 
mechanism, which has been suggested.^ This rearrangement 
i s shown ov e r l e a f . 
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(159) (161) 

F 7 C 3 

(160) (161 

However such a mechanism cannot account f o r the observed 
s p e c i f i c i t y as rearoraatisation of azaprismane (159) must 
give (161) e x c l u s i v e l y v i a i n i t i a l t w i s t i n g of the molecule 

i n the o r i e n t a t i o n shown. Other t w i s t i n g modes would lead 
to the formation of the wrong azabenzvalenes. I n a d d i t i o n 
the analogous rearrangement of (J.60), i l l u s t r a t e d above, 
would also r e s u l t i n formation of (l6l) so t h a t In theory 
i f these azaprismanes rearomatise v i a azabenzvalene i n t e r 
mediates then a percentage of p y r i d i n e d e r i v a t i v e s (156) 
and (JL58) would be formed from (l6p). This also i s incon
s i s t e n t w i t h experimental evidence which c l e a r l y i n d i c a t e s 
t h a t both (156) and (158) are formed s o l e l y from the 
unsymmetrical azaprismane (159) (see Section 3«2(i)D). 

A possible mechanism f o r formation of>(157) from 
(l6o) v i a a benzvalene intermediate can also be w r i t t e n . 
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F 3 C 

F 7 C 3 
(160) 

CF-

C 3 F 7 
(162) 

CF-

FoC CoF 3*7 FoC CF« 

F 5 C 2 \ N ^ C 3 F 7 

(163) 

F 5 C 2 V N ^ C 3 F 7 

(157) 

However the benzvalene (162) which would be the i n t e r 
mediate i n formation of (157) from (l6o) should renromatise 
by a second mechanism to form p y r i d i n e d e r i v a t i v e (16^). 
No presence of (l6"Q was observed i n the p y r o l y s i s studies 
undertaken. 

On the basis of the s p e c i f i c i t y of the p y r o l y s i s of 
azaprismanes (159) and (loO) i t i s suggested t h a t these 
azaprismanes do not rearomatise v i a a benzvalene mechanism 
since a more complex p y r i d i n e mixture would be obtained i f 
t h i s were the mechanism. The s i m p l i c i t y of the product 
mixture obtained i s i n c o n s i s t e n t w i t h an azabenzvalene 
rearomatisation mechanism. 

3.2.(i)F . (2) Rearomatisation v i a Para-bonded Intermediates 
A second possible rearomatisation mechanism could i n 

volve para-bonded species as intermediates. 
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Rearomatisation of (160) v i a intermediate para-bonded 
species could, i n theory, give two pyridines (153) and (157) 
whereas (\^9) could rearomatise to give three p y r i d i n e s 
(156), (153) and ( 1 6 ^ ) . 

3^7 C 3 F 7 

C 3 F 7 

( 160 ) 

C 3 F

7 \ N ^ C 2 F 5 

(157) 

C 2 F 5 
CF, 

C 3 F 7 \ N ^ J c 3 F 7 

(153) 

C F 3 A 

166 

C 3 F 7 

C 3 F 7 \ N ^ C 2 F 5 

(156) 

CF. 

CoF, 2 r 5 

3 F 7 l \ N ^ C 3 F 7 

(158) 

C 3 F 7 
C F 3 

C 3 F 7 l \ N ^ C 2 F 5 
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However the three products observed, i n t h i s p y r o l y s i s , 
were (156). (157) and (1^8) and t h i s was c o n s i s t e n t w i t h 
rearomatisation occurring s o l e l y v i a intermediate 2-azapara-
bonded isomers (16W), (165) and ( l 6 6 ) ; so i t i s suggested 
t h a t r e a r o m a t i s a t i o n of (159) and (160) proceeded v i a t h i s 
mechanism. These intermediates were however not detected 
i n the p y r o l y s i s of (15_9_) and (160). 

The conclusion t h a t r e a r o m a t i s a t i o n occurs v i a para-
bonded intermediates i s i n agreement w i t h observations of 
intermediates from thermal rearomatisation of pentakis-
(pentaf luoroethyDazaprismane (110). 

(CoF c 

l c 2 F 5 > 5 CFc 2' 5'5 A N 

N 111) 
N 

(110) 

( R E F : 6 7 
(157) 

The intermediate para-bonded isomer (111) was i s o l a t e d 
whereas (167) was detected by n.ro.r. but was found to be too 
unstable f o r i s o l a t i o n . The r e a r o u i a t i s a t i o n of (HO) was 

shown to proceed v i a both intermediate 1-̂ aza and 2-?aza-
para-bonded isomers whereas, i n t h i s work, no para-bonded 
isomers were detected on p y r o l y s i s of (159) or (160) and 

the r e a c t i o n was found to proceed e x c l u s i v e l y v i a the 
2-azapara-bonded isomer. This i s probably a r e s u l t of the 
easier cleavage of C-N, r a t h e r than C-C. 

0 
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3.2.(i)G. Mechanism f o r Formation of (l60) from (153) 
I n p r i n c i p l e i r r a d i a t i o n of a l a b e l l e d p y r i d i n e (168) 

cont a i n i n g the same s u b s t i t u t i o n p a t t e r n as (15^) should 
lead to the formation of two azaprismanes, one symmetrical 
(I69) i the other unsymmetrical (170) which could rearomatise, 
v i a para-bonded isomers, to three p y r i d i n e d e r i v a t i v e s 
( 1 7 1 ) - ( 1 7 ^ ) . i n a d d i t i o n to reforming the s t a r t i n g p y r i d i n e 
d e r i v a t i v e (168)(Scheme 2 ) . 

a 

c \ N > - a 

SCHEME 2 

Van Bergen and Kellogg have photolysed a p y r i d i n e 
d e r i v a t i v e which contained t h i s s u b s t i t u t i o n pattern 1*^ 
(a=CH(CH3) 2, b=COOC2H5, 0=^3) and i s o l a t e d d e r i v a t i v e s 
corresponding to (121), (122) and (121) (see Section 
1 . 8 ( 1 ) ) . However on comparison of s t r u c t u r e s of the 
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azaprismanes (159) and (160) w i t h the t h e o r e t i c a l patterns 
(169) and (1ZQ.) i n scheme 2 i t i s apparent th a t (l6o) 
contains the s u b s t i t u t i o n p a t t e r n depicted i n the symmetrical 
azaprisinane (169) but no such c o r r e l a t i o n e x i s t s between 
unsymmetrical azaprismane (1^9) w i t h the t h e o r e t i c a l p a t t e r n 
i n (170). This also occurs w i t h the rearomatised p y r i d i n e s 
i n which (157) contains the s u b s t i t u t i o n p a t t e r n as shown 
i n ( 1 7 1 ) T whereas the s u b s t i t u t i o n patterns i n (156) and 

(158) d i f f e r from (122) ^ (123), so the conclusion i s 
reached that p r i o r rearrangement has occurred before aza-
prismane d e r i v a t i v e (159) i s i s o l a t e d , from the p h o t o l y s i s 
of p y r i d i n e d e r i v a t i v e (15"Q T so now possible rearrangement 
mechanisms are discussed. 

3.2(i)H. The Formation of Azaprlsmane D e r i v a t i v e (159) 
from Photolysis of (15^) - Possible Mechanisms 

I n t r o d u c t i p n 
I n t h i s s e c t i o n possible mechanisms f o r formation of 

(159) from (15^)are discussed and evidence presented to 
j u s t i f y the choice of mechanism which i s suggested to occur. 

3 . 2 . ( i ) H ( l ) A One Stage Mechanism 
The p o s s i b i l i t y that-a one stage mechanism occurs must 

be considered. The formation of (159) from (15*0 would 
i n v o l v e the f o r m a t i o n of four new bonds i n the apparently 
random manner i l l u s t r a t e d to form a g r o s s l y d i s t o r t e d 
azaprismane. There i s no evidence to support such a one 
step rearrangement which would have to occur i n the 
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y C 3 F 7 ^ N 3 r 7 

C F 3 = C F 3 

C 3 F 7 C 3 F 7 

1159) 

s p e c i f i c o r i e n t a t i o n i l l u s t r a t e d only, to give the co r r e c t 

azaprismane (159). 

3.2.(i)H(2) Mechanisms which I n v o l v e Rearrangement of 
Para-bonded Isomers 

On comparison of the azaprisraanes (?.59) and (J.6p) 
formed from p h o t o l y s i s of (153) i t i s apparent t h a t the 
only d i f f e r e n c e i n l a b e l l i n g p a t t e r n i s the interchange 
of C 2F 5 and CF(CF 3) 2 i n going from t o (152) so t h a t 
possible mechanisms which transpose s u b s t i t u e n t s i n 

(160) (159) 

a = C 2 F 5 

b = C F 3 

c= C F ( C F 3 ) 2 

p o s i t i o n s C-2 and C-k must be considered. 
Although no species c o n c l u s i v e l y proved to be i n t e r 

mediates have been i s o l a t e d t h i s does not r u l e out the 
presence of species resembling valence isomers, po s s i b l y 
i n e x c i t e d s t a t e s , from being present as intermediates and 
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t h a t rearrangement of intermediate species could occur. A 
rearrangement of para-bonded species, as found i n the 
pyridazine to pyrazine rearrangement has the e f f e c t of 
transposing groups i n the 2 and h p o s i t i o n s . 

1 1 
N N 

N2 

^ 3 

\ ( R E F : 7 2 ) 1 
1 N N N 

6 r ^ N 2 

^ 3 ^ 3 
N 

4 A 

This type of rearrangement mechanism f u l f i l s the con
d i t i o n s r e q u i r e d i n t h a t interchange of s u b s t i t u e n t s s t 
C-2 and C-*f i s achieved. I t i s suggested that the formation 
of azaprismane (159) from (15^) proceeds v i a a mechanism 
which involves t h i s type of rearrangement and tha t the 
p a r t i c i p a t i n g para-bonded isomers are not detected. There 
are three such mechanisms which give the c o r r e c t product. 
These are shown i n F i g . 5. 

I n mechanism £ the intermediacy of two l-azapara-bonded 
isomers i s postulated but no d r i v i n g f o r c e f o r the rearrange
ment depicted i s apparent. I n mechanisms B and C i t i s 
postulated t h a t i n t e r c o n v e r s i o n of the two types of aza-
para-bonded isomer occurs; i n B t h i s i s rearrangement of a 
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1- azabicyclo[2.2.G]hexa-2,5-diene d e r i v a t i v e (151*) to a 
2- azabicyclo[2.2.C]hexa-2,5-diene whereas i n mechanise C 
the reverse type of mechanise i s postulated. 

Further i n f o r m a t i o n was obtained by the i r r a d i a t i o n 
of l-azabicyclo[2.2.0]hexadiene derivative (X5J+) °t 253-7 nm. 
The major product was shown to be p y r i d i n e d e r i v a t i v e (153) 
together w i t h a trac e of azaprisrnane mixture (JL59) and (160) . 

C 2 F 5 

CF, 

( C F J . C F ^ N ^ C F ( C F o ) 

( C F 3 ) 2 C F C F ( C F 3 ) 2 2 4 h r s 

(154) 

253-7nm ^ v^ 1 3 ' 2 ^ ' ^ n o r - j ^ 

C F 2 C I C F C 1 2 (153) 8 3 % 

+ (159)*-(160) -M154) 
/»% 13% 

This r e s u l t i s s i g n i f i c a n t since 1t i l l u s t r a t e s the ease of 
r e - f o r t a t i o n of p y r i d i n e d e r i v a t i v e (153) and shows that 
(151*) i s not nec e s s a r i l y an intermediate i n the formation 
of (159) and (loO) since these isomers could have been 
formed by i r r a d i a t i o n of (153), which was re-formed on the 
ph o t o l y s i s of ( 1 5 ^ ) , so that none of the mechanisms can be 
r u l e d out from t h i s r e s u l t . 

However, of the three rearrangement mechanisms i t i s 
suggested that mechanism & may be r u l e d out since no d r i v i n g 
f o r c e f o r the rearrangement i s apparent. The choice between 
£ or C appears to be dependant upon the r e l a t i v e energies 
of 1-aza- and 2-aza-para-bonded isomers (17^) and (17?)• 
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[VTU) 

From a simple summation of bond energies (using value 
97 

of C-C 82.6, C=C l>+5.8, C-N 72.8, and C=N Ik 7 Kcal mole" 1 ) 
i t was found t h a t i n terms of bond energies, isomer (175) 
was the more stab l e of the. two by ca.20 Kcal mole" 1. 

Indeed t h i s conclusion was supported by the i r r a d i a t i o n 
of p y r i d i n e which gave 2-azabicyclo[2.2.0]hexa-2,5-diene 
(51) as an unstable product.** 0 However upon i r r a d i a t i o n 
of f l u o r i n a t e d p e n t a - a l k y l p y r i d i n e s f o rmation of 1-azabicyclo-
[2.2.C] hexa-2,5-diene (17k) d e r i v a t i v e s i s prevalent. I n 
t h i s work i r r a d i a t i o n of (153) gave the 1-azapara-bonded 
isomer (15*+), w i t h the 2-aza isomer (155) not detected. 
S i m i l a r l y i r r a d i a t i o n of p e n t a k i s ( p e n t a f l u o r o e t h y l ) p y r i d i n e 
(109) gave the 1-azabicyclo[2•2.0]hexa-2,5-diene d e r i v a t i v e 
(111) only.^7 The reason f o r t h i s preference f o r the 
l-aza isomers i s thought to be caused by the i n t r o d u c t i o n 
of bulky p e r f l u o r o a l k y l groups i n t o the p y r i d i n e r i n g so 
tha t more s t e r i c i n t e r a c t i o n s occur i n the 2-azapars-bonded 
isomer. 

As can be seen below the 1-azapara-bonded isomer (176) 
contains only three bulky s u b s t i t u e n t s i n each fo u r membered 
r i n g , whereas the 2-aza isomer (122) contains four s u b s t i 
tuents i n one r i n g and three i n the other, so t h a t greater 
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a hv 
N 

N 
N 

(177 (176 168) 

NOT 
i ) a = C 2 F 5 b = C F 3 c= C F ( C F 3 ) 2 DETECTED 

ii) a = b = c = C 2 F 5 (REF :67 ) 

iii) a = c = C H 3 b = C F 3 (REF:68) 

s t e r i c i n t e r a c t i o n s are possible i n (177) than i n (176). 
I n a d d i t i o n a 2-azaticyclo[2.2.0]hexa-2,5-derivative (167) 
was detected on p y r o l y s i s of perfluoropentaethylazaprismane 
(110) but found t o be an unstable species b7 (see Section 
3«2(i)F.2), whereas the 1-azapara-bonded isomer (111) was 
remarkably s t a b l e . Therefore on t h i s evidence i t appears 
t h a t on s u b s t i t u t i o n by f i v e a l k y l groups the 1-aza skeleton 
(12i+) i s lower i n energy th^n the 2-az" skeleton (175). 

I n the rearrangement mechanism B postulated there i s 
rearrangement of a 1-azapara-bonded species to a 2-ara-
para-bonded species i . e . from a more to a less s t a b l e species 
whereas i n mechanise C a d r i v i n g f o r c e f o r the rearrangement 
i s now apparent as rearrangement of a 2-azapara-bonded 
species t o a 1-azapara-bonded species 1s post u l a t e d . This 
l a t t e r mechanism i s the one suggested to occur. Neither of 
the para-bonded isomers (12Z) or (178)have been detected 
so i t I s probable that these intermediates are only 



- 103 -

produced i n ex c i t e d states and proceed to rearrange before 
d e t e c t i o n . 

N 
s 

N 

( 1 5 3 ) ( 1 7 7 ) ( 1 7 8 ) 

g = C 2 F 5 b = C F 3 c = C F ( C F 3 ) 2 

3.2.(1)1 I r r a d i a t i o n of P e r f l u o r o - l f - e t h v l - 2 . 6 - d i - i s o p r o p v l -
3.5-dimethylpyrldine (153). at 253.7nm I n a 
Transference System 

The for m a t i o n of azaprismane d e r i v a t i v e s (152.) and 
(J,60) < on the ph o t o l y s i s of (1,53) n^s involved p o s t u l a t i o n 
of intermediate para-bonded r pedes. A transference tech
nique has been used by other w o r k e r s ^ to i s o l a t e para-bonded 
isomers v/hich were intermediates i n the rearrangement of 
pyridazines to pyrazines. This technique, discussed l a t e r , 
was employed i n the photolysis of (153). 

I r r a d i a t i o n of (153). at 253-7nr;i., i n a transference 
experiment ( i l l u s t r a t e d l a t e r , / i g . 9 ) gave a s o l i d product 
shown to be s t a r t i n g m a t e r i a l (153)• None of the valence 
isomers (15^) (JJL2) or (l6c) obtained from i r r a d i a t i o n of 
(153) i n s o l u t i o n were detected, nor were the intermediate 
pars-bonded Isomers (17?) or (173). The absence of valence 
isomers from t h i s i r r a d i a t i o n could be due to the low 
quantum e f f i c i e n c y i n which the azaprismnnes (159) and (lfcQ) 
are formed. 
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3.2(1 i ) A • I r r a d i a t i o n of Perf l u o r o - 2 T * + , 6 - t r i - i s o p r o p v l -
3.5-dlmethylpyridlne (1W8) at ?5?.7nn;. 

I r r a d i a t i o n of p y r i d i n e d e r i v a t i v e (l*+8) gave a product 
which was i n complete agreement w i t h the above mechanism 
suggested f o r formation of azaprismanes on p h o t o l y s i s of 
(153) . I r r a d i a t i o n of ( J M ) , I n CF2C1CFC12 g*ve a 
co l o u r l e s s l i q u i d i d e n t i f i e d as p e r f l u o r o - 2 , k , 6 - t r i - 1 s o p r o p y l -
3,5-ditnethyl-l-azatetracyclo[2.2.0.0 25 6.c3»5]hexane (17_9_) • 

C F ( C F 3 ) 2 

r ^ ^ C F o 253-7nm 

C F ( C F 3 ) 2 

( C F 3 ) 2 C F ^ N ^ C F ( C F 3 ) 2

C F 2 C l C F C l 2 
I N AOOhrs (CF 3 ) 2 CF C F ( C F 3 ) 2 

( U 8 ) (179) 

That an azaprismane had been formed was deduced from 
lack of bsnds corresponding to C=C or C=M stretches i n the 
i n f r a - r e d spectrum, and from the u.v. spectrum (Amax 2lWnm, 
log £ max 2.72). 

Th^t C3,79) has a symmetrical s t r u c t u r e f o l l o w s froa. 
l ^ r n.m.r. data which shows resonances at 6U.3 p.p.m. ( i n t e n s i t y 
6,2x0?-^), overlapping signals at 76.3 and 76.7 p.p.u,. 

( i n t e n s i t y l3,3xCF(CF3)2) w i t h u p f i e l d resonances, assigned 
to t e r t i a r y f l u o r i n e s , at l82.l+ p.p.m. ( i n t e n s i t y 2) and 

189.5 p.p.m.(intensity 1 ) . The s t r u c t u r e of (122) was 
confirmed from i t s p y r o l y s i s product. 

The formation of only one azaprismane (179) from 
i r r a d i a t i o n of (1U8) i s predicted from both rearrangement 
mechanisms which were observed on photolysis of (153) i . e . 
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the d i r e c t formation of (122) via a 1-azabicyclo[2.2.C]-
hexa-2,5-diene d e r i v a t i v e (180) or rearrangement v i a a 2-
azabicyclo[2.2.0]hexa-2,5-diene d e r i v a t i v e ( l B l ) . The 
rearrangement mechanise which involved a 1 , 3 - c h i f t does not 
lead to a second azacrismane since (!*+§) only contains three 
l a b e l l i n g groups and i f (181) were formed then rearrangement 
to (180) would occur and lead to the same azaprismane d e r i 
v a t i v e t179)» This has occurred since the s u b s t i t u e n t s at 
C-2, C-M- and C-6 are i d e n t i c a l i . e . p e r f l u o r o i s o p r o p y l . 

b = CR 

c = C F ( C F 3 ) 2 

NOT 
OBSERVED 

U n f o r t u n a t e l y since only a l i m i t e d q u a n t i t y of (lJ+8) 

was a v a i l a b l e the e f f e c t of 30Cnm. i r r a d i a t i o n was not studied 

3 .2. ( i i ) D . P y r o l y s l s of Perf luoro-2 , U - . 6 - t r l - i sopropyl-
3.5-dimethvl-l-azatetracvclo[2.2.C.0 2> 6.c3^]-

hexane (179) 

S t a t i c p y r o l y s i s , at l85°C, of azaprismane d e r i v a t i v e 
(179) gave an isomeric product which was shown by i t s i n f r a 
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red and u.v. data (Xmax 2l8,2? 5 n t f i . log £ max 3*99 and 3*13) 
to be a p y r i d i n e d e r i v a t i v e . The product was shown by 

n.m.r. data to be p e r f l u o r o - 2 , 3 , 6 - t r i - i s o p r o p y l - V , 5 -
d i r a e t h y l p y r i d i n e (182) which adopted the conformation shown. 

50Hz 5 0 - 6 0 H z 
CF 

Cr-CF 

?5 C 55Hz 

\ 
N 

CFoCF CF^CF 

47Hz 

(182) 

The n.m.r. spectrum showed two u p f i e l d t e r t i a r y 
f l u o r i n e signals at 180.7 and 179*3 p.p.m. These signal s 
appeared i n a region which corresponds to s i n g l y buttressed 
t e r t i a r y f l u o r i n e s (see Section 3«2(i)C) which i n d i c a t e s 
t h a t C3F7 su b s t i t u e n t s are at C-2 and C-6 and, i n a d d i t i o n , 
the presence of two r e l a t i v e l y sharp peaks i n the CF^ 
region confirmed t h i s . The remaining t e r t i a r y f l u o r i n e was 
observed at 152.1 p.p.m., as a q u a r t e t , which corresponds to 
a doubly buttressed p o s i t i o n i n the r i n g , assigned to 
CF(CF 3)2 st C-3. The observed f i n e s t r u c t u r e confirmed the 
i d e n t i t y of the p y r o l y s i s product as (182). 

The formation of (J.82) on the p y r o l y s i s of (1Z2) i s 
i n complete accord w i t h the rearomatisation mechanism 
observed on p y r o l y s i s of (159) and (16c) •'.e. rearomat-
i s a t i o n v i a a 2-azapara-bonded isomer formed by i n i t i a l 
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cleavage of the C-N bond i n (179) and not v i a a benzvalene 

int e r m e d i a t e . 

(179) 

C 3 F 7 C 3 F 7 

G F 3 

C F 3 r / ^ f 3 F ? 

FSN^ 3' 7 N ^ C . F 3' 7 

(182) 

This r e s u l t also provides a d d i t i o n a l c o n f i r m a t i o n f o r 
the s t r u c t u r e of azaprismane d e r i v a t i v e (179). 

3 . 2 . ( i i i ) I r r a d i a t i o n of P e r f l u o r o - ? - e t h v l - 3 . 6 - d l -
l s o p r o p v l - U T 5 - d l m e t h v l D v r i d i n e (156) at 25>+nm. 

I r r a d i a t i o n of p e r f l u o r o - 2 - e t h y l - 3 . 6 - d i - i s o p r o p v l -
W,5-dimethylpyridine (1^6) at 253-7nm. i n CF 2ClCFCl2 s o l u t i o n 
was c a r r i e d out and r e s u l t e d i n the i s o l a t i o n of a colour
less l i q u i d which was I d e n t i f i e d as an azaprismane from u.v.(Xma. 
220nm. 6 l*+3) and i n f r a - r e d spectra. The i . r . spectrum d i d 
not contain any peaks i n the re g i o n expected f o r e i t h e r 
C=C or C=N s t r e t c h . 

A s i g n i f i c a n t f e a t u r e i n the ̂ F n.m.r. of t h i s aza
prismane was the v a s t l y d i f f e r e n t chemical s h i f t values 
obtained f o r the CF^ resonances, at oh.O and 73•3 p.p-m. 
which i n d i c a t e s t h a t these groups were i n d i f f e r e n t environ
ments. Signals from t e r t i a r y f l u o r i n e s were observed at 
177.6 and 185.^ p.p.m. and methylene f l u o r i n e s gave a sharp 
resonance at 113*9 p.p.m. Other resonances were observed at 
76.1 (CF(CF3) 2), 77.1 (CF(CF 3) 2) gnd 8W.6 p.p.m. (CF2CF_3) 
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( a l l values r e l a t i v e t o CFCl^). However i n s u f f i c i e n t data 
was a v a i l a b l e from the n.u,.r. spectrum f o r a s t r u c t u r e of 
the azaprismane to be assigned, but t h i s was possible a f t e r 
p y r o l y s i s , although the number of resonances observed i n d i 
cates t h a t a s i n g l e azaprismane had been formed. 

Py r o l y s i s gave ca.89# of one i n v o l a t i l e compound, 
together w i t h two minor components which remained u n i d e n t i 
f i e d , but were isomeric w i t h the azaprismane. The major 
p y r o l y s i s product was i d e n t i f i e d as perfluoro-2-ethyl-3:,5-
di-isopropyl-Ujfa-dimethylpyridine (18*+) . 

C 3 F 7 

CF^ 

r F S I N G L G A C F V \ M ^ C 9 F c 
u 3 h 7 253-7nm^ o z a p r i s m a n e d ^ z D 

C 3 F 7 I \ N ^ C 2 F 5 s o l u t i o n (183) 5 8 % ( 3 S £ ) 8 9 % 

-4- 10% unknowns 
(156) 

+ (183) t r a c e 

(18*+) was i d e n t i f i e d from i t s n.m.r. spectrum since 
t h i s e x h i b i t e d the same features as observed i n py r i d i n e s 
(156)-(15ff) i n tha t through space couplings were observed i n 
the spectrum so t h a t the average conformation of (18W) was 
found to be as i l l u s t r a t e d below. 

CoF, 3' 7 

F 3 C ^ C 

15-2HZ 

y = 53 or 56 Hz 
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The ytf' n.mj. of ( l 8 * f ) showed two t e r t i a r y f l u o r i n e 

resonances a t 15^.9 and 156.1 p.p.m, whose s i g n a l s were 

b o t h q u a r t e t s and o v e r l a p p e d . Both these s i g n a l s were 

observed i n t h e r e g i o n expected f o r h i g h l y crowded t e r t i a r y 

f l u o r i n e s and i n d i c a t e d t h a t b o t h C3F7 groups were sub
s t i t u t e d a t C-3j C-k or C-5. Resonances f r o m CF^ were 

observed a t U9.9 and 62.5 p.p.m. Vhe former resonances has 

been shown t o be t y p i c a l o f CF3 a t e i t h e r C-3 or C-U i n 

the p y r i d i n e whereas no examples o f an observed resonance 

i n t h e r e g i o n of 62.5 p.p.m. have been r e p o r t e d i n penta-

a l k y l p y r i d i n e s . However t h i s v a l u e i s not anonalous but 

a r i s e s f r o a i CF3 s u b s t i t u t e d a t C-2 or C-6 i . e . at carbon 

a d j a c e n t i n n i t r o g e n , and so ( 1 8 M r e p r e s e n t s the f i r s t 

p e r f l u o r o - p e n t a - a l k y l p y r i d i n e w i t h CF3 s u b s t i t u e n t a t a 

carbon a d j a c e n t t o r i n g n i t r o g e n . T h i s assignment i s 

c o n s i s t e n t w i t h f u r t h e r data as resonances of 79*2 and 

109.6 p.p.m. ( r a t i o 3:2) may be assigned t o CF 2 CF^ a t C-2 

or C-6 which thus c o n f i n e s t r u c t u r e C 1§k). The n.m.r. 

spectrum of (16*0 i s complex and not a l l the c o u p l i n g 

c o n s t a n t s were e x t r a c t e d . I d e n t i f i c a t i o n o f (JL3W) thus 

enabled t he s t r u c t u r e of t h e azaprismane t o be deduced. 
P y r i d i n e d e r i v a t i v e (IS**) may have a r i s e n f r o m 

p y r o l y s i s of one of t h r e e azaprisii.anes v i a an i n t e r m e d i a t e 
para-bonded isomer, as shown o v e r . 
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( 1 8 5 ) 

CF-

3 r 7 3' 7 

C F 3 \ M ^ J C 2 F 5 

( 1 8 4 ) 

Of these t h r e e azaprisinanes isomer (185) may be forcied 

d i r e c t l y from (156) v i a an I n t e r m e d i a t e 1-azapam-bonded 

d e r i v a t i v e (186) so i t i s suggested th*»t the s i n g l e aza-

prismane formed on I r r a d i a t i o n of (156) has s t r u c t u r e 

( 1 8 5 ) . 

CF^ 

CF- C 3 F 7 h v 

C 3 F 7 \ N ^ J C 2 F 5 

( 156 ) ( 1 8 6 ) (185) 
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The ^v' n.ra.r. data o b t a i n e d from ( I 8 3 ) , a l t h o u g h not 

s u f f i c i e n t t o deduce s t r u c t u r e ( I S 5) d i r e c t l y , nay be 

accommodated i n terms of s t r u c t u r e (185 ) f o r t h e azaprismane-

(19^n,m.r. spectrun: i v o . 6 ) so i t appears t h a t i r r a d i a t i o n 

of (156) g i v e s (135 ) d i r e c t l y w i t h no evidence f o r a 1>3-

s h i f t rearrangement, ?inc e o n l y a s i n g l e azaprismane was 

f o u n d . 

3 .2 . Civ) I r r a d i a t i o n of P e r f l u o r o - 2 - e t h y l - 5 ? 6 - d i - i s o p r o p y l -

^ - d i m e t h y l p y r i d i n e ( 1 5 7 ) a t 25Un.m. 

I r r a d i a t i o n of ( H Z ) i n CF 2C1CFC1 2 s o l u t i o n a t 2 5 3 . 7 m . . . 

gave one new component which was shown by u.v. and i . r . 

s p e c t r a t o be a s a t u r a t e d system i.e. an azaprismane _A_. 

A p o s s i b l e s t r u c t u r e f o r azaprismane _A. i s ( 1 8 7 ) which 

can be f o r c e d d i r e c t l y from p y r i d i n e d e r i v a t i v e ( 1 5 7 ) 

w i t h o u t p r i o r rearrangement of i n t e r m e d i a t e para-bonded 

isomers. 

C 3 F ? CF 3 h » 

C 3 F 7 ^ N ^ C 2 F 5 ? 

( 1 5 7 ) 

C 3 F 7 

C 3 F 7 

.N 
CF^ 

C 2 F 5 

(187) 

The ^7 n.m.r. of A showed resonances a t .k and 
7C.3 p.p.m. b o t h CF-̂  i n d i f f e r e n t environments. Other 

s i g n a l s were observed at 75.0 and 7 7 - 5 due t o CFCCF^, 

176.9 (2xCP(CF3) 2, . 5(CF 2CF3) and 119.1 p . p m . (CF2CF3) . 

S t r u c t u r e (18?) was not e l i m i n a t e d by t h i s n.m.r. data 
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but. however i t was i n s u f f i c i e n t t o c o n f i r m t h e s t r u c t u r e 

(187) as a z a p r i smane _A_. 

Cn p y r o l y s i s of azaprismane _A_ 3 f i x t u r e c o n t a i n i n g a t 

l e a s t two p y r i d i n e s was o b t a i n e d , however the i d e n t i t y of 

these compounds was not a s c e r t a i n e d so t h a t no a d d i t i o n a l 

i n f o r m a t i o n as t o the s t r u c t u r e of azeprisp.nne _A_ i s a v a i l a b l e . 

3*3 The P h o t o c h e m i s t r y of i - e r f l u o r o t e t r a - a l k v l p y r i d i n e s 

3 • 3 • ( i ) A I n t r p d u c t i o n 

Tn view of t h e s u c c e s s f u l i s o l a t i o n of v a l e n c e isomers 

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

a l k y l p y r i d i n e s t h i s s t u d y was extended t o l e s s h i g h l y 

s u b s t i t u t e d f l u o r i n a t e d p y r i d i n e s . As i t w i l l be seen i n 

l a t e r s e c t i o n s the i r r a d i a t i o n of t e t r a - and t r i - a l k y l -

p y r i d i n e s , i n s t a t i c systems, f a i l e d t o p r o v i d e examples of 

v a l e n c e bond isomers. As a r e s u l t i r r a d i a t i o n s were 

attempt e d by the use of a t r a n s f e r e n c e systeir. which i s now 

d e s c r i b e d below. 

2.3.(1)- I r r a d i a t i o n i n a T r a n s f e r e n c e System 

Th i s i r r a d i a t i o n method i n v o l v e s the g r a d u a l t r a n s f e r 

of t h e p a r t i c u l a r p y r i d i n e t h r o u g h the i r r a d i a t i o n zone. 

The success of t h i s i r r a d i a t i o n method depends unon the 

r e l a t i v e v o l a t i l i t i e s of the v a l e n c e isomer and the a r o m a t i c 

?ysteri: being i r r a d i a t e d . 

The apparatus used i s i l l u s t r a t e d below. As v a l e n c e 

isomers are foro.ed they are t r a p p e d i n the c o l d t r a p 
( l i q u i d a i r c o o l a n t ) and so removed frou. the i r r a d i a t i o n 



- 113 -

zone. T h i s method has been used i n the i s o l a t i o n of i n t e r 

mediate p?ra-bonded specie. 0 formed i n the photochemical 
7? 

rearrangement of p y r i d a z i n e s t o p y r a z i n e s . 

s i l i c a v e s s e l 
( p a r t i a l l y 
evacuated; 

hv 
-> 

hv 
L i q u i d a i r 

compound t o be ^ 
i r r a d i a t e d 

F i g . 9 The T r a n s f e r e n c e Apparatus 

The r a t e a t which m a t e r i a l t r a n s f e r s i n t o the c o l d t r 

was dependent upon the r e s i d u a l p r e s s u r e i n t h e apparatus 

and t h i s was v a r i e d so t h a t the compounds t r a n s f e r r e d a t 

a p p r o x i m a t e l y l g / d a y . 

3.3. ( i i ) I r r a d i a t i o n of Perf l u o r o - 2 . 6 - d i - i s o p r o D v l - : ) . . 5-

d i m e t h v l p y r i d i n e (1W9) a t 25^.7nn.. 

3.3.(11.)A I n S o l u t i o n 

Cn i r r a d i a t i o n of (1]±2) at 253.7nm., i n CF 2C1CFC1 2, 

s l i g h t d e c o m p o s i t i o n was observed but u n r e a c t e d s t a r t i n g 

m a t e r i a l (l*+9) was r e c o v e r e d . There was no evidence f o r 

rearrangement or valence isomer f o r m a t i o n . 
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3 . 3 . ( i i ) B I n a Tran s f e r e n c e System 

I r r a d i a t i o n of ( l k 9 ) a t 253.7nm. i n s i l i c a u s i n g a 

t r a n s f e r e n c e s y s t e ~ ( r i g . 9) gave k?J c o n v e r s i o n t o 

p e r f l u o r o - 1 , 3 - d i - i s o p r o p y l - U , 6 - d i m e t h y l - 2 - a z a b i c y c l o 

[2.2.G]hexa-2,5-diene ( 1 8 8 ) . 

i r e \ r-r: 
2 5 3 - 7 n m 

N 

(149) 

C F ( C F 3 ) 2 0 . 5 m m 

C F ( C F 3 ) : 

C F ( C F 3 ) 2 

(188 ) 4 3 % 

The pars-bonded isomer (183) was i d e n t i f i e d f rom 

n.m.r., u.v. and i n f r a - r e d ?^ecf;ra. The u.v. spectrum 
of (188) showed \u,ax 2l8nm. (£max ca.600) and the i . r . 

spectruu, showed Vmax 172Ccfii"^ (C = N s t r e t c h ) and 1735cm"-'-

(C-C s t r e t c h ) which i n d i c a t e d s t r u c t u r e ( 1 8 8 ) . Other 

w o r k e r s ' 7 2 have found V iuax 1735cm"^ (C=C s t r e t c h ) i n 

azapara-bonded species ( l i b ) a l t h o u g h the v a l u e s o b t a i n e d 

f o r C=M s t r e t c h (ca l b 7 5 c t ~ ^ ) were d i f f e r e n t from t h a t 

observed i n (188) , 

i ) R= C F ( C F 3 ) 2 

i i ) R= C F ( C F 3 ) C 2 F 5 

19 
b' n.m.r. served t o c o n f i r m t h e s t r u c t u r e of (138) 

as i t c o n t a i n e d a resonance a t S l . l p.p.m. (C=CF) and two 
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t e r t i a r y f l u o r i n e s a t 179.1 and 185.9 p.p.m. i n a d d i t i o n t o 

s i g n a l s o b t a i n e d from CF^ groups ( a t 66.k and 66.9 p.p.m.). 

Once again non-equivalence of geminal CF^, on C3F7, was 

observed. Assignment o f s i g n a l s i n the ̂ F n.m.r. was 

p o s s i b l e a f t e r d e c o u p l i n g . 

One i n t e r e s t i n g f e a t u r e , which arose i n t h e d e c o u p l i n g 

s t u d y , was t h a t a s m a l l c o u p l i n g was observed between t h e 

v i n y l i c f l u o r i n e ( a t C-5) and t h e CF^ groups on C3F7 a t 

C-3* T h i s c o u p l i n g may have a r i s e n due t o s m a l l i n t e r 

a c t i o n s below t he r i n g s as t h e C^Fy on C-3 and t h e v i n y l i c 

f l u o r i n e are i n c l o s e p r o x i m e t r y due t o t h e d i h e d r a l angle 

i n t h e m o l e c u l e . The v a l u e of t h i s c o u p l i n g , however, c o u l d 

not be d e t e r m i n e d . 

CF 

CF 

N 

CF 

CF 

I t was e s t a b l i s h e d t h a t rearrangement of s u b s t i t u e n t s 

had n o t o c c u r r e d as p y r o l y s i s of (188 ) gave p y r i d i n e 

d e r i v a t i v e (JLi+2) as t h e s o l e p r o d u c t . The t h e r m a l s t a b i l i t y 

o f (188) i s d i s c u s s e d l a t e r . 
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3 .3 • Ci5 i ) I r r a d i a t i o n of Perf l u o r o - 2 , 6 - t r l - i s o p r o p y l -

^ - l u e t h v l p v r l d l n e (151) a t 25:)..7nui. 

P y r i d i n e d e r i v a t i v e (1/1) i s h i g h l y l a b e l l e d as i t con 

t a i n s four d i f f e r e n t l a b e l l i n g groups ( i n c l u d i n g r i n g n i t r o 

gen) and has a d i f f e r e n t s u b s t i t u t i o n p a t t e r n t o any o t h e r 

p y r i d i n e s i r r a d i a t e d p r e v i o u s l y . 

I r r a d i a t i o n of (1^1) i n a t r a n s f e r e n c e system, a t 

251+nr?i. gave a n.ixture c o n t a i n i n g f o u r components, as shown 

by g . l . c . i n the r a t i o 35^5:30:30, i n order of i n c r e a s i n g 

r e t e n t i o n t i m e . 

A pure sample c f the f i r s t component (B) was o b t a i n e d 
T C 

by i-educed p r e s s u r e f r a c t i o n a l d i s t i l l a t i o n . The yF n.m.r 

of t h i s component (E) showed four h i g h f i e l d resonances a t 

179.0, I 8 3 . 3 , 191.3 and 193.2 p.p.m. which c o r r e s p o n d t o 

the presence of three t e r t i a r y f l u o r i n e s and one ' b r i d g e 

head' f l u o r i n e . Other workers have shown t h a t 'bridgehead' 

f l u o r i n e i n diazapara-bonded s p e c i e s ^ and prismanes ^ 

absorb i n t h i s r e g i o n and are c h a r a c t e r i s t i c of f l u o r i n e 

a t t a c h e d t o a s a t u r a t e d carbon atom. Other s i g n a l s i n t h e 

•'-'F n.m.r. were o b t a i n e d f o r the CF-̂  groups. The i n f r a - r e d 

spectrum of (B) showed no bands I n the r e g i o n expected f o r 

C=N or C=C s t r e t c h and the u.v. spectrum CXmax 2l0nm. £ 

(x.ax lOoO) which t o g e t h e r i n d i c a t e d t h a t (B) was not a 

para-bonded isomer nor a p y r i d i n e , t h e r e f o r e (B) must have 

an azaprisii.ane s t r u c t u r e . 



- 117 -

C F ( C F 3 ) 2 

F ^ ^ l C F . 

( C F 3 ) 2 C F ^ N ^ C F ( C F 3 ) 2 

2 5 3 - 7 n m 

t r a n s f e r e n c e 
> ( B ) + ( C ) + ( D ) + (151) 

3 5 % 5% 3 0 % 3 0 % 

(151) 

I n s u f f i c i e n t i n f o r m a t i o n was a v a i l a b l e f r o m t h e 

n.m.r. spectrum f o r (B) t o be i d e n t i f i e d c o n c l u s i v e l y 

a l t h o u g h of t h e t h r e e p o s s i b l e s t r u c t u r e s f o r ( B ) , ( I 89 ) 

and (JLSfi) would be t h e best a l t e r n a t i v e s as t h e -CF^ 

group appeared a t 62.2 p.p<>m. i n the n.ni.r. o f (B) ana 

s i m i l a r chemical s h i f t s were observed f o r CF^ a t p o s i t i o n 

C-3 or C-5 i n t h e r i n g i n compounds (159) and ( 1 6 0 ) . 

C F ( C F 3 ) 2 C F ( C F 3 ) 2 

C F 3 ( C F 3 ) 2 C F F (CF 3 ) 2 CF 

C F ( C F 3 ) 2 

CFo 

( C F 3 ) 2 C F C F ( C F 3 ) 2 C F 3 

(189) 

C F ( C F 3 ) 2 

(190) 

C F ( C F 3 ) 2 

A l t e r n a t i v e S t r u c t u r e s f o r Azaprismane (B) 

Component (C) had a s i m i l a r g . l . c . r e t e n t i o n time t o 

(B) and c o u l d n o t be o b t a i n e d pure; o n l y as a m i x t u r e 

c o n t a i n i n g ( B ) . (C) a l s o c o u l d not be i d e n t i f i e d b u t 
19 

s i g n i f i c a n t peaks i n t h e F n.m.r. a t 99.9 and 105.^ p.p.m. 

were assigned t o CF=C and t h e presence of resonances a t 

6W.k and 65.5 p.p.m. i n d i c a t e d t h a t (C) was p o s s i b l y a 

m i x t u r e of para-bonded isomers (191) and ( 1 9 2 ) . 
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(191) ( 1 9 2 ) 

Component (D) had a s i m i l a r g . l . c . r e t e n t i o n time t o 

s t a r t i n g m a t e r i a l (151) and was o n l y o b t a i n e d as a m i x t u r e 

t o g e t h e r w i t h (151) . (0) was thought t o be a m i x t u r e of 

r o t a t i o n a l isomers (193a) and (193b) w i t h (193a) b e i n g t he 

major component. U n f o r t u n a t e l y t h i s c o u l d not be c o n f i r m e d 

s i n c e the CFtCF^^ r e g i o n of the n . m > r > W ? ! S v e r y complex 

and c o n t a i n e d s i g n a l s f r o m (151) and t h i s r e s u l t e d i n some 

s i g n a l s being b u r l e d . The ^ f ' a m . r . spectrum of (D) was 

178-7 F 

7 2 - 6 C F 3 C F 3 C F 3 C F 3 74-4 

1787 

CF3CF3 C F 3 C F 3 

( 1 9 3 a ) (193b) 

unchanged a t 150°C. The ^ F n.m.r. d^ta f o r (D) i s i n the 

above diagram, c h e m i c a l s h i f t s are i n p.p.m. and u n d e r l i n e d , 

J v a l u e s are i n Hz. 

F u r t h e r i n f o r m a t i o n on t h i s system was o b t a i n e d by the 

p y r o l y s i s and p h o t o l y s i s of ( B ) . On p y r o l y s i s isomer (E) 



- 119 -

r e a r o m a t i s e d t o s t a r t i n g m a t e r i a l ( H I ) w i t h a h a l f - l i f e of 

ca. 19 minutes a t lU3°c whereas on p h o t o l y s i s , a t 25**nm. 

the product was a f i x t u r e c o n t a i n i n g ( J ) and (151) i n 

a p p r o x i m a t e l y t h e same p r o p o r t i o n s i . e . the same r a t i o as 

o b t a i n e d i n t h e t r a n s f e r e n c e system. 

(151) 

2 5 4 t ^ P * (1_51) + (D) 

A t e n t a t i v e scheme can be suggested t o account f o r 

the above o b s e r v a t i o n s . 

C 3 F ? 

CF* 
h v 

C F 3 

f ^ i C F 3 h-v ^ ^ f i ^ ^ F 

C 3 F 7 
F > N ^ C 3 r 7 C 3 F ? 

(151) (189) (193) 

However these r e s u l t s are anomalous s i n c e the p y r o l y s i s 

of ( 1 3 9 ) , w h i c h i s t h e most p r o b a b l e s t r u c t u r e f o r ( B ) , 

proceeds v i a i n i t i a l C-C bond cleavage whereas i n o t h e r 

examples, i n t h i s work, r e a r o m a t i s a t i o n has proceeded v i a 

i n i t i a l C-N bond c l e a v a g e . 

3.*+ The P h o t o c h e m i s t r y of P e r f l u o r o t r l - a l k v l D v r l d i n e s 

3«*+•(!) I r r a d i a t i o n o f P e r f l u o r o - 2 f 6 - t r i - i s o p r o p y l -

p y r i d i n e (138) 

3.^.(1)A S t a t i c I r r a d i a t i o n s 

I r r a d i a t i o n o f p e r f l u o r o - 2 , * + , 6 - t r i - i s o p r o p y l p y r i d i n e 

( 1 3 8 ) , was c a r r i e d o u t , a t 253-7nm. b o t h i n CTC12CF2C1 
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s o l u t i o n and i n the vapour phase both w i t h and w i t h o u t de

g a s s i n g . Under these s t a t i c r e a c t i o n c o n d i t i o n s s t a r t i n g 

m a t e r i a l (1^8) was r e c o v e r e d , a l t h o u g h g e n e r a l l y some 

de c o m p o s i t i o n was observed. No evidence was o b t a i n e d f o r 

e i t h e r f o r m a t i o n of valen c e isomers or rearrangement of the 

a l k y l ^ u t s t i t u e n t s i n t h e p y r i d i n e s k e l e t o n . 

The r e s u l t s are c o n s i s t e n t w i t h those o f o t h e r w o r k e r s ^ 

who have i r r a d i a t e d p e r f l u o r o t r i e t h y l p y r i d i n e (113) i n 

s t a t i c systems and f a i l e d t o observe t h e f o r m a t i o n of 

va l e n c e bond isomers. 

3 . l + . ( i ) B I r r a d i a t i o n o f (138) Using a T r a n s f e r e n c e System 

I r r a d i a t i o n of (138) a t 2>3-7nm., i n s i l i c a , u s i n g a 

t r a n s f e r e n c e method gave 37?- c o n v e r s i o n t o a m i x t u r e , shown 

t o c o n t a i n two azapara-bonded isomers i n the approximate 

r a t i o 98:2, t o g e t h e r w i t h r e c o v e r e d s t a r t i n g m a t e r i a l ( 1 3 8 ) . 

Since (138) i s s y m m e t r i c a l t h e r e are o n l y two p o s s i b l e 

para-bonded isomers which may be o b t a i n e d , u n l e s s some 

rearrangement of s u b s t i t u e n t groups has o c c u r r e d ; these 

are (12k) and ( 1 9 5 ) . 

F 

CF(CFo) 
2 5 3 - 7 n m 

t r a n s f e r e n c e 

( C F 3 ) 2 C F C F I C F J 

CF(CFo) 

(194) 9 8 % 
« C F 3 ) 2 C F ^ ^ C F ( C F 3 ) 2 

+ 
CF(CF^) 3'2 

N 
( C F 3 ) 2 C F C F ( C F 3 ) 2 

(195) 2 % 
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The major product from t h i s i r r a d i a t i o n was i d e n t i f i e d 

as p e r f l u o r o - l , 3 j 5 - t r i - i s o p r o p y l - 2 - a z a b i c y c l o [ 2 . 2 . 0 ] h e x a -

2 , 5 - d i e n e (12k) from ^7 n.m.r. evidence which showed the 

presence of f o u r h i g h f i e l d resonances at 179*6, 186.7, 

139.1 and 191-3 p.p.m. ( r e l a t i v e t o CFCl^), which were 

assigned to t h r e e t e r t i a r y f l u o r i n e s and one bridgehead F. 

F u l l assignment of these s i g n a l s to p a r t i c u l a r C3F7 groups 
was, however, not p o s s i b l e . Other s i g n a l s were observed 

at Gc.h p. pun. ( i n t . 1), from CF=C, as w e l l as resonances 

i n t h e CF3 r e g i o n , from C3F7 groups. The i . r . spectrum 

showed bands a t 1705cm~^ and 17l+0cm"^ which were due t o 

C=N and C=C s t r e t c h e s r e s p e c t i v e l y and the u.v. showed an 

a b s o r p t i o n a t ca.2l0nn. (G-110C). .As i t can be seen from 

above, t h i s data was i n agreement w i t h s t r u c t u r e (1 9 h) as 

the [..a,]or p r o d u c t s i n c e (195) c o n t a i n s two v i n y l i c 

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

However i t was p o s s i b l e t o re p e a t t h i s i r r a d i a t i o n on 

a l a r g e r s c a l e and on d i s t i l l a t i o n , under reduced p r e s s u r e , 

of the l i q u i d product, a f r a c t i o n which c o n t a i n e d t h e second 

para-bonded species was o b t a i n e d . The minor p r o d u c t was 

i d e n t i f i e d as p e r f l u o r o - 2 , l + , 6 - t r i - i s o p r o p y l - 1 - a z a b i c y c l o 

[ 2 . 2 . 0 ] h e x a - 2 , 5 - d i e n e (1£5) on the b a s i s of i t s 1 9 F n.m.r. 

spectrum which c o n t a i n e d two resonances at h i g h f i e l d i . e . 

18U.6 and 191.3 p . p . m . ( r e l a t i v e i n t e n s i t i e s 1 and 2 r e s 

p e c t i v e l y ) and a resonance at 102.7 p.p.m. ( r e l a t i v e i n t e n s i t y 

2 ) . T h i s data supports s t r u c t u r e (195) as t h e h i g h f i e l d 

s i g n a l s may be assigned t o t e r t i a r y f l u o r i n e s and the 

resonance at 102.7 o.p.m. t o 2xCF=C. F u r t h e r s u p p o r t f o r 
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s t r u c t u r e s (19*+) and (195) was o b t a i n e d by p y r o l y s i s , as 
the s o l e p y r o l y s i s product was the D y r i d i n e d e r i v a t i v e (138) 

I r r a d i a t i o n of (138) at 30Pnf-« 1° 9 t r a n s f e r e n c e system 

gave o n l y 12/.' c o n v e r s i o n t o the para-bonded isomers (19*+) 

and (19/) . .As i n t h e p h o t o l y s i s at 253«7nm. o n l y a t r a c e 

of (X.9,5) w ? ,s produced but t h e same products were produced 

s i n c e t h e same band i s i r r a d i a t e d b o t h a t 30Cnm. and 

253.7ml.. 

3 .h «(ii ) I r r a d i a t i o n of Perf luoro-2, 1*} 5 - t r i - i s o p r o p y l -

p y r i d i n e (137) at 25^.7nm.. Under t r a n s f e r e n c e 

I r r a d i a t i o n of (137) at 253.7nm. - n 15 t r a n s f e r e n c e 

system gave hi'/, c o n v e r s i o n of (137) t o an i s o m e r i c Hqu'-d 

wh i c h was shown by 19:;' n.m.r. and i . r . s p e c t r a t o be a 

m i x t u r e c o n t a i n i n g two para-bonded isomers I n t h e a p p r o x i 

mate r a t i o 55:'-<5 ( f r o m I n t e g r a t i o n of n j j . s p e c t r a ) . 

I n t h e o r y t h r e e nara-bonded isomers may be o b t a i n e d on 

p h o t o l y s i s of (13?) i f the r e l a t i v e p o s i t i o n s of p e r f l u o r o -

i s o p r o p y l groups are unchanged. These are ( 1 9 6 ) - ( 1 9 8 ) . 

C F ( C F 3 ) 2 

F 2 5 3 - 7 n m 
(CFo) 

F \ N ^ C 3 F 7 

(137) 

t r a n s f e r e n c e 
4 5 % 

(196 ) C F ( C F 3 » 2 

C^F 3 r 7 + 
NOT 

r ' F „ N DETECTED 
u 3 r 7 

( 198) 

( C F 3 ) 2 C F 

( C F 3 ) 2 C F 
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The components i n the m i x t u r e were I d e n t i f i e d from 
19 r n.m.r. s p e c t r a as p e r f l u o r o - 3 > 5 , 6 - t r i - i s o p r o p y l - 2 - a z a -

b i c y c l o [ 2 . 2 . 0 ] h e x a - 2 , 5 - d i e n e (122) (55 /0 and p e r f l u o r o - 2 , 

h,5-tri-isopropyl-l-azabicyclo[2.2.0]hexa-2,5-diene ( 1 9 6 ) 

as h% of the m i x t u r e . Isomer ( 1 9 6) was o b t a i n e d pure by 

d i s t i l l a t i o n , under reduced p r e s s u r e . 

The n.m.r. spectrum of ( 1 9 6 ) showed the presence 

of t h r e e t e r t i a r y f l u o r i n e resonances, at 1 7 7 - 0 , I83.O 

and ISh.;.' p.p.m. ( a l l r e l a t i v e i n t e n s i t y 1 , u p f i e l d of 

CFCl^). Other s i g n a l s i n the n.m.r. were observed at 

102.5 and o l . l p.p.ci. ( b o t h r e l a t i v e i n t e n s i t y 1 ) of which 

the former was a t t r i b u t e d t o V.Y-C. S a m p l e r of f l u o r i n e 

w i t h low c h e m i c a l s l v ' f t s have been observed i n d i a z a p a r a -

bonded species' 7^ where examples e x i s t of i m i n e f l u o r i n e and 

v i n y l f l u o r i n e a d j a c e n t to n i t r o g e n . Fron, a comparison 

w i t h v a l u e s from ( 1 2 2 ) and (200) i t can be seen t h a t the 

v a l u e of b l . l p.p.m. observed was c o n s i s t e n t w i t h s t r u c t u r e 

(126). 

N 
62 -6 p.p.m. 63 0 p.p.m. F 

C 2 F 5 ( C F 3 ) C F 7^3 CoF CF C F , CoF 

(199) ( 2 0 0 ) 

N 

37-1 p.p.m. 61-1 p. p.m. F 

CF(CF^) 

(CF^)oCF 

CF CFo) 3'2 

N 
F 102-5 p.p.m. 

(201) (196) 
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The i . r . spectrum of ( 1 9 6 ) showed a s y m m e t r i c a l 

a b s o r p t i o n a t 17 t +2cm~ 1 ( c=C s t r e t c h ) and the u.v. spectrum 

showed one a b s o r p t i o n at c a . 2 l 7 n : : : . (£^2000), which i s al s o 

c o n s i s t e n t w i t h s t r u c t u r e ( 1 9 6 ) . 

The second para-bonded isomer ( . 1 2 2 ) was not o b t a i n e d 

pure: o n l y as a m i x t u r e c o n t a i n i n g ( 1 9 6 ) . However 

'~'F n.m.r. and i n f r a - r e d data c o n f i r m e d the s t r u c t u r e as 

the i . r . showed 1735(C=C s t r e t c h ) and l/05cm" 1 ( C = r,7 s t r e t c h ) 
1 9 

and t h e F n.m.r. spectrum showed f i v e resonances a t h i g h 

f i e l d ( 1 7 6 . 6 , I 8 3 . I , 1 8 6 . 8 , 1 8 9-0 and 1 9 1 . 8 p.p.m. each 

i n t e n s i t y 1 ) which corresponds t o t h r e e t e r t i a r y and two 

bridgehead f l u o r i n e s i n ( 1 2 2 ) , a l t h o u g h complete a s s i g n 

ment c o u l d n o t be made. 

Furthermore t he s t r u c t u r e of ( 1 9 6 ) and ( 1 9 7 ) , were 

c o n f i r m e d by r e a r o m a t i s a t i o n of a m i x t u r e , by p y r o l y s i s , 

t o ( 1 2 2 ) . The t h e r m a l s t a b i l i t y of these isomers i s d i s 

cussed l a t e r . 
3 . ^ . ( i i i ) I r r a d i a t i o n of P e r f l u o r o - 2 - i s o p r o p y l - 3 , 5 " 

w h i l s t Under T r a n s f e r e n c e 

Para-bonded species were a l s o o b t a i n e d from i r r a d i a t i o n 

of (HO.) at 253«7nui.; o n l y t h e major produc t was i d e n t i f i e d , 

but not o b t a i n e d pure. 

d i m e t h y l p y r i d i n e ( 1 5 0 ) , a t 25^.7nm. 

CF CF 

F 

2 5 3 - 7 n m . Ff ]F - h 5 % u n k n o w n s 

CF 

F \ N ^ X F ( C F 3 ) 2 

t r a n s f e r e n c e C f l ^ / ^ N + ( 1 5 0 ) 5 6 % 

(150) 

C F ( C F 3 ) 2 

( 2 0 2 ) 3 9 % 
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The [ i i a j o r p r o d u c t was i d e n t i f i e d as p e r f l u o r o - l - i s o -

p r o p y l - ^ , c - d i m e t h y l - 2 - a ? a b i c yclo[2.2.C]hexa^2,5-diene (2££) 

from l ^ F n.m.r. and i . r . s p e c t r a . That t he major p r o d u c t 

from i r r a d i a t i o n of ( l ^ G ) had s t r u c t u r e (202) and not 

e i t h e r of the a l t e r n a t i v e s t r u c t u r e s (20?) or (20^) i s 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

( 2 0 3 ) ( 2 0 4 ) 

r e a d i l y apparent from t he n.m.r. which showed resonances 

at I80.9p.p-^. (CF(CP'2)2), 77 - ̂  p. p.n- (C£=C) and ' + 3 . 2 p.p.m. 

(CF=M) i n a d d i t i o n t o s i g n a l ? froir. t r i - f l u o r o m e t h y l groups. 

The s i g n a l w i t h low chemical s h i f t C+3«2 P-P-m.) has been 

found t o he t y p i c a l of an im i n o f l u o r i n e i n these e n v i r o n 

ments as sin.il.ar cherr.ical s h i f t s have been observed i n 

R E F : 7 2 
U2-U p.p.m. F 

C F ( C F 3 ) 2 

( 2 0 5 ) 

45 p.p.m. 

compounds (201) and (205) . The observed n.;r..r. spectrum 

r u l e d out s t r u c t u r e s (20?) and (£0j+) s i n c e b o t h of these 

c o n t a i n one t e r t i a r y f l u o r i n e and a bridgehead f l u o r i n e 

so are r e a d i l y d i s t i n g u i s h a b l e fron; (g02) by n.m.r. The 

i . r . spectrum of (20£) showed bands at 1720CH,"1 (C = N s t r e t c h ) 
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and 17 LfOcnr i(C=C s t r e t c h ; which ;r a l s o c o n s i s t e n t w i t h 

s t r u c t u r e ( 2 0 2 ). I t was not e s t a b l i s h e d whether t h e 

unVnov/n components i n t h i s r e a c t i o n c o n t a i n e d any of (2C:i,) 

or (2£it) • The para-bonded isomer (202) was found t o be 

h i g h l y s u s c e p t i b l e t o h y d r o l y s i s . 

3 . k . ( i v ) I r r a d i a t i o n of P e r f l u o r o - U , 6 - d i - l s o p r o p y l - 3 -

m e t h y l p y r i d i n e ( 1 5 2 ) , a t 253«7nm. Under 

T r a n s f e r e n c e 

I r r a d i a t i o n of (152) under t r a n s f e r e n c e , at 253»7nm., 

gave h6).. c o n v e r s i o n t o a m i x t u r e of v o l a t i l e s p e c i e s , shown 

by mass s p e c t r o m e t r y t o be i s o m e r i c w i t h ( 1 5 2 ) , t o g e t h e r 

w i t h r e c o v e r e d ( 1 ^ . ) . 

The v o l a t i l e Isomers c o u l d not be separated so were 

i s o l a t e d as a m i x t u r e . The n.m.r. of the m i x t u r e showed 

resonances at 101 .2 and 105-9 p.p.m.(probably CF-C) w i t h 

f o u r peaks i n the ' t e r t i a r y ' f l u o r i n e r e g i o n , a t 178.5> 

180.C, 181.3 and I83.3 p.p.m.(in the r a t i o 2:2:1 : 6 ) . The 

r e g i o n 73 t o 79 p.p.n.. was v e r y complex and c o n t a i n e d many 

o v e r l a p p i n g s i g n a l s ( f r o m CF3 g r o u p s ) . Other resonances 

were observed a t 6 l , 2 , 6 3 . 3 and 6*+. 5 p.p.m. The p o s s i b l e 

para-bonded isomer from (152) are shown over. f Tone of these 

c o u l d be c o n c l u s i v e l y i d e n t i f i e d as being a component i n the 

f i x t u r e but i t i s thought t h a t isomer ( £ 0 6 ) was not formed 

as t h e CF=N group has a c h a r a c t e r i s t i c resonance ( a t ca 
I43 p. p.m.) i n these systems and no resonance, w^th t h i s 

v a l u e , was observed i n the n.m.r. of the m i x t u r e . 
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C F ( C F 3 ) 2 

( C F 3 ) 2 C F L ^ J F 

C F . 

N-

( 1 5 2 ) 

( C F 3 ) 2 C F 

C F ( C F 3 ) 2 

( 2 0 6 ) 

C F ( C F ^ ) 9 

C F ( C F 3 ) 2 

( C F 3 ) 2 C F 

FrT 
N. 

3.5 I r r a d i a t i o n of a P e r f l u o r o - d l - a l k v l p v r l d l n e : 

P e r f l u o r o - ? T 5 - d i - i s o p r o p v l p v r i d l n e I U 9 ) 

Only one example of a p e r f l u o r o - d i - s u b s t i t u t e d p y r i d i n e 

was i r r a d i a t e d : t h i s was ( L I S ) • 

I r r a d i a t i o n of (139) was c a r r i e d out under t r a n s f e r e n c e 

a t 253-7nji,. on s e v e r a l occasions w i t h o u t success as on each 

o c c a s i o n s t a r t i n g p y r i d i n e was r e c o v e r e d . An a t t e m p t t o 

d e t e c t u n s t a b l e valence-isorners from the r u n n i n g of low 

tem p e r a t u r e n.ra.r. s p e c t r a proved f u t i l e . 

3 • 6 I r r a d i a t i o n of P e n t a f l u o r p p y r l d i n e 
P e n t a f l u o r o p y r i d i n e (126) was i r r a d i a t e d i n a t r a n s 

f e r e n c e system, a t 253«7nii:. but a l t h o u g h ;iuch d e c o m p o s i t i o n 

was observed on the w a l l s of the s i l i c a t r a n s f e r e n c e v e s s e l 

no v a l e n c e isomers were d e t e c t e d . 



T h i s r e s u l t , i s i n agreement w i t h those of o t h e r 

w o r k e r s ' ^ who have i r r a d i a t e d o e n t a f l u o r o p y r i d i n e i n a 

s t a t i c vapour phase s i t u a t i o n . 

2 • 7 I r r a d i a t i o n of F e r f l u o r o t e t r ? - I n . s - i s o p r o p y l p y r a z i n e (207) 

Valence isomers have been i s o l a t e d froQi p y r i d a z i n e s ? 2 

and p y r l d i n e s ^ ? j ° ^ but t h e r e have been no r e p o r t s o f valence 

isoir.ers from p h o t o l y s i s of p y r a z i n e or s u b s t i t u t e d p y r a z i n e s . 

P e r f l u o r o t e t r a - k i s - i s o p r o p y l p y r a z i n e (207) was thought t o 

be the t^ost s u i t a b l e compound f o r i r r a d i a t i o n i n view of 

r e s u l t s o b t a i n e d fro;., p e r f l u o r o a l k y l p y r i d i n e s and p y r i d a -

z i n e s . 

P y r a z i n e d e r i v a t i v e (207) was s y n t h e s i s e d by n u c l e o p h i l i c 

a t t a c k by p e r f l u o r o i s o p r o p y l anion on t e t r a f l u o r o p y r a z i n e . 

The sacr.plt of (2Q7) used i n p h o t o l y s i s experiments was 

donated by k r . R. J. i i e r c l i f f e . 93 

N 
F C 3 F 6 ^ ( C F 3 ) 2 C F 

F ^ N ^ F - l ^ 0 1 - ( C F 3 , 2 C F 

N 
C F ( C F 3 ) 2 

^ C F ( C F 3 ) 2 

( 2 0 7 ) 

I r r a d i a t i o n of (20?) was c a r r i e d out a t 253.7nm. i n 

s o l u t i o n ( i n the presence and absence of oxygen), i n the 

vapour phase and a l s o i n a t r a n s f e r e n c e system,but a l l 

r e a c t i o n c o n d i t i o n s f a i l e d t o produce v a l e n c e isomers f r o c i 

(2C7). 
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3•3 C o n c l u s i o n s j 

The occurrence of rearrangement of para-bonded species 

of the t y p e p r e v i o u s l y i d e n t i f i e d i n rearrangement of c e r t a i n 

p y r i d a z i n e s t o p y r a z i n e s ^ - ' - ' w a s d e t e c t e d i n the p y r i d i n e 

systen.. The o v e r a l l scheme f o r rearrangement of penta-

a l k y l p y r i d i ne (15 ̂ ) i n v o l v e d i n i t i a l f o r m a t i o n of an i n t e r 

mediate 2-azapara-bonded species (155) which r e a r r a n g e d t o 

a 1-azapara-bonded isomer, and then the azaprisinane (159) • 

S t r u c t u r e s of (159) (ICC) were deduced by i d e n t i f i c a t i o n 

o f t h e i r p y r o l y s i s p r oducts ( F i g . l c ) . 

I t has been observed t h a t p h o t o c h e m i c a l rearrangement of 
l u t i d i n e s proceeds e x c l u s i v e l y v i a 1 , 3 - s h i f t r ^ and the 

rearrangement observed on p h o t o l y s i s of p y r i d a z i n e s ^ ' ^ 

and new i n a p y r i d i n e system a l s o r e s u l t i n an e x c l u s i v e 

1 , 3 s h i f t o v e r a l l . A mechani Si., of t h i s t y p e c o u l d account 

f o r the rearrangements observed on i r r a d i a t i o n of l u t i d i n e s 

and would account f o r the o b s e r v a t i o n t h a t 3 j t i d i n e (.5J±) 

does not r e a r r a n g e on p h o t o l y s i s as t h e s u b s t i t u t i o n p a t t e r n 

i n (>U ) i s such t h a t 1 , 3 s h i f t s do not l e a d t o rearrangement 

i . e . 

Me Me Me Me 
N 

Me 
N 

( 5 4 ) 

I n a d d i t i o n paro-tonded species have been d e t e c t e d i n these 
kG 

sys terns. 
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The i r r a d i a t i o n of t e t r a - and t r i - a l k y l p y r i d i n e s 

r e s u l t e d i n i s o l a t i o n of para-bonded isomers. (188) and ( I 9 h ) 

are examples of the f i r s t s t a b l e 2 - a z a b i c y c l o [ 2 . 2 . 0 ] h e x a -

2 , 5 - d i e n e d e r i v a t i v e s . (The s t a b i l i t y of these isomers i s 

d i s c u s s e d i n t h e next c h a p t e r . ) The f a i l u r e of o t h e r 

v o r k e r ? t o i s o l a t e s t a b l e d e r i v a t i v e s from p e r f l u o r o t e t r a -

and. t r i - e t h y l p y r i d i n e s (112) and ( 1 1 3 ) ^ p r o b a b l y stems 

fr o m the wrong c h o i c e of i r r a d i a t i o n c o n d i t i o n s . 
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CHAPTER k 

The Thermal S t a b i l i t y and P r o p e r t i e s of 
Valence Isomers o f P y r i d i n e s 

h.l I n t r o d u c t i o n 

T h i s c h a p t e r c o n t a i n s a d i s c u s s i o n of v a l e n c e isomer 

s t a b i l i t i e s and i n c l u d e s r e f e r e n c e t o a t e c h n i q u e w h i c h has 

some use i n t h i s f i e l d (D.S.C.) and some a t t e m p t e d v a l e n c e 

isomer r e a c t i o n s . 

*+«2 D.S.C. as A p p l i e d t o Valence Isomer Rearrangements 

^.2(1) I n t r o d u c t i o n 

D i f f e r e n t i a l Scanning C a l o r i m e t r y (D.S.C.) i s a t h e r m a l 

a n a l y s i s t e c h n i q u e developed i n t h e l a s t 15 years ^ which 

p r o v i d e s q u a n t i t a t i v e t h e r m a l d a t a on t h e sample s t u d i e d . 

The t e c h n i q u e c o n s i s t s o f h e a t i n g a s m a l l q u a n t i t y o f sample, 

s e a l e d i n an aluminium sample pan, and a r e f e r e n c e , w h i c h con

s i s t s o f an empty pan, t h r o u g h t h e t e m p e r a t u r e a t w h i c h t he 

t r a n s i t i o n , b e i n g s t u d i e d , o c c u r s . The pan te m p e r a t u r e s are 

a c c u r a t e l y m o n i t o r e d and t h e d i f f e r e n t i a l energy r e q u i r e d t o 

m a i n t a i n b o t h sample and r e f e r e n c e pans a t t h e same t e m p e r a t u r e 

i s r e c o r d e d . I f an exothermic t r a n s i t i o n o c c u r r e d , i n t h e 

sample, then l e s s energy would be r e q u i r e d i n o r d e r t o m a i n t a i n 

t h e c o r r e c t h e a t i n g r a t e , i n t h e sample. 

The data may be d i s p l a y e d on a c h a r t r e c o r d e r i n which 
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case t h e area under t h e rec o r d e d c u r v e I s an exact c a l o r i m e t r i c 

measure o f the energy o f t h e t r a n s i t i o n . G r a p h i c a l p r e s e n t a 

t i o n of r e s u l t s a l s o c o n t a i n s t e m p e r a t u r e r e a d i n g s so t h a t 

t r a n s i t i o n t e m p e r a t u r e s are e a s i l y o b t a i n e d . 

Only m i l l i g r a m q u a n t i t i e s of m a t e r i a l are r e q u i r e d f o r 

t h e a n a l y s i s . 

W . 2 ( i i ) A c t i v a t i o n Energy f r o m D.S.C. 

W h i l s t the area under a D.S.C. cur v e g i v e s a d i r e c t 

measure of heat of r e a c t i o n t h e shape of t h e c u r v e may be used 

i n o r d e r t o c a l c u l a t e d t h e a c t i v a t i o n energy f o r t h e process. 

For a u n i m o l e c u l a r process t h e r a t e c o n s t a n t a t v a r i o u s 

t e m p e r a t u r e s may be o b t a i n e d f r o m t h e r e l a t i o n 

k(T) = ( d H / d t ) / ( A - a) 

E n e r g y 

m . c a l . s e c -1 

A = a r e a u n d e r c u r v e ( m . c a l s ) 
a = h e a t e v o l v e d up t o t ime t. 

T e m p e r a t u r e (and T i m e ) 

100 The e x p r e s s i o n f o r k i s d e r i v e d as f o l l o w s . 

I t i s assumed t h a t t h e amount o f heat e v o l v e d ( a ) i s 

p r o p o r t i o n a l t o t h e number of moles r e a c t e d ( n ) 

n 
no n Q = i n i t i a l number o f moles o f r e a c t a n t 

n = A . n. 



- 13"+ -

D i f f e r e n t i a t e w i t h r e s p e c t t o t i m e . 

dn = £o . fla but cla = d j 
d t A d t d t d t 

so 
dJl = 5a . d j 
d t A d t 

Moles of r e a c t a n t p r e s e n t a t any t i m e i s g i v e n by 

n ? = n Q - a.n n or q or n» = n Q|A - aj 

Rate of r e a c t i o n = k [ R e a c t a n t ] x x = r e a c t i o n o r d e r 

= k . ( & M X [ R e a c t a n t ] = & i 
\V / V 

a l s o : Rate of r e a c t i o n = ^ ( c o n c e n t r a t i o n ) = dn . 1 
d t d t V 

(V = volume) 

E q u a t i n g : k . f l j i i = l . f i f i . d j l 
v x V A d t 

S u b s t i t u t e f o r n 1 

yx A x V A d t 

k = A x" 1 . V x" 1, . d j 
x - 1 (A-a)x d t 

n o 

For a f i r s t o r d e r r e a c t i o n x = 1 

.'. k = J L . dH 
A-a d t 

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

k a t d i f f e r e n t t e m p e r a t u r e s t h e v a l u e of a c t i v a t i o n energy 

f o r v a l e n c e isomer rearrangement may be d e t e r m i n e d by an 

A r r h e n i u s p l o t of I n k a g a i n s t I / T . 
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k.2(11i) Valence Isomer Rearrangements S t u d i e d by D.S.C. 
To d a t e o n l y a l i m i t e d number o f rearrangements have been 

s t u d i e d by D.S.C. The i s o m e r i s a t i o n o f hexamethylprismane 

and h e x a m e t h y l b i c y c l o [2.2.0 ]hexa-2,5-diene ( i t S ) ^ 9 and 

t h e i r f u l l y f l u o r i n a t e d isomers (.9J+) and (<?6) 2 0 have a l l been 

loo k e d a t u s i n g t h i s t e c h n i q u e . 

D.S.C. was used i n o r d e r t o dete r m i n e t h e thermodynamic 

data f o r the rearrangement of va l e n c e isomers, t h e p r e p a r a t i o n 

ox w h i c h has been d e s c r i b e d e a r l i e r , but was f o u n d t o o n l y 

g i v e r e p r o d u c i b l e r e s u l t s f o r t h e rearrangement o f b i c y c l o -

[2.2.0]hexadiene d e r i v a t i v e (18J3) t o the p y r i d i n e (1^9). 

The shape o f one t r a c e o b t a i n e d i n t h i s rearrangement 

i s shown i n F i g . 11. A n a l y s i s of t h e data y i e l d e d a v a l u e 

f o r a c t i v a t i o n energy (Ea) of 28.75 - 0.5 k . c a l . m o l e " 1 and a 

v a l u e f o r t h e e n t h a l p y change (AH) of -l+7.7 - 0.8 k . c a l . m o l e " * 

These v a l u e s were o b t a i n e d by c a l c u l a t i o n o f t h e mean v a l u e 

and t h e s t a n d a r d d e v i a t i o n f r o m s e v e r a l r u n s . 

Energy i n N 
k.cal.mole 28-7 

188) 
A 

CF 

^ C o F 3 r 7 \ N ^ 3 r 7 
v ( U 9 

Energy P r o f i l e f o r Rearrangement of (188) t o (1^9) 
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The a c t i v a t i o n energy was f o u n d t o be comparable w i t h 
v a l u e s f r o m 25.5 t o 29-8 k . c a l . m o l e " 1 o b t a i n e d by o t h e r 
w o r k e r s ^ l f r o m t h e s t u d y of a s e r i e s of parabonded isomers 

(207a) and (207b). 

R F 

R = F, C F 3 . M e , H 

( 2 0 7 Q ) ( 2 0 7 b ) 

The v a r i a t i o n i n AR v a l u e s f o r r e a r o m a t i s a t i o n of sub

s t i t u t e d Dewar benzenes i s l a r g e w i t h t h e v a l u e of -5&.2 k . c a l . 

m o l e " 1 o b t a i n e d f o r r e a r o m a t i s a t i o n of h e x a m e t h y l b i c y c l o [ 2 . 2 . 0 ] -

hexa-2, 5-diene (1+8)^ whereas f o r p e r f l u o r o h e x a m e t h y l b i c y c l o -

[2.2.0] hexa-2,5-diene (.26) t h e v a l u e was -28 k.cal.mole . 

The v a l u e o b t a i n e d from r e a r o m a t i s a t i o n of (188) was i n t h i s 

range. 

T h i s para-bonded isomer (l8£) was the l e a s t s t a b l e isomer 

t o be i s o l a t e d pure (.see l a t e r ) . The o t h e r para-bonded isomers 

and azaprismanes i s o l a t e d i n t h i s work were found t o be too 

s t a b l e f o r t h i s t e c h n i q u e t o be u t i l i s e d as t h e h i g h tempera

t u r e s r e q u i r e s f o r t h e i r r e a r o m a t i s a t i o n approached, and i n 

some cases exceeded, t h e b o i l i n g p o i n t s of t h e samples, whi c h 

caused t h e sample pans t o e i t h e r b u r s t or l e a k d u r i n g t h e r u n s . 

*+.3 The S t a b i l i t y of Valence Bond Isomers of Benzene 

^•3(1) I n t r o d u c t i o n 

Valence bond isomers of benzene are v e r y s t r a i n e d systems 

and are t h e r m o d y n a m i c a l l y u n s t a b l e w i t h r e s p e c t t o rearomat

i s a t i o n t o benzene. The e x t e n t of t h i s thermodynamic i n s t a b i l i t ; 
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can be I l l u s t r a t e d f r o m the v a l u e s of AH f o r t h e r e a r o m a t i s a t i o n 

For t h e rearrangement of benzvalene (£) t o benzene (jj>) a v a l u e 
18 

of -85 k . C 8 l . m o l e ~ l has been c a l c u l a t e d whereas f o r t h e 
r e a r o m a t i s a t i o n o f Dewar benzene (1) t h i s i s o f the o r d e r 

-60 k . c a l . m o l e " 1 . 1 0 2 

Yet many isomers have been i s o l a t e d and shown t o be 

r e m a r k a b l y s t a b l e . T h i s s t a b i l i t y i s t h o u g h t t o be due t o 

l a c k of a c o n c e r t e d ground s t a t e pathway by whi c h t h e v a l e n c e 

bond isomer may r e a r o m e t i s e , i . e . these rearrangements are 

symmetry ' f o r b i d d e n ' w i t h t h e r e s u l t t h a t a l a r g e a c t i v a t i o n 

energy i s r e q u i r e d f o r the r e a r o m a t i s a t i o n t o proceed, a l t h o u g h 

i t has been suggested t h a t (_£) r e a r r a n g e s v i a a symmetry 
1 p 

' a l l o w e d ' manner, but w i t h a h i g h a c t i v a t i o n e n e r g y , 0 but t h i s 

p o i n t i s a t p r e s e n t unclear.*^ Symmetry aspects have been d e a l t 

w i t h e a r l i e r ( S e c t i o n l A ) . 

I t has been shown t h a t rearrangement of Dewar benzene 

produces benzene i n i t s t r i p l e t s t a t e , which i s an i n d i c a t i o n 

t h a t t h i s r e a r o m a t i s a t i o n does n o t occur v i a a c o n c e r t e d 

mechanism. The r e a r o m a t i s a t i o n o f benzvalene, however, does 

not produce t r i p l e t benzene. 1^ 

^.3(11) I n t r o d u c t i o n of A l k v l Groups i n Hydrocarbon Systems 

There are examples of t h e i n t r o d u c t i o n of a l k y l groups 

i n t o v a l e n c e isomers a c t i n g t o i n c r e a s e t h e s t a b i l i t y of t h e 

isomer, r e l a t i v e t o t h e s u b s t i t u t e d isomer, but t h i s i s not 

always t h e case as examples o f t h e parent v a l e n c e bond isomer 

h a v i n g g r e a t e r t h e r m a l s t a b i l i t y a r e a l s o known. 
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(ChU 

( 3 U 9 ( 3 4 ) 

t ^ v a lues 11 hr/90°C ca 2hr/110°C ca 13-11* hr/115°C 

T r i - t - b u t y l p r i s m a n e (3)+) has been shown t o be more s t a b l e 

t h a n e i t h e r prismane (3) or hexamethylprismane which 

appear t o be of r o u g h l y t he same s t a b i l i t y . 

6 
( 2 ) 35 ) 

Isomer (25) r e a r o m a t i s e s r a p i d l y a t room t e m p e r a t u r e 

( t ^ = 17 mins. a t 25°C) whereas benzvalene (£) i s more s t a b l e . 

^ « 3 ( i i i ) Valence Bond Isomers C o n t a i n i n g P e r f l u o r o a l k y l Groups 

I n t r o d u c t i o n of p e r f l u o r o a l k y l groups i n t o valence-bond 

isomers i n many cases has the e f f e c t o f p r o d u c i n g v a l e n c e 

Isomers which are more s t a b l e t h a n t h e i r hydrocarbon c o u n t e r 

p a r t s . Isomers o b t a i n e d from 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 

( 8 ^ ) are more s t a b l e than t h e i r hydrocarbon c o u n t e r p a r t s from 

hexamethylbenzene (h6) . 
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(CH 3 )g 

U6> ( 8 3 1 

I C F 3 ) 6 « P 2 F 5 ) 6 

( 8 7 ] 

I t has been suggested t h a t valence-bond isomers of per-

f l u o r o a l k y l systems owe a t l e a s t p a r t of t h e i r s t a b i l i t y t o 

severe non-bonding i n t e r a c t i o n s between t h e p e r f l u o r o a l k y l 

groups, i n t h e p a r e n t benzene, which r e s u l t s i n d e s t a b i l i s a t i o n 

of t h e benzene. Comparison of (8_}) w i t h (1+6) has i n d i c a t e d 

t h a t t h i s e f f e c t can be q u i t e l a r g e ; f o r these systems the 

d e s t a b i l i s a t i o n o f t h e benzene has been found t o be of the 

o r d e r 30 k.cal.cnole"' 1'. I n t e r a c t i o n s i n h e x a k i s ( p e n t e f l u o r o -

e t h yDbenzene (82) are even g r e a t e r , and a t h i g h temperatures 

t h e para-bonded isomer (89.) appears t o be more s t a b l e than 

( 8 7 ) , and can be formed t h e r m a l l y from ( 8 2 ) .^ 2 However 

d e s t a b i l i z a t i o n o f t h e parent benzene cannot be t h e o n l y 

f a c t o r on which v a l e n c e isomer s t a b i l i t y depends s i n c e on 

t h i s b a s i s the isomers of (83) would be l e s s s t a b l e than 

v a l e n c e bond isomers of ( 8 2 ) . I t has been shown t h a t v a l e n c e 

isomers of (83) are more s t a b l e w i t h r e s p e c t t o rearomat-

i s a t i o n than t h e c o r r e s p o n d i n g v a l e n c e isomers of (87) 

Thermodynamic and k i n e t i c measurements c a r r i e d o u t on t h e 

t h e r m a l i s o m e r i s a t i o n of (82) t o (89.) have shown t h a t AHo f o r 
th e r e a c t i o n has a v a l u e of 37-6 k.Joules/mole. 1 0-^ 

A d r a m a t i c change i n s t a b i l i t y , was r e p o r t e d , i n going 

f r o m para-bonded isomer (89.), which c o n t a i n e d s i x C2F5 sub-

s t i t u e n t s , t o (208) which was s u b s t i t u t e d by f i v e C 2F^ and 
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CF 
(CFJ 

( 8 4 ) ( 8 8 ) 

t£ = 29hrs.(170°C) lbhrs.U72.5°C) H+hrs.(170°C) 

I N C R E A S I N G S T A B I L I T Y ^ 
u F 

LCF,) 1P2 F 5)5 C 2 F 5 > 6 

( 8 6 ) ( 2 0 8 ) ( 8 9 ) 

t£ = 135hrs. (170°C) 70hrs.(172.5°O lOhrs.(170°C) 

one CF^ s u b s t i t u e n t , i n that (208) was much more s t a b l e 
( t j ; = 70 hrs., 172.5°C 6 3 ) than (8£) w i t h t i = 10 h r s . at 
170°C. 

I r r a d i a t i o n of the perfluoroxylenes has l e d to the 
66 i s o l a t i o n of a series of p e r f l u o r o d i m e t h y l Dewar benzenes.' 

The thermal s t a b i l i t y of these isomers was found to be i n the 
order 

C R 

> 
t f = 13.6hrs. 

(90oc) 
t£ = 1.75hrs. Q u a n t i t a t i v e r earomatisation 

(90°C) 2hrs. @ 100°C 
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These examples serve t o i l l u s t r a t e t h a t p o s i t i o n of 
s u b s t i t u t i o n of p e r f l u o r o a l k y l groups also a f f e c t s valence 
isomer s t a b i l i t y . 

I t has been suggested t h a t a f t e r i n c o r p o r a t i o n of 
f l u o r i n e and fluorocarbon groups i n t o valence isomers t h a t 
the isomer i s protected from rearomatisation catalysed by 
e l e c t r o p h i l e s , 2 0 as p e r f l u o r o a l k y l groups are e l e c t r o n w i t h 
drawing . 

h.h S t a b i l i t y of Valence-Bond Isomers from Heteroaromatic System 
^AU) Di-aza Heterocyclic Systems 

Valence-bond isomers have not been i s o l a t e d from 
i r r a d i a t i o n of e i t h e r pyrimidines or pyrazines. 

Both 1,2- and 2,5-diazabicyclo[2.2.0)hexa-2,5-diene 
d e r i v a t i v e s have been i s o l a t e d from i r r a d i a t i o n s of p e r f l u o r o -
p y r i d a z i n e d e r i v a t i v e s . 72 

R= a , c 2 F 5 

b) C F ( C F 3 ) 2 

c) C F ( C F 3 ) C 2 F 5 

A decrease i n s t a b i l i t y of the isomers (209) and (210) 
was observed i n the order C^CF^CFtCF.^ >CF(CF3)CF 2CF, as 
s t a b i l i t y of the isomers decreased i n the order (209a)>(210a)> 
(210b)M210c)>(209b)>(209c). An i n t e r e s t i n g p o i n t t o note i s 
t h a t i n only one of these isomers was the d i a l k y l s u b s t i t u t e d 
para-bonded isomer more thermally s t a b l e than the monoalkyl 

isomer. This was the case when R = C 2
F5* Also s t a b i l i t y of 2,5-

diazabicyclo[2.2.o]hexadienes s u b s t i t u t e d by C^Fy decreased 
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i n the order (210b) >(209b) > ( 2 1 1 ) . 

C F ( C F 3 ) 2 

( 2 1 0 b ) 

> 
C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

( 2 0 9 b ) 

C F ( C F 3 ) 2 

( C F 3 ) 2 C F 

(211) 

No diazaprismanes have been reported t o e x i s t . 

i f A ( i i ) Valence-Bond Isomers from Pyridines 

P y r i d i n e has been reported to form a 2-azapare-bonded 
isomer (£1) which rearomatised w i t h t ^ = 2 mins. at 25° c* l + 0 

( 5 1 ) (111) 

( C 2 F 5 > 5 

N 

(110) 

A very s t a b l e l-azabicyclo[2.2.0]hexadiene isomer (111) 
(t£. = 10*+ hrs. at 170°C) and an azaprismane d e r i v a t i v e (110) 
(t.£ = 1.1 hrs. at 170°C) were produced on p h o t o l y s i s of 
p e r f l u o r o p e n t a e t h y l p y r i d i n e (109) 

The h a l f l i v e s of the f o l l o w i n g azabicyclo[2.2.0]hexa-
dienes have been determined i n t h i s work. (See over) 

Although the h a l f - l i f e of (122) was not determined, i t 
was established t h a t (197) d i d not rearomatise at room temper
ature but was unstable at 90°C, and appreciable less stable 
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C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

(188) 

t£ = 36 minutes @ 10>+oC 

Slow rearomatisation at 
room ten.perature 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

(19A) 

= 110 minutes @ mo°C 

STABLE ?it rooir. temperature 

( C F 3 ) 2 C 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

(196 ) 

t ^ = 135 minutes @ lUo°C 

STABLE at room temperature 

than (196). The order of s t a b i l i t i e s determined i s shown i n 

Fi g . 12 (Page l>+5). 
I t is i n t e r e s t i n g t o note t h a t the t e t r a s u b s t i t u t e d 

valence isomer (188) i s less s t a b l e than e i t h e r of the t r i -
s u b s t i t u t e d valence isomers (196) t (19W) or (̂ .97) since i t 
has been suggested th a t the CF^ group i s b e t t e r at s t a b i l i s i n g 
para-bonded isomers than C3F7 t h e r e f o r e on t h i s basis (188) 

should be the most stab l e compound i n t h i s s e r i e s . However 
the a v a i l a b l e valence isomers each contained 3 d i f f e r e n t sub
s t i t u t i o n p a t t e r n which wade d i r e c t comparison of s t a b i l i t y 
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d i f f i c u l t since other f a c t o r s needed c o n s i d e r a t i o n . These 
are discussed below. 

Valence isomer s t a b i l i t y may be p a r t i a l l y accounted f o r 
by consideration of the r e l a t i v e s t e r i c i n t e r a c t i o n s which 
occur i n the parent aromatic molecule, since i n a h i g h l y 
crowded aromatic system the s t r a i n may be only r e l i e v e d by 
a loss of p l a n a r i t y , w i t h a r e s u l t a n t r a i s i n g of ground s t a t e 
energy. I n t r i - i s o p r o p y l p y r i d i n e s (1,37) and (138) i t has been 
demonstrated th a t (138) i s the more stable of the two, since 
at high temperature (137) can be isomerised t o (1^9) by 

88 
f l u o r i d e i o n . i n (137) i n t e r a c t i o n occurs between two 
adjacent bulky C3F7 groups. 

C 3 F 7 C 3 F 7 

. N ^ C 3 F 7 C 3 F 7 \ N ^ C 3 F 7 

3' 7 

F 

CF, CF. 

( 1 3 7 ) ( 138 ) 

C 3 F 7

L \ N ^ C 3 F 7 

( H 9 ) 

The crowded nature of (1^2 ) a n d ( i 2§ ) i s also i l l u s t r a t e d 
by the d r a s t i c r e a c t i o n conditions required t o introduce a 
f o u r t h C^Fr; group i n t o the p y r i d i n e r i n g . I n (1^9) however 
-even though the p y r i d i n e r i n g i s t e t r a s u b s t i t u t e d the molecule 
contains two less bulky CF^ groups. 

Another f a c t o r to be considered i s the i n t e r a c t i o n between 
the s u b s t i t u e n t groups i n the valence isomer. These i n t e r 
a c t i o n s , even though they are of a lesser magnitude than i n 
the parent aromatic system, cannot be ignored. I t has been 
suggested that a crowding e f f e c t i s involved i n the explana
t i o n f o r the r e l a t i v e s t a b i l i t i e s of diazapara-bonded species,' 7 2 
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as d i s u b s t i t u t e d para-bonded species (209b) and (209c) 
were found to be less s t a b l e than the corresponding mono-
s u b s t i t u t e d d e r i v a t i v e s (210b) and (210c). Since (188) 
has p e r f l u o r o a l k y l groups s u b s t i t u t e d at both bridgehead 
p o s i t i o n s i t s i n s t a b i l i t y , r e l a t i v e t o (122) and (19*t). 
may be p a r t i a l l y due t o i n t e r a c t i o n s between the bridgehead 
s u b s t i t u e n t s , i n t h i s example C^Fy and CF^ groups. Also i n 
(18$) each cyclobutene r i n g contains three p e r f l u o r o a l k y l 
groups so more s t e r i e i n t e r a c t i o n s could occur i n (188) 
than i n e i t h e r (JL2k) or (197). 

A comparison of the s t a b i l i t i e s of the para-bonded 
isomers obtained i n t h i s work i s complicated by the f a c t t h a t 
the i r r a d i a t e d p y r i d i n e s a l l c o n t a i n d i f f e r e n t s u b s t i t u t i o n 
p a t t e r n s . However not a l l the possible aza-para-bonded 
isomers were detected on these i r r a d i a t i o n s and some informa
t i o n may be obtained from these r e s u l t s . 

I r r a d i a t i o n of perfl u o r o - 2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l -
p y r i d i n e (lJ+2) gave e x c l u s i v e l y the 2-aza isomer (188) w i t h 
hone of the 1-aza isomer (212) being detected. I n t h i s 
example the 2-aza skeleton was p r e f e r r e d even though more 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

( C F 3 ) 2 C F C F ( C F 3 ) 2 

( 1 8 8 ) ( 2 1 2 ) 

s t e r i c i n t e r a c t i o n s could occur between the p e r f l u o r o a l k y l 

groups i n (188). The r e l a t i v e magnitude of these i n t e r a c t i o n s 
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i s not known but since the 2-aza isomer was the p r e f e r r e d 
product i t i s suggested that i n t h i s example the main con
t r i b u t o r y f a c t o r was the r e l a t i v e energies of the basic 
skeleton. 

A s i m i l a r s i t u a t i o n arose from i r r a d i a t i o n of p e r f l u o r o -
2 , ^ , 6 - t r i - i s o p r o p y l p y r i d i n e (138) i n t h a t once again the major 
product was the 2-aza isomer (19j+), but i n t h i s example ca. 2f 
of the 1-aza isomer (195) was detected. 

( C F 3 ) 2 C F 

F 

r ^ T ^ C F f C F '3 '2 

N ( C F 3 ) 2 C F 

C F ( C F 3 ) 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

(194) (195) 

I n t h i s instance no s t e r i c i n t e r a c t i o n s between the 

p e r f l u o r o a l k y l groups are possible as these are not adjacent 
i n e i t h e r of the isomers (19JO or (19J>), so t h a t i t i s apparent 

t h a t the dominant i n f l u e n c e i s again the production of the 
le a s t energetic skeleton, i . e . the 2-azapara-bonded isomer. 

A more i n t e r e s t i n g s i t u a t i o n arose on i r r a d i a t i o n of 
(HZ) as both the 1-aza- and 2-aza isomers (196) and (197) 

were obtained, i n the r a t i o *+5:55 so tha t only a m a r g i n a l l y 

C F ( C F 3 ) 2 F 

.N. 
F ( C F 3 ) 2 C F 

C F ( C F 3 ) 2 ( C F 3 ) 2 C F 

C F ( C F 3 ) 2 

(196) (197) 
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greater y i e l d of the 2-aza isomer (197) was obtained. On 
comparison of (196) and (197) 1t can be seen t h a t greater 
s t e r l c i n t e r a c t i o n s are possible i n the 2-aza isomer (197) 
between adjacent s u b s t i t u e n t s due to the geometry of 
the molecule as greater i n t e r a c t i o n s between a l k y l groups 
at C-5 and C-6, i n ( 1 9 7 ) f occurs than between C^Fy groups 
at C-k and C -5 , i n (196). However the 2-aza skeleton was 
s t i l l p r e f e r r e d . 

I t was found that of the two isomers (196) was more 
s t a b l e . This probably stems from the d i f f e r e n t geometry i n 
the t r a n s i t i o n s t a t e f o r r e a r o m a t i s a t i o n . Also the t r a n s 
i t i o n s t a t e f o r rearomatisation of (196) would i n v o l v e an 

increase i n i n t e r a c t i o n between C^Fy groups at C-h and C-5 5 

as these are brought i n t o a more planar environment, which 
would have the e f f e c t of r a i s i n g the a c t i v a t i o n energy of 
rearomatisation of (126), r e l a t i v e t o t h a t of (197) T where 
adjacent C^Fy groups are already i n a planar environment. 

I t has been suggested that p e n t a - a l k y l - 2 - a z a b i c y c l o [ 2 . 2 . 0 ] -
hexa-2,5-dienes are unstable due to crowding of the a l k y l 
groups. No p e n t a - a l k y l s u b s t i t u t e d d e r i v a t i v e s of t h i s r i n g 
system have been i s o l a t e d although an example containing f i v e 
p e n t a f l u o r o e t h y l s u b s t i t u e n t s was thought to be formed on the 
p y r d l y s i s of perfluoropentaethylazaprismane ( ^ 1 0 ) ^ , but 
p y r o l y s i s of azaprismanes (159) and ( l 6 0 ) , i n t h i s work, 
f a i l e d to produce d e r i v a t i v e s of t h i s system. 

The exact reasons behind the order of s t a b i l i t i e s , of 
p y r i d i n e valence isomers, which were determined remains 
unclear but the various points t o be considered have been 
i n d i c a t e d . The isomers obtained a l l had d i f f e r e n t s u b s t i t u t i o n 
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patterns which also served to complicate the problem. I n 
comparison of s t a b i l i t y of the two d i f f e r e n t r i n g systems 
i . e . 1-aza and 2-aza-bicyclo[2.2.0]hexa-2,5-dienes i t must 
also be recognised th a t these would have d i f f e r e n t t r a n s 
i t i o n states on rearomatisation and indeed the e f f e c t of the 
d i f f e r e n t s u b s t i t u t i o n p a t t e r n on the t r a n s i t i o n states i s 
also unclear. I n a d d i t i o n i t has been suggested th a t per-
f l u o r o a l k y l groups s t r o n g l y d e s t a b i l i s e the t r a n s i t i o n s t a t e 
f o r r e a r omatisation of the prismane r i n g , i n some manner not 
yet u n d e r s t o o d . 2 0 

The most s t a b l e valence isomer i s o l a t e d i n t h i s work was 
perf luoro- l+-ethyl-2,6-di-isopropyl-3, 5-dimethyl-l-azabicyclo-

[2.2.0]hexa-2,5-diene (15^) which was rearomatised back to 
(113) at 175°C w i t h ca. k8% conversion a f t e r 38 hours, so the 

h a l f - l i f e of (151*-) could be estimated as ca. *+0 hours at 
175°C. 

h.5 The Photolysis of Valence Isomers 
The various bicyclo[2.2.0]hexa-2,5-dienes i s o l a t e d , i n 

t h i s work, from s u b s t i t u t e d p y r i d i n e s were r e - i r r a d i a t e d i n 
attempts to observe e i t h e r rearrangements or azaprismane 
formation. 

Para-bonded d e r i v a t i v e s (188), (12!+), (122) and (195) 
were a l l i r r a d i a t e d at 25*+ n.m. under s t a t i c c o n d i t i o n s and 
each rearomatised readily to t h e i r respective parent p y r i d i n e s . 
I n none of these i r r a d i a t i o n s were azaprismanes detected or any 
other rearrangement observed to take place. These photolyses 
i l l u s t r a t e why these para-bonded isomers were not formed on 

p h o t o l y s i s of the parent pyridines i n s t a t i c i r r a d i a t i o n s , 
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since these valence isomers were e a s i l y rearomatised by 25*+ n.m. 
r a d i a t i o n so could only be i s o l a t e d by use of the transference 
technique, which removes the valence isomer from the 
i r r a d i a t i o n zone soon a f t e r f o r m a t i o n . Para-bonded species 
(188), (19jf) and (122) *11 have small absorption i n t h e i r 
u.v. spectra at 25*+ n.m. so t h i s could account f o r the ease 
w i t h which r e a r o m a t i s a t i o n occurs at t h a t wavelength. However 
the valence isomer obtained from (1*51) on p h o t o l y s i s at 25^ n.m. 
d i d rearrange on f u r t h e r i r r a d i a t i o n ; t h i s r e s u l t was d e a l t 
w i t h e a r l i e r (Section 3 . 3 ( i i i ) ) as was the i r r a d i a t i o n of (15k.) • 

The prolonged i r r a d i a t i o n of azaprismane mixture (159) 

and (160). at 25*+ n.m., was c a r r i e d out i n CF2C1CFC12 s o l u t i o n . 
The r a t i o of the azaprismanes remained u n a l t e r e d , as shown by 
19 
'F n.m.r. 

h.6 Reactions of Valence Isomers 
^ . 6 ( i ) I n t r o d u c t i o n 

This s e c t i o n contains d e t a i l s of r e a c t i o n s attempted upon 
valence isomers i s o l a t e d i n t h i s work. Reactions were c a r r i e d 
out using NaOMe,Br2 and f u r a n . Other workers have demonstrated 
t h a t some f l u o r i n a t e d para-bonded species are su s c e p t i b l e to 
n u c l e o p h i l i c a t t a c k by NaOMe^*^ and undergo D i e l s - a l d e r 
r e a c t i o n s using f u r a n l Q l +>105 a m i aiso t n a t ^ r 2 may be added 
across the double-bond. 56,66 

However not a l l para-bonded species are r e a c t i v e w i t h 
these reagents as i t has been shown t h a t p e r f l u o r o p e n t a e t h y l -

l-azabicyclo[2.2.0]hexa-2,5-diene ( H i ) does not react w i t h 
bromine, f u r a n or f l u o r i d e i o n . ^ 
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* + . 6 ( l i ) Attempted Reactions w i t h F l u o r i d e Ion 
Both p e r f l u o r o - l + - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l - l -

azabicyclo[2.2 . 0]hexa-2 , 5-diene (15*+) and a mixture of aza-
prismanes (159) and ( l6o) were found to be unreactive towards 
attack by f l u o r i d e i o n , I n s o l u t i o n . 

W . 6 ( i i l ) Reaction Between Sodium Methoxide and P e r f l u o r o - 1 . -

^ T 5 - t r l - i s o D r o D v l - 2 - a z a b i c v c l o [ 2 . 2 . o ] h e x a - ? T 5 - d i e n e ( l < 
Reaction between (19k) and sodium methoxide i n methanol 

gave a s o l i d w i t h M+ 655» which corresponded to t r i - s u b s t i t u t i o n 
by oiethoxide. I n a d d i t i o n n.m.r. showed three signals at 2 .85, 

3.06 and 3.59 p.p.m. (downfield from T.M.S.) of r e l a t i v e 

i n t e n s i t y 1:1:1 whereas n.ai.r. showed two resonances i n 
the region expected f o r ' t e r t i a r y ' f l u o r i n e , at 179.2 and 
185.9 p.p.m. The compound was not i d e n t i f i e d , however the i . r . 
spectrum showed Vmax lb^cm." 1- and the mass spectrum showed 
t r i - s u b s t i t u t l o n , by methoxide, so i t i s suggested t h a t a t r i -
s u b s t i t u t e d para-bonded species was produced and since no 
si g n a l which could be assigned to C£ = C was observed i n the 

7F n.m.r. spectrum i t was thought t h a t s u b s t i t u t i o n occurred 
at C-6, i n the r i n g . 

(OMe). 
( C F 3 ) 2 C F ^ \ C F ( C F 3 ) 2 OMe 

MeOH 
C F ( C F 3 ) 2 

(194) 

(CF 3 ) 2 CF 

MeO 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 
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The other p o s i t i o n s of s u b s t i t u t i o n could not be 
deduced from the n . H i . r . spectra. 

!+ .6(iv) Other Attempted Reactions of Para-bonded D e r i v a t i v e s 
On reactions of para-bonded d e r i v a t i v e s (19*0 and (126) 

w i t h both f u r a n and bromine the valence isomers were recovered 
unreacted. 

Nuc l e o p h i l i c s u b s t i t u t i o n s on (19*+) and (196) using 
-̂PrO" and PhO" were also c a r r i e d out but i n each case the 

reactions gave poor y i e l d s of a complex mixture of products, 
of which the components were not i d e n t i f i e d . 



- 15^ -

CHAPTER 5 

The Photochemistry of Some F l u o r i n a t e d Heterocycles 

5.1 I n t r o d u c t i o n 

I n viev; of the successful d e t e c t i o n of rearrangement 
products from the i r r a d i a t i o n of py r i d i n e s an attempt was 
made t o observe s i m i l a r rearrangements using p a r t i a l l y 
saturated heterocycles. Some of the rearrangements des
c r i b e d e a r l i e r could i n theory be observed i n p a r t i a l l y 
saturated systems such as the rearrangement shown below, 
which i s s i m i l a r to the rearrangement observed i n t h i s work, 

N N X N 

n x ^ N 

(Section 3.2(i)H(2)) and on the i r r a d i a t i o n of h i g h l y 
f l u o r i n a t e d p y r i d a z i n e s . ^ 
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This study was c a r r i e d out w i t h the c o l l a b o r a t i o n of 
Mr. R. D. H e r c l i f f e , who supplied the compounds which were 
i r r a d i a t e d . These compounds were a l l the product of p a r t i a l 
f l u o r i n a t i o n of heteroaromatic systems. 

5.2 I r r a d i a t i o n of P e r f l u o r o - 2 , 5 - d l - l s o p r o p y l - l A - d i -
asacvclohexa-lA-dlene ( 2 H ) 

The d i - i m i n e (213) used i n t h i s i r r a d i a t i o n was prepared 
by the f l u o r i n a t i o n of p e r f l u o r o - 2 , 5 - d i - i s o p r o p y l p y r f l z i n e 

(2ik). 

N 
C F ( C F 3 ) 2

 C o F

3 

N 
^ C F t C F J 3 '2 

( C F 3 } 2 C F ^ N ^ F 2 REF=98 
( C F 3 ) 2 C F ^ N ^ 

(214) (213 ) 8 7 % 

I r r a d i a t i o n of (213) at 253.7nm. i n a s t a t i c vapour 
phase i r r a d i a t i o n i n the presence of mercury s e n s i t i s o r gave 
a brown l i q u i d , which contained three components, i n the 
r a t i o ca. 37:57:6 (from g . l . c ) . 

The f i r s t component was r e a d i l y i d e n t i f i e d as p e r f l u o r o -
i s o b u t y r o n i t r i l e (21?) by comparison of i . r . and mass spec, 
data w i t h those from an authentic sample. 1 0^ The second 
component had a molecular weight of 295 > from mass spec, 
data, which together w i t h (215) have been obtained by 
fragmentation of (213). The t h i r d component was i d e n t i f i e d 
as s t a r t i n g m a t e r i a l (213)• 
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F 2 

' % C F ( C F ) ( C F 3 ) 2 F C S N 3 7 % 
^ U » - ^ h 3 J 2 2 5 3 . y n m Hg ( 2 1 5 ) 

( C F ^ C F k ^ . v a p o u r p h a s e 
N * " + ( 2 1 6 ) + (213) 

(213) 57% 6 % 

The second component (216) was found to be extremely 
susceptible to h y d r o l y s i s and consequently not obtained pure 

but i t was i d e n t i f i e d as perfluoro-W-wethyl-3-methylene-2-
azapent-l-ene (216) from n.cu.r. 

//CTCF3 \ /r"h 

\ / F ^ C F 
Z C . F ^ 5 9 (217) 
(216) 

The n.m.r. of (£L6) showed peaks at 83.1 and 93.C 
p.p.m. (both i n t e g r a t e d t o one) corresponding t o C£=C, a peak 
at 187 p.p.m. ( i n t e g r a t i o n one) from CF(CF 3)2> a s i n g l e t at 
78.9 p.p.m. ( i n t e g r a t i o n s i x ) from CF(CF 3) 2 and two broad 
peaks at ^2.6 and 55.9 p.p.m. which were t y p i c a l of NsCIjVj. 
( I n (£12) signal s from N=Cjj;2 were observed at 50.*+ p.p.m. and 
58.2 p.p.m. and were found to be very broad.) Furthermore 
the observed couplings were i n agreement w i t h s t r u c t u r e (216) 

and are shown i n the above diagram. The i n f r a r e d of (2J.6 ) 

showed Vu.ax at 1805 and 1732 cm.~^ which were assigned t o 
C=N and C=C s t r e t c h e s . This assignment was made a f t e r 
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comparison of s t r e t c h i n g frequences w i t h values from some 
model compounds. Some examples are tabulated below. 

Compound Vmax 
( e i t h e r C=C or C= N) 

Reference 

C0H5N=CF2 1785 cm."1 107 

C 3F 7N=CF 2 1815 cm. - 1 ( 5 . 5 1 ) 1C9 

C 2F 5N=CF 2 1812 cm."1 (5-52 ) 109 

CF3N=CF2 1808 cm."1 (5.53 ) 109 

CF2=N-N=CF2 1739 cm."1 (5 -75 ) 110 

(CF3) 2C=CF 2 1755 cm."1 108 

CF, CF-
\ 3 / 3 

CF^ NCF 2 

1735 and 1760 cm. - 1 111 

The exact mechanism f o r fragmentation of (213) was not 
determined. However the r e a c t i o n would be u n l i k e l y to be a 
concerted process as t h i s would be a r e t r o 2TT+1+TT r e a c t i o n , 
which has been shown t o be forbidden photochemically on 
symmetry considerations. The fragmentation may i n v o l v e an 

intermediate d i r a d i c a l (218) which undergoes rearrangement 
t o ( 2 1 6 ) . 

N 
C 3 F 7 

( 2 1 3 ) 

F , c . ^ % r c 3 F 7 

F 2 

F , C ^ C ' C 3 F 7 

(218) ( 2 1 6 ) 

+ C 3 F y C = N 



- 158 -

The h y d r o l y s i s product from (216) was thought to be the 

corresponding isocysnate since the i L a s s spectrum of the 
impure (216) revealed an i m p u r i t y w i t h M of 273 which was 
i n agreement w i t h the h y d r o l y s i s of -N=CF2 to -N=C=0. 

5.3 I r r a d i a t i o n of Perf luoro-*f T 6 - d l - i s o p r o p v l - l T V d i -
azacvclohexa-^.6-diene (219) 

The d i - i m i n e (219) used i n t h i s i r r a d i a t i o n was prepared 
by the f l u o r i n a t i o n of p e r f l u o r o - ^ - ^ - d i - i s o p r o p y l p y r i m i d i n e 
(220). 

A mercury s e n s i t i s e d vapour phase i r r a d i a t i o n , at 253*7 nm. 
of (212) gave a mixture containing k major products w i t h two 
minor components also present. The f i r s t three major com
ponents i n the mixture were r e a d i l y i d e n t i f i e d from i . r . and 
mass spec, data as p e r f l u o r o i s o b u t y r o n i t r i l e (211?) ? p e r f l u o r o -
*+-methyl-3-rcethylene-2-azapent-l-ene (216) and s t a r t i n g m a t e r i a l 

(212)- The products (215) and (216) had already been obtained 
from the i r r a d i a t i o n of (213). 

The major product (220) was obtained as hQf of the 
f i x t u r e and mass spec, data showed th8 t (22Q) was isomeric 
w i t h the s t a r t i n g m a t e r i a l (219). The i n f r a r e d spectrum of 
(22£) contained v n i a x a t 1678, 1731 and 1799 cm."1 and the 

C F I C F J CF(CF Q ) 

N CoF 
REF.-98 

C F J ^ C F CFoUCF 
N 

(219) ( 2 2 0 8 3 % 
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F 

C 3 F 7 F. 

f 2 5 3 - 7 n m H g ^ 
> I + (CF ) C F C = N 2 

C 3 F 7 ^ ^ V Q P ° U r ' ^ C . F 7

 > ~ ' 3 ' 2 " 3 7 ^ N ^ 2 p h a s e F ^ 3 7 ^ g % 

(216) 15% 

+- (119) 2 4 % + ( 2 2 0 ) 4 8 % 

+ 4 % u n k n o w n s 
19 
'F n.m.r. shoved the presence of two o l e f i n i c and two imlne 

f l u o r i n e s . The resonances were observed at hi,8 p.p.m. 
(N=CF, i n t e g r a t i o n 2), 77.7 p.p.m. (C=CF, i n t e g r a t i o n 1), 
91.3 p.p-fc. (C=CF, i n t e g r a t i o n 1), 76.6 and 77*9 p.p.m. 
(CFCCF^), and high f i e l d resonances at 182.2 and 185.9 p.p.m. 
(froa. CF(CF^) 2, each i n t e g r a t i o n of 1). The s t r u c t u r e of (220) 

( 2 2 0 ) (221) 

i s shown above together w i t h 7F n.m.r. coupling constants. 
A second s t r u c t u r e which could accommodate the ̂ F n.m.r. 
data i s (2£i). However (220) could be formed d i r e c t l y from 
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i r r a d i a t i o n of (219) v i a a mechanism which involved a Im
migration of f l u o r i n e , as i l l u s t r a t e d below, thus supporting 
s t r u c t u r e (220). 

C 3 F 7 

C 3 F 7 

2 5 3 - 7 n m 

" ~ H g 

C 3 F 7V F C C 3 F 7 

N 

(213) 

// 
N 4 8 % 

( 2 2 0 ) 

The other p h o t o l y s i s products were formed from f r a g 
mentation of (219) i n an analogous r e a c t i o n to the photolysis 
of (213.) which gave the same products i . e . 

F 2 r ^ N 

C 3 F 7 

C . F 

2 5 3 - 7 n m 

Hg 
> C 3 F 7 C H N + p 

(219) (215) ( 2 1 6 ) 

5-1+ I r r a d i a t i o n of Perf luoro-if-lsopropyl-l-azacvclohexa-
l , V d i e n e (ggg) 

The diene {222.) was obtained from the f l u o r i n a t i o n of 
p e r f l u o r o - ^ - i s o p r o p y l p y r i d i n e (22 "3). 

C F ( C F 3 ) 2 

( 2 2 3 ) 

CoF^ 

CF(CFO> 

F . r ^ F 
5 8 % R E F - 9 8 

( 2 2 2 ) 
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I r r a d i a t i o n of (222)? a* 253.7nin . i n the vapour phase, 
r e s u l t e d i n the production of two major products i n 70 and 20$ 

y i e l d s (estimated from g.l.c.) together w i t h three minor 
products. 

Only the major component was obtained pure and t h i s showed 
Vmax at 1680, 1767 and 1 7 7 5(shoulder)cm.' 1 i n the i n f r a r e d 
spectrum and was shown from mass spec, data t o be isomeric 
w i t h the s t a r t i n g m a t e r i a l (222). The n.m.r. showed the 
presence o f one t e r t i a r y f l u o r i n e ( a t 186.k p.p.a,.) and 
signals at 96.1, 113 . 8 , 111+.3 and 136.7 p.p.m. ( a l l CF=C) 
w i t h two broad signals at 32.9 and 51.2 p.p.m. which were 
t y p i c a l of -N=CF 2. On t h i s basis the major product was 
i d e n t i f i e d as (22b) which could be formed by a photochemical 

e l e c t r o c y c l i c r i n g opening of (£££). The observed 19p n.m.r. 
couplings (shown above) confirmed t h a t the c i s isomer had 
been produced as g e n e r a l l y o l e f i n i c F-F coupling constants 
of t r a n s - f l u o r i n e s are la r g e r than c i s - f l u o r i n e s . I n t h i s 
example a coupling of 19Hz was observed. 

C F I C F J 3'2 
F2fJ ^ h v 

19 Hz 

N 
( 2 2 2 7- 5 Hz 

(224 ) 

/ 0 - 5 6 \ / 1 0 5 - U 8 

W j 
F 

R E F 112 
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Several isomers could be formed upon i r r a d i a t i o n of 
cyclohexa-l,3-dienes. These include b i c y c l o [ 2 . 2 . 0 ] h e x — 2 -
enes (225). hexa-1,3,5-trienes (226), vinylcyclobutenes (227) 

<3 
( 2 2 5 ) ( 2 2 6 ) ( 2 2 7 ) ( 2 2 8 ) 

and bicyclo[3.1.0]hex-2-enes (££8). I f any b i c y c l o f 2 . 2 . 0 ] -
hex—2-ene d e r i v a t i v e s were formed then i n theory these may 
rearrange v i a a s i m i l a r mechanism to tha t observed on 
ph o t o l y s i s of h i g h l y f l u o r i n a t e d p y r i d i n e s and pyridazines 
i . e . 

Y 

Y 

Examples of i r r a d i a t i o n of cyclohexa-l,3-dienes have 
been shown to produce d e r i v a t i v e s of (225)< (226), (227) and 
(£28). 

<3 REF-.113 -f-

H Ph 
Ph 

REF:1U 
P h / Ph hv 

H Ph 
Ph Ph 

Ph 
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R 

F 

R 

H 

P h f ^ N N > P h h y P h f ^ Ph 

^ J p h L H 

Ph 

REF 115 

R - H o r F 

R E F : 116 

The only product i d e n t i f i e d on the i r r a d i a t i o n of 
perfluoro-^-isopropyl-l-azacyclohexa-l,3-diene (222) was 
found t o be a hexa-l,3,5-triene d e r i v a t i v e (22*0. The other 
products obtained upon i r r a d i a t i o n of (222) were not 
obtained pure so could not be i d e n t i f i e d . 

5.5 I r r a d i a t i o n of P e r f l u o r o - 2 i 3 i ^ - t r l - i s o p r o p y l - l - a z a -
cvclohexa-1.Vdiene (229) 

Nucle o p h i l i c a t t a c k on (222) by p e r f l u o r o i s o p r o p y l anion 
gave (2£2) as the major product.98 

C F ( C F , L 

F 2 ^ , 3 2 

F 2 

(222) 

F 

F 

C 3 F ? 

(229) 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

4 7 % 

However although {222.) was a d e r i v a t i v e of (222) i t d i d 
not undergo any photochemical r e a c t i o n at 253«7nm., even 
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a f t e r prolonged i r r a d i a t i o n . The reason f o r (229) f a i l i n g 
to rearrange was not understood. 

5.6 Qtiher i r r a d i a t i o n s 
Perfluoro-l-azacyclohex-l-ene (23O) and p e r f l u o r o - 1 , 1 -

bi-1,3-diazacyclohex-2-enyl (231), were prepared as described 
i n the l i t e r a t u r e 1 1 ? and i r r a d i a t e d at 253»7nm. I n n e i t h e r 
case was rearrangement observed. 

F 2 

N N N 

F F 

(230) ( 2 3 1 ) 



EXPERIMENTAL 
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INSTRUMENTATION 

I n f r a - r e d spectra were recorded on Perkin-Elmer Model *+57 
or 577 'Grating I n f r a - r e d Spectrophotometers'. L i q u i d and low 
m e l t i n g point s o l i d samples were recorded i n the form of t h i n 
contact f i l m s between potassium bromide p l a t e s . S o l i d samples 

were pressed i n t o homogeneous t h i n disks w i t h potassium bromide 
Gaseous samples were introduced i n t o an evacuated c y l i n d r i c a l 

c e l l w i t h potassium bromide end windows. 
U l t r a v i o l e t spectra were recorded on a Unicam S.P.8000 

or a Unicam S.P.800 spectrophotometer using Spectrosol grade 
cyclohexane as solvent. 

F l u o r i n e (^F) nuclear magnetic resonance spectra were 
recorded on a Varian A56/60D spectrometer, operating at 56.k 
MHz, or a Broker HX90E operating at 8*+.67 MHz. A l l chemical 
s h i f t s are quoted i n p.p.m. r e l a t i v e to CFCl^. Decoupling 
could be performed using the HX90E instrument and a v a r i a b l e 

temperature f a c i l i t y was a v a i l a b l e on the A56/60D instrument. 
Gas L i q u i d chromatographic analysis ( g . l . c . ) was c a r r i e d 

out on a G r i f f i n and George, D6, Gas Density Balence (G.D.B.) 
using columns packed w i t h s i l i c o n e gum rubber SE-30 on 
chromosorb P and d i - i s o d e c y l p h t h a l a t e on chromosorb P. For 
t h i s instrument, when c o r r e c t l y standardised, the number of 
moles of any compound i n a mixture i s d i r e c t l y p r o p o r t i o n a l 
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t o i t s peak area. Preparative scale g . l . c . was performed on 
e i t h e r a Perkin-Elmer 'F-21' instrument or a Varian 'Aerograph' 
instrument using the above columns i n both instruments. 

Mass spectra were recorded using an A.E.I. M.S.9 
spectrometer or a VG Micromoss 12B f i t t e d w i t h a Pye 10k gas 
chromatography A l l molecular weights were determined using 
these instruments. 

Carbon, n i t r o g e n and hydrogen analyses were obtained 
using a Perkin-Elmer 2^0 Elemental Analyser. Analysis f o r 

118 
f l u o r i n e was as described i n the l i t e r a t u r e . 

D i f f e r e n t i a l scanning c a l o r i m e t r y was performed using a 

Perkin-Elmer D.S.C.-2 instrument. 
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CHAPTER 6 

Experimental f o r Chapter 2 

6„1 I n t r o d u c t i o n 

This chapter contains the preparation d e t a i l s of the 
p e r f l u o r o a l k y l p y r i d i n e s used i n l a t e r p h o t o l y s i s experiments. 

6 .2 Reagents 
Pe n t a f l u o r o p y r i d i n e was prepared by t e c h n i c a l s t a f f , by 

86 
the method described e a r l i e r , and supplied on request. 

Caesium f l u o r i d e was reagent grade and d r i e d by heating 
under vacuum f o r several days, powdered, under dry n i t r o g e n , 
i n a glove bag and stored under n i t r o g e n at room temperature. 
Potassium f l u o r i d e , reagent grade, was d r i e d by heating, w i t h 
a Bunsen, powdered under n i t r o g e n i n a glove bag and stored 
under dry n i t r o g e n . 

Tetrahydrothiophen dioxide (sulpholan) was p u r i f i e d by 
f r a c t i o n a l vacuum d i s t i l l a t i o n . 2,5|8,ll,l l+-pentaoxapenta-
decane (tetraglyme) was vacuum d i s t i l l e d o f f sodium. Both 
were stored over dry molecular sieve (type bk) under dry 
n i t r o g e n , at room temperature. 

T e t r a f l u o r o e t h y l e n e was prepared by the vacuum p y r o l y s i s 
of P.T.F.E.11^ Hexafluoropropene was purchased from B r i s t o l 
Organics. 
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6.3 Experimental Procedure used f o r P o l v f l u o r o a l k v l a t i o n 
Reactions 

P o l y f l u o r o a l k y l a t i o n r e a c t i o n s were c a r r i e d out at 
atmospheric pressure using a method developed by e a r l i e r 

87 
workers at these l a b o r a t o r i e s . 

The apparatus consisted of a three necked f l a s k , con
t a i n i n g a magnetic s t i r r e r , w i t h the three necks 

i ) attached to a gas r e s e r v o i r (a f o o t b a l l 
bladder) and i n some reactions also a 
r e f l u x condenser, 

i i ) f i t t e d w i t h a serum cap. 
i i i ) attached to a vacuum l i n e . 

The required q u a n t i t i e s of dry a p r o t i c solvent and 
e i t h e r caesium or potassium f l u o r i d e were r a p i d l y added to 
the dry, n i t r o g e n purged, r e a c t i o n apparatus, against a 
f l o w of dry n i t r o g e n , and the apparatus evacuated, at which 
stage the solvent was degassed. The apparatus was then f i l l e d 
w i t h the required q u a n t i t y of perfluoroalkene gas. After 
i n j e c t i o n of the p y r i d i n e , through the serum cap, the r e a c t i o n 
mixture was v i g o r o u s l y s t i r r e d . 

During these reactions c o l o u r a t i o n of the r e a c t i o n 
mixture was always observed, together w i t h collapse of the 
perfluoroalkene r e s e r v o i r . 

The r e a c t i o n products were vacuum t r a n s f e r r e d from the 
r e a c t i o n vessel i n t o a trap cooled i n l i q u i d a i r , the vessel 
being heated up to ca.90 oC. The composition of the product 
was estimated by gas l i q u i d chromatography ( g . l . c ) . 
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6.W(i) Synthesis of P e r f l u o r o - ? T 5 - d i m e t h v l p y r i d i n e (Ih?) 
This preparation was c a r r i e d out on several occasions. 

Described below 5? a t y p i c a l experiment. 

P e n t a f l u o r o p y r i d i n e (126) ( 2 5 g - , l^S i!..u.oles) and P.T.F.L. 
granules (50g . ) were sealed i n a clean dry autoclave (ca. 
550ml. capacity) which was heated at 550°C f o r 15£ hours. 
V o l a t i l e products were d i s t i l l e d from the hot autoclave, 
under high vacuum, i n t o a c o l d t r a p , immersed i n l i q u i d a i r . 
The t r a p was allowed to warn* to room temperature, i n a fumes 
cupboard, and the mixture analysed by g . l . c . (G.D.B. S i l i c o n e 
elastomer, 78°C) and shown to con t a i n (l'-fg) as the main com
ponent . 

Separation was achieved on a spinning band column, the 
f r a c t i o n b o i l i n g 118-120°C being c o l l e c t e d and i d e n t i f i e d as 
p e r f l u o r o - 3 » 5 - d i m e t h y l p y r i d i n e (1^2) by comparison of g . l . c . 
r e t e n t i o n time, i . r . and n.n.r. spectra w i t h those from 
an authentic sample obtained i n a s i m i l a r r e a c t i o n . ^ ? 
Y i e l d s of CjJ+£) were v a r i a b l e , i n one experiment a y i e l d of 

58̂ 1 was achieved ( L i t e r a t u r e y i e l d 60^) . 
The (l*+2) obtained by t h i s r e a c t i o n was considered pure 

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

6 A ( i i ) Preparation of P e r f l u o r o - ^ - m e t h y l p y r i d i n e (1^3) 

P e n t a f l u o r o p y r i d i n e (50g, 296 m.moles) and F.T.F.E. 

granules (25g.) were sealed i n a clean dry autoclave (ca. 

550u.l. capacity) which was heated at 550°C f o r lk hours 

V o l a t i l e products were d i s t i l l e d from the hot autoclave, 

under vacuum, and c o l l e c t e d ?n a t r a p immersed i n l i q u i d a i r . 
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The t r a p was allowed to warm to room temperature, I n a fumes 
cupboard. G.L.C. analysis (G.D.B. s i l i c o n e elastomer, 78°C) 
showed the presence of ( a s the major component. 

f r a c t i o n a l d i s t i l l a t i o n , on a spinning band column, 
gave a sample of per f l u o r o - 3 - m e t h y l p y r i d i n e (V+^)^7 o n 

c o l l e c t i o n of the f r a c t i o n b o i l i n g between 102-103°C. 
Analysis, by g . l . c . (Pye 10*+, d i - n - d e c y l p h t h a l a t e , 70°C) 
showed the presence of an i m p u r i t y which was shown by 
•^F n.m.r.^1 to be perfluoro-'-i-methylpyridine (l^k) present 
as ca. 10$t of the f i x t u r e . Further p u r i f i c a t i o n by preparative 
g . l . c . (Aerograph, d i - i s o d e c y l p h t h a l a t e , 55 0O g^ve a sample 
of p e r f l u o r o - 3 - " i e t h y l p y r i d i n e (JJt3) which was ca. 9&% pure. 
Samples of t h i s p u r i t y were used f o r f u r t h e r r e a c t i o n s . 

6 A ( i i i ) Reactions of Perf l u o r o - ? f 5-dlmethylpyridlne (IW2) 

w i t h Hexafluoropropene i n the Presence of 
F l u o r i d e Ion 

These re a c t i o n s were c a r r i e d out on numerous occasions. 
Described below i s one such experiment. 

The standard experimental procedure f o r p o l y f l u o r o a l k y l -
a t i o n was used (see Section 6.3). Potassium f l u o r i d e (10g., 
172 m. moles), tetrahydrothiophen d i o x i d e (lOOmls.), hexa-
fluoropropene (25g., lt>7 m.moles), d i l u t e d by UOmm. of 
n i t r o g e n , and perfluoro-3»5-dimethylpyridine (1**2) (10.Oe.T 

13.3 m.iooles) were s t i r r e d at 30°C f o r *+3 hours. Not a l l 
the hexafluoropropene was reacted. The v o l a t i l e product 
(22.3g-) was i s o l a t e d by t r a n s f e r under vacuum and shown by 
g . l . c . (G.J.B. s i l i c o n e elastomer, 78°C) to c o n t a i n p e r f l u o r o -
2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e (lit2) (lO.Og., h7.3%) 



- 171 -

and perfluoro-2,W,6-tri-isopropyl-3,5-dimethylpyridine (1^8) 
( l . l g . , b.l%) together w i t h dimers and t r i m e r s of hexa-
fluoropropene. 

The mixture was f r a c t i o n a l l y d i s t i l l e d using a Fischer-
Spaltrohr m i c r o d i s t i l l a t i o n apparatus MMS 200 at reduced 
pressure (33mm.) and perfluoro-2,6-di-isopropyl-3,5-dimethyl-
p y r i d i n e (1^-9) obtained (B.pt. 86°C/33mm.) as a c r y s t a l l i n e 
s o l i d (Melting point 3&-7°C, L i t . v a l u e 8 7 37°C). The i d e n t i t y 
of p y r i d i n e d e r i v a t i v e (1M-9) was confirmed by comparison of 
i . r . and ^F n.m.r. data w i t h those obtained from an authentic 
sample, prepared by a s i m i l a r method. 8 7 

The d i s t i l l a t i o n residue was b o i l e d w i t h aqueous ammonia 
(880) to give perfluoro-2, l+,6-tri-isopropyl-3,5-dimethyl-
p y r i d i n e (lhQ) a f t e r preparative g . l . c . separation (Aerograph. 
D i - i s o d e c y l p h t h a l a t e , 100°C) which was i d e n t i f i e d by comparison 
of i . r . spectra, ^ F n.m.r. spectra and mass spectra w i t h 
those from an authentic sample. 8 7 

The successful preparation of (1^8) was c a r r i e d out on 
very few occasions, i n most reactions only the t e t r a s u b s t i t u t e d 
p y r i d i n e (l*+7) was obtained. 

Under d i f f e r e n t r e a c t i o n c o n d i t i o n s the composition of 
the products was a l t e r e d as below. 

The standard experimental procedure f o r p o l y f l u o r o a l k y l -
a t i o n was adopted. Caesium f l u o r i d e (2.9g«, 19.1 m.moles), 
tetrahydrothiophendioxide ( l ^ O m l . ) , hexafluoropropene 
(17.0g., 113 m.moles) and pe r f l u o r o - 3 , 5 - d i m e t h y l p y r i d i n e 
(il+0.) (l"+.8g., 55 m. moles) were s t i r r e d at 85°C f o r 2 hours. 
Complete collapse of the perfluoroalkene r e s e r v o i r occurred. 
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V o l a t i l e products (26.5g.) were t r a n s f e r r e d under high vacuum 

to a t r a p immersed i n l i q u i d a i r . Analysis by g.l.c. (G.D.B. 
s i l i c o n e elastomer, 7S°C) showed p y r i d i n e d e r i v a t i v e s (l*+9) 

and CJ.50) as the major components together w i t h dimers and 
tri m e r s of hexafluoropropene. 

Separation by f r a c t i o n a l d i s t i l l a t i o n ('Fischer-Spaltrohr 
i-.MS 200', 3 3 i i i O i . ) gave p e r f l u o r o - 2 - i s o p r o p y l - 3 , 5 - d i m e t h y l -

p y r i d i n e (15fl) as a colourless l i q u i d (E.pt. 69°C/33mm., 
3.1g., 13.5/i- o v e r a l l y i e l d ) ^F n.m.r. No. 1, i . r . s p e c t r u D i 

No. 1, u.v. spectrum No. 15, [Found: F,67.9£; H, lfl9. 
c12*'l5 N r e q u i r e s , F,68.02£; ^,^19) and p y r i d i n e d e r i v a t i v e 
( l i i 9 j ( 2 l . 2 g . , 6Q% y i e l d ) as the f r a c t i o n b o i l i n g at 85-86°C/ 
33±2mm. 

6.>4(iv) Preparation of Perfluoro-W-ethvl-2 r6-di-isoproPvl-
3,5-dimethylpyridlne (153) 

This r e a c t i o n was c a r r i e d out on several occasions, 
described below i s a t y p i c a l experiment. 

The standard experimental procedure f o r p o l y f l u o r o a l k y l -
a t i o n reactions was adopted. Caesium f l u o r i d e (5.1g., 33»° 
m. moles) , t e t r a f l u o r o e t h y l e n e (9.1g., 91 m.moles), 2,5,8,-

11,lV-pentaoxapentadecane (70ml.) and p e r f l u o r o - 2 , 6 - d i - i s o -
propyl-3, 5-dimethylpyridine (lk2) (l>'g• 5 33.^m.moles) were 
s t i r r e d at 85°C f o r four hours, a f t e r which time the r e a c t i o n 
mixture was poured i n t o water (ca. 300ml.). The aqueous 
layer was decanted o f f and ether added to the organic residue. 

The s o l i d obtained was f i l t e r e d and sublimed, under vacuum, 
to give p e r f l u o r o - V - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e 
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(15i)(8.7g., 38$ y i e l d ) i d e n t i c a l w i t h an authentic sample, ( 

prepared i n the same manner. 

6 My) Reaction of P e r f l u o r o - V m e t h v l p v r i d l n e ( l M ) w i t h 
Hexafluoropropene i n the Presence of F l u o r i d e Ion 

The normal experimental procedure f o r p o l y f l u o r o a l k y l a t i o n 
r e a c t i o n s (Section 6.3) was used. Potassium f l u o r i d e ( I 2 g . ) , 
tetrahydrothiophen d i o x i d e (100ml.), perfluoro-3-methyl-
p y r i d i n e (8g., 3^.5 m..iioles, 9Q% pure) and hexaf luoropropene 
(35g», 233 m.moles) were s t i r r e d at 88±3°C f o r 17^ hours. 
Complete collapse of the perfluoroalkene r e s e r v o i r occurred. 
V o l a t i l e products were t r a n s f e r r e d under vacuum i n t o a t r a p 

immersed i n l i q u i d a i r . The l i q u i d obtained (36.7g.) was 
shown by g . l . c . (G.D.B. d i - i s o d e c y l p h t h a l a t e , 78°c) to con
t a i n ( l l l ) ( 1 3 « l g . » 57JO and (!££) ( i t . l g . , 22$) as the major 
products, together w i t h dimers and t r i m e r s of hexafluoro
propene. 

Separation by f r a c t i o n a l d i s t i l l a t i o n ('Fischer-
Spaltrohr MMS 200', l8iun.) gave samples of perfluoro- 1*,6-
d i - i s o p r o p y l - 3 - m e t h y l p y r i d i n e (15£)(B.pt. 75°C/l8mm.) and 
perf luoro-2, lf , 6 - t r i - i s o p r o p y l - 3 - m e t h y l p y r i d i n e (151) (B.pt. 
8*+°C/l8mm.) which were i d e n t i c a l to authentic samples,®'7 as 
shown by ^ F n.m.r. and i . r . spectra, prepared i n a s i m i l a r 
r e a c t i o n . 

6. l+(vi) Preparation of Perf luoro-2 A. 5 - t r i - i s o p r o p y l -
p y r i d l n e (137) 

This preparation®® was repeated several times. Described 
below i s a t y p i c a l experiment. 
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The standard experimental procedure f o r p e r f l u o r o -
a l k y l a t i o n r e a c t i o n s (Section 6.3) was used. Potassium 
f l u o r i d e ( 6 g . ) , tetrahydrothiophen d i o x i d e (100ml.), penta-
fluor©pyridine (1^6)(12.2e.. 72.2 m.moles) and hexafluoro-
propene (^g., 270 m.moles) were s t i r r e d at 78°C f o r 23 
hours. Not a l l the perfluoroalkene was absorbed. V o l a t i l e 
products (U8.1g.) were t r a n s f e r r e d , under vacuum, i n t o a 
t r a p immersed i n l i q u i d a i r . G.l.c. analysis (G.D.B. d i -
i s o d e c y l p h t h a l a t e , 78°C) showed (137) as the major component, 
together w i t h dimers and t r i m e r s of hexafluoropropene. 
F r a c t i o n a l d i s t i l l a t i o n , under reduced pressure ('Fischer-

S p a l t r o h r Column MMS-200', 18mm.) gave a f r a c t i o n 30.6g.. 
(B.pt. 80-82°C) cont a i n i n g (1^7.) and ( H 8 ) which on seeding 

gave c r y s t a l s of ( H 7 ) . The product was f u r t h e r p u r i f i e d by 
meltin g followed by f r a c t i o n a l f r e e z i n g u n t i l pure p e r f l u o r o -
2 , ^ , 5 - t r i - i s o p r o p y l p y r i d i n e ( H 7 ) ( 7 . 9 e . . 17*7% o v e r a l l y i e l d ) 
m e l t i n g point 31-31*5°c, was obtained. Data obtained from 
t h i s compound agreed w i t h those from an authentic sample,92 }88 
obtained i n a s i m i l a r p r e p a r a t i o n . 

6 . M v l i ) Preparation of Perfluoro-2A«6-trl-isopropyl-
p v r l d l n e (138) 

This r e a c t i o n ^ was c a r r i e d out i n a f l a t bottomed Carius 
tube (of ca. 90ml. capacity) c o n t a i n i n g a magnetic s t i r r e r . 

Caesium f l u o r i d e (15g.), tetrahydrothiophen d i o x i d e 
(30ml.), perf l u o r o - 2 , l + , 5 - t r i - i s o p r o p y l p y r i d i n e (137) ( s l i g h t l y 
impure, containing some (138)(30e. T 52.7 m.moles) were i n t r o 
duced i n t o the dry Carius tube which was sealed under high 
vacuum and heated at 170°C, f o r 16 hours, i n an o i l bath w i t h 
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the f i x t u r e v i g o r o u s l y s t i r r e d . V o l a t i l e products (2*+.3g-) 
were t r a n s f e r r e d , under vacuum, i n t o a trap immersed i n 
l i q u i d a i r . G.l.c. analysis (G.J.P. d i - i s o d e c y l p h t h a l a t e , 
78°C) showed (1^8) as the major component together w i t h 
dimers and trimers of hexafluoropropene. The product was 
p u r i f i e d by f r a c t i o n a l d i s t i l l a t i o n ('Fischer-Spaltrohr-
Colunin 1, i'iWS-200, l 8 i ^ . ) and the f r a c t i o n t . p t . 79°C/l8oim. 
c o l l e c t e d which on standing gave p e r f l u o r o - 2 , l + , 6 - t r i - i s o -
p r o p y l p y r i d i n e ( H 8 ) , as a c o l o u r l e s s s o l i d , melting point 
25°C, which was shown to be i d e n t i c a l to an authentic sample 

38 
of (138) " prepared i n an analogous manner. 

6 . * + ( v i i i ) Reaction Between Perf luoro-g, 1*, 5 - t r l - l s o p r o p v l -

p y r i d i n e (1^7). P e n t a f l u o r o p y r i d i n e (H6) and 

F l u o r i d e I o n 
Caesum f l u o r i d e (3g«)> perf luoro-2, l+, 5 - t r i - i s o p r o p y l -

p y r i d i n e (H7) (12.Cg., 19«3 m.moles), p e n t a f l u o r o p y r i d i n e 
(136) (W.Cg., 23*6 i-..t.oles) and tetrahydrothiophen d i o x i d e 
(30ml.) were introduced i n t o a dry f l a t bottomed Carius tube, 
c o n t a i n i n g a magnetic s t i r r e r , which was sealed under high 
vacuum and heated at l6o-lc5°C i n an o i l bath w i t h vigorous 
s t i r r i n g , f o r 17.7 hours. 

V o l a t i l e products were t r a n s f e r r e d , under vacuum, to a 
t r a p immersed i n l i q u i d a i r . Analysis by g . l . c . (G.J.B. 
s i l i c o n e elastomer, 78°C) of the l i q u i d product showed (136) 
(1.3g.), p e r f l u o r o - ^ - i s o p r o p y l p y r i d i n e ( l h o ) ( h . 9 e . ) and a 
mixture of p e r f l u o r o - d i - i s o p r o p y l p y r i d i n e s (139) and (1^1) 
(8.7g.) which contained mainly p e r f l u o r o - 2 , 5 - d i - i s o p r o p y l -
p y r i d i n e (122). 



- 176 -

F r a c t i o n a l d i s t i l l a t i o n using a Fischer-Spaltrohr 
Column tfiviS-20C apparatus and c o l l e c t i o n of the f r a c t i o n 

b o i l i n g 158°C gave (129.) c o n t a i n i n g ca. 2£ of (Ihl) (as 
19 

shown by 7F n.m.r.) i d e n t i c a l to an authentic sample 
( L i t . " b o i l i n g point 159°C) prepared by s i m i l ? r cross over 
experiments. 
c A ( i x ) Reaction between Perf l u o r o - ̂ . 5-dimethyl p y r i d i n e 

(l*+2) and T e t r a f l u o r o e t h v l e n e . i n the Presence 
of F l u o r i d e Ion 

The standard experimental procedure f o r p e r f l u o r a l k y l -
a t i o n reactions was used. Caesiur;, f l u o r i d e ( l V g . , 92.1 
E . i i . o l e s ) , perf luoro-3, 5-dimethylpyridine (l]+2j (7.0g., 26 
m.li-'Oles), 2,5,8,ll,l 1+-pentaoxapentadecane ( I O C K I . ) and 

t e t r a f l u o r o e t h y l e n e (ca. 10g., 100 u,.moles) were s t i r r e d at 
80°C f o r four hours. Mot a l l the perfluoroalkene was 
absorbed. An attempt to t r a n s f e r v o l a t i l e products, under 
high vacuum, i n t o a t r a p cooled i n l i q u i d a i r y i e l d e d no 
v o l a t i l e products. 

The r e a c t i o n mixture was poured i n t o water, the lower 
la y e r separated, extrac t e d i n t o ether and d r i e d OXgSO^). 
Removal of ether using a r o t a r y evaporator gave a viscous 
dark red residue (6Ag.) from which i t was possible to vac. 
t r a n s f e r 3«9g. of an o i l which on examination by g . l . c . 
(G.J.13. s i l i c o n e elastomer, 110°C) was shown to c o n t a i n at 
l e a s t eight components. This r e a c t i o n was not i n v e s t i g a t e d 
f u r t h e r . 
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CHAPTER 7 

Experimental f o r Chapter 3 

Reagents 

The p y r i d i n e s used i n p h o t o l y s i s experiments were a l l 
greater than 99.5% pure and were prepared as i n d i c a t e d i n 
Chapter 6. 

U l t r a v i o l e t L i g h t Sources 

Photochemical reactions were c a r r i e d out i n 'Rayonet' 
prep a r a t i v e photochemical r e a c t o r s 'R.P.R.-2CV and 
'R.P.R.-208'. The 'R.P.R.-2CV re a c t o r contains four lamps 
whereas the 'R.P.R.-208' contains eight lamps. Two types 
of lamps were used i n the i r r a d i a t i o n s to be described. 

( i ) Low pressure mercury lawps which each provided 
15 watts of 253.7nm. l i g h t ( F i g . 13) so th a t 120 watts of 
25^.7nm. l i g h t was a v a i l a b l e from the 'R.P.R.-208' r e a c t o r . 

( i i ) 'Sunlight phosphor' conversion lamps which have 

an emission envelope of wavelengths between 280 and 320nm. 
w i t h maximum output at 300nm. (see F i g . 13). Eight of these 
lamps provide ca. 85 watts of u l t r a v i o l e t l i g h t and w i l l be 
r e f e r r e d to as ^OOnni . lamps. 
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S p e c t r a l Energy Distribution 
of 253*7 nm Lamps 
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The temperature reached w i t h i n the i r r a d i a t i o n zone when 
e i t h e r 253«7nm. or 300nm. lamps were i n use was ca. ^(^C. 

Experimental Procedure 
Some experiments were c a r r i e d out i n s o l u t i o n i n 

stoppered s i l i c a or Pyrex t e s t tubes. I n general the solvent 
used f o r these p h o t o l y s i s experiments was CFgClCFC^ (Freon 
113) which was d i s t i l l e d before use. When the experiment 
was c a r r i e d out i n sealed s i l i c a tubes, under high vacuum, 
degsssing was c a r r i e d out. 

When transference experiments were c a r r i e d out the 
apparatus used was t h a t i l l u s t r a t e d i n F i g . 9 (page 113). 
The compound t o be i r r a d i a t e d was introduced i n t o the la r g e 
s i l i c a vessel and then the system was evacuated t o the 
req u i r e d pressure. The r e s i d u a l gas i n the apparatus was 
a i r . 

7.1 I r r a d i a t i o n of S t a t i c Systems 

( i ) I r r a d i a t i o n of P e r f l u o r o - I t - e t h y l - 2 . 6 - d i - i s o D r 6 p y l -
^.5-dlmethvlpyridlne (153). i n S o l u t i o n , at 
2,^.7nm., Using a ^png I r r a d i a t i o n , Time, 

This i r r a d i a t i o n was performed several times. Described 
below i s a t y p i c a l experiment. 

Perfluoro-U-ethy1-2,6-di-isopropyl-3,5-dimethylpyridine 
(153) ( l g . , 1A9 m.moles), was dissolved i n CF2C1CFC12 (20ml) 
contained i n a stoppered s i l i c a t e s t - t u b e , capacjty ca. 30ml, 
and i r r a d i a t e d f o r 196 hrs. at 253«7nm. (120 watts) a f t e r 
which time analysis by g . l . c . (G.D.B. s i l i c o n e elastomer, 78°C) 
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showed the presence of one new component i n the mixture and 
disappearance of s t a r t i n g m a t e r i a l (153). Removal of solvent, 
by d i s t i l l a t i o n , and p u r i f i c a t i o n of the residue by prep
a r a t i v e scale g . l . c . ('Aerograph', s i l i c o n e elastomer, 80°C) 
gave perfluoro - W-ethy1-2,6-dl-lsopropyl-3> 5-dlmethyl-1-
azatetracyclo[2.2.0.0 2' b.0->5]hexane (160) and p e r f l u o r o - 2 -

ethyl-^f ,6-dl-isopropyl-3,5-dimethyl-l-azatetracyclo[2.2.0. 
0 2 , 0.o3»5]hexane (159) as a colourless l i q u i d mixture 

1 Q . . • 
(Ca. 50:50 mixture as shown by ~'F n.m.r.)[Found: F,71.2%$ 
h, 669. c i 5 i , ' 2 5 N requires F,70.98^; M,669l n.m.r. spectra 
No. 2 and 3« The azaprismane s t r u c t u r e f o l l o w e d from the 
i. r . spectrum (No. 2) which showed no peaks corresponding to 
G=C or CrN stretches and the u.v. spectrum (No. 1) which 
showed the products not to be aromatic. 

On f r a c t i o n a l d i s t i l l a t i o n of t h i s mixture, under 
reduced pressure (10mm., 'whS 200' column) i t was possible t o 
o b t a i n a small q u a n t i t y of t h i s azaprismane mixture ( b o i l i n g 
at 65°C/10mm) which contained (152) and (l6p.) i n the r a t i o 
55:1+5 (as shown by 19F n.m.r.). 

I r r a d i a t i o n of (153) i n s o l u t i o n i n p e r f l u o r o m e t h y l -
cyclohexane i n a sealed s i l i c a tube, under high vacuum and 
degassing, using 253«7nm. l i g h t (120 watts) gave (159) and 
(160) as an inseparable mixture. 

( i i ) I r r a d i a t i o n of Perf l u o r o - i + - e t h y l - 2 . 6 - d i - i sopropvl-
3,5-dlmethylpyridlne (153). i n S o l u t i o n at 25^.7nm.. 
Using a Short I r r a d i a t i o n Time 

Perfluoro - W-ethy1-2,6-di-isopropy1-3,5-d1methylpyridine 
(JJB) (Wg, 5.97 m.moles) was dissolved i n CF2C1CFC12 (80mls) 
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contained i n a stoppered s i l i c a tube (Capacity ca. 100ml) 
and i r r a d i a t e d by 253-7nm. l i g h t (120 watts) f o r k6.2 hrs, 
a f t e r which time g . l . c . analysis (G.D.B. s i l i c o n e elastomer, 
79°C) and g . l.c. mass spec, showed the presence of para-
bonded species (15*+), azaprismane mixture (159) and ( l6o) , 

and (15_}) i n the r a t i o ca. 2G:15:65. Small samples of 
(JL5J+) and mixture (159) and (l6o) were obtained by reduced 
pressure d i s t i l l a t i o n (column 'MMS 200', l8mai. Bpts 69° and 
73°C r e s p e c t i v e l y ) and t h e i r i d e n t i t y confirmed by comparison 
of t h e i r n.m.r. spectra w i t h those of authentic samples. 

( i i i ) I r r a d i a t i o n of Perfluoro-W-ethvl-2.6-dl-isoproprl-
^ T 5 - d i m e t h v l P v r i d i n e (15?). i n S o l u t i o n at ca. 
?00nmP Using a Short I r r a d i a t i o n Time 

Perf luoro- l+-ethyl-2,6-di-isopropyl-3i5-dimethylpyridine 
(113) d'5g- 2.21* m.moles) was dissolved i n 25 ^ 1 . of 
CK2CICFCI2 contained i n a Pyrex t e s t - t u b e , of ca.35ml. 
c a p a c i t y , and i r r a d i a t e d at ca.300nm. (CaA2 watts) f o r 2h 
h r s . The solvent was removed by d i s t i l l a t i o n and the residue 
examined by g . l.c. (G.D.B. s i l i c o n e elastomer, 78°C) and 
shown to contain three components. 

The products from two such experiments (2.85g) were 
combined and separated by d i s t i l l a t i o n (13uio,. 'MMS 200' 
column) to give p e r f l u o r o - 1 f - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 , 5 -
dimethyl-l-azabicyclo[2.2»C]hexa-2,5-dlene (15^)(b.pt. 
6h°C ca.l3mm) as a colo u r l e s s l i q u i d (1 . lbg ,38.6%)[Found: 
C,27.Q%\ F,70.7^; M,669. C 1 5F 2 5N requires C,26.93#? 
F,70.9/ —> ft,669) i . r . spectrum No. 3> n.m.r. spectrum 
No. k, u.v. spectrum No. 6. 
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The pot residue (1.69g) was examined by g . l . c . (G.D.E. 
s i l i c o n e elastomer, 73°C) and shown to contain para-bonded 
species (1.05g) (33/0, azaprismane mixture ( a n d (lbO) 
(0.32g, 10.5%) and (2JLi)(0.25g, 8.3£) from g . l . c . r e t e n t i o n 
times and g . l . c . mass spec. The y i e l d of (15k) was 71$ 
o v e r a l l . 

( i v ) I r r a d i a t i o n of Perfluoro-U-ethyl-2T6°dl°isopropyl-
^.5-dimethylpyridlne ( 1 5 ^ ) . i n S o l u t i o n at 
ca. 30Qnmt Usjng a, Long. I r r a d l a U p n yiffle 

Perf luoro-^-ethy 1-2,6-di-isopropyl-3,5-dimethylpyridine 
(15^) (1.5e. 2.2l+m.moles) was dissolved i n 25BI1 . of CF2C1CFC12 

contained i n a pyrex t e s t - t u b e ( c a p a c i t y ca. 35fl) and 
i r r a d i a t e d at ca.300nm. (ca.l+3 watts) f o r 359 hrs. The 
r e s u l t i n g s o l u t i o n was shown by g . l . c . (G.D.B. s i l i c o n e 
elastomer, 78°C) to contain only one component. Removal 
of solvent by d i s t i l l a t i o n gave a residue (l. l+5g) which 
was p u r i f i e d by preparative g . l . c . ('Aerograph', s i l i c o n e 
elastomer, 80°C) and shown by n.m.r. to be a mixture 
of azaprismanes (159) and (160) i n the approximate r a t i o 

55:^5. 

(v) I r r a d i a t i o n of P e r f l u o r o - 2 T V T 6 - t r i - i s o p r o p v l - ^ . 5 -
d i m e t h v l p v r l d i n e (H+8) i n S o l u t i o n at 25^.7nm. 

Perf l u o r o - 2 , 1 + , 6 - t r i - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e 
(jM)(1.01g, lAOm.moles) was dissolved i n CF2C1CFC12 

(20ml), contained i n a s i l i c a t e s t - t u b e , ( c a p a c i t y ca.30ml) 
and i r r a d i a t e d by 253.7nm. l i g h t (60 watts) f o r 396 h r s . 
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a f t e r which time g . l . c . analysis (G.D.B. s i l i c o n e elastomer 
78°C) showed a^aprismane (122) (6l£) and (ik8) (39^') together 
w i t h solvent. The solvent was removed by d i s t i l l a t i o n and 
the residue p u r i f i e d by preparative g . l . c . ('Aerograph 1, 
s i l i c o n e elastomer, 95°C) to give perf luoro-2, l+,6-tri-
i sopropyl-3,5-dimethyl-l-azatetracyclo [ 2.2.0.0 2 » ^ . o 3 > 5 ] -

hexane (179) (0 A5g 73.7£ y i e l d based on 61% conversion) as 
a col o u r l e s s l i q u i d . [Found: F, M 719. C l oF 27N 

- T O 

r e q u i r e s F,'/i.35%; M, 719 J F n.ra.r. spectrum No. 5« The 
azaprismane s t r u c t u r e f o r (179) f o l l o w e d from the i . r . data 
(spectrum No. h) which showed no absorbances corresponding 
t o C=C or C=N stretches and the u.v. data (spectrum No. 2, 
Xmax 2l*+ (£,520) and ca.256nm. (€ ,86)) which i n d i c a t e d the 
product was not aromatic. The second component i n the 
mixture was i d e n t i f i e d as s t a r t i n g m a t e r i a l (1^8). 

( v i ) I r r a d i a t i o n of P e r f l u o r o - 2 - e t h y l - 3 , 6 - d l - i s o p r o p v l -
^ . S - d l m e t h y l p y r i d i n e (156) i n S o l u t i o n at 25?.7nm. 

Perf l u o r o - 2 - e t h y l - 3 1 6 - d i - i s o p r o p y l - L f , 5-dimethylpyrldine 
(156)(0.50g, 0.7!+ m.moles) was dissolved i n CF2CICFCI2 
(10ml) contained i n a stoppered s i l i c a t e s t - t u b e , capacity 
ca.30ml, and i r r a d i a t e d by 253.7nm. l i g h t (120 watts) f o r 
101.5hrs. a f t e r which time g . l . c . analysis (G.D.B. s i l i c o n e 
elastomer, 78°C) showed the presence of one new component, 
i n s o l u t i o n , and showed the absence of s t a r t i n g m a t e r i a l 
(156)« Removal of solvent by d i s t i l l a t i o n and p u r i f i c a t i o n 
of the residue by preparative g . l . c . ('Aerograph', s i l i c o n e 
elastomer,80°C) gave p e r f l u o r o - 2 - e t h y l - 3 , 6 - d i - i s o p r o p y l -
^ - d l m e t h y l - l - a z a t e t r a c y c l o [2.2.0.02>6.Q3>5] hexane (185) 
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as a colourless l i q u i d (0.29g, 58)t) [Found: F,70.3£; M,669; 
C 1 5 F 2 5 N requires F,70.98j£; ri,669] ̂ F n.m.r. spectrum No. 6. 
The u.v. data, Xmax 220nm. (€,IW3) (Spectrum No. 3) and the 
absence of any absorbances corresponding to C=C or C=N 
stretches i n the i . r . spectrum (No. 5) confirmed that the 
product had an azaprismane s t r u c t u r e . 

( v i i ) I r r a d i a t i o n of P e r f l u o r o - 2 - e t h v l - 5 . 6 - d l - i s o p r o p y l -
^ A - d l m e t h v l p y r i d i n e (157) i n S o l u t i o n at 2»H.7nm. 

Perf luoro-2-ethyl-5,6-di-lsopropy 1-3, ̂ --dimethylpyridine 
(152)(0.51g, 0.75 m. moles) was dissolved i n CF2C1CFC12 

(10ml) contained i n a stoppered s i l i c a t e s t - t u b e , capacity 
ca. 30ml., and i r r a d i a t e d at 253.7nm. (120 watts) f o r 96 
hrs. a f t e r which t i m e the s o l u t i o n was analysed by g . l . c . 
(G.D.B. s i l i c o n e elastomer, 78°C) and was shown to contain 
one new component, and absence of s t a r t i n g m a t e r i a l (157). 
Solvent was removed by d i s t i l l a t i o n and the residue p u r i 
f i e d by preparative g . l . c . ('Aerograph', s i l i c o n e elastomer 
80°C) to give an u n i d e n t i f i e d p e r f l u o r o - e t h y l d i - 1 s o p r o p y l -
dimethylazaprismane (A)(C.32g, 63^) as a c o l o u r l e s s l i q u i d 
[Found: F,70.7jC; ft,669; C 1 5F 2cN requires F,70.9$; M,669] 
i . r . spectrum No. 6, 19j? n.m.r. spectrum No. 7, u.v. spectrum 
No. h. 

( v i i i ) I r r a d i a t i o n of P e r f l u o r o - 2 f 6 - a l - i s o p r o p y l - ^ t 5 -
d l m e t h y l p y r i d l n e (1W9) i n S o l u t i o n , at ?«n.7nm. 

P e r f l u o r o - 2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e (1M-9) 
(2.0g, 3.58m.moles) was dissolved i n CF2C1CFC12 (50ml) i n 
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a clean dry s i l i c a Carius tube (Ca.220 x 29mm). The s o l u t i o n 
was degassed and the tube sealed under high vacuum (0.003mm) 
and i r r a d i a t e d at 253-7nm. (120 watts) f o r 289 h r s . The 
s o l u t i o n discoloured, but removal of solvent and vacuum 
transference gave s t a r t i n g m a t e r i a l ( 1 . 8 ^ ) as the only 
product (shown by comparison of i . r . and ^ F n.m.r. spectra 
w i t h those from an authentic sample). 

( i x ) I r r a d i a t i o n of P e r f l u o r o - 2 T l + T 6 - t r l - l s o p r o p y l p v r i d i n e 
(1?8) i n S o l u t i o n , at 253.7nm. 

Perf l u o r o - 2 , 1 + , 6 - t r i - i s o p r o p y l p y r i d i n e (JQS) (2.02g, 
3.26 u;.moles) was dissolved i n CF2CICFCI2 (^Oml) i n a clean 
dry s i l i c a Carius tube (Ca. 23 x 215^)- The s o l u t i o n was 
degassed and the tube sealed under high vacuum (0.005mm), 
and i r r a d i a t e d by 253 .7nai . l i g h t (60 watts) f o r 306.3hrs. 
Some d i s c o l o u r a t i o n of the s o l u t i o n occurred, but removal of 
solvent g8ve s t a r t i n g m a t e r i a l (138)(1.77g) as the only 
product (As shown by g . l . c . i . r . and ^F n . m . r . ) . 

(x) I r r a d i a t i o n of Perfluoro-2«It«6-tri-lsopropylpyr1dlne 
by 25?.7nm. l i e h t t i n the Vapour Phase 

Perf l u o r o - 2 , l + , 6 - t r i - i s o p r o p y l p y r i d i n e (1?8) (1.65e., 
2.67 lu.moles) was introduced I n t o a clean dry s i l i c a tube 
(25 x 2lCmm) which was sealed under high vacuum (0.001mm), 
a f t e r degassing, and i r r a d i a t e d at 253»7nm. (6c watts) f o r 
306.3hrs. S l i g h t d i s c o l o u r a t i o n of the s o l i d occurred. 
The vacuum t r a n s f e r r e d product (1.52g) was shown by g . l . c . 
< G . J . B . s i l i c o n e elastomer, 78°C) to be a s i n g l e component 
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i d e n t i f i e d as s t a r t i n g m a t e r i a l ( H 8 ) from i . r . and i y F 
n.m.r. spectra. 

7.2 I r r a d i a t i o n Under Transference Conditions 

( i ) I r r a d i a t i o n of Perfluoro- 1»-ethyl-2 t6-dl-isopropyl-
3,5-dlmethylpyridlne ( 1 5 ^ ) . at 253.7nm. Whilst 
Under Transference 

Perfluoro-W-ethy1 - 2,6-di-isopropyl-3,5-dimethylpyridine 
(153) (l.lOg«5 1,6k m.moles) was introduced i n t o the trans
ference apparatus i l l u s t r a t e d i n F i g . 9 ( S i l i c a vessel used, 
70 x 370mm). The system was evacuated to a pressure of 
0.003am, the r e s i d u a l gas being a i r , and then i r r a d i a t e d at 
253.7nm. (120 watts) f o r 22.8 h r s . , during which time a l l 
the m a t e r i a l t r a n s f e r r e d i n t o the l i q u i d a i r c o l d t r a p . The 
t r a n s f e r r e d product (1.06g, 96.5A) was shown by i . r . , mass 
spec, and g . l . c . to be recovered s t a r t i n g m a t e r i a l (1^3). 

( i i ) I r r a d i a t i o n of P e r f l u o r o - 2 , 6 - d i - i s o p r o p y l - 3 < 5 -
d i m e t h y l p y r i d i n e (H»9) at 25^.7nm.Whilst Under 
Transference 

Perfluoro-2,6-di-isopropyl-3,5-dimethylpyridine (3.0g., 
5-27 m.moles) was introduced i n t o the apparatus shown i n 
Fi g . 9 ( S i l i c a vessel 110 x 37Cmm) and the system evacuated 
to a r e s i d u a l pressure of a i r , of 0.5mm. and i r r a d i a t e d at 
253«7nm. (120 watts) f o r ^2.5 hrs. during which time a l l 
the m a t e r i a l had t r a n s f e r r e d i n t o the cold t r a p ( l i q u i d a i r ) . 
S l i g h t decomposition was observed on the wa l l s of the s i l i c a 
v e s s el. 
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The r e s u l t i n g l i q u i d product (1.98g) was examined by 
g. l . c . (G.u.B. d i - i s o d e c y l p h t h a l a t e , 78°C) and shown to 
contain two major components, the one of longer r e t e n t i o n 
time (G.69g) was subsequently shown to be s t a r t i n g m a t e r i a l 
(l*+9) by g . l . c . r e t e n t i o n time and i . r . The component of 
shorter r e t e n t i o n time was separated by g . l . c . ('F-21 1, 
d i - i s o d e c y l p h t h a l a t e , a l l parts at 50°C) and shown to be 
perf luoro-l,3-di-lsopropyl- 14-,6-dimethyl-2-azabicyclo-
[2.2.0] hexa-2,5-diene (188.) (1.29g, '^3% o v e r a l l y i e l d ) 
[Found: C,27.*+£: F,70.1#; to,569. C 1 3 F 2 i N requires C,2?.h5%\ 

F,7C.l;f; ,5^9J i . r . spectrum Wo. 7, ^ F n.m.r. spectrum 
No. 8, u.v. spectrum No. 8. 

A s o l i d product (0.91g) obtained from the w a l l s of the 
19 

c o l d t r a p was i d e n t i f i e d by 'F n.n.r. as s t a r t i n g m a t e r i a l 

(JitS) -
( i i i ) I r r a d i a t i o n of P e r f l u o r o - 2 . l f . 6 - t r l - i 3 0 D r o p y l p v r l d l n e 

(138) at 253.7nm. Whilst Under Transference 
This p h o t o l y s i s was c a r r i e d out on more than one 

occasion. A t y p i c a l experiment i s described below. 
Perf l u o r o - 2 , l + , 6 - t r i - j s o p r o p y l p y r i d i n e (138) (3.Og, 

k.Sk m.moles) was introduced i n t o the apparatus shown i n 
F i g . 9 ( S i l i c a vessel used, 110 x 370mm.) and the system 
evacuated to a r e s i d u a l pressure, of a i r , of 1.0mm. and 
i r r a d i a t e d f o r 6k.9 hours at 253«7nm. (120 watts) during 
which time a l l the m a t e r i a l had t r a n s f e r r e d i n t o the cold 
t r a p . S l i g h t decomposition was observed on the w a l l s of 
the s i l i c a v e s sel. 
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G.L.C. analysis (G.D.B. d i - i s o d e c y l p h t h a l a t e , 7 8 0 O 

of the l i q u i d product showed two major components of which 
the one of longer r e t e n t i o n time was shown to be s t a r t i n g 
m a t e r i a l (li8_) (1.76g, 59£) • l . l l g (37£) of the more v o l a t i l e 
component was present (as estimated by g . l . c ) . 

The products from four such transference reactions were 
combined and d i s t i l l e d ('Fischer Spaltrohr-Column MMS 200' 
m i c r o d i s t i l l a t i o n apparatus) under reduced pressure (22mm) 
to give p e r f l u o r o - l , 3 > ^ - t r i - i s o p r o p y l - 2 - a 2 a b i c y c l o [ 2.2.0]-
hexa-2,5-diene ( I 9 h ) . as a c o l o u r l e s s l i q u i d (Bpt. 66°C/ 
22 - liiioi.) [Found: F,?0.7%', ^,619. C 1 i f F 2 3 N requires F,70.6tf: 
h , 6 l 9 l ^ F n.m.r. spectrum No. 9, i . r . spectrum No. 9, u.v. 
spectrum No. 9 and oAlg of a mixture (B.pt. 66.5-67°C/22mm) 
con t a i n i n g ca. 60>' (19^) and W0>' of a second component 
i d e n t i f i e d from ^F n.m.r. as p e r f l u o r o - 2 1

1 t , 6 - t r i - i s o p r o p y l -
1-az a bicyclo[2.2.0]hexa-2 >^-diene (195) n , m . r . spectrum 
No. 10 [Found: n,6l9. C]_i,F23N requires i>.,619] w i t h an o v e r a l l 
y i e l d of Ca.2Jt. 

( i v ) I r r a d i a t i o n of P e r f l u o r o - 2 A . 5 - t r l - i s o p r o p y l p y r i d l n e 
(137) at 25^.7nm. Whilst Under Transference 

This i r r a d i a t i o n was c a r r i e d out on more than one 
occasion. A t y p i c a l experiment i s described below. 

Perf l u o r o - 2 , ^ , 5 - t r i - i s o p r o p y l p y r i d i n e ilY/) (2.1e T 

3.39i£.uioles) was introduced in^o the transference apparatus 
( F i g . 9. 370 x llCmm. s i l i c a vessel) and the system 
evacuated to a r e s i d u a l pressure of 0.3ma. and i r r a d i a t e d by 
253'7nu.. (120 watts) f o r 21.6 hrs. during which time a l l the 
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m a t e r i a l had t r a n s f e r r e d i n t o the t r a p , cooled i n l i q u i d 

a i r . 
Analysis by g . l . c . (G.D.B. s i l i c o n e elastomer, 78°C) 

of the l i q u i d obtained showed two major components, a 
v o l a t i l e component ( 0 . 8 7 g . , ^ l ^ ) and unreacted s t a r t i n g m a t e r i a l 
( H 7 ) . Separation by preparative g . l . c . ('F-21', d i - i s o -
d e c y l p h t h a l a t e , 60°C) gave a mixture c o n t a i n i n g p e r f l u o r o -
2 , > + , 5-tri-isopropyl-l-azabicyclo [2.2.0]hexa-2,5-diene (196) 
and p e r f l u c r o - 3 , 5 , 6 - t r i - i s o p r c p y l = 2 = 8 z a b i c y c l c [ 2 . 2 . 0 ] h e x a -
2,5-diene (197) n .m.r. No. 12, i . r . of mixture spectrum 
No. 9 , i n the r a t i o "+5:55 ^ a s determined by n.m.r.). 

The products from three such reactions were combined 
and an attempt made to separate the azaparabonded species 
(196) and (19JZ) by d i s t i l l a t i o n using a Fischer-Spaltrohr-
column HMS500 d i s t i l l a t i o n apparatus, under reduced pressure 
(8mm.). However the azaparabonded species (197) rearo-
matised during the course of the d i s t i l l a t i o n but p e r f l u o r o -
2 5 - t r i - l s o p r o p y l - l - a z a b i c y c l o [ 2 . 2 . 0 ] h e x a - 2 , 5 - d i e n e (196) 
was obtained as a colourless l i q u i d (Bpt. 56°C/8mm.) 

[Found: F , 7 0 A j 6 ; C,27-2#; M ,6 l9 . C^*^1* r e q u i r e s F,70.6%; 

C,27.15$>; H,6l9] ^ F n.m.r. spectrum No. 11, i . r . spectrum 
No. 10, u.v. spectrum No. 7. 

(v) I r r a d i a t i o n of P e r f l u o r o - 2 A . 6 - t r l - l s o p r o p v l - V m e t h v l -
p y r l d i n e (151) at 25^.7nm. Whilst Under Transference 

P e r f l u o r o - 2 , ^ , 6 - t r i - i s o p r o p y l - 3 - m e t h y l p y r i d i n e (151) 
(3.0g., ^ A S m .moles) was introduced i n t o the apparatus shown 
i n F i g . 9 and the system evacuated to leave a r e s i d u a l 
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pressure, of a i r , of l.Om.v. pnd i r r a d i a t e d ->t 253«7nm. (120 
wa t t B ) f o r 6*4.2 hours during which time a l l the m a t e r i a l had 
t r a n s f e r r e d i n t o the cold t r a p . 

Analysis of the l i q u i d product (2.9g) by g . l . c . (G.D.B. 
d i - i s o d e c y l p h t h a l a t e , ?8°C) showed two components, t h e more 
v o l a t i l e present as kO.2% of the mixture (38.8> y i e l d o v e r a l l ) 
whereas analysis by g . l . c . C'F-21' d i - i s o d e c y l p h t h e l 8 t e , 60°C) 
f u r t h e r resolved the v o l a t i l e component i n t o two components 
( r e l a t i v e r a t i o ca. 8:1) and the i n v o l a t i l e component i n t o 
two peaks ( r e l a t i v e r a t i o Ca. 50:50). The products from 
three such i r r a d i a t i o n s were combined and d i s t i l l e d under 
reduced pressure (8.5mm) on a Fischer-Spaltrohr Column HMS 
200 m i c r o d i s t i l l a t i o n apparatus to give an u n i d e n t i f i e d 

compound thought to be a p e r f l u o r o t r i - i s o p r o p y l m e t h y l a z a -
prismane (E ) , due to the absence of e i t h e r C=C or C=N s t r e t c h e 
i n the i . r . spectrum No. 11. [Found: F,70.3^: K,669. 
C 1 5 F 2 5 N requires F,7C98£; K,669] 1 9 F n.m.r. spectrum No. Ik 
u.v. spectrum No. 5 (Ept. 53-l+°C/8.5mm). k component b o i l i n g 
point 5^-5^0C/3.5«m contained the previous component and was 
also u n i d e n t i f i e d and had resonances i n the ^ 9F n.w.r. at 
6U.35, 65.W8, 75.79, 76.6k, 73.55, 99.95, 105.37, 179.2, 
187.2, 183.1 and 198.7 p.p.m. and was shown by g . l . c . u,ass 
spec.to be isomeric w i t h (151). The Dot residue a f t e r 
removal of v o l a t i l e coa.ponents was shown by ^ F n.m.r. to 
be a i i.ixture which contained ca. 50). of s t a r t i n g m a t e r i a l 
(151) together w i t h a second u n i d e n t i f i e d p y r i d i n e , w i t h 
I-i = 669 (as shown by g . l . c . L:ass spectrometry). 
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(v1) I r r a d i a t i o n of P e r f l u o r o - 2 - i s o p r o p y l - 3 ? 5 - d i -
u.ethylpyrldlne (150). at 25^.7nu,. Whilst 
Under Transference 

Pe r f l u o r o - 2 - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r l d i n e (150) 
(2.90g, 6.92m.moles) was introduced i n t o the transference 
apparatus shown i n F i g . 9 ( S i l i c a vessel, 370 x 110mm). 
The l i q u i d was fr o z e n , using l i q u i d a i r , w h i l e the vessel was 
evacuated to a pressure of 0.65mL.. and then i r r a d i a t e d at 
253«7nm, (120 wat ! ; s ) f o r a t o t a l of Uo.c hrs. during which 
time a l l the m a t e r i a l had t r a n s f e r r e d i n t o the cold t r a p . 

G.l.c. analysis (O.D.B. d i - i s o d e c y l p h t h a l a t e , 35°C) 
showed three major components i n the r a t i o ca. 3*+>: %59*> 

together w i t h two very minor v o l a t i l e components, i n order 
of increasing r e t e n t i o n time. Separation by preparative 
g . l . c . ('F-21', d i - i s o d e c y l p h t h a l a t e , 35°C) gave an impure 
sample i d e n t i f i e d as perf l u o r o - l - i sopropyl- 1* ,6-diraethyl-2-
azabicyclo [2.2.C] hexa-2,5-diene (2C>2.) from i t s n.m.r. 
(No. 13). Rearomatisation to (150) occurred during the 
separation so a pure sample was not obtained and the para-
bonded species (2,02) was found to be extremely susceptible 
to h y d r o l y s i s , even i f stored at, -20°C, The l e a s t v o l a t i l e 

component, present at 59A of the mixture, was i d e n t i f i e d as 
19 

s t a r t i n g m a t e r i a l (150) by comparison of i . r . and F n.m.r. 
spectra w i t h those from an authentic sample. The component 
present as 5% of the mixture and the two minor components 
were u n i d e n t i f i e d . 
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( v i i ) I r r a d i a t i o n of Perfluoro-M- ? 6-di-isopropyl-?-

methylpyridine (152) ̂  at 25^.7nm. Whilst 
Under Transference 

P e r f l u o r o - ^ b - d i -isopropyl-3-methylpyridine (152) 

(3«2g, 6.2b m. moles) was introduced i n t o the transference 
apparatus shown i n F i g . 9 ( S i l i c a vessel used, 370 x 110mm). 
The liqur'd was frozen down and the apparatus evacuated to a 
r e s i d u a l pressure of 0.5m.i.. The vessel was allowed to warm 
to room temperature and I r r a d i a t e d cy 253'7nn.. lamps (120 
watts) f o r 102 hours, during which time a l l the m a t e r i a l had 
t r a n s f e r r e d i n t o the side t r a p , cooled i n l i q u i d a i r . 

The l i q u i d product (3«Cl+g) was analysed by g . l . c . 
(G.L>.5. d i - i s o d e c y l p h t h a l a t e , 79°c) and showed one v o l a t i l e 

component as W6> of the mixture,and 53% s t a r t i n g m a t e r i a l 
(j !52) » The v o l a t i l e component was resolved i n t o two major 
components and one «:inor component on f u r t h e r g . l . c . 
analysis ('2-21* s i l i c o n e elastomer, k5°C), however 
r e s o l u t i o n was poor and separation by g. l . c . ('F-21 1 S i l i c o n e 
elastomer, *+5°C) gave samples of r.he mixture which was shown 
by mass spec, to be isomeric w i t h s t a r t i n g m a t e r i a l (152) 

but was not i d e n t i f i e d . 

( v i i i ) I r r a d i a t i o n of P e r f l u d r o - 2 . 5 - d i - i s o p r o p y l p v r i d i n e 

(139), at 253.7na.. Whilst Under Transference 
Perfluoro-2,5-d!-isopropylpvr1dine (122)(3.15g) was 

introduced i n t o the transference apparatus i l l u s t r a t e d i n 

Fi e . 9 ( S i l i c a vessel, 37C x 110mm) and the l i q u i d frozen 
down ( l i q u i d a i r ) v/hilst the vessel was evacuated to a 
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r e s i d u a l pressure (of a i r ) of l.Cmm. The vessel was 
i r r a d i a t e d at 253«7nm. (120 watts) f o r 96.2 hours during 
which time a l l the u.aterial had t r a n s f e r r e d i n t o the cold 
t r a p . 

G.l.c. analysis of the l i q u i d product (3 . l g ) C5.L>.3. 
d i - i s o d e c y l p h t h a l a t e , 73°C) showed the presence of s t a r t i n g 
m a t e r i a l (J-59), which was confirmed by i . r . and n.m.r. 
data. 

The experiment was repeated under s i m i l a r c o n d i t i o n s 
but the product was kept frozen down and t r a n s f e r r e d under 
high vacuum i n t o an n.m.r. tube which was sealed and the 

l i q u i d examined at -2C°C, but no unstable valence isomers 
were detected. 

( i x ) I r r a d i a t i o n of Pen t a f l u o r p p y r i d l n e (136) at 253.7nn.. 
Under Transference 

Fentafluoropyr^dine (1.03g) was introduced I n t o the 
transference apparatus shown I n r i g . 9 (370 x 110mm. s i l i c a 
vessel) and frozen down, using l i a u i d a i r , w h i l s t the 
apparatus was evacuated to a pressure of Cs.l2mm and the 
vessel i r r a d i a t e d at 253«7nm. (120 watts) f o r 63.5 hours 
during which time a l l the m a t e r i a l had t r a n s f e r r e d i n t o the 
l i q u i d a i r cooled t r a p . 

fiuch decomposition was observed on the w a l l s of the 
s i l i c a vessel. The l i q u i d product was t r a n s f e r r e d , under 
vacuum, i n t o an n.h.r. tube and the l i q u i d examined at 
-20°C and shown to be unchanged s t a r t i n g m a t e r i a l (136) 

19 
( 0 A 2 g , ^ l / . ) . No new peaks were detected i n the F n.m.r. 
of the product. 
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(x) I r r a d i a t i o n of Perf l u o r o - 2 , 1 + f 6 - t r l - i s o p r o p y l p y r l d l n e 
( I 3 8 ) , Under Transference at 300nm. 

P e r f l u o r o - 2 , ^ , 6 - t r i - i s o p r o p y l p y r i d i n e ( i i 8)(3.0g) 
was introduced i n t o the transference apparatus, i l l u s t r a t e d 
i n F i g . 9 ( S i l i c a vessel, 370 x 110u.a) and the system 
evacuated to a r e s i d u a l pressure of 1.0mm, of p i r , and 
i r r a d i a t e d at 30Cnu.. (35 watts) f o r 6k.2 hours during which 
time a l l the m a t e r i a l had t r a n s f e r r e d i n t o the c o l d t r a p . 

G.l.c. analyses (G.J.H. S i l i c o n e elastomer, ?8°C) of the 
l i q u i d product (2-95g) showed two components i n the r a t i o 
12:88, the l a t t e r of which was shown to be s t a r t i n g m a t e r i a l 
(138). Separation by preparative g . l . c . ('F-21', d i - i s o -
d e c y l p h t h a l e t e , 50°C) gave the v o l a t i l e component i d e n t i f i e d 
by ^ F n.m.r. as (19*0 , containing a trace of (195) « by 
comparison w i t h an authentic sample. 

7.3 I r r a d i a t i o n of P c r f l u o r o t e t r a - i s o p r o p y l p y r a r l n e (207) 

( i ) I n S o l u t i o n at 25:).7nm. 

P e r f l u o r o t e t r a - i s o p r o p y l p y r a z i n e (?0_2) (0.60g, 0.3 
m.^oles) dissolved i n Freon 113 (16ml) In a s i l i c a t e s t tube 
(c a p a c i t y ca. 30.1.I) was i r r a d i a t e d at 253«7nm. (120 watts) 
f o r 191.1 hours. Removal of solvent by d i s t i l l a t i o n gave a 
brown s o l i d from which unchanged s t a r t i n g m a t e r i a l (207) 
(oAVg) was sublimed. 

I-yrazine (£p_Z) (O.UOg, 0.53 n-^oles) was dissolved i n 
CFC12CF2C1 (10ml) i n a s i l i c a Cariuff tube (20 x 2CCmm.) and 
scaled under high vacuum (C.OOlm...) a f t e r vigorous degassing. 
I r r a d i a t i o n at 253-7nin. (120 watts) f o r lo^.U hours and 
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removal of solvent gave a brown s o l i d i d e n t i f i e d as 

impure (2C7). 

( i i ) i n q Transference Experiment, at 253.7nw. 
Pyrazine (207) (0.5Gg. 0.66 : . . .u.ole) was introduced I n t o 

the transference apparatus ( F i g . . 70 x 370iu. ., s i l i c a 
vessel) which w = s evacuated to a oressure of 0.07mi... and 
i r r a d i a t e d at ^53.7nm. (120 watts) f o r 16.7 hours. The 
t r a n s f e r r e d s o l i d (O.^+cg) was shown by i . r . and g . l . c . to 
be unchanged s t a r t i n g m a t e r i a l (207)• 

( i i i ) I n a S t a t i c Vapour I r r a d i a t i o n at 2 5̂ .,7nm. 
Perf luorotetra-isopropylpyrazine (207) (0. 32e, 0.*+2 m. 

mole) was introduced i n t o a s i l i c a Carius tube (ca. 19 x 
2l0mu..) and sealed under high vacuum (0.0003mm.). I r r a d i 
a t i o n at 253»7nm. (120 watts) f o r 293 hours caused s l i g h t 
d i s c o l o u r a t i o n of the s o l i d which was i d e n t i f i e d as s t a r t i n g 
m a t e r i a l . 
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CHAPTER 8 

Properties of Valence Isomers - Experimental 

8.1 I n t r o d u c t i o n 

This chapter contains experimental d e t a i l s on work 
c a r r i e d out on valence isomers and mainly discussed i n 
Chapter k. 

8 . 2 ( i ) P y r o l y s i s of Mixtures cf P e r f l u o r o - ^ - e t h y l - 2 . 6 -

d i - l s o p r o p y l - 3 f 5 - d i m e t h y l - l - a z a t e t r a c y c l o -
[2.2.0.0 2» 6.03 ,5]hexane (160) and P e r f l u o r o -
P - e t h v l - > 4 f 6 - d l - i s o p r o p y l - \ 5 - d l m e t h v l - l -
azatetracyclo[2.2.0 . o 2 , 6 . o 3 , 5]hexane (159) 

This p y r o l y s i s was c a r r i e d out on more than one occasion. 
A t y p i c a l experiment i s described below. 

The mixture of azaprismanes (159) and (160) (Ca 50:50 

m i x t u r e , 2.0g, 2.99 m.moles) was sealed, under h i g h vacuum, 
i n a t h i c k walled pyrex Carius tube (70 x 10mm.) and heated 
i n a thermostated o i l bath at 175°C f o r ca. 50 hours. The 

l i q u i d product was analysed by g . l . c . (G.D.B. di - i s o d e c y l p h -
t h a l a t e , 78°C) and shown to con t a i n three major components 
as 3*+̂ , kQ% and 12.5% of the l i q u i d product. Separation was 
c a r r i e d out by preparative g . l . c . ('F-21', d i - i s o d e c y l p h t h a l a t e 
95°C) to give, i n order of increasing r e t e n t i o n time, 
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perf l u o r o - 2 - e t h y l - 3 , 6 - d l - i s o p r o p y l - M - , 5-dlmethylpyrldine (156) 

as a colourless l i q u i d , b o i l i n g point 190°C [found: F, 71.0$; 
M, 669; C 1 5F 2 5N requires F, 70.93%; K, 669] 1 9 F n.m.r. 
spectrum No. 15, i . r . spectrum No.12, u.v. spectrum No. 10, 

p e r f l u o r o - 2 - e t h y l - 5 , 6 - d i - i s o p r o p y l - 3 , 1 + - d i m e t h y l p y r i d i n e (157) 

as a colourless s o l i d , melting point 26°C [Found: F,71.1#; 

M, 669; C 1 5F 2 5N requires F, 70.98#; M, 669] 1 9 F n.m.r. 
spectrum No. 16, i . r . spectrum No.13, u.v. spectrum No. 11, 

and p e r f l u o r o - 3 - e t h y 1 - 2 , 6 - d i - i s o p r o p y l - 4 , 5 - d i m e t h y l p y r i d i n e 
(158) as a colourless s o l i d , melting point 71-72°C [ Found: F, 
70.72; M, 669. C 1 5F 2 5N requires F, 70.98#; 669] 1 9 F 
n.m.r. spectrum No. 17, i . r . spectrum No.lU, u.v. spectrum 
No. 12. 

P y r o l y s i s of an azaprismane mixture c o n t a i n i n g (159) 

and (160) i n the approximate r a t i o 55:^5 (from 1 9 F n.m.r.) 
i n a sealed tube, at 176°C f o r 119 hours, gave a mixture 
c o n t a i n i n g (152), (158) and (153) i n the approximate r a t i o 
38£:l+l£:15.5^ (as shown by g.l.c. a n a l y s i s . G.D.E. d i -
i s o d e c y l p h t h a l a t e , 7 8 ° c ) . The i d e n t i t y of the py r i d i n e s 
obtained was proved by g.l.c. mass spec. 

8.2(11) P y r o l y s i s of P e r f l u o r o - 2 , t » i 6 - t r l - l s o p r o p y l - 3 % 5 -

dlmethyl-l-azatetracyclo [ 2 . 2 . 0 . 0 2 > 6 . o 3 > 5 ]hexane (179) 

Azaprismane (122)(0.35g.) was introduced i n t o a clean, 
dry pyrex n.m.r. tube which was sealed under high vacuum 
(0.C05 mm.) and heated, i n an o i l bath at 17l+-178°C, f o r 
31.3 hours. The l i q u i d product was analysed by g.l.c. 
(G.D.B. d i - i s o d e c y l p h t h a l a t e , 78°C) and shown t o contain 
azaprismane (122)(17.5/0, p y r i d i n e d e r i v a t i v e ( lg£)(79.5jO 

and 3% unknowns. 
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The mixture was separated by preparative g . l . c . ('F-21 1, 
s i l i c o n e elastomer, 100°C) to give p e r f l u o r o - 2 , 3 i 6 - t r i -
i sopropyl- 1*, 5-dimethylpyridine (182) as a colourless s o l i d , 
m e l t i n g point kl°C. [Found: F, 7\.%\ K, 719; C 1 6F 2yN 
requires F, 71.35$; K, 719] 1 9 F n.m.r. spectrum No. 18, 

i . r . spectrum No. 15 , u.v. spectrum No. 13. 

2 C i i i ) P y r o l y s i s of Perf l u o r o - t t - e t h y l - 2 < 6 ~ d l - l s o p r o p y l - 3 < 5 -

dimethvl-l-a7abicvclo [ 2 . 2 . 0 ]hexa-2.5-dlene (15U) 

P e r f I u o r o - ^ - e t h y l - 2 , 6 - d l - l s o p r o r y l - 3 , 5 - d l m e t h y l - l -
azabicyclo[2.2.0)hexa-2,5-dlene ( 1 5 k )(l.Og.) was introduced 
i n t o a pyrex Carius tube (ca. 6 ml. capacity) which was 
sealed under high vacuum (0 .003 mm.) and heated at 175l2°C 
f o r 33 hours. 

The s o l i d which appeared on coo l i n g (0.*+2g.) was removed 
by f i l t r a t i o n and shown by i . r . and *^F n.m.r. to be 
perf l u o r o - l + - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 ) 5 - d i m e t h y l p y r i d l n e (153). 
The r e s u l t i n g l i q u i d (0«5*+g.) was analysed by g . l . c . (G.D.B. 
S i l i c o n e elastomer. 78°c) and g . l . c . mass spec, and shown t o 
contain unchanged para-bonded species (ca. 0,l+5g• > ^5%) end 
p y r i d i n e d e r i v a t i v e (ca. 0.09g., 9%). 

2 ( i v ) Flash Vacuum Pyro l y s i s of a Mixture of Azaprlsmanes 
(159) and (160) 

A 50:50 mixture of azaprismanes (159) and (160) was 
passed through a hot s i l i c a tube (300 x 10mm.) under high 
vacuum: the products were c o l l e c t e d i n a t r a p cooled i n 
l i q u i d a i r . When the tube was at 380°C complete r e a r o m a t i s a t i o n 
to a mixture of py r i d i n e s ( 1 ^ 6 ) , (1£Z) and ( ! £ 8 ) i n the r a t i o 
36:50:1^ was obtained. 
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At 350°C the product contained azaprismane mixture 
(159) and (16£), pyridines (156), (15Z) and (158) I n the 
r a t i o 27-27'. 36:10J6, which were i d e n t i f i e d by l i n k e d g . l . c . 
mass spectrometry. There was no evidence f o r intermediate 
para-bonded isomers. 

8.3 H a l f - l i f e Determinations 
The h a l f - l i v e s of some of the valence-isomers obtained, 

i n t h i s work, were determined as below. 

8 . 3 ( i ) Per f l u o r o - 2 . l t . 5 - t r l - l s o p r o p v l - l - a z a b i c v c l o -
[?.2.o)hexa-2.5-diene (196) 

The diene (196) contained i n a stoppered tube was heated 
i n an o i l bath maintained at 1*+0°C. Samples were removed at 
reg u l a r i n t e r v a l s and examined by g . l . c . (G.D.B. d i - i s o -
d e cylphthalate, 78°C). The r a t i o of components was deter
mined from the area under- the g . l . c . t r a c e . The h a l f - l i f e 
of the para-bonded species (196) was determined by g r a p h i c a l 
means as 135 - 15 minutes and shown to be f i r s t order. The 
product from r e a r o m a t i s a t i o n was shown t o be perfluoro-2, l+,5-
t r i - i s o p r o p y l p y r i d i n e (137) by comparison w i t h an authentic 
sample. 

8.3(H) P e r f l u o r o - 1 . 3 . 5 - t r l - l s o p r o p y l - 2 - a z a b l c v c l o -
f2.2.0lhexa-2.5-dlene (19*f) 

The diene (_19}+) contained i n a stoppered tube was heated, 
at 1M)0C, i n an o i l bath. The composition of the sample was 
p e r i o d i c a l l y examined by g . l . c . (G.D.B. d i - i s o d e c y l p h t h a l a t e , 
78°C). The para-bonded isomer (19*0 was shown, by g r a p h i c a l 
means, to rearrange w i t h f i r s t order k i n e t i c s , w i t h t ^ = 
110 - 10 minutes. The rearomatisation product was i d e n t i f i e d 
from spectra as perf l u o r o - 2 , H , 6 - t r i - i s o p r o p y l p y r i d i n e ( H 8 ) . 

http://Perfluoro-2.lt
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8 . 3 U U ) Perf luoro-1.3-di-isop^opyl- 1t T6-dlmethyl-2-
azabicyclo [2.2.0 ]hexa-2«5-diene (198) 

The diene (188) (Ca. 200 jxl.) was sealed I n a pyrex 
n.m.r. tube and heated i n the probe of an n.m.r. spectrometer 
(Varian A56/60D) at lO^C. The rearomatisation was followed 
by e l e c t r o n i c i n t e g r a t i o n of signa l s obtained from p e r f l u o r o -
methyl groups i n s t a r t i n g m a t e r i a l (188) and product (l*+9) . 

The para-bonded isomer (188) was shown by g r a p h i c a l means to 
decompose w i t h f i r s t order k i n e t i c s tx = 36-^ mins. at lO^C= 
The rearomatisation product was shown by ^F n.m.r. t o be 
p e r f l u o r o - 2 , 6 - d i - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e (lk9). 

8 . 3 ( i v ) H a l f - l i f e determination on u n i d e n t i f i e d p e r f l u o r o -
trl-lsopropylmethylazaprlsmane (B) 

The azaprismane (B), formed from p h o t o l y s i s of (15Dj was 
heated at IW3 ± 2°C. A f t e r 75 minutes, Ca. 91.5A rearo
m a t i s a t i o n had taken place, as shown by g . l . c . (G.D.B. d i -
i s o d e c y l p h t h a l a t e , 75°C). This gave a h a l f - l i f e of 21 
minutes. 

I n [A]o = k t I n [k]^ = k t 

2.303 log JLOjQ = 75.k 
8.5 

k = 2."Kn x 1.0706 
75 

U = log 2 x 2.?03 
2 k 

= 21 minutes 
The rearomatisation product was i d e n t i f i e d as j p e r f l u o r o -

2, L+,6-tri-isopropyl-3-methylpyridine (151). 
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8 . k I r r a d i a t i o n of Valence Isomers 
Attempts were made to induce rearrangement of the 

valence isomers, obtained e a r l i e r , by photochemical means. 

8 A ( i ) I r r a d i a t i o n of a Mixture of Azaprlsmanes (159) and (160) 

The azaprismane mixture (159) and (lbO)(75^1.) i n the 
r a t i o ca. W0-.60 was mixed w i t h ca. 120 yul. of CF2C1CFC12 i n a 
s i l i c a n.m.r. tube. I r r a d i a t i o n at 253'7nm. (120 watts) f o r 
270 hours d i d not a l t e r the r a t i o of the azaprismanes (?.59) 
and (160)(as shown by 1 9 F n.m.r.). No other components were 
detected a f t e r p h o t o l y s i s . 

8.*+(ii) I r r a d i a t i o n of P e r f l u o r o - ^ - e t h v l - 2 . 6 - d i - l s o p r o p y l -
3,5-dlmethyl-l-azabicyclo[2.2.0]hexa-2« 5-diene 
(15*+). at 253.7nm. 

The para-bonded isomer (15^)(0.25g., 0.37 m.moles) was 
dissolved i n CF2C1CFC12 (3 ml.) i n a s i l i c a t e s t - t u b e and 
i r r a d i a t e d at 253«7nm. (60 watts) f o r 2h hours. Analysis of 
the mixture by g . l . c . (G.D.B. d i - i s o d e c y l p h t h a l a t e , 73°C) 
and g . l . c . l i n k e d mass spec, showed (15*+) (13%) T azaprismane 
mixture (122) and (jjbj) )(»•#), and p y r i d i n e d e r i v a t i v e (153) 
(8 3 % ) . 

8 A ( i i i ) I r r a d i a t i o n of Pe r f l u o r o - 1 . 3 - d l - l s o p r o o v l - ^ . 6 -
dlmethvl-2-azabicvclo[?.2.0]hexa-2 r5-dlene (188) 

The para-bonded isomer ( l 9 8 ) ( 0 . 5 1 g . 0.9 m.moles) i n 
CF2C1CFC12 (2ml.) contained i n a s i l i c a tube, was i r r a d i a t e d 
at 253«7nm. (120 watts) f 0 r W3.7 hours a f t e r which time the 
s o l u t i o n was examined by g . l . c . (G.D.B. s i l i c o n e elastomer, 
78°C) and shown t o contain one i n v o l a t i l e component, which 
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on removal of solvent was i d e n t i f i e d as p y r i d i n e d e r i v a t i v e 
( 1 ^ 9 ) , from i . r . spectra and g . l . c . r e t e n t i o n time. 

8.*+(iv) I r r a d i a t i o n of Perfluorotrl-lsopropylmethylazaprlsmaneC 

The u n i d e n t i f i e d azaprismane (B)(250 ^J1) was i r r a d i a t e d 
at 253«7nm. (120 watts) i n a s i l i c a n.m.r. tube f o r ca. 2*+ 

19 
hours. Examination of the product by 7 F n.m.r. showed the 
presence of p e r f l u o r o - 2 , l + , 6 - t r i - i s o p r o p y l - 3 - m e t h y l p y r i d i n e 

a second u n i d e n t i f i e d p y r i d i n e d e r i v a t i v e (ca. 
50:50 mixture) i d e n t i c a l to the rearranged p y r i d i n e obtained 
p r e v i o u s l y from the 253«7nm. transference i r r a d i a t i o n of 
(151)(Section 3.3(111)). 
8.*+(v) I r r a d i a t i o n of Perf l u o r o - l T 3 T 5 - t r i - i s o p r o p y l - 2 -

azabicyclo [2.2.0] hexa-2, 5-dlene (19*+) at 253.7nm. 
The para-bonded isomer (19*+) (Q.*+3g. 0.69 m.moles) was 

dissolved i n CF2C1CFC12 (2ml.) contained I n a stoppered 
s i l i c a tube and i r r a d i a t e d at 253«7nm. (120 watts) f o r ca. 
2^ hours. Analysis of the r e s u l t i n g s o l u t i o n by g . l . c . 
showed p y r i d i n e d e r i v a t i v e (138) as the only product. This 
was confirmed by comparison of i . r . spectra, a f t e r removal 
of solvent. 

8 A ( v i ) I r r a d i a t i o n of a f i x t u r e Containing Perfluoro-2.W.6-
t r i - i s o p r o p y l - l - a z a - and P e r f l u o r o - l T 3 . 5 - t r l - l s o -
proPVl-2-azabicvclo[2.2.0lhexa-2 f5-dienes (195) 
and (19k) 

The mixture of para-bonded 1 somers (19*0 and (19_1) i n 
the r a t i o ca. 80:20 (l.Og. 1.6l u . .moles) was introduced i n t o 
a la r g e s i l i c a vessel, assembled f o r transference. The l i q u i d 
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was frozen down ( l i q u i d a i r ) and the vessel evacuated to a 
r e s i d u a l pressure of 0.1 mm. of a i r and i r r a d i a t e d at 
253.7nm. (120 watts) f o r 23 hours, during which time a l l the 
m a t e r i a l had t r a n s f e r r e d to the side t r a p cooled i n l i a u i d 
a i r . The product (0.95g«) was shown to contain p y r i d i n e 
d e r i v a t i v e (138) (60.5/i) and mixture of para-bonded isomers 
(195) and (12k), i n the approximate r a t i o 90:10. 

8.W(vii) I r r a d i a t i o n of Perf luoro-2 f k. 5 - t r l - i s o . p r o p v l . - l -
a7ablcvclo[2.2.0lhexa-2 T5^dlene (196) at ?5^>.7nm. 

The para-bonded isomer (126)(0.29g« O.U7 m.moles) was 
dissolved i n CF2C1CFC12 (2 ml.) contained i n a stoppered 
s i l i c a tube and i r r a d i a t e d at 253°7nm. (120 watts) f o r ca. 
hB hours. Analysis of the r e s u l t i n g s o l u t i o n by g . l . c . 
showed only one component, i d e n t i f i e d as perfluoro-2, l+,5-
t r i - i s o p r o p y l p y r i d i n e (1,37) by comparison of spectra w i t h 
those from an authentic sample. 

8.5 Thermal Analysis of the Rearomatisation of P e r f l u o r o -
1,3-dl-isopropyl- 1* ,6-dimethyl-2-azablcyclo[ 2.2.0]-
hexa-2 T5-diene (188) using J.S.C. 

The rearomatisation of (188) was observed by D.S.C. on 
several occasions. A t y p i c a l run i s described below. 

A small sample of the para-bonded isomer (188)(lh.26 mg. 
was sealed i n an aluminium sample pan and.placed i n the D.S.C 
machine sample holder. The reference holder contained an 
empty aluminium sample pan. The sample was heated from 3^0-
•+30K at a r a t e of 10 degree/mln. and the d i f f e r e n t i a l energy 
recorded on a chart recorder. The sample was cooled to 3U0K 

http://5-trl-iso.propvl.-l-
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and then re-run under i d e n t i c a l c o n d i t i o n s . This second run 
provided the baseline as i t was run over the Fame chart-paper. 

Analysis of the curve by the method described e a r l i e r 
(Section l+.2(tt))provided the values of AH = -k?.b k.cal.mole" 1 

and values of k r as below. 
Temperature 377 385 397 *+09 W *+25 K 
k r (x lCk) 7.07 18.9 183 356 655 
A p l o t of I n kr against I/T (Arrhenius) gave an a c t i v a 

t i o n energy of 20.53 k.cai.mole =* 
Over a series of runs, values obtained were: 

A H = -W7.7 - 0.8 k.cal.mole" 1 

and E A = 28.75 - 0.5 k.cal.mole' 1 

8.c Reactions of Valence Isomers 
The f o l l o w i n g contains d e t a i l s of the reactions attempted 

on the valence isomers from s u b s t i t u t e d p y r i d i n e s . 

8 . 6 ( i ) F l u o r i d e Ion Attack on Mixture of Asaprlsmanes 
(159) and (160) 

The azaprismane mixture (159) and (l6_0)(1.2g.) was 
i n j e c t e d i n t o a f l a s k c ontaining a s t i r r e d mixture of 
caesium f l u o r i d e (ca. 2g.) i n tetrahydrothiopen dioxide 
(25ml.) maintained at l+2°C, and under a dry n i t r o g e n atmos
phere. Aft e r 20 hours, during which time a red c o l o u r a t i o n 
appeared i n the solvent, v o l a t i l e s (l.O^g.) were t r a n s f e r r e d 
under high vacuum i n t o a t r a p , immersed i n l i q u i d a i r . 
n.m.r. and g . l . c . analysis showed recovery of s t a r t i n g 
m a t e r i a l (1^2) and (160), i n the same r a t i o . 

The solvent residue was added to water and ether ex t r a c t e d 
but f a i l e d to y i e l d f u r t h e r m a t e r i a l . 
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8 . 6 ( i i ) F l u o r i d e Ion Attack on P e r f l u o r o - ^ - e t h y l - 2 r 6 -
dl-lsoDroDvl-^. T5-dlmethvl-l-azablcYcXo-
[2.2.Q]hexa-2.5-diene (15U) 

The para-bonded isomer (15*+) (0.8g.) was I n j e c t e d i n t o 
a f l a s k c o n t a i n i n g a s t i r r e d mixture of KF(ca.Wg.) i n 
t e t r a h y d r o t h i o p e n dioxide (25ml.), under a n i t r o g e n atn-os-
phere, and maintained at 75-80°C f o r k2 hours. V o l a t i l e s 

(0.53g») were t r a n s f e r r e d under high vacuum i n t o 8 l i q u i d 
a i r cooled t r a p and i d e n t i f i e d by g . l . c . and A ' r n.m.r. to 
be unchanged s t a r t i n g m a t e r i a l (15*t). D i l u t i o n of the pot 
residue, w i t h water, followed by ether e x t r a c t i o n f a i l e d 
to y i e l d f u r t h e r m a t e r i a l . 

8 . 6 . ( i i i ) Attempted Reaction of P e r f l u o r o - 2 A T 5 - t r i -
lsoDroDvl-l-azablcyclo[2.2.c]hexa-2.5-
diene (196) w i t h Furan 

Para-bonded isomer (196) (1 .CgT 1.61 m.rr,oles) and furan 
( O . l l g , 1.62 m.iLoles) were s t i r r e d at room temperature, i n 
a sample b o t t l e f i t t e d w i t h magnetic s t i r r e r and serum cap, 
f o r 3 days. Furan was allowed to evaporate i n t o a c o l d 
t r a p leaving s t a r t i n g m a t e r i a l (196)(l.Qg) unreacted. 

Para-bonded species (196)(l.C6g, 1.71 m.moles) and f u r a n 
( l . l 2 g , 12.1 m.moles) were sealed under vacuum i n a pyrex 
Carius tube (ca. 10ml. capacity) and maintained at 50-60°C, 
w i t h shaking, f o r six weeks, a f t e r which time analysis by 
g . l . c . showed unreacted s t a r t i n g m a t e r i a l (196) which had 
shown a trace of rearomatisation to (137). 
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8 . 6 ( l v ) Attempted Reaction of Perf l u o r o - 1 . ? T 5 - t r l - l s o p r o p v l -
2-azabicvclo[2.2.0lhexa-2 T5-dlene (19k) w i t h Bromine 

The para-bonded isomer (19*+) ( l . C g . T 1.61 m.moles) and 
an excess of bromine (ca. l g . ) i n CF2C1CFC12 (Wml.) contained 
i n a stoppered f l a s k was i r r a d i a t e d using b r i g h t l i g h t f o r 
18 hours. Removal of solvent and bromine by d i s t i l l a t i o n 
gave recovered s t a r t i n g m a t e r i a l (19k). 

The para-bonded isomer (X9J+) (l . C g . , 1.61 m.moles), 

excess bromine (ca, Ig«) i n CF2CICFCI2 (cs. 10:/.l.) were 
r e f l u x e d (at k6°C) f o r a t o t a l of 20 hours. S t a r t i n g 
m a t e r i a l (19J+) (0.96g . ) , i d e n t i f i e d by g . l . c . and n.m.r. 
was recovered on removal of solvent and bromine by d i s t i l l a t i o n . 

8.6(v) Reaction of P e r f l u o r o - l T ^ . 5 - t r l - i s o p r o p v l - 2 - 8 7 a -

blcvclo[2.2.Q]hexa-2 r5-diene (19*0 w i t h Methoxide 
Perfluoro-1,3,5-trl-isopropyl-2-azablcyclo[2.2.o]hexa-

2, ̂ - d l ene (19*+) ( l g . , 1.6l m.moles) was t r a n s f e r r e d under high 
vacuum i n t o a Cerius tube,frozen i n l i q u i d a i r , c o ntaining 
KeONa (I.63 m.moles) i n methanol (17ml.). The Carius tube 
was allowed to warm to room temperature and then shaken f o r 
100 minutes. The r e a c t i o n mixture was added to water and the 
s o l i d (3^0mg.) obtained removed by f i l t r a t i o n and washed w i t h 
cold ether. 

The s o l i d was thought to be a tri-methoxy d e r i v a t i v e of 
(121+) as i t gave M+655 i n the mass spectrum [ C^r7F2QH^02N 
r e q u i r e s : M, 655 ]• The n.m.r. spectra showed 1H 2.85, 3-06, 
3.59 p.p.m. (downfield from e x t e r n a l T.K.S.) 1 9 F , 70.7, 
72.2, 72.9, 73.5, 179.2, 185.9 p.p.m. ( u p f i e l d from e x t e r n a l 
CFCl^) i n the r a t i o 3:9:3:3:1:1 and the i . r . spectrum showed v 
max 16l+2cm"^ which i n d i c a t e s the presence of a double bond 
( e i t h e r C=C or C=N). 
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8 . 6 ( v i ) Attempted Reaction Between P e r f l u o r o - 1 . ? T 5 - t r l -
lsopropyl-2-azablcyclo[2.2.o]hexa-? T5-dlene (19*+) 
and P e r f l u o r o l s o p r o p y l Anion 

The standard p o l y f l u o r o a l k y l a t i o n apparatus was used f o r 
t h i s r e a c t i o n . 

The para-bonded isomer (i2k)(2.03g•, 3*27 m.moles), 
caesium f l u o r i d e (ca. l g . ) and a lar g e excess of hexafluoro-
propene (5«lg-, 3*+ moles) i n 2,5,8,11,lW-pentaoxapenta-
decane (10ml.) was s t i r r e d at rooii. temperature f o r 55 minutes 
a f t e r which time the bladder had d e f l a t e d . 

V o l a t i l e products (6.95g«) were t r a n s f e r r e d , under high 
vacuum, i n t o a tr a p imn.ersed i n l i q u i d a i r . The mixture was 
shown by g. l . c . (G.D.B., d i - i s o d e c y l p h t h a l a t e , 78°C) to 
cont a i n s t a r t i n g m a t e r i a l (19k) together w i t h dimers and 
tr i m e r s of hexafluoropropene. There was no evidence f o r 
n u c l e o p h i l i c s u b s t i t u t i o n of (19k). 

8 . 6 ( v i i ) Reaction Between P e r f l u o r o - 2 , 1 + 1 5 - t r l - i s o p r o p y l - l -
azablcyclo[2.2.o)hexa-2,5-dlene (196) and 
Sodium Phenoxide 

The para-bonded isomer (196) (0.97g., 1.56 rn.ii.oles) was 
t r a n s f e r r e d under high vacuum i n t o a Carius tube co n t a i n i n g 
ca. * + . l t i . l . of O.V+M-K sodium phenoxide (1.82 m.moles) i n D.M.F. 
frozen down i n l i q u i d a i r . The tube was sealed and allowed t o 
warn, t o room temperature and shaken v i g o r o u s l y f o r 73 hours. 
A dark red c o l o u r a t i o n appeared i n the r e a c t i o n mixture. 

The r e a c t i o n mixture was added to water (20ml.). A lower 
layer formed which was removed. [Examination by g . l . c . of t h i s 
viscous l i q u i d (0.37g.)(G.J.D., s i l i c o n e elastomer, 125°C) 

http://rn.ii.oles
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showed 5 components and g . l . c . mass spec, showed parent peaks 
f o r 3 of these components at 693 7&7 which corresponded 
to mono and d i - s u b s t i t u t i o n of (1,96) by phenoxide. The 
i n d i v i d u a l components were not i d e n t i f i e d . 

The aqueous layer was ether extracted but no more materi 

was i s o l a t e d . 

8 . 6 ( v i i i ) Reaction Between P e r f l u o r o - 1 , 3 % 5 - t r l - l s o p r o p y l - 2 -
a7abicvclo[?.2.Q]hexa-2.5-dlene (19^) and 
Sodium Phenoxide 

The para-bonded isomer (19*+) (l.Ole.» I.63 m.moles) was 
t r a n s f e r r e d under high vacuum i n t o a Carius tube containing 
ca. hail, of G.M+HM sodium phenoxide (1.78 m.iLoles) i n D.K.F. 
which was frozen i n l i q u i d a i r . The tube was sealed and 

allowed t o warm to room temperature. The mixture was shaken 
v i g o r o u s l y f o r h days. 

The r e a c t i o n mixture was added to d i s t i l l e d water (ca. 
20ml.) where a lower layer (0.53"g.) formed. This was shown 
by g . l . c . (G.D.B. s i l i c o n e elastomer, 125 0O to contain at 
l e a s t 6 components. Two of these were shown by g . l . c . mass 
spec to have M of 767 w i t h two components having M 693? 
which corresponded to d i and mono s u b s t i t u t i o n of (19*+) by 
phenoxide. These components were not i d e n t i f i e d . 

Ether e x t r a c t i o n of the aqueous layer f a i l e d to y i e l d 
more m a t e r i a l . 
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8 . 6 ( i x ) Reaction Between P e r f l u o r o - 1 f 3 . 5 - t r i - i s o D r o D v l - ? -
azabicvclo[2.2.0]hexa-2.5-dlene (19W) and 
Sodium Isopropoxide 

The para-bonded isomer (19*0 (2.0e. t 3.2"+ m.moles) was 
t r a n s f e r r e d , under high vacuum i n t o a Carius tube containing 
9.3ml. of 0.33 i"i sodium Isopropoxide i n isopropanol (3• 23 
m.moles). 

The mixture was shaken v i g o r o u s l y f o r 10 hours at room 
temperature then poured i n t o water (30ml.) and ether extracted 
The ether was d r i e d (i^gSO^) and removed on a r o t a r y evaporator 
The residue (O.W73g-) was shown by g . l . c . (G.D.E., d i - i s o -
d e c y l p h t h a l a t e , 100°C) to contain at lea s t seven components. 

The mixture was not i n v e s t i g a t e d f u r t h e r . 
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CHAPTER 9 

Experimental f o r Chapter 5 

This chapter contains the experimental d e t a i l s of the 
ph o t o l y s i s of a series of p e r f l u o r o a l k y l heterocycles, which 
was discussed i n chapter 5« 

9.1 I r r a d i a t i o n of Perfluoro-2.5-di-lsopropvl-1.W-dl-
azacvclohexa-l.W-dlene (213), at 253.7nm. i n the 
Presence of Kercury 

Perf luoro-2, 5 - d i - i s o p r o p y l - l ^ - d i - a z a c y c l o h e x a - l ^ - d i e n e 
( 2 l 3 ) ( 1 . 0 g . , 2.0*+ m.uoles) was t r a n s f e r r e d under high vacuum 
i n t o a clean dry s i l i c a Carius tube (220 x 23mm.) which con
tain e d a drop of mercury. The tube was sealed under high 
vacuum (0.001mm.) and i r r a d i a t e d by 253«7hm. l i g h t (120 watts) 
f o r 335 hrs. D i s c o l o u r a t i o n of the l i q u i d occurred. V o l a t i l e 
products were t r a n s f e r r e d under high vacuum to a t r a p , immersed 
i n l i q u i d a i r , connected to a gas storage bulb. On warming to 
room temperature a gaseous product was obtained which was 
i d e n t i f i e d from j t s i n f r a r e d and mass spec, to be p e r f l u o r o -
i s o b u t y r o n i t r i l e (215) by comparison w i t h data from ah 
authentic sample. 

The v o l a t i l e l i q u i d remaining a f t e r e v o l u t i o n of (215), 
(0.63g.) was shown by g . l . c . mass spec, ( s i l i c o n e elastomer, 
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room temperature) to contain three components g i v i n g parent 
ions at 176, 295 and >+90, w i t h the main component present 

as over 90?;' of the mixture, of which the minor components 
were i d e n t i f i e d as (215) and s t a r t i n g m a t e r i a l (213.). 
Separation of the mixture by preparative g . l . c . (Aerograph, 
d i - i s o d e c y l p h t h a l a t e , Vo^) gave perfluoro-U-raethyl-3-raethylene-
2-azapent-l-ene (216) as a v o l a t i l e l i q u i d , which was found 

19 

to be extremely susceptible to h y d r o l y s i s . 7 F n.m.r. spectrum 
No. 20. The mass spectrum showed a parent ion at 295 (C^FT^N 
requires K,295) hut also a peak at 273 from the isocyanate 
h y d r o l y s i s product. The i . r . spectrum also showed the 
presence of h y d r o l y s i s product, and changed w i t h time, but 
peaks at 1 7 3 2 c m . a n d l805cm.~^ were observed which were 
assigned as C=C and C=N stretches of (216)• 
9.2 I r r a d i a t i o n of P e r f l u o r o - W . 6 - d i - i s o p r o D v l - l . i - d i a z a -

cvclohexa-?.6-diene (219). at 25^.7nm. i n the 
Presence of Kercury 

Perf l u o r o - 1 + , 6 - d i - i s o p r o p y l - l , 3-diazacyclohexa-3,6-diene 
(219)(l.51g., 3.O8 m.moles) was t r a n s f e r r e d , under high 
vacuum, i n t o a clean dry s i l i c a Carius tube (280 x 27mm.), 
which contained a drop of mercury. The l i q u i d was degassed 
and the tube sealed under high vacuum (0.0003mm.) and 
i r r a d i a t e d at 253.7nm. (12C watts) f o r 117.2 hours. Dis
c o l o u r a t i o n of the l i q u i d occurred. V o l a t i l e products were 
t r a n s f e r r e d , under high vacuum, i n t o a trap immersed i n 
l i q u i d a i r . 

The l i q u i d product (l. l+6g.) was analysed by g . l . c . (G.D.B. 
s i l i c o n e elastomer, 79°C) and showed four components i n the 
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r a t i o 9%, 15%? 2h%, h8% together w i t h two minor components. 
The f i r s t three components were r e a d i l y i d e n t i f i e d as (215). 
(216) and s t a r t i n g m a t e r i a l (219) from g . l . c . mass spectra. 
Separation by preparative g . l . c . (Aerograph, s i l i c o n e elastomer, 
80°C) gave samples of (2l£), (216) and (219) together w i t h 
perf luoro-2,8-dimethyl-7-methylene- l4,6-di-azanona-3, 5-diene 
(22fi) [Found: F,69-6£; M,it90, C l c F l 9 N 2 requires F,69.8£; 
iM,»+90 ] 1 9 F n.m.r. spectrum No. 21, i . r . spectrum No. 17. 

9.3 I r r a d i a t i o n of F e r f l u o r o - ^ - i s o o r o p y l - l - a z a c y c l o h e x a - l , 3 -

diene (222) . at 253.7nm. 
Perf luo r o - ' i - i s o p r o p y l - l - a z a c y c l o h e x a - l , 3-diene ( 222) 

(1+.3s«) 12 m.moles) was t r a n s f e r r e d , under high vacuum, i n t o 
a clean dry s i l i c a Carius tube (250 x 20mm.). The l i q u i d was 
degassed and the tube sealed, under high vacuum and i r r a d i a t e d , 
at 253«7nm. (120 watts) f o r 116.7 hours. S l i g h t decomposition 
was observed on the w a l l s of the Carius tube and the l i q u i d 
d i s c o l o u r e d . V o l a t i l e m a t e r i a l was t r a n s f e r r e d from the tube 
under high vacuum i n t o a t r a p immersed i n l i n u i d a i r . 

Analysis by g . l . c . (G.D.B. s i l i c o n e elastomer, 78°C) of 
the l i q u i d product (3«93g«) showed two major components as 
ca.70% and 20% of the mixture together w i t h three minor 
components, ca. 10%. F r a c t i o n a l d i s t i l l a t i o n of the mixture 
('Fischer-Spaltrohr Column MMS 20C) gave the major component 
(Bpt. 98.5°C) as a colourless l i q u i d i d e n t i f i e d as p e r f l u o r o -

6-methyl-5-methylene-2-azahepta-l,3-dlene ( 22L0 fFound; M,357. 
19 

CsF^N requires to,357] F n.m.r. spectrum No. 22, i . r . 
spectrum No. 18. S a t i s f a c t o r y analysis f i g u r e s were not 
obtained from t h i s compound even though the sample was f u r t h e r 
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p u r i f i e d by preparative g . l . c . This was thought to be due to 
the analysis technique and has occurred w i t h other sample? 
cont a i n i n g C. F. and N. 

The second major component was not obtained pure so 
could not be i d e n t i f i e d but was shown by g . l . c . u.ass spec, 
to be isomeric w i t h s t a r t i n g m a t e r i a l (222) i . e . had M 357. 
I t contained resonances i n the n.m.r. at ^5.^, 65.97, 
78.66, i m . l , 135.9 and 181.0 p.p.m. 

9.k I r r a d i a t i o n of P e r f l u o r o - 2 , 3 ^ - t r l - i s o p r o p y l - l - a z a -
cyclohexa-l T3-diene (229) at 25^.7nm. 

P e r f l u o r o - 2 , 3 A - t r i - i s o p r o p y l - l - 3 z a c y c l o h e x a - l , 3 - d i e n e 
(229)(0.53E., 0.81 m.moles) was introduced i n t o a clean dry 
s i l i c a Carius tube 1,290 x 28mm.). The l i q u i d was degassed and 
the tube sealed, under high vacuum, and i r r a d i a t e d at 253«7nm. 
(120 watts) f o r 203 hours. V o l a t i l e products (0.51g.) were 
t r a n s f e r r e d under high vacuum i n t o a t r a p immersed i n l i q u i d 
a i r . The l i q u i d product was shown by g . l . c . a nalysis and i . r . 
to be s t a r t i n g m a t e r i a l (229). 

9.5 I r r a d i a t i o n of Perfluoro-1,1'-bi-1.3-diazacyclohex-
2-enyl (231) 253«7nm. i n the Presence of fcercury 

P e r f l u o r o - 1 , l * - b i - l , 3 - d i a z a c y c l o h e x - 2 - e n y l (231)(1.0?e. T 

2.*+6 m.moles) was introduced i n t o a clean dry s i l i c a Carius 
tube (210 x 27mm.), which contained a drop of mercury, and 
degassed. The tube was sealed, under high vacuum (0.001mm.) 
and i r r a d i a t e d at 253«7nm. (120 watts) f o r 227 hours. V o l a t i l e 
products were t r a n s f e r r e d , under high vacuum, i n t o a t r a p 
immersed i n l i q u i d a i r . 

The l i q u i d product was shown by l . r . and g . l . c . to be 
unchanged s t a r t i n g m a t e r i a l ( ? j l ) . 
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9.6 I r r a d i a t i o n of Perfluoro-l-azacyclohex-l-ene (230), 
at 25^.7nm.. i n the Presence of Mercury 

Perfluoro-l-azacyclohex-l-ene (230)(2.6lg.. 10.6 m.moles) 
was t r a n s f e r r e d , under high vacuum, i n t o a clean dry s i l i c a 
Carius tube (220 x 28mm.) which contained a drop of mercury. 
The l i q u i d was v i g o r o u s l y degassed and the tube sealed under 
high vacuum (0.0001mm.) and i r r a d i a t e d at 253.7nm. (120 watts) 

f o r 357 hrs. The vacuum t r a n s f e r r e d product was examined by 
g . l . c . (G.D.B. s i l i c o n e elastomer, 6o°C) and shown to contain 
only one component which was i d e n t i f i e d as s t a r t i n g m a t e r i a l 
(230) from i t s g . l . c . r e t e n t i o n time and i . r . spectrum. 
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APPENDIX 1 

19 
F n.vu.r. Spectra 

Spectra Index 

1 Perfluoro-2-isopropyl-3,5-dimethylpyridine (150) 

2 Perf luoro- l+-ethyl-2,6-di-1 sopropyl-3 j 5-dimethyl-
1-azatetracyclo[2.2.0.0 2' 6.0 3> 5]hexane (160) 

3 Perfluoro-2-ethyl-U,6-di-isopropyl-3,5-dimethyl-
1-azatetracyclo [2.2.C.C2>°,o3>5]hexane (159) 

k Perfluoro-U-ethy1-2,6-di-isopropyl-3,5-dimethyl-
l-azabicyclo[2.2.0]hexa-2,5-diene (151*) 

5 Perfluoro-2,U,6-tri-isopropyl-3> 5-dimethyl-l-aza-
tetracyclo[2.2.0.0 2» 6.o3>5]hexane (179) 

6 Perf l u o r o - 2 - e t h y l - 3 , 6 - d l - i s o p r o p y l - l 4 , 5 - d i n i e t h y l - l 
azatetracyclo[2.2.0.0 2> 6.o3>5]hexane ( 1 & 5 ) 

7 P e r f l u o r o e t h y l d i - i s o p r o p y l d i m e t h y l a z a t e t r a c y c l o -
[2.2.0.02>6.o3>5]hexane (A) S t r u c t u r e unknown 

8 Perf luoro-l,3-di-isopropyl- l+,6-dimethyl-2-aza-
bicyclo[2.2.0]hexa-2,5-diene (188) 

9 P e r f l u o r o - 1 , 3 , 5 - t r i - i s o p r o p y l - 2 - a z a b l c y c l o [ 2 . 2 . 0 ] 
hexa-2,5-diene (l2k) 

10 P e r f l u o r o - 2 , h , 6 - t r i - i s o p r o p y l - l - a z a b i c y c l o [ 2 . 2 . 0 ] 

hexa-2,5-diene (195) 
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11 Perf luoro-2, l+, 5 - t r l - l s o p r o p y l - l - a z f l b l c y c l o [ 2.2.0]-
hexa-2,5-diene (196) 

12 P e r f l u o r o - 3 , 5 , 6 - t r i - i s o p r o p y l - 2 - a z a b i c y c l o [ 2 . 2 . 0 ] -
hexa-2,5-diene (197) 

13 Perf luoro-l-isopropyl- l+,6-dimethyl-2-azabicyclo-
[2.2.C]hexa-2,5-diene (202) 

lk Perf l u o r o t r i - i s o p r o p y l w e t h y l a z a p r i smane ( B ) . 
S t r u c t u r e unknown 

15 Perf luoro-2-ethyl-3,6-di-isopropyl-M-, 5-dimethyi-
p y r i d l n e (1,56) 

16 Perf luoro-2-ethyl-5,6-di-lsopropyl-3> l+-diaiethyl-
p y r i d i n e (157) 

17 Perf l u o r o - 3 - e t h y l - 2 , 6 - d i - i s o p r o p y l - ^ , 5 - d i D i e t h y l -
p y r i d i n e (158) 

18 P e r f l u o r o - 2 , 3 , c - t r i - i s o p r o p y l - l + , 5 - d i i i i e t h y l p y r i d l n e (182) 
19 Perf l u o r o - 2 - e t h y l - 3 , 5 - d i - i s o p r o p y l - l f ,6-dimethyl-

p y r i d i n e (18*+) 
20 Perfluoro- 1+-methyl-3-methylene-2-azapent-l-ene (216) 
21 Perf luoro-2,8-diaiethyl-7-methylene- l+,6-di azanona-

3,5-diene (220) 

22 Perfluoro-6-methyl-5-methylene-2-azahepta-l,3-diene (22j±) 

The f o l l o w i n g abbreviations have been used i n the 

n.oi.r. t a b u l a t i o n s : 
D = doublet 
T = t r i p l e t 
Q = q u a r t e t 
S = septet 
M = m u l t i p l e t 
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1. F e r f l u o r o - 2 - i s o p r o p y l - 3 T 5-dlmethvlpyridine (150) 

S h i f t Fine 
Coupling 

s t r u c t u r e 
constants i n Hz 

Relative 
I n t e n s i t y Assignment 

52.8^+ D ( J 3 , 2 a = 50) of -> 

D ( J 3 ) U = 39) of 
s ( J 3 ) 2 b = 3 A ) 

55A7 ^J6,h = 21.6) of 1 6 

^ J 6 . 5 = 21.6) 
53.06 D ( J C \. = 21.6) of 5 

0(^5,6 = 21.6) 
72.72 Q ( J2b ,3 = 3 A ) 6 2b 

38.01 D ( J l + > 6 = 21.6) of 1 i+ 

QtJi+,5 = 21.6) of 
39) 

179.83 - ( J 2 a , 3 = 50) 1 2a 

Recorded i n acetone-d^ 
s o l u t i o n v/ith I n t e r n a l 
CFCl^ reference at 
3U.67 :-Hz. 

F 3 C 

6 F 

F 
3 

C F 

N 

3 

, F 2a 
( C F 3 ) 2 

( 1 5 0 ) 2 b 
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2. Perf l u o r o - H - e t : h y l - 2 T c - d l - l s o p r o r ) y l - 3 t 5 - d i m e t h y l - l -

9Z9tetjrggyc3.p(2t£tQ,Q2>6-o3>5] ̂ a n e (16c) 

S h i f t 
(p.p.m.) 

Fine Structure 
Coupling constants I n Hz 

Relative 
I n t e n s i t v Assignment 

61.22 Broad ( I n c l u d i n g 6 3,5 
J J ^ B = 6.5Hz) 

73-^3 Broad 12 2b,6b 
82.57 Sharp s i n g l e t Ub 

121.25 :J(JL.. = 6.5Kz) 
Ho , ̂  

2 na 
181.C9 Sharp s i n g l e t 2 2a ,6a 

Recorded as a 50:50 
mixture w i t h ( 1 5 2 ) w i t h 
i n t e r n a l CFC1-, reference 
at 3U.67 KHz. ( C F 3 ) 2 F C 

6b 6a 

Aa 4b 
C F 2 C F 3 

(160) 

C F ( C F 3 ) 2 

2a 2b 
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3. P e r f l u o r o - 2 - e t h y l - W . 6 - d i - l r o p - o n v l - ? T 5 - d i m e t h v l - l -
fizgtetracyclo[2.2.0.o3'5.C2'6] hex^ne (159) 

S h i f t 
( c . D . I I i . ) 

Fine Structure 
Coupling constants :* n Hz 

Relative 
i n t e n s i t y Assignment 

62.09 Broad 6 3,5 

73 -1* 3 iiroad 12 Hb,6b 
32.57 Sharp s i n g l e t } 

_/ 
2b 

11^.5 D ( J2a',2a" = 300) of 1 2a» 

- ( J2a',6a = 35) 

119.3 D ( J 2 a " , 2 * ' = 30C) of 1 2 p," 

D ( J2s",6a = 35) 

I83.6 T ( J c a , 2 ? = 35) of 1 6a 
I86 . 7 Symmetrical ;•: 1 

T;ecorded as a 50:50 mixture 
w i t h (16c) w i t h "'nternal 
Ci'Cl-, reference *t Zk.b? :-.Hz 

4 a Lb 
C F ( C F 3 ) 2 

( C F 3 ) 2 C F 

6b 6a 2a F 2 £ 

(159) 
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h . Perf luoro-W-ethyl-^6-di-*. sopropyl-^. 5-di.nc-thyl-lr 
?z*bicyclo [ 2 . 2 . 0 ]hexa - 2 ,5-diene (l$k) 

S h i f t Fine s t r u c t u r e R elative Assignment 

6U.51 Broad 6 3,5 
77.05 Broad s i n g l e t 6 2 b • , 6 b » 

73.60 Broad s i n g l e t 6 2 b " , 6 b " 

Sharp s i n g l e t 3 kb 

113 .22 S U l 4 e , 3 / 5 = 6 H z ) 2 Us 

188 .2 Sharp s i n g l e t 2 2p,6a 

4a 4b 
C F 2 C F 3 

( C F 3 ) 2 F C 

6b 6a (154) 

C F ( C F 3 ) 2 

2a 2b 

Recorded nest w i t h 
e x t e r n a l CFCl? reference 
at 56.U .MHz 
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5 • Pertluoro-2,1* , 6 - t r i - i s o p r o p y l - 3 , ^ - d l m e t h y l - l ^ 
g z a t e t r 9 c y c l o [ 2 . 2 . 0 . 0 2 , 6 . 0 ^ 5 ) h e x ? n e ( 179 ) 

S h i f t 
( D . D . u . ) 

Fine 
CouDline 

s t r u c t u r e 
constant? i n Hz 

Relative 
i n t e n s i t y Assignment 

6^ .32 Broad 6 3,5 

76.63 

I3road 
Broad 

18 2b,l+b,6b 

182. u Broad 2 2a, 6a 

189.5 Broad 1 Ua 

Recorded neat w i t h 
external CTCl^ reference. 
The peak? at 76 .2o p.p.a,, 
and 76 .68 p.p.Ci. overlap. ( C F 3 ) 2 F C 

6b 6a 

C F ( C F 3 ) 2 

(179) 

C F ( C F 3 ) 2 

2a 2b 
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6 . f erf l u o r o - 2 - e t h y l - 3 , 6 - d i - i s o p r o p y l - l t - , 5 - d l m e t h y l - l -

azatetracyclo [2 .2-CO 2? 0 .p3> >1 hex Fine (195) 

S h i f t Fine s t r u c t u r e R e l a t i v e 

6U.CU Broad s i n g l e t 3 5 

73-33 Broad s i n g l e t 1 
~s 

1+ 

7 6 . C6 Broad s i n g l e t / 

0 3b or 6b 

77.12 Broad s i n g l e t 6 3b or 6b 

8>+.tl Broad s i n g l e t 3 2b 

113 .9 broad s i n g l e t 2 2a 

177.6 Broad s i n g l e t 1 3* or 6a 

185.6 Bro = d s i n g l e t 1 3? or 6a 

u 

5 £ ^ 3 3a 3b 
F 3 C ( ^ - | - ^ C F ( C F 3 ) 2 

( C F 3 ) 2 C F 

6b 6a 

.N, 
C F 2 C F 3 

2a 2b 
(185) 

Recorded neat w i t h 

e x t e r n a l CFCl^ reference, 
Run at 56 .h KHz. 
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7. P e r f l u o r o e t h y l d i - i s o p r o p y l d i m e t h y l a z a t e t r a c y c l o -
fp.P.C.Q^>k.C-»5)hexane ^ ) , s t r u c t u r e unknown 

S h i f t Fine Structure R e l a t i v e ,ssi gnment 

6U.39 Broad -CF-, 
Sharp s i n g l e t — i * ' "*-P 

75 .03 Broad s i n g l e t 6 -CF(CF 3) 2 

77.50 Brosd s i n g l e t 6 -CF(CF 3) 2 

Shnrp r i n g l e t -CF2CF3 

119.1 
176.9 

Broad 
Bread 

2 

2 2 x-CF(CF 3) 2 

Recorded neat at 56.k iiHz w i t h e x t e r n a l CFCl^ reference. 
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8 . Perf l u o r o - 1 . Vdi-isopropyl-U.6-dlmet.hyl-2-agablcyclo-
f 2 . 2 . o]hexa - 2 . 5-diene (188) 

S h i f t 
(p.p.ii..) 

Fine S t r u c t u r e 
Coupling constants i n Hz 

Rela t i v e 
I n t e n s i t y Assignment 

6 6 . 3 8 Broad (c o n t a i n i n g 
D ( J U , a = 1 5 ) ) 

3 if 

66.86 Broad M 3 6 

75.27 Broad 3 l b ' 

75 .85 Broad 3 l b " 

77.55 Broad M (c o n t a i n i n g 
D< J3b',3a = 7 * 5 ) ) • 

3 3b' 

77 .96 Broad M (con t a i n i n g 
D ( J 3b » , 3 a = 7 - 5 ) ) 

3 3b» 

81.C5 Broad (co n t a i n i n g 
Q(J = 1 5 ) ) 

1 5 

179.lh Broad 1 l a 

189.^5 Q ( J 3 g l ) l + = 15) of 

SU 3a , 3 b = 7 . 5 ) 

1 3a 

Recorded neat w i t h e x t e r n a l 
CFC1, reference at 56.If KHz. C F 3b 

6 F3C , FTCF3 
1 0 C F 3 1b 

(188) 
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9. Perf l u o r o - 1 , 3 . 5 - t r i - l s o p r o p y l - 2 - a z a b i c y c l o [ 2 . 2 . o ] h e x a -
2.5-diene (19^) 

S h i f t 
p. p. a..) 

Fine S t r u c t u r e 
Coupling constants i n Hz 

Relative 
I n t e n s i t y Assignment 

75.51 Broad •> 
~> 

-CF(CF 3) 

t / • J- j Broad L U 

77.81 Broad K. 1 -CF(CF^) 
79. Broad 6 -CF(CF 3) 2 

80.^3 Broad 1 6 
179.61 Broad 1 \ 
186.73 Broad 3 t e r t j a r y 

189.11 Broad and 1 bridg 
191.27 Broad 1 head F 

( C F 3 , 2 C F r ^ T > i C F ( C F 3 , 2 

F 
6 C F ( C F 3 ) 2 

(194) 

Recorded neat w i t h 
e x t e r n a l CFC10 reference 
at 56 .k i-\Hz. 
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1C. Perf l u o r o ^ A , 6 - t r i - i s o p r o p y l - l - a z a b l c y c l o f 2 . 2.o) hexa-
2,5-diene (195) 

S h i f t Fine Structure Relative 

76.^3 Broad M. 6 kb 

nn n i ( y . w j. Sharp Si n g l e t 

102.75 Broad 2 3,5 
18^.57 Broad 1 Us 
191.76 Broad 2 2a ,6a 

( C F 3 ) 2 C F 

6b 6a 

C F ( C F 3 ) 2 

(195) 

C F ( C F 3 ) 2 

2a 2b 

Recorded neat at 5 6 A h H z 

as a oCi^O mixture w i t h 
(19 1*). Values r e l a t i v e 
to e x t e r n a l CFCl^. 
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11. P e r f l u o r o - 2 . W . 5 - t r l - l s o p r o p v l - l - a z a b i c v c l o [ 2 . 2 . 0 ] -

hexa - 2 . 5-diene (196) 

S h i f t 
( P. P. u".. ) 

Fine S t r u c t u r e 
Coupling constant? i n Hz 

Rela t i v e 
I n t e n s i t y Assignment 

61 .09 Broad s i n g l e t 1 6 

Aft 
1 ; a U 

t< r» r\ r\ H t , 
j-t \*r rJ \a. i . » _> 

76.3b Broad i-i . •> -CF(CF^) 

78.85 Broad 6 -CF(CF 3) 2 

79-35 D(J = 10Hz) 3 -CF(CF3) 
79.70 Broad ;•.. 3 -CF(CF^) 

1C2.53 Broad s i n g l e t 1 3 

177 .03 Broad 1 -CF(CF 3) 2 

I 8 3 . 0 5 Broad 1 -CF(CF 3) 2 

18W.87 S(J = 9 Hz) 1 -CF(CF 3) 2 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

(196) 

Recorded neat w i t h e x t e r n a l 
CFCl^ reference at 5 6 .hi KHz. 



- 228 -

12. P e r f l u o r o - 3 T 5 T 6 - t r l - i s o p r o p y l - 2 - a z a b i c y c l o [ 2 . 2 . 0 l -
hexa-2.5-diene (197) 

S h i f t Fine Structure R e l a t i v e 
(p.p.ii..) Coupling constants I n Hz I n t e n s i t y * s 

76.7M Broad ]\ 3 CF(CF^) 
77.12 Broad 3 CF(CF^) 
77. Si+ Broad A 6 CF(CF 3) 2 

78.85 Sharp s i n g l e t 3 CF(CF^) 
79. h Broad s i n g l e t 3 CF(CF-,) 

179.61 Broad 1 3 ' t e r t i a r y 1 

183-05 "P y> Q r /| 1 and 2 

186.6c Broad 1 / bridgehead 
18 9. CM- Broad 1 f l u o r i n e s 
191.80 Bread 1 . 

( C F 3 ) 2 C F 
Run as a 55:M5 f i x t u r e w i t h 
(196) using CFCl^ as 
ext e r n a l reference at 
56. M L-.'AZ. 
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13- P e r f l u o r o - l - l s o p r o p v l - t f . 6 - d i a i e t h y l - 2 - a z a b l c Y c l o [ 2 . 2 . 0 ] -

hexa - 2 , 5-diene (202) 

S h i f t 
( p . p . IL . ) 

Fine S t r u c t u r e 
Coupling constants i n Hz 

Relative 
I n t e n s i t y Assignment 

^3.15 Sharp s i n g l e t i -* 

65 .55 D ( J 6 ) 5 = 1 0 . 5 ) of 3 6 

Q ( J 6 , l b " = ! 7 ) 

66.19 S( J i t , i b = 6 - 5 ) 3 if 
73-99 Q ( J l b t ) i + = 6 . 5 ) 3 lb» 
7 5 . Broad (Containing 3 l b " 

Jlb'',*f = 6 - 5 , 
J l b » , 6 = 17) 

77 .35 Q ( J 5 ) 6 = 1 0 . 5 ) 1 5 

180.9 Broad 1 l a 

Recorded neat at -9 .5°C 

6 FoC 

F » ^ r-3 

( 2 0 2 ) 

w i t h e x t e r n a l CFCl^ r e f 
erence. The t r i f l u o r o -
luethyl groups l b ' and l b " 
are non-equivalent because 
the C 3 F 7 group i s attached 
to an asyaimetric centre. 
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lW. f e r f l u o r o t r i - j sopropylmethylazsprlsmane (B) 
Stru c t u r e unknown 

S h i f t Fine Structure Relative 
(p.p.m.) Coupling constants In Hz I n t e n s i t y Assignment 

62. lo Septet (J = 7 . 5 ) •3 -CF, 

75.25 Broad 3 -CFCCF^) 

7 7 . 3 7 i'\ 3 -CF(CF3) 
7 3 . C8 Broad 6 -CF(C£ 3) 2 

79 .29 Broad 3 -CF(CF3) 
79 .68 Broad '.\ 3 -CF(CF 3) 

179 Eroad 1 . 3 t e r t i a r y 
183.26 Bread 1 / and 1 

191.35 Complex 1 \ bridgehead 

193.23 Broad 1 / 
F 

Recorded neat at ̂ C°C w i t h e x t e r n a l CFC1, reference 
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15• P e r f l u o r o - 2 - e t h y l - 3 . 6 - d l - i s o p r o p y l - t + . 5 - d l m e t h y l -
p y r l d l n e (156) 

S h i f t 
( p . p . i L . ) 

Fine s t r u c t u r e 
Coupling constants i n Hz 

Rel a t i v e 
i n t e n s i t y Assignment 

52-08 Broad ( c o n t a i n i n g 6 
J l + , 3 a = ^8 and 
J 5 , 6 a = 50) 

6 9 . 0 8 T < J
3b , 2 a = 23) 6 3b 

7 2 . h0 D < J 6 b , 6 a = 3 -2 ) 6 6b 

78 .78 S i n g l e t 3 2b 

1 0 8 . 3 1 S ( J 2 a , 3 b = 23) 2 2a 

153 .10 Q ( J 3 a A = W) 1 3a 
179.9h Q ( J 6 a , 5 = 50) of 1 6 a 

s < J 6 a , 6 b = 3 . 2 ) 

C F 0 

3a 

F ^ C / " ^ ^ ^ ( C F 3 ) 2 3b 

6a F C ^ N ^ C

F

2 2 a 

Recorded i n acetone-d^ 
w i t h i n t e r n a l CFCl^ 
reference at Qk.6? MHz 

( C F 3 ) 2 

6b 

C F 
3 

2b 
(156) 
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16. P e r f l u o r o - 2 - e t h v l - 5 . 6 - d i - l s o p r o p y l - ^ f l 4 - d i & e t h y l -
p v r i d l n e (157) 

S h i f t Fine s t r u c t u r e R e l a t i v e 

C I \a1 
S Broad 3 3 or k 

53.61 Broad 3 3 or 
69.01+ 0 ( J 5 b , 6 a - k 7 ) 6 5b 

71 .75 Sharp s i n g l e t 6 6b 

80.33 Sharp s i n g l e t 3 2b 

IO8 .30 Q ( J 2 a j 3 = 23-3) 2 2a 

151.30 Q ( J c 8 j l f = 51) 1 5a 

178.12 s ( J 6 a , 5 b = W 1 6a 

6a F ; C \ N ^ C ' 2 2a 

5b ( C F 3 ) 2 

( C F ) C F 3 2b 
(157) 

Recorded i n acetone-d^ 
s o l u t i o n w i t h i n t e r n a l 
CFCl^ reference at 8^.67 

Miz. 
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17. Perf l u o r o - V e t h v l - ? f 6 - d l - i a o p r o D Y l - > » f 5-dimethvl-

p y r i d l n e U 5 9 ) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment (p.p.m.) Coupling constants i n Hz i n t e n s i t y Assignment 

51.88 Broad ( c o n t a i n i n g 
J 5 , 6 a = ^ 
JM-,3a" = 1 + 0 a n d 

Jif , 3 b = 10) 

6 

71 . 3 ^ D < J 3b,2a = 37) of 
Q ( J 3 b ) 1 + = 10) 

3 3b 

72.16 Sharp s i n g l e t 12 2b,6b 

8O .63 D ( J 3 a ' , 3 a " = 300) of 
D < J 3a',2a = I 0 0 5 

1 3a ' 

90. D ( J 3 a " , 3 a ' = 3 0 ° ) o f 

Q(J 3 a„ )l + = W0) 

1 3a" 

178 A 3 D ( J 2 a , 3 a ' = 1 0 0 ) 0 f 

Q ( J2a, 3b = 37) 

1 2a 

179.61 Q ( J 6 a ? 5 = W 1 6 a 

Recorded in acetone-d^ 
w i t h i n t e r n a l CFCl^ 
reference at 8*+.67 MHz. 6Q R ; C ^ x . N ^ c ^ F 2a 

( C F 3 ) 2 

6b 
(158) 

( C F 3 ) 2 

2b 
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IS. P e r f l u o r o - 2 . ^ ^ - t r l - l s o p r o p y l - ^ , ^-dlmethyl-

p v r l d i n e (182) 

S h i f t 
(p.p.m.) 

Fine s t r u c t u r e 
Coupling constants i n Hz 

Re l a t i v e 
i n t e n s i t y Assignment 

/ 1. Broad D(J^ ^ = k$) of 3 i . 

Q ( Jl+ , 5 = 50-60) 

52 .62 Broad D U 5 6a = 5 1 ) o f 3 5 

Q ( J 5 jl f = 50-60) 

69 .82 D ( J 3 b , 2 a = W 6 3b 

72 .69 Sharp s i n g l e t 6 2b or 6b 

73 .28 Sharp s i n g l e t 6 2b or 6b 

152.10 Q < J 3 . t l t - 50) 1 3a 

179 .83 S ( J 2 a , 3 b ' W 1 2a 

130 .77 « ( J 6 a , 5 = 5 5 ) 1 6a 

Recorded i n acetone-d^ 
s o l u t i o n w i t h i n t e r n a l 
CFCl^ reference ( C F 3 ) 2 

6a F c ^ N ^ s c F 2 a 

( C F 3 ) 2 

6b 

( C F 3 ) 2 

2b 
(182) 

3b 
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19. Perf l u o r o - 2 - e t h y l - 3 . 5-dl-lsopropyl-.l+ t6-dimethyl-
p y r i d l n e (lSh) 

S h i f t 
(p.p.m.) 

Fine s t r u c t u r e 
Coupling constants i n Hz 

Rela t i v e 
i n t e n s i t y Assignment 

'-+9.9 Broad 3 k 

62 A 8 s < J 6 , 5 b = 15.2) 3 6 

69.30 Broad K (co n t a i n i n g 
J 5 b , 6 = 15 .2 ) 

12 3b, 5b 

79.22 S i n g l e t 3 2b 

109.61 Broad 2 2a 

15^.87 Q ( J 3 a > l f or J 5 B j k = 56) 1 3a or 5a 

156.08 Q ( J 3 a > l + or J 5 a ? l + = 53) 1 3a or 5a 

Recorded i n acetone-d^ 
w i t h i n t e r n a l CFC1 3 

reference at 8^.67 KHz. 
5b ( C F ^ 

5a Qp 3a 

U 3b 

6 ' 3 
F . C \ N ^ C h 2 2a 

(184) 
CF 3 2b 
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2 0 . Perfluoro- 1+-cethyl- : )
1-uiethyl6ne - 2-9zapent-l-ene ( 2 l 6 ) 

S h i f t Fine s t r u c t u r e Relative . . 
(p.p.m.) Coupling constants i n Hz. i n t e n s i t y AssignnenT; 

1+2.6 Broad 1 l a 
CC Q 
J s * 7 Broad 1 l a 
78 . 88 S i n g l e t 6 ^b, 5 

8 3 -05 D ( J 3 a ' , 3 a » = 2 9 ) o f 1 3a» 

T ( J 3 a ' , l a = ! 5 ) 

9 2 . 9 9 D ( J 3 a " A a = 59) of 1 3 a " 

D C J 3 a " , 3 a ' = 2 9 ) 

187.0 Broad ^ J ^ ^ , , = 5 9 ) 1 

1a ^ Recorded nest at lfO°C 
F 2 C — N \ | 3 5 w i t h e x t e r n a l CPC1, 

//* * j " ~ ^ F 3 reference. 

30' F " 
3a 

(216) 
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21. Perf luoro~ 2 « 8-dimethyl - 7-methvlene- tt , 6-dlazanona-
( 220) 

S h i f t 
(p.p.m.) 

Fine Structure 
Coupling constants i n Hz. 

Rela t i v e 
i n t e n s i t y Assignment 

hi.78 S i n g l e t 2 3,5 
76.52 i-i 6 CF(CF 3) 2 

7 7 . 6 7 
D ( J 7 a ' , 7 a " = 2 6 ) 

1 7 a ' 

77.93 H 6 CF(CF^) 2 

91 . 3 2 D ( J 7 a " , 8 a = 6 2 ) o f 1 7 a " 

D ( J 7 a » : , 7 a ' = 2 6 ) 

1 8 2 . 2 S ( J 2 a , l and 2b = 7 ) 
1 2a 

185.9 D ( J 8 a , 7 a " = 6 2 ) o f 1 8a 

s ( J 8 a , 8 b and 9 = 6 ) 

Recorded neat, at hO°C, 
w i t h e x t e r n a l CFCl^ 
reference. 

1 

2a 3 5 

I I I 7a' 
R X - C - C ^ N - C - N F J j \ / r 

C F 3 _ r / C ~ C V 
2 b 8 b F 3 C | F 8 a 7a" 

( 2 2 0 ) 
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2 2 . Perf luoro - 6-methyl - 5-frethylene - 2-azahepta-l, 3-diene ( 22*+) 

S h i f t Fine Structure Relative ,,..,.-„.... 
(p.p.m.) Coupling constants I n Hz. I n t e n s i t y • H S S 1 g " m e " T ' 

32.9 Broad 1 1 

5 1 . 2 Broad 1 1 

78.19 M 6 6 b , 7 

96 . 1 2 Broad 1 5 a 1 or 5 a " 

1 1 3 . 8 Broad DU^ , = 18 ) 1 *f 
11*+.3 Eroad 1 5a' or 5 a " 

1 3 6 . 7 D ( J 3 , l f = l 8 ) o f 

T ( J 3 j l = 7 . 5 ) 1 3 

186.1+ Broad 1 6a 

4 
F 

F 2 C = N ' 

6b F 3C-
\ 5a" / 

/ F6a 
CF. 

Recorded at hO°C w i t h 

e x t e r n a l CFCl^ reference 

at 5 6 .k KHz. 

(224) 
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APPENDIX 2 

Infrared, SPECKS 

1 Perfluoro-2-isopropyl-3,5-dimethylpyridine (150). 
Contact f i l m . 

2 Perf l u o r o - l f - f c t h y l - 2 , 6 - d l - l s o p r o p y l - 3 , 5 - d i m e t h y l - l -
a z a t e t r s c y c l o [2.2 .0 .0 2>^.o3»5]hexsne (l6p.) and 
Perf luoro-2-ethyl- 1+,6-dl-isopropyl-3,5-dimethyl-l-
a z a t e t r 8 c y c l o ( 2 . 2 . 0 . 0 2 » 6 . o 3 » 5 ] h e x a n e (152). 
Contact f i l m . ( 5 0 : 5 0 f i x t u r e ) 

3 Perf luoro- l+-ethyl-2,6-di-isopropyl-3,5-dimethyl-l-
azabicyclo[2.2.C]hexa-2,5-diene (15M-). Contact f i l m . 

k Perf l u o r o - 2 , l + , 6 - t r i - i s o p r o p y l - 3 , 5 - d i m e t h y l - l -
a z a t e t r a c y c l o [ 2 . 2 . 0 . 0 2 ' 6 . 0 ^ , ^ ] h e x a n e (122)• Contact f i l m . 

5 Perfluoro-2-ethyl-3,6-di-isopropyl-W,5-dimethyl-l-

a z a t e t r a c y c l o [ 2 . 2 . 0 . 0 2 ' 6 . 0 ^ ' ^ l h e x a n e (1&5J• Contact f i l m . 
6 Perf l u o r o e t h y l d i - i s o p r o r y l d i n j e t h y l a z a t e t r a c y c l o -

[ 2 . 2 . 0 . 0 2 > 6 . 0 3 , 5 ] n e x a n e ( A ) . Contact f i l m . 

7 Perf luoro-l,3-di-isopropyl- l+,6-dimethyl-2-azabicyclo-
[2.2 .0]hexa-2,5-diene (Ififi). Contact f i l m . 

8 P e r f l u o r o - 1 , 3 , 5 - t r i - i s o p r o p y l - 2 - a z a b i c y c l o [ 2 . 2 . 0 ] -

hexa-2,5-diene (19W). Contact f i l m . 
9 P e r f l u o r o - 3 , 5 , 6 - t r i - 1 sopropyl-2-azebicyclo[2.2.o]-

hexa-2,5-diene (177) and Perf luoro-2, l+, 5 - t r l - i s o p r o p y l -
1-azabicyclo[2.2.c]hexa-2,5-diene (126). Contact f i l m . 
(C-3. 5 5 : ^ 5 mixture) 
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10 Perf luoro-2, 1*, 5 - t r i - i s o p r o p y l - l - a z a b i c y c l o [ 2.2.0 Jhexa-

2,5-diene (126). Contact f i l m . 
11 Perfluorotri-isopropylmethylazatetracyclo[2.2.0.0 2>^.« 

o3>5]hexane (B) . Contact f i l o . . 

12 Perf l u o r o - 2 - e t h y l - 3 , 6 - d i - i so propyl- 1*, 5-diraethylpyridine 

Ci56)• Contact f i l m . 
13 Perf luoro-2-ethyl-5,6-di-isopropyl-3, l4-dimethylpyridine 

(157) . Contact f i l m . 
I T - Perfluoro-3-ethyl-2 , 6-di-isopropyl-M-, 5-dimethylpyridine 

( 1 5 8 ) . KBr d i s c . 
15 Perf l u o r o - 2 , 3 , 6 - t r i - i s o p r o p y l - l + , 5 - d i m e t h y l p y r i d i n e (182). 

Contact f i l m . 

1 6 Perf luoro-2-ethyl-3 > 5-di-isopropyl- 1+,b-dimethylpyridine 
( i f i k ) • Contact f i l m . 

17 Perf luoro-2,8-diniethyl-7-methylene- lf ,6-diazanona-3,5-
diene (220). Contact f i l / h . 

18 Perfluoro - 6-methyl-5-niethylene-2-azflhepta-l,3-diene (22j+). 

Contact f i l m . 
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APPENDIX ^ 

U l t r a v i o l e t Spectra 

1 Perf l u o r o - l + - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 » 5 - d i m e t h y l - l -
azatetrac 

yclo[2.2 . 0 .0 2» 6.()3>5] hexane ( 1 6 0 _ ) and 

Perf l u o r o - 2 - e t h y l - L + , 6 - d i - l s o p r o p y l - 3 > 5 - d i m e t h y l - l -

a z atetracyclo[2.2 . 0 . 0 2 , 6.o3»5]hexane (152) 

(50:50 mixture) 
2 Perf l u o r o - 2 , L + , 6 - t r i - i s o p r o p y l - 3 » 5 - d i m e t h y l ~ l -

a z a t e t r a c y c l o [ 2 . 2 . 0 . 0 2 » ^ . 0 ^ » 5 ] hexane ( 1 7 9 ) 

3 Perf l u o r o - 2 - e t h y l - 3 , 6 - d i - i s o p r o p y l - l + , 5 - d i n . e t h y l - l -
a z a t e t r a c y c l o [ 2 . 2 . 0 . 0 2 ' 6 . 0 3 ' 5 ] h e x a n e ( 1 3 5 ) 

k Perf luoroethyl-di-isopropyldimethylazaprisinane (A) -
s t r u c t u r e unknown 

5 Perfluorotri-isopropylmonomethylazaprismane ( B ) -

s t r u c t u r e unknown 
6 Perf l u o r o - * + - e t h y l - 2 , 6 - d i - i s o p r o p y l - 3 » 5 - d i m e t h y l - l -

azabicyclo[2.2 . 0]hexa-2, 5-diene (15*+) 

7 P e r f l u o r o - 2 , U , 5 - t r i - i s o p r o p y l - l - a z a b i c y c l o [ 2 . 2 . 0 ] -

hexa-2 , 5-diene ( 1 9 6 ) 

8 Perf l u o r o - l , 3 - d i - i s o p r o p y l - 1 + , 6 - d i a i e t h y l - 2 - a z a b i c y c l o -

[2.2 . 0]hexa-2,5-diene ( 1 8 8 ) 

9 P e r f l u o r o - 1 , 3 , 5 - t r i - i s o p r o p y l - 2 - a z a b i c y c l o [ 2 . 2 . 0 ] -

hexa-2,5-diene ( 1 9 * + ) 
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10 Perf l u o r o - 2 - e t h y l - 3 , 6 - d i - i s o p r o p y l - ^ , 5-dimet.hylpyridine (1*56 
11 P e r f l u o r o - 2 - e t h y l - 5 , 6 - d i - i s o p r o p y l - 3 j l + - d i i t e t h y l p y r i d i n e (157 
12 P e r f l u o r o - 3 - e t h y l - 2 , 6 - d i - i s o p r o p y l - l + , 5 - d i m e t h y l p y r i d i n e (158 

13 P e r f l u o r o - 2 , 3 , 6 - t r i - i s o p r o p y l - W , 5 - d i m e t h y l p y r i d l n e (182) 
lk Perfluoro-2-ethyl-3, 5-di-isopropyl-W, 6-dimethylpyridine (18U 
15 P e r f l u o r o - 2 - i s o p r o p y l - 3 , 5 - d i m e t h y l p y r i d i n e ( 1 5 C ) 
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No 1 

co 212 nm 

^ 

£2 F 5 C3F7 6 297 C F 

2^5 
(160) (159) 

— 1 1 1 1 1 •—r < 
200 225 250 275 300 325 350 

No 2 

CP C F 
214n« L520 

(179) 

ca256n» 6,76 

1 1 350 325 275 300 225 250 200 

No 3 

CF 
3 ^ C 3 F 7 

7 ^ C 2 F 5 

C F 

(1S5) 

220nm 6.14 3 

200 225 250 275 300 325 350 
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No 4 

AZAPRISMANE (A.) 

219 nm £. 97 

200 225 250 275 300 325 350 

No 5 

AZAPRISMANE (g; 

ca210ron 6,1000 

ca260fwn t 106 

— i 1 1 i — 
200 225 250 275 300 32 5 350 

218 mn (.2310 

No 6 

^ F 5 

~3F7 ^-3 F 7 
(15<) 

200 225 250 275 300 325 350 
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N O 7 

C3F7 

(Cm 3 R 7 L NJ 
217 nm 6.2000 (196) 

1 
350 325 300 275 250 225 200 

No 8 

CF 

CF 

(188) co. 218 nm 6,610 

200 225 250 275 300 325 350 

No 9 

c 3 

C3F7 
co. 210nm 6,1100 [^A) 

ca 266mn i. 255 

200 225 250 275 300 325 350 



No 10 

CF 3 

c ? r v 3 F 7 O 217nm 
log ( 3-89 (156) 

3 6 SfWTi 
log€ 3-09 

r 

20 0 2 25 2 5 0 2 75 300 325 350 
No 11 

CF 

i d C 2

F 5 ^ N ^ C 3 F 7 217nm 
(1575 log ( 3-90 

280 mm 
loa € 3-20 

200 225 250 275 300 325 350 

No 12 

CF 

215nm 
3 F 7 \ N ^ C 3 F 7 log 6 3-85 

(158) 

275 nm 
log 6 3-15 

* ' " r • 1 • • • T i • • 1 1

 T ... i • . , • 

200 225 250 275 300 325 350 



No 13 

217nm 
log 6 3-94 

CF, 
C f r 3 | f ^ ) C 3 F 7 

C 3 F 7

L vN* ! J C3F 7 

(162) 

284mn 
log € 3 -15 

200 225 250 275 300 325 350 

219r»tn 
log 6 3-93 

C5> 
CF 3»!Vc 2F 5 

flfl4) 

279nm 
log ( 3-17 

200 225 250 275 300 325 
No 15 

350 

284nm 
logC 3-90 

C F 3 f T ^ ) C F 3 
F " V N ^ C 3 F 7 

(150) 

213nm 
log € 3-65 

200 225 250 275 300 325 350 
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